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Table 1 The standard and high-fat diets composition.

Composition (%) Standard Diet High-fat Diet
Protein (Casein) 20 20
Starch corn 10 10
Sucrose 38.51 20.3
Maltodextrine 11.65 11.65
Amino Acids 0.34 0.34
Fiber 7.83 7.83
Fat (Tallow) - 19.8
Soybean Oil 55 3.91
Mineral 5.83 5.83
Vitamins 0.34 0.34

Table 2 Description of control and treatment groups

No Treatment Name Composition
1 Control Standard Diet
2 CLR Standard diet + Lactobacillus reuteri
3 HFD High-fat Diet
4 H.LR High-fat diet + Lactobacillus reuteri
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Fig. 1. Effect of probiotics and diets on body gain (a),
fat mass (b), and liver weight (c) after eight weeks
treatment. Data represent the means + SD. Control:
Standard Diet, C.LR: Standard diet + Lactobacillus
reuteri, HFD: High-fat Diet, H.LR: High-fat diet +
Lactobacillus reuteri
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Table 3 Effects of probiotic treatment on blood glucose, Triacylglycerol (TG), Total cholesterol (TC),
High-density lipoprotein (HDL), Low-density lipoprotein (LDL), Aspartate transaminase (AST), and
Alanine transaminase (ALT)

Control C.LR HFD H.LR

Glucose(mg/dl) 53.83+4.93° 91.25+6.60° 149.25+8.66° 150.00+2.83°
TG(mg/dl) 103.50+6.50° 90.50+7.60° 118.50+6.86° 138.25+8.84°
TC (mg/dl) 86.17+2.56" 99.25+6.21° 152.25+5.97° 126.25+2.47°
HDL(mg/dl) 58.17+5.01° 63.38+2.36" 75.13+6.09° 63.75+3.18°
LDL(mg/dl) 13.33+2.16" 12.35+1.05° 20.15+3.39° 24.75+2 47"
AST(U/L) 151.33+4.91° 154.75+6.24° 153.50+7.42° 136.25+5.30
ALT(U/L) 11.60+0.57¢ 14.83+1.72° 21.59+2.89° 14.19+0.54°
Food Intake 2.23+0.32° 2.57+0.52° 2.89+ 0.46" 2.67+ 0.34°
Energy Intake 6.58+0.52° 7.58+ 0.74° 13.67+ 1.02° 12.63+ 0.88°

Data represent the means = SD. TG: Triacylglycerol HDL: High-density Lipoprotein, LDL: Low-density
Lipoprotein, TC: Total Cholesterol, ALT: Alanine Transaminase, AST: Aspartate Transaminase. Control: Standard
Diet, C.LR: Standard diet + Lactobacillus reuteri, HFD: High-fat Diet, H.LR: High-fat diet + Lactobacillus reuteri
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Fig 2 Effects of probiotic supplementation and diets
on the leptin (a) and Lipopolysaccharide (LPS) (b)
content after eight weeks. Data represent the means +
SD. Control: Standard Diet, C.LR: Standard diet +
Lactobacillus reuteri, HFD: High-fat Diet, H.LR:
High-fat diet + Lactobacillus reuteri

yvia

Kby fdws Gl o el ooman Aleslls OLES

el el LSS G e ] Gl

I¥Y Je!
9 o Oss9n p SSsmgn e SG-Y-Y
LPS

Glise 53 0 e PS) WLl Lsd Ol =l
Aoz o 0L mls 535 e sdalie a-Y IS5 53 C5TBL/6
ol Sl wis clia Sl Com i 2 ) G
Cap 2 wis bl glees S 5 LPS Ol ls e
HED o5 5 55 LPS 0l ol o J 25 055 4 o
JiS o5 S L awlie 53 a5 wib e ng/mL Y4y £ 1/01

el azils s gme il ng/mLo VYEY £ VY

55 LPS Olse s pme 2alS Csl (050, sl s5Y
% LPS ool oz HFD o5 £ U aslie ;s HLR o £
LPS L s bl o ol b ol ol Jarls
LV 203 500 plabid O p o 53 a8 Sl 5 2L SL
T sk om o oM el S b Ol L i
S 05 o kil e w3y b oalis s 1 LPS
gl et HED o8 (ol Db das o 2l
sy Olis (gladlas oils Oloys glses S e 5 |, LPS
cll el s Gl ey J L3 i esbelsY
3l s is 5l e O gliE s oo LPS
ke ey LB JILI0 o0, sl sy Ll
315 0L HED Gy i 555 035 b aslia 55 LPS
255 Sran 3l o LPS s 5 a8ty st ol 4 L0
Gl B oL SL Ll S L cale v oy ol

