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Table 1 Effect of Lactobacillus on ameliorating host obesity
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Figure 1 Proposed mechanisms of Lactobacillus-mediated host lipid metabolism. SREBP-1c, sterol regulatory element binding protein-1c; FAS,
fatty acid synthase; PNPLA3, patatin-like phospholipase domain-containing protein 3; ACC, acetyl-CoA Carboxylase; AMPK, adenosine
monophosphate kinase; chREBP, carbohydrate-responsive element-binding protein; LXRs, liver X receptors; CPT1, carnitine palmitoyltransferase 1;
FABP4, fatty acid binding protein 4; FIFA, fasting induced adipose factor; ATGL, adipose triglyceride lipase; PPAR-a, peroxisome proliferator-
activated receptor-o; PGC-1o, peroxisome proliferator-activated receptor gamma coactivator 1-o; LPL, lipoprotein lipase; TG, triglycerides
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Figure 2 Mechanism by which Lactobacillus regulating SCFA and BAs
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Table 2  Effect of Lactobacillus-EPS on ameliorating host obesity

SHeE B R RIEHT R YEH ZE R
REPEAHGG e g ERRAE /N B JHFJE A TA GAHH [ B DA K% ifi 37 TA G it 35 PG [69]
BB AL I R B P e, %E%K’ﬁ:ﬁ&%mf JHFREAR £ B Ak 52 v i s [70]
] At < B 1 e i ol 5 AMPK. AKTHIP-AMPKa/K*F- 3% FFt, PPARy, C/EBPa,
YA HL-14 e g ERRAE PR /N B ACC. SREBP-1FIFAS . % [ [68]
£ i T e KR MR MU AEE I TAG/K S JHEE IR [
BRI GG CSTBL/GIIMR PPARy, AP2, FAS, SCD1, LPLFIDGAT1 &% % F41i% (71]
i e T L B P IAIE AT, PYY, GLP-1835 Bt {4 FIL-6,
A HEITY039 e 1 ERRAE A/ B TNF-ofl1 .4 1L~ 103> 40 [72]
REEFFFHFTDCS312 BALB/C/M A Y R T A [73]
WA GG B 1 HRIG AL M TG EE Y R, SR HIF oL )8/ AT RS [74]
. a1 B3 BN RPTEALRE D) M BRI A AT, 1R T A A,
HYRLFT X1 BRI /N B .52 BISCE As%DBSjH [75]
TE&FLITBLC-XCAL Tl ERR AR AN B B ARG T = Fs . R R g 2 [77]
FEAR IS . LPSHIZRM PR T /KF, R El A b it
i IRALF B TCP.016 JHA A% /N B FEEAN A I B R s o, ccste B B A 4 P, SR 0RO [78]
10 & 2 B PR A
TH AT R ADM 14 C57BL/6I/INR, 52 PR AR T3 L P KT, X 98 hE [32]
WML BILKO142 EPS RN 3 il e B AR ElA(Ig/éJ)fS}[L‘i%?Hﬂﬂ@%1L-2$DTNF-0L (79]
Y FATFEHLRCC5310 BALB/c/M PE T PUAAALIE P A o b 4 35 1 [80]
— FAAIG J5R 5 AL DT Hep G240 M o-JE M S 14, JF 1 IHGLUT-4,
S FFEH31 HepG241iJi2 AKT-2, AMPK£:[H 3% [63]
(T ST CIHeN B EPSiliitmyd88 /1 S HIINF-y, TL-12, TL-18%54i g A F¥#4i% [81]

NK4H

AU 7 T (AL B R B, FEHFD/)N BRUE 15 2 &k
YIFLFFE (CECT 7527, 7528 F17529) 5AE M FLAT i S4-1
FAMURL PR, 3 5 AR R L3 O P R 2 R B 1)
WD Yoo NP iRE RN 8 H S FLRE L. curva-
tus HY7601F1L. plantarum KY1032)E 3 ZfEHFD%
SRR HERR, FE 0 R0 AR 7 R BeAH G HE A Sav-
cheniukZ AP #EHFD /N BRANE 2 7 R & LR 1 5 B
PRFLER B HEAT LU L, 526 FLIER b Ak 2 20 11 S Jie 2B
RPN UG U 2H 1 R R I R R KT 3 BRI, 4R
AN ()L R TR AR 5 A58 PGS A I A R R 2 AL ) = 2 i [
PER]. WangZE NPV B, & LR T (R A SLAT
LS-8 A1 A FLAT B MNo47) %t g i AR 1t i i =15 B =
FRELENLE. (1) 2 AR E @G IMHFD /) R 718
SCFAsHIZK TR 28 B AT 1, FEBR IR B K
SFAVE FRANFE. (1) ZEEAREEEMHHFD

