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Table 1 Treatment of obese / overweight animal with Lactobacillus spp. and Bifidobacterium spp.
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	Subjects
	Reduced indicators
	Elevated indicators
	Strain changes
	Reference

	
	
	
	
	Abundance reduce
	Abundance increase
	

	L.plantarum FRT10
	Female Kunming mice
	Body weight, fat, liver TGs, ALT
mRNA expression: SREBP-1, DGAT1
	mRNA expression: PPAR-α, CPT1α
	Desulfovibrionaceae, Roseburia, Lachnoclostridium
	Butyricicoccus, Butyricimonas, Intestinimonas, Odoribacter, Alistipes (genus)
Lactobacillus, Bifidobacterium, Akkermansia
	(Cai et al., 2020)

	L.fermentum CECT5716
	Male C57BL/6J mice
	Body weight, fat, and blood glucose
mRNA expression: TNF-α, IL-6, MCP-1,PPAR-α
	mRNA expression: GLUT-4, AMPK
	Erysipelotrichi class, Clostridium spp. 
	Akkermansia sp., Bacteroides proportion.
	(Molina-Tijeras et al., 2021)

	L.plantarum LMT1-48
	Male C57BL/6N mice
	Body weight, fat, liver weight, liver TGs, abdominal fat volume
mRNA expression: PPAR-γ, C/EBPα, FAS, FABP4, HSL, SCD-1, FAT/CD36
	
	
	
	(Choi et al., 2020)

	L.fermentum CQPC07
	C57BL/6J mice
	TC, LDL, TG,IL-1β, TNF-α, IL-6, IFN-γ, ALT, AST, ALP
mRNA expression: PPAR-γ
	HDL, IL - 10, IL - 4
mRNA expression: CAT, GSH1, SOD1, SOD2, GSH-Px, CPT1, PPAR-α, LPL, CYP7A1
	
	
	(Wu et al., 2021)

	L.johnsonii JNU3402
	Male C57BL/6J mice
	Body weight, liver, epididymis and groin WAT and BAT weight, TG
	mRNA expression: PPAR-γ
	
	
	(Yang et al., 2020)

	L.acidophilus 5
	Male C57BL/6 mice
	Body weight, TG, TC, HDL, LDL, TNF-α, IL-6, IL-6, IL-10
	mRNA expression : MUC2, ZO-1
	Bacteroidetes, Gram negative bacteria
	Firmicutes, Verrucomycobia (Akkermansia muciniphila)
	(Ondee et al., 2021)

	L.fermentum SMFM2017-NK4
	C57BL/6J mice
	Body weight, TC, TG, ALT, AST
mRNA expression: FAS, CPT-2
	mRNA expression: SOD2, CAT, GPx-1
	
	
	(Kim et al., 2021)

	L.fermentum CQPC05
	C57BL/6J mice
	ALT, AST, TC, TG, LDL
mRNA expression: PPAR-γ, C/EBP-α
	HDL
mRNA expression: LPL, PPAR-α, CYP7A1, CPT1A
	
	
	(Zhu et al., 2019)

	L.acidophilus NS1
	Male C57BL/6J mice
	Blood glucose, insulin, TNF-α, leptin
mRNA expression: SREBP-1c, LNS1-CS
	ADPN
mRNA expression: PPAR-α, AMPK, SREBP-2
	
	
	(Park et al., 2018)

	L.plantarum CQPC01
	C57BL/6J mice
	Body weight, ALT, AST, AKP, TC, TG, LDL, IL-6, IL-1β, TNF-α, IFN-γ
mRNA expression: C/EBP-α, PPAR-γ
	HDL
mRNA expression: CYP7A1, CPT1, LPL, CAT, SOD1, SOD2
	
	
	(Gan et al., 2020b)

	L. sakei ADM14
	C57BL/6J mice
	Body weight, blood glucose, TC, HDL, 
mRNA expression: FAS, PPAR-γ, C/EBPα, aP2, CD36
	Butyrate
	F/B
	Bacteroidetes, Deferribacteres
	(Won et al., 2020)

	L.plantarum L-14
	C57BL/6J mice
	Body weight, TC, HDL
mRNA expression: PPAR-γ, C/EBPα,
	mRNA expression: AMPK
	
	
	(Lee et al., 2021b)

	L.plantarumCQPC03
	C57BL/6J mice
	Liver TG, TC, LDL, ALT, AST, ALP, MDA, IL-6, IL-1β, TNF-α, IFN-γ
	HDL, IL-4, IL-10
mRNA expression: SOD, GSH-Px, CPT1, LPL, CAT, SOD1
	
	
	(Gan et al., 2020a)

	L.lactobacil KLDS1.0344 + L.plantarum22 klds1. 0386
	C57BL/6J mice
	TC, TG, LDL, ALT, AST
mRNA expression: ACC, FAS, PPAR-γ
	HDL
mRNA expression: CAT, SOD, GSH-PX, GSH
	Firmicutes, F/B
	Bacteroidetes
	(Li et al., 2020)

	L.rhamnosus GG
	Male Balb/C mice
	Body weight, fat weight
mRNA expression: ACC, FAS, SCD
	mRNA expression: SOCS3
	Proteobacteria,
	Bacteroidetes
	(Cheng and Liu, 2020)

	L.johnsonni 3121 + their lives hamnosus 86
	Male C57BL/6J mice
	Body weight, WAT, TC, LDL/VLDL
mRNA expression: PPAR-γ, C/EBPα, LPL, CD36
	
	Firmicutes, F/B
	Roseburia spp.,  F. prausnitzii, A.muciniphila
	(Lee et al., 2021a)