[Y¥]
S e Jole SGLPS a5 s 5 b (Y00 V) 0L 5 S
s ol el ol 5 3l asle S sl slasslas
LPS e (il Eob oz olie ) G S sls 0L
313 0L Cilse Dladllae 355 g0 0355 53 5 Ser o5l ol
o e 53 1 O o LPS il e bSis0s 2 &



Ve J\.)J,A AL 092 AY e)Lo.:a

LS sk 2l w5 SIS S sdalin (o0
Aas ol

e Sty € K8 55 ssmse Sl 4l o
el 03 55018 ey S s g SL il (gla i
w Glae RS es S 5s Sl Olpe pp i ol LS mls
Lllog pu 8L a0 S 5 pn SLLE risoly Slar
oSS O HED 5.8 55 o 106 0055 6 me
GRIPL RS Wl w S sl bk
Sl Sl Ol (a0 kel s5Y G me L2l
ol s HLR o5 8 55 ey 8 s 55 Lals
Al O o S plie gl e Juol S 035, 05 e sl
5 4w Lle O Sdleb 5 edgy o Seayslh S5
S Llesls OLAS Calies Sldlas AL Coslite 30 (glde
S dase mm L GOA G eas) s Sl S
S RO P W P RN U PRRCH Jes G
SO Mg s a8 A I easy 3 pla el S
i il glaaal) leas, 5L YV M dzes Sl
b amls i baodd o SU 5 Lo Sn b a5 Cul ol
LS 1 oSl slasSL 5l doys &0 B A dnes
S 5 G HED o) s sh 0L sl s e
U I e
S e Sl sl llas Ol ol ol L S
SIS0y Sl s ey e Sl el
bl San plE 055 Gpae 4 AS1y 0 o Se 5l
S S8 a8 il des ol LSt gl S
ok Lsde esbel ilme (sla ey Sl eslizal sl
o g Srae RIS Al e S b Sl
35wl 53 e 0 S B e oS sla 58k 25 R
oS ey S 5 el o (Sl b e 035,
Sl gl ¥R 5 FA] ol asiial Olomes ot
ol Al OLES ey ps S s S s bl sSTY
5 Enterobacteriaceae ol ials sl (¢ SU
L aS Col ol J 5 @505 4 cuns Staphylococcaceae

L8] il cilhs fass cpl b

YVv

S sl sSY G pae b o i) Clal addllas ) s
b 4 Cprn M iy oo HED )5 b alis s
Sy o oldlas sl b CL" gl il fals s LB
s omn s i Lo CSTBL/6) (s e

IF0] culs ilal Bkd 4l (5,705 oo sl 55

2y S S F p SSsmsp sles HSG-E-Y

OQ‘QJ

IS 5 e edlS 1 Son I slaizads sl 3 Ao s s
e 55 e sl DL s el od esls 0l Y
IS 058 4 el LB Slaaaly Olpe Aoy oz
laanaly S5 s (p e O See bl 0 S s
e 25y e b oS sl ST 1 (140) U 658
@l Lalsl () HED o3 8 s wly ol Ol oo pm
(<) HFD 638 55 Weudis St Ol oemeas
Lol anils oguoes J2alS (/1) U285 058 4 Cud
Ol bl SY G e
Upe 5 G2l Loy 8 Ks & Cand Lo LS|
WS Sl g SLs s

ol o 218 DY IS s a8l Soo 03l il 55
Slaes S s, sl sl VY WS das e OLLS o
S s oME w3 g aar s L aS Wleols S5 1) i

J...::L»L;a C)}L&.‘LA ajjf BalBL Léba:\j..vl;'- u'l‘ Q]J;.a ‘&.‘.3}:‘.'.’}‘)::

5 oS b WS

055 esSwe sl Ol 7VY Alcaligenaceae o3l sl
2o @M s Gaae LS il el LS, J s
03,5 Iy ials /) 51 S a4 eslpls pl Olpe HFD o5 S
el Sy S e L
03,5 Iy b3l b sxe &y 50 4 (JAY) Alcaligenaceae