2432

AN AR T IR, IR 5 AR A A S R
RIK, GBI ANPGRS ST (i) REALIRE
VA THFD /S LTS =18 5 RE [ A A 2
FOIE [ B KT, Ses AR IR SRR, B AT E,

o FLIR B AL T 8 — LR B E D8 1 A A s
TR BN 2. A3 — DR AT FUL IR B A I, i
T e B8 2 B RIS, AR G0k HH IR0 E AR AR
[N R 7SR

4 RBa5RYE

I i A 25 L A2 3 A 22 i AU 45 5 AR R )
TR Z . FLBR WAL 8 A 45 32 A AR &
AL ERCRE 2, A CH f R AL DUV IR .
FENGTER ML Ah 2 WE L VI R i 3 T S5 T T



I ERE: AaRE 202444 E 4% B 12M

PR BRI AR, BT ARE R, A
17 LR T 0T I 177 A ) 20 AL AR A A P 8OR A AR
HZEF. BT HATHE T B O SR AR R
TS T TROR, 0 H 5 A R A 2 T8 4742 1
RS JE DR 22 5 AR YT 48 N 3L R TR A T A2 52 T
W AN B DRI, R SR SEVR N 42 4 AS [ 2L IR B T Pk
TR AU 7 40 02 AT, DA T ok 14 9 3 R 385 2 56

UESEBLE R GERIKYE. RIS, 583 0 3L W £ i &
) 5 R AL AT SIS B 72 S R R F 72, 9 FLIR
PR A Il PRS2 P 8 22 4 P 3 Bk B 70 7 R B8 S HF
BEAh, & EIIEA RN 8 12 5, DL AR
FEACHH R BRI IR T T AE UG I S 70K iR
P FLER T 5 MR 7 AR 5% AR B IR L A 5K I PR
PR A} 27 S A

S5 3k

Gill S R, Pop M, DeBoy R T, et al. Metagenomic analysis of the human distal gut microbiome. Science, 2006, 312: 1355-1359

2 Wang T W, Cao Y H, Yang G, et al. Effects of lactic acid bacteria on the quality of silage and health of ruminants (in Chinese). Sci Sin Vitae,
2020, 50: 927-938 [T R, WHIZL, MR, &, FLER WX IR & a XK & MR s m. o ER: Bk, 2020, 50: 927-938]
Khare A, Gaur S. Cholesterol-lowering effects of Lactobacillus species. Curr Microbiol, 2020, 77: 638—-644
4 Azad M A K, Sarker M, Li T, et al. Probiotic species in the modulation of gut microbiota: an overview. Biomed Res Int, 2018, 2018: 1-8
5 Shan B, Ai Z, Zeng S, et al. Gut microbiome-derived lactate promotes to anxiety-like behaviors through GPR81 receptor-mediated lipid
metabolism pathway. Psychoneuroendocrinol, 2020, 117: 104699
6 Breton J, Galmiche M, Déchelotte P. Dysbiotic gut bacteria in obesity: an overview of the metabolic mechanisms and therapeutic perspectives of
next-generation probiotics. Microorganisms, 2022, 10: 452
7 Leo6n Aguilera X E, Manzano A, Pirela D, et al. Probiotics and gut microbiota in obesity: myths and realities of a new health revolution. J Pers
Med, 2022, 12: 1282
8 Kang Y, Kang X, Yang H, et al. Lactobacillus acidophilus ameliorates obesity in mice through modulation of gut microbiota dysbiosis and
intestinal permeability. Pharmacol Res, 2022, 175: 106020
9 Gong SM, MalJ, LiF N, et al. Recent advances in the interaction between gut microbiota/metabolites and host lipid metabolism (in Chinese). Sci
Sin Vitae, 2021, 51: 375-383 [3838 9], S, 2RI, 5. WIERCED R 516 ENR TG AR | EFE: R afl, 2021,
51: 375-383]
10 Crovesy L, Masterson D, Rosado E L. Profile of the gut microbiota of adults with obesity: a systematic review. Eur J Clin Nutr, 2020, 74: 1251—
1262
11 Million M, Maraninchi M, Henry M, et al. Obesity-associated gut microbiota is enriched in Lactobacillus reuteri and depleted in Bifidobacterium
animalis and Methanobrevibacter smithii. Int J Obes, 2012, 36: 817-825
12 Danshiitsoodol N, Noda M, Kanno K, et al. Plant-Derived Lactobacillus paracasei IJH-SONE68 improves the gut microbiota associated with
hepatic disorders: a randomized, double-blind, and placebo-controlled clinical trial. Nutrients, 2022, 14: 4492
13 Shen Y L, Zhang L Q, Yang Y, et al. Advances in the role and mechanism of lactic acid bacteria in treating obesity. Food Bioeng, 2022, 1: 101—
115
14 Shad E, Shek Arforoush S S, Nazifi N S, et al. The effects of high-fat diet and Lactobacillus reuteri on body weight, metabolic profiles and gut
microbiota of C57BL/6 mice. J Food Sci Technol, 2022, 19: 269-282
15 Zhang C, Fang R, Lu X, et al. Lactobacillus reuteri J1 prevents obesity by altering the gut microbiota and regulating bile acid metabolism in
obese mice. Food Funct, 2022, 13: 6688-6701
16 Wei B, Peng Z, Xiao M, et al. Modulation of the microbiome-fat-liver axis by lactic acid bacteria: a potential alleviated role in high-fat-diet-
induced obese mice. J Agric Food Chem, 2023, 71: 10361-10374
17 Jung S P, Lee K M, Kang J H, et al. Effect of Lactobacillus gasseri BNR17 on overweight and obese adults: a randomized, double-blind clinical
trial. Korean J Fam Med, 2013, 34: 80
18 Brahe L K, Le Chatelier E, Prifti E, et al. Dietary modulation of the gut microbiota—a randomised controlled trial in obese postmenopausal
women. Br J Nutr, 2015, 114: 406417
19