	L.plantarum ZJUFT17
	Male C57BL/6J mice
	Body weight, blood lipids, LPS, IL-1β, TNF-α
	ADPN
	Ralstonia
	Parabacteroides,Olsenella,Bifidobacteriu
	(Liu et al., 2020)

	L.plantarum Shinshu N-07
	Male C57BL/6J mice
	Body weight, epididymal fat, TC, glucose,
mRNA expression: PPAR-γ
	mRNA expression: UCP-1
	
	Lactobacillalesf_S24-7|g_ 
	(Yin et al., 2020)

	L.plantarum GKM3
	Male Wistar rats
	Body weight, adipose tissue, TC, TG, LDL/HDL, HDL, liver and fecal total lipids, purines
	mRNA expression: SIRT1, PGC1
	
	
	(Hsu et al., 2019)

	L.mali APS1
	Germ-free mice
	Body weight, TG, eWAT, rpEA, iWAT, liver weight, liver TG, resistin
mRNA expression: ACC, FAS, FABP4
	Propionic acid and butyric acid,PP, PYY
	Lachnospiracea family, Ruminococcusgenus, Clostridium perfringens, Ruminococcus gnavus, Clostridium methylpentosums
	(Bacteroidetes)S24_7 family, Lactococcus garvieae, Bifdobacterium pseudolongum species 
	(Chen et al., 2018)

	L.plantarumdy-1
	Male SD rat
	Body weight, fat weight, TG, TC, FFA, LDL, citric acid
	HDL, amino acid
	
	
	(Zhang et al., 2019)

	B.longum BR-108
	Male C57BL/6J mice
	Bodyweight, epididymal body fat mass, Blood glucose, TG, TC, LPS
mRNA expression:ccl2
	
	
	Bifidobacteriumspp, Lactobacillus spp.
	(Kikuchi et al., 2018)

	B.longum subsp. infantis YB0411
	Male C57BL/6J mice
	Body weight, TG 
mRNA expression: PPAR-γ, C/EBPα, C/EBPβ, aP2, ACC, SREBP1C, P62, LC3B
	
	
	
	(Rahman et al., 2021)

	B.longum
	Swiss male mice
	Body weight, visceral fat, Fasting blood glucose, TC
	mRNA expression: ACE2
	
	
	(Machado et al., 2021)

	B. longum APC1472
	Male C57BL/6J mice
	Body weight, fat, plasma corticosterone, fasting blood glucose
mRNA expression: CART
	HDL, active ghrelin 
	Firmicutes, Bifidobacteriaceae
	
	(Schellekens et al., 2021)

	B. longum subsp. longum BL21
	Male C57BL/6J mice
	Body weight, TC, LDL, D-tryptophan
	
	F/B, Desulfovibrio
	Akkermansia, Roseburia, Bacteroides
	(Wu et al., 2020)

	L.acidophilus LA1 +L.rharmnosus LR5+B. bifdum BF3+B. lactis BL3+B. longum BG7
	Male Sprague Dawley rats
	Body weight, liver weight, blood glucose, TG, LDL, TC, LDL
	HDL
	Firmicutes
	Bacteroidetes
	(Shin et al., 2018)

	L.plantarum LC27 + B.longum LC67
	Male C57BL/6J mice
	Body weight, liver weight, TC, LDL, TNF-α, LPS, ALT, AST, myeloperoxidase activity, TNF-α
mRNA expression: iNOS, COX-2, NF-κB, α-SMA, SREBP-1c, TNF-α, IL-1β, IL-6
	HDL
mRNA expression: AMPK, PGC-α1, IL-10
	F/B
	
	(In Kim et al., 2019)

	B.longum DS0956 + L.rhamnosus DS0508
	Male C57BL/6J mice
	Body weight, fat weight, TCl, HDL, LDL, 
mRNA expression: IL-1β, TNF-α
	mRNA expression: Pgc1, Prdm16, CD137, Fgf21, P2Rx5, Tbx1, aP2, PPAR-γ, Hsl, Atgl
	
	
	(Hossain et al., 2020)



Table2 Clinical trials using probiotics to treat obesity and overweight
	Treatment
	Duration
(weeks)
	Subjects
	Outcomes
	References

	L.acidophilus LA-14+ L.asei LC-11+ L.LL-23 +B.bifdum BB-06+B.lactis BL-4;
2 x 1010 CFU/day
	8
	N = 32,
BMI = 25 to 39.9 kg/m2 ,
overweight or obese women
	Waist circumference↓, weight↓, BMI↓, lean mass↓, fat mass↓, BMR↓, LAP↓.
	(Gomes et al., 2020)

	B. breve CBT BR3 + L. plantarum CBT LP3;
1 x 1010 CFU/day
	12
	N = 50,
BMI > 25 kg/m2,
obesity
	waist circumference↓, ratio of visceral to subcutaneous fat area↓，Internal fat area↓, pulse rate↓
	(Song et al., 2020)

	B. longum APC1472;
1 x 1010 CFU/day
	12
	N = 124,
BMI = 28-34.9 kg/m2,
healthy overweight/obese
	not change primary outcomes of BMI or bin-to-hip ratio, fasting blood glucose levels↓
	(Schellekens et al., 2021)

	B.alimalis subsp.lactis CECT 8145;
1 x 1010 CFU/day
	12
	N = 135,
waist circum ference (WC) ≥ 102 cm for men and ≥ 88 cm for women
	Waist circumference↓, waist circum ference/height ratio↓, conicity index↓, visceral fat area↓
	(Pedret et al., 2019)

	B.breve BR03 (DSM 16604) ＋B. breve B632 (DSM 24706)
2x109CFU/AFU/day
	8
	N =101，
6-18 years, Tanner stage≥2
obesity and insulin-resistanceyouths
	insulin sensitivity↑
weight↓，Escherichia colicounts↓
	(Solito et al., 2021)
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