Madjd A, Taylor M A, Mousavi N, et al. Comparison of the effect of daily consumption of probiotic compared with low-fat conventional yogurt

2433


https://doi.org/10.1126/science.1124234
https://doi.org/10.1360/SSV-2020-0039
https://doi.org/10.1007/s00284-020-01903-w
https://doi.org/10.1155/2018/9478630
https://doi.org/10.1016/j.psyneuen.2020.104699
https://doi.org/10.3390/microorganisms10020452
https://doi.org/10.3390/jpm12081282
https://doi.org/10.3390/jpm12081282
https://doi.org/10.1016/j.phrs.2021.106020
https://doi.org/10.1360/SSV-2020-0396
https://doi.org/10.1360/SSV-2020-0396
https://doi.org/10.1038/s41430-020-0607-6
https://doi.org/10.1038/ijo.2011.153
https://doi.org/10.3390/nu14214492
https://doi.org/10.1002/fbe2.12002
https://doi.org/10.1039/d1fo04387k
https://doi.org/10.1021/acs.jafc.3c03149
https://doi.org/10.4082/kjfm.2013.34.2.80
https://doi.org/10.1017/S0007114515001786

Wi R A5 PR 1 R i T I A O E 7 ik P

20

21

22

23
24

25

26

27

28

29
30

31

32

33

34
35

36

37

38

39

40

41

42

43

on weight loss in healthy obese women following an energy-restricted diet: a randomized controlled trial. Am J Clin Nutr, 2016, 103: 323-329
Famouri F, Shariat Z, Hashemipour M, et al. Effects of probiotics on nonalcoholic fatty liver disease in obese children and adolescents. J Pediatr
Gastr Nutr, 2017, 64: 413-417

Pedret A, Valls R M, Calderon-Pérez L, et al. Effects of daily consumption of the probiotic Bifidobacterium animalis subsp. lactis CECT 8145 on
anthropometric adiposity biomarkers in abdominally obese subjects: a randomized controlled trial. Int J Obes, 2019, 43: 1863—1868

Chen L H, Chen Y H, Cheng K C, et al. Antiobesity effect of Lactobacillus reuteri 263 associated with energy metabolism remodeling of white
adipose tissue in high-energy-diet-fed rats. J Nutral Biochem, 2018, 54: 87-94

Celik M N, Unlii Ségiit M. Probiotics improve chemerin and metabolic syndrome parameters in obese rats. Balkan Med J, 2019, 36: 270-275
Sun M, Wu T, Zhang G, et al. Lactobacillus rhamnosus LRa05 improves lipid accumulation in mice fed with a high fat diet via regulating the
intestinal microbiota, reducing glucose content and promoting liver carbohydrate metabolism. Food Funct, 2020, 11: 9514-9525

Zhu K, Tan F, Mu J, et al. Anti-Obesity effects of Lactobacillus fermentum CQPCOS5 isolated from sichuan pickle in high-fat diet-induced obese
mice through PPAR-a signaling pathway. Microorganisms, 2019, 7: 194

Liu Q, Liu Y, Li F, et al. Probiotic culture supernatant improves metabolic function through FGF21-adiponectin pathway in mice. J Nutral
Biochem, 2020, 75: 108256

Yang M, Bose S, Lim S, et al. Beneficial effects of newly isolated Akkermansia muciniphila strains from the human gut on obesity and metabolic
dysregulation. Microorganisms, 2020, 8: 1413

Ding Z, Hani A, Li W, et al. Influence of a cholesterol-lowering strain Lactobacillus plantarum LP3 isolated from traditional fermented yak milk
on gut bacterial microbiota and metabolome of rats fed with a high-fat diet. Food Funct, 2020, 11: 8342-8353

Qian Y, Li M, Wang W, et al. Effects of Lactobacillus casei YBJ02 on lipid metabolism in hyperlipidemic mice. J Food Sci, 2019, 84: 37933803
Cai H, Wen Z, Li X, et al. Lactobacillus plantarum FRT10 alleviated high-fat diet-induced obesity in mice through regulating the PPARa signal
pathway and gut microbiota. Appl Microbiol Biotechnol, 2020, 104: 5959-5972

Soundharrajan I, Kuppusamy P, Srisesharam S, et al. Positive metabolic effects of selected probiotic bacteria on diet-induced obesity in mice are
associated with improvement of dysbiotic gut microbiota. FASEB J, 2020, 34: 12289-12307

Won S M, Chen S, Lee S Y, et al. Lactobacillus sakei ADM14 induces anti-obesity effects and changes in gut microbiome in high-fat diet-
induced obese mice. Nutrients, 2020, 12: 3703

Huang E, Kim S, Park H, et al. Modulation of the gut microbiome and obesity biomarkers by Lactobacillus plantarum KC28 in a diet-induced
obesity murine model. Probiotics Antimicro Prot, 2021, 13: 677-697

Sun 'Y, Tang Y, Hou X, et al. Novel Lactobacillus reuteri HI120 affects lipid metabolism in C57BL/6 Obese mice. Front Vet Sci, 2020, 7: 560241
Mohammadi-Sartang M, Bellissimo N, Totosy de Zepetnek J O, et al. The effect of daily fortified yogurt consumption on weight loss in adults
with metabolic syndrome: a 10-week randomized controlled trial. Nutr Metab Cardiovasc Dis, 2018, 28: 565-574

Yan F, Li N, Shi J, et al. Lactobacillus acidophilus alleviates type 2 diabetes by regulating hepatic glucose, lipid metabolism and gut microbiota in
mice. Food Funct, 2019, 10: 5804-5815

Guo W, Wang C, Qin K, et al. Lactobacillus plantarum injection at the embryonic stage alters the early growth performance and lipid metabolism
of broilers by specific genera of bacteria. Poultry Sci, 2023, 102: 102522

Nguyen H T, Gu M, Werlinger P, et al. Lactobacillus sakei MIM60958 as a potential probiotic alleviated non-alcoholic fatty liver disease in mice
fed a high-fat diet by modulating lipid metabolism, inflammation, and gut microbiota. Int J Mol Sci, 2022, 23: 13436

Hou G, Yin J, Wei L, et al. Lactobacillus delbrueckii might lower serum triglyceride levels via colonic microbiota modulation and SCFA-
mediated fat metabolism in parenteral tissues of growing-finishing pigs. Front Vet Sci, 2022, 9: 982349

Li H, Liu F, Lu J, et al. Probiotic mixture of Lactobacillus plantarum strains improves lipid metabolism and gut microbiota structure in high fat
diet-fed mice. Front Microbiol, 2020, 11: 512

Tolhurst G, Heffron H, Lam Y S, et al. Short-chain fatty acids stimulate glucagon-like peptide-1 secretion via the G-protein—coupled receptor
FFAR2. Diabetes, 2012, 61: 364-371

Samuel B S, Shaito A, Motoike T, et al. Effects of the gut microbiota on host adiposity are modulated by the short-chain fatty-acid binding G
protein-coupled receptor, Gpr41. Proc Natl Acad Sci USA, 2008, 105: 16767-16772

Nishida A, Miyamoto J, Shimizu H, et al. Gut microbial short-chain fatty acids-mediated olfactory receptor 78 stimulation promotes anorexigenic

gut hormone peptide YY secretion in mice. Biochem Biophys Res Commun, 2021, 557: 48-54

2434


https://doi.org/10.3945/ajcn.115.120170
https://doi.org/10.1097/MPG.0000000000001422
https://doi.org/10.1097/MPG.0000000000001422
https://doi.org/10.1038/s41366-018-0220-0
https://doi.org/10.1016/j.jnutbio.2017.11.004
https://doi.org/10.4274/balkanmedj.galenos.2019.2019.2.61
https://doi.org/10.1039/d0fo01720e
https://doi.org/10.3390/microorganisms7070194
https://doi.org/10.1016/j.jnutbio.2019.108256
https://doi.org/10.1016/j.jnutbio.2019.108256
https://doi.org/10.3390/microorganisms8091413
https://doi.org/10.1039/d0fo01939a
https://doi.org/10.1111/1750-3841.14787
https://doi.org/10.1007/s00253-020-10620-0
https://doi.org/10.1096/fj.202000971R
https://doi.org/10.3390/nu12123703
https://doi.org/10.1007/s12602-020-09720-0
https://doi.org/10.3389/fvets.2020.560241
https://doi.org/10.1016/j.numecd.2018.03.001
https://doi.org/10.1039/c9fo01062a
https://doi.org/10.1016/j.psj.2023.102522
https://doi.org/10.3390/ijms232113436
https://doi.org/10.3389/fvets.2022.982349
https://doi.org/10.3389/fmicb.2020.00512
https://doi.org/10.2337/db11-1019
https://doi.org/10.1073/pnas.0808567105
https://doi.org/10.1016/j.bbrc.2021.03.167

I ERE: AaRE 202444 E 4% B 12M

44
45

46

47

48

49

50

51
52

53

54
55

56

57

58

59

60

61

62

63

64

65

66

67

68

Lockwood L B, Yoder D E, Zienty M. Lactic acid. Ann New York Acad Sci, 1965, 119: 854-867

Burakova I, Smirnova Y, Gryaznova M, et al. The effect of short-term consumption of lactic acid bacteria on the gut microbiota in obese people.
Nutrients, 2022, 14: 3384

Chattopadhyay I, Gundamaraju R, Jha N K, et al. Interplay between dysbiosis of gut microbiome, lipid metabolism, and tumorigenesis: can gut
dysbiosis stand as a prognostic marker in cancer? Disease Markers, 2022, 2022: 2941248

Wang B, Zhou Y, Mao Y, et al. Dietary supplementation with Lactobacillus plantarum ameliorates compromise of growth performance by
modulating short-chain fatty acids and intestinal dysbiosis in broilers under clostridium perfringens challenge. Front Nutr, 2021, 8: 706148
Solito A, Bozzi Cionci N, Calgaro M, et al. Supplementation with Bifidobacterium breve BR03 and B632 strains improved insulin sensitivity in
children and adolescents with obesity in a cross-over, randomized double-blind placebo-controlled trial. Clin Nutr, 2021, 40: 4585-4594
Mukherjee A, Lordan C, Ross R P, et al. Gut microbes from the phylogenetically diverse genus Eubacterium and their various contributions to
gut health. Gut Microbes, 2020, 12: 1802866

Behr C, Slopianka M, Haake V, et al. Analysis of metabolome changes in the bile acid pool in feces and plasma of antibiotic-treated rats. Toxicol
Appl Pharmacol, 2019, 363: 79-87

Hang S, Paik D, Yao L, et al. Bile acid metabolites control TH17 and Treg cell differentiation. Nature, 2019, 576: 143—148

HoraCkova S, Plockova M, Demnerova K. Importance of microbial defence systems to bile salts and mechanisms of serum cholesterol reductin .
Biotechnol Advances, 2018, 36: 682—-690

Degirolamo C, Rainaldi S, Bovenga F, et al. Microbiota modification with probiotics induces hepatic bile acid synthesis via downregulation of
the Fxr-Fgf15 axis in mice. Cell Rep, 2014, 7: 12-18

de Aguiar Vallim T Q, Tarling E J, Edwards P A. Pleiotropic roles of bile acids in metabolism. Cell Metab, 2013, 17: 657-669

Wang G, Huang W, Xia Y, et al. Cholesterol-lowering potentials of Lactobacillus strain overexpression of bile salt hydrolase on high cholesterol
diet-induced hypercholesterolemic mice. Food Funct, 2019, 10: 1684—1695

Hussain A, Zia K M, Tabasum S, et al. Blends and composites of exopolysaccharides; properties and applications: a review. Int J Biol
Macromolecules, 2017, 94: 10-27

Kudo H, Nakano M, Kikuchi A, et al. Lactobacillus delbrueckii subsp. bulgaricus OLL1073R-1 eps gene knockout mutants reduced
exopolysaccharide synthesis and immunomodulatory activities. Int Dairy J, 2024, 150: 105827

Gao J, Li Q, Liu Y, et al. Immunoregulatory effect of Lactobacillus paracasei VL8 exopolysaccharide on RAW264.7 cells by NF-kB and MAPK
pathways. J Funct Foods, 2022, 95: 105166

Xie M, Li Y, Olsen R E, et al. Dietary supplementation of exopolysaccharides from Lactobacillus rhamnosus GCC-3 improved the resistance of
zebrafish against spring viremia of carp virus infection. Front Immunol, 2022, 13: 968348

Zhao X, Liang Q. EPS-producing Lactobacillus plantarum MC5 as a compound starter improves rheology, texture, and antioxidant activity of
yogurt during storage. Foods, 2022, 11: 1660

Lynch K M, Coffey A, Arendt E K. Exopolysaccharide producing lactic acid bacteria: their techno-functional role and potential application in
gluten-free bread products. Food Res Int, 2018, 110: 52-61

Daba G M, Elnahas M O, Elkhateeb W A. Contributions of exopolysaccharides from lactic acid bacteria as biotechnological tools in food,
pharmaceutical, and medical applications. Int J Biol Macromolecules, 2021, 173: 79-89

Salazar N, Gueimonde M, de los Reyes-Gavilan C G, et al. Exopolysaccharides produced by lactic acid bacteria and bifidobacteria as fermentable
substrates by the intestinal microbiota. Crit Rev Food Sci Nutr, 2016, 56: 1440-1453

Nagata Y, Kanasaki A, Tamaru S, et al. D-psicose, an epimer of D-fructose, favorably alters lipid metabolism in sprague-dawley rats. J Agric Food
Chem, 2015, 63: 3168-3176

Huang Z, Lin F, Zhu X, et al. An exopolysaccharide from Lactobacillus plantarum H31 in pickled cabbage inhibits pancreas o-amylase and
regulating metabolic markers in HepG2 cells by AMPK/PI3K/Akt pathway. Int J Biol Macromolecules, 2020, 143: 775-784

Bhat B, Bajaj B K. Hypocholesterolemic potential and bioactivity spectrum of an exopolysaccharide from a probiotic isolate Lactobacillus
paracasei M7. Bioact Carbohydr Diet Fibre, 2019, 19: 100191

Dilna S V, Surya H, Aswathy R G, et al. Characterization of an exopolysaccharide with potential health-benefit properties from a probiotic
Lactobacillus plantarum RIF4. LWT Food Sci Tech, 2015, 64: 1179-1186

Lee J, Park S, Oh N, et al. Oral intake of Lactobacillus plantarum 1L-14 extract alleviates TLR2- and AMPK-mediated obesity-associated

2435


https://doi.org/10.1111/j.1749-6632.1965.tb47447.x
https://doi.org/10.3390/nu14163384
https://doi.org/10.3389/fnut.2021.706148
https://doi.org/10.1016/j.clnu.2021.06.002
https://doi.org/10.1080/19490976.2020.1802866
https://doi.org/10.1016/j.taap.2018.11.012
https://doi.org/10.1016/j.taap.2018.11.012
https://doi.org/10.1038/s41586-019-1785-z
https://doi.org/10.1016/j.celrep.2014.02.032
https://doi.org/10.1016/j.cmet.2013.03.013
https://doi.org/10.1039/c8fo02181c
https://doi.org/10.1016/j.ijbiomac.2016.09.104
https://doi.org/10.1016/j.ijbiomac.2016.09.104
https://doi.org/10.1016/j.idairyj.2023.105827
https://doi.org/10.1016/j.jff.2022.105166
https://doi.org/10.3389/fimmu.2022.968348
https://doi.org/10.3390/foods11111660
https://doi.org/10.1016/j.foodres.2017.03.012
https://doi.org/10.1016/j.ijbiomac.2021.01.110
https://doi.org/10.1080/10408398.2013.770728
https://doi.org/10.1021/jf502535p
https://doi.org/10.1021/jf502535p
https://doi.org/10.1016/j.ijbiomac.2019.09.137
https://doi.org/10.1016/j.bcdf.2019.100191
https://doi.org/10.1016/j.lwt.2015.07.040

Wi R A5 PR 1 R i T I A O E 7 ik P

69

70

71

72

73

74

75

76

71

78

79

80

81

82

83

84

85

86

87

88
89

90

91

disorders in high-fat-diet-induced obese C57BL/6J mice. Cell Proliferation, 2021, 54: ¢13039

Zhang Z, Zhou Z, Li Y, et al. Isolated exopolysaccharides from Lactobacillus rhamnosus GG alleviated adipogenesis mediated by TLR2 in mice.
Sci Rep, 2016, 6: 36083

Jiang T, Wu H, Yang X, et al. Lactobacillus mucosae strain promoted by a high-fiber diet in genetic obese child alleviates lipid metabolism and
modifies gut microbiota in ApoE-/- mice on a western diet. Microorganisms, 2020, 8: 1225

Seo K H, Gyu Lee H, Young Eor J, et al. Effects of kefir lactic acid bacteria-derived postbiotic components on high fat diet-induced gut
microbiota and obesity. Food Res Int, 2022, 157: 111445

Zhao J, Wang L, Cheng S, et al. A potential synbiotic strategy for the prevention of type 2 diabetes: Lactobacillus paracasei JY062 and
exopolysaccharide isolated from Lactobacillus plantarum JY039. Nutrients, 2022, 14: 377

Lye H S, Kato T, Low W Y, et al. Lactobacillus fermentum FTDC 8312 combats hypercholesterolemia via alteration of gut microbiota. J
Biotechnol, 2017, 262: 75-83

Zhang Z, Ran C, Ding Q, et al. Ability of prebiotic polysaccharides to activate a HIF 1a-antimicrobial peptide axis determines liver injury risk in
zebrafish. Commun Biol, 2019, 2: 274

Li X, Wang N, Yin B, et al. Lactobacillus plantarum X1 with a-glucosidase inhibitory activity ameliorates type 2 diabetes in mice. RSC Adv,
2016, 6: 63536-63547

Ale E C, Bourin M J B, Peralta G H, et al. Functional properties of exopolysaccharide (EPS) extract from Lactobacillus fermentum Lf2 and its
impact when combined with Bifidobacterium animalis INL1 in yoghurt. Int Dairy J, 2019, 96: 114-125

Walsh C J, Healy S, O’Toole P W, et al. The probiotic L. casei LC-XCAL™ improves metabolic health in a diet-induced obesity mouse model
without altering the microbiome. Gut Microbes, 2020, 12: 1747330

Xu R, Aruhan R, Xiu L, et al. Exopolysaccharides from Lactobacillus buchneri TCP016 Attenuate LPS- and D-GalN-Induced liver injury by
modulating the gut microbiota. J Agric Food Chem, 2019, 67: 11627-11637

Wang J, Wu T, Fang X, et al. Characterization and immunomodulatory activity of an exopolysaccharide produced by Lactobacillus plantarum
JLKO0142 isolated from fermented dairy tofu. Int J Biol Macromolecules, 2018, 115: 985-993

Kim K, Lee G, Thanh H D, et al. Exopolysaccharide from Lactobacillus plantarum LRCC5310 offers protection against rotavirus-induced
diarrhea and regulates inflammatory response. J Dairy Sci, 2018, 101: 5702-5712

Makino S, Sato A, Goto A, et al. Enhanced natural killer cell activation by exopolysaccharides derived from yogurt fermented with Lactobacillus
delbrueckii ssp. bulgaricus OLL1073R-1. J Dairy Sci, 2016, 99: 915-923

Aditya A, Li Y, Biswas D. Antagonistic effects of conjugated linoleic acids of Lactobacillus casei against foodborne enterohemorrhagic
Escherichia coli. J Food Protection, 2022, 85: 712-719

Qu H, Zong L, Sang J, et al. Effect ofLactobacillus rhamnosus hsryfm 1301 fermented milk on lipid metabolism disorders in high-fat-diet Rats.
Nutrients, 2022, 14: 4850

Khan A, Nadeem M, Al-Asmari F, et al. Effect of Lactiplantibacillus plantarum on the conversion of linoleic acid of vegetable oil to conjugated
linoleic acid, lipolysis, and sensory properties of cheddar cheese. Microorganisms, 2023, 11: 2613

Kim M, Furuzono T, Yamakuni K, et al. 10-0x0-12(Z)-octadecenoic acid, a linoleic acid metabolite produced by gut lactic acid bacteria, enhances
energy metabolism by activation of TRPV1. FASEB J, 2017, 31: 5036-5048

Ando M, Nagata K, Ito N, et al. The gut lactic acid bacteria metabolite, 10-oxo-cis-6,trans-11-octadecadienoic acid, suppresses inflammatory
bowel disease in mice by modulating the NRF2 pathway and GPCR-signaling. bioRxiv, 2023, 2023: 529495

Wang J, Li H, Meng X, et al. Biosynthesis of ¢9,t11-conjugated linoleic acid and the effect on characteristics in fermented soy milk. Food Chem,
2022, 368: 130866

Pessione E. Lactic acid bacteria contribution to gut microbiota complexity: lights and shadows. Front Cell Inf Microbio, 2012, 2

Mei Y, Chen H, Yang B, et al. Linoleic acid triggered a metabolomic stress condition in three species of bifidobacteria characterized by different
conjugated linoleic acid-producing abilities. J Agric Food Chem, 2021, 69: 11311-11321

Peng M, Tabashsum Z, Patel P, et al. Prevention of enteric bacterial infections and modulation of gut microbiota with conjugated linoleic acids
producing Lactobacillus in mice. Gut Microbes, 2020, 11: 433-452

Liu X X, Zhang H'Y, Song X, et al. Reasons for the differences in biotransformation of conjugated linoleic acid by Lactobacillus plantarum. J
Dairy Sci, 2021, 104: 11466-11473

2436


https://doi.org/10.1111/cpr.13039
https://doi.org/10.1038/srep36083
https://doi.org/10.3390/microorganisms8081225
https://doi.org/10.1016/j.foodres.2022.111445
https://doi.org/10.3390/nu14020377
https://doi.org/10.1016/j.jbiotec.2017.09.007
https://doi.org/10.1016/j.jbiotec.2017.09.007
https://doi.org/10.1038/s42003-019-0526-z
https://doi.org/10.1039/C6RA10858J
https://doi.org/10.1016/j.idairyj.2019.04.014
https://doi.org/10.1080/19490976.2020.1747330
https://doi.org/10.1021/acs.jafc.9b04323
https://doi.org/10.1016/j.ijbiomac.2018.04.099
https://doi.org/10.3168/jds.2017-14151
https://doi.org/10.3168/jds.2015-10376
https://doi.org/10.4315/JFP-21-414
https://doi.org/10.3390/nu14224850
https://doi.org/10.3390/microorganisms11102613
https://doi.org/10.1096/fj.201700151R
https://doi.org/10.1016/j.foodchem.2021.130866
https://doi.org/10.3389/fcimb.2012.00086
https://doi.org/10.1021/acs.jafc.1c03752
https://doi.org/10.1080/19490976.2019.1638724
https://doi.org/10.3168/jds.2021-20532
https://doi.org/10.3168/jds.2021-20532

I ERE: AaRE 202444 E 4% B 12M

92

93

94

95

96

97

98

Yang B, Chen H, Gao H, et al. Genetic determinates for conjugated linolenic acid production in Lactobacillus plantarum ZS2058. J Appl
Microbiol, 2020, 128: 191-201

Lee HY, Park J H, Seok S H, et al. Human originated bacteria, Lactobacillus rhamnosus PL60, produce conjugated linoleic acid and show anti-
obesity effects in diet-induced obese mice. Biochim Biophys Acta, 2006, 1761: 736-744

Nestel P, Fujii A, Allen T. The cis-9,trans-11 isomer of conjugated linoleic acid (CLA) lowers plasma triglyceride and raises HDL cholesterol
concentrations but does not suppress aortic atherosclerosis in diabetic apoE-deficient mice. Atherosclerosis, 2006, 189: 282-287

Bosch M, Fuentes M C, Audivert S, et al. Lactobacillus plantarum CECT 7527, 7528 and 7529: probiotic candidates to reduce cholesterol levels.
J Sci Food Agric, 2014, 94: 803809

Yoo S R, Kim Y J, Park D Y, et al. Probiotics L. plantarum and L. curvatus in combination alter hepatic lipid metabolism and suppress diet-
induced obesity. Obesity, 2013, 21: 2571-2578

Savcheniuk O, Kobyliak N, Kondro M, et al. Short-term periodic consumption of multiprobiotic from childhood improves insulin sensitivity,
prevents development of non-alcoholic fatty liver disease and adiposity in adult rats with glutamate-induced obesity. BMC Complement Altern
Med, 2014, 14: 247

Wang T, Yan H, Lu Y, et al. Anti-obesity effect of Lactobacillus rhamnosus LS-8 and Lactobacillus crustorum MN047 on high-fat and high-

fructose diet mice base on inflammatory response alleviation and gut microbiota regulation. Eur J Nutr, 2020, 59: 2709-2728

Advances in the regulation of host fat metabolism by Lactobacillus

CHEN Zhong, MA Jie, XIA SiTing, CHEN QingHua, Yin Jie & CHEN JiaShun

College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China

Lipid metabolism disorder is one of the main factors causing metabolic syndrome. In animal models displaying disrupted fat
metabolism or in clinical populations affected by obesity, there are substantial changes in the diversity and composition of gut
microbiota, particularly within the genus Lactobacillus. As a probiotic, Lactobacillus is expected to extensively impact host fat
metabolism. Therefore, this study explored the relationship between Lactobacillus and fat metabolism. It analyzed the underlying
molecular mechanisms by which metabolites of Lactobacillus (such as short-chain fatty acids, bile acids, exopolysaccharides, and
linoleic acid) regulate fat metabolism. Additionally, the study elaborated on the differences between the same and different
Lactobacillus complexes to clarify the mechanism of lactic acid bacteria in regulating host fat metabolism. This study aims to provide
perspectives and references for controlling food-borne metabolic diseases caused by lipid metabolism disorders.
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