.&"/-w"‘

e)bjl;'- Q\)':.a ngij)

o5 ege odlsls s Lactobacillaceae ool gl .ol
b das s 8 ol S5 NV &S Wik 05 S
HFD a}; BE ui Q\J',;.a A.Q_))Jm Sl atisls B ] w.hls
O Ol S prskelisSY Cpan bl e, Tt
5o sl s s el andls [2alS ) 51 zeS Wy S

relsSY 5 oo e 55 OB an b g D 085



Total number

st 5 0 g M s S Hl e

Ql)l.iwa 9l ol

g5 3V HFD o8 (a-t JS2) WH g Jlssns ool
£S5 02 S 4 ol L B g lay s VL sl S

Lo glie gl w3 5 Sssn b it p5b 4 b S

S5 Al pde S app gl 6550 Dhae b g5 ol
ol Slatsien s sa bt 5 a5 ol Loy 5 o LSS

SHED o5 S U J 5 05 8 o <lsls 55 s 5L (PCOA)
Sl Al basS (S5l ele 5l 0l HILR
JoSe Gpan sl 0L OB S $un s sl sSTY
g5 Ol SRIB Sel kel gl S
ol ol b LS 20 S e ey s S 550 s b S

cln ol

Total number

Abundance

—— HLR
—— HFD
— Control

0 50

LI B e B B s B B B B B

1 150 200
Number of reads

A

PCo 2 (36%)

gControl

PGo 1 (64%)

B
Fig 4 Alpha (a) and Beta (b) diversity among
treatment groups. Control: Standard Diet, HFD:
High-fat Diet, H.LR: High-fat diet + Lactobacillus
reuteri

YVA

90%
80% —
70% ‘E
60% —
0% —
40% —
0% —
20% —f

10%

Fusobacteria
Bacteroideles
Actinobacteria

Proteobacteria

Firmicutes

0% L

Lacl

=

Baychrophius; T43388
lobacilus, 884573

Stationis; 100589

Pumanis; 242978
-Camobacterium; 585435
-Corynebacterium; 470188
-Nicalgenaceas: 1032938

L Alcaigenacese; 575028
Enlgrotoccus; 111562
Bifidobacterium; 2272539
Mobaculum; 135952
-Streplococcus; 855380
Aprococcus; 851016

oHFD Entorcbactariacean; 1111717
dermids; 1089610

Ept

Streptococcaceae
Enterococcaceae
Bifidobacteriaceae

Acrococeaceae
Moraxellaceae
Enterobacteriaceae
Lactobacillaceae
Staphylococeaceae
Carnobacteriaceae
Erysipelotrichaceae
Corynebacteriaceae

Alcaligenaceae

B

| HFD

HIR Control

<08 04 0 04 08 1158

C

Fig. 3. The abundance of top phylum (a), family (b)

and the heat map of genera from treatment groups.
Control: Standard Diet, HFD: High-fat Diet, H.LR:
High-fat diet + Lactobacillus reuteri



Ve J\.)J,A AL 092 AY e)l.«.:a

linked?. Expert review of gastroenterology &
hepatology, 14(6), 401-403.

[7] Crovesy, L., Masterson, D., & Rosado, E. L.
(2020). Profile of the gut microbiota of adults
with obesity: a systematic review. European
Jjournal of clinical nutrition, 74(9), 1251-1262.

[8] De Filippo, C., Cavalieri, D., Di Paola, M.,
Ramazzotti, M., Poullet, J. B., Massart, S., ...
& Lionetti, P. (2010). Impact of diet in shaping
gut microbiota revealed by a comparative
study in children from Europe and rural
Africa. Proceedings of the National Academy
of Sciences, 107(33), 14691-14696

[9] Flint, H. J. (2012). The impact of nutrition on
the human microbiome. Nutrition
reviews, 70(suppl 1), S10-S13.

[10]Turnbaugh, P. J., Ridaura, V. K., Faith, J. J.,
Rey, F. E., Knight, R., & Gordon, J. I. (2009a).
The effect of diet on the human gut
microbiome: a metagenomic analysis in
humanized gnotobiotic mice. Science
translational medicine, 1(6), 6ral4-6ral4.

[11] Furet, J. P., Kong, L. C., Tap, J., Poitou, C.,
Basdevant, A., Bouillot, J. L., ... & Clément,
K. (2010). Differential adaptation of human
gut microbiota to bariatric surgery—induced
weight loss: links with metabolic and low-
grade inflammation markers. Diabetes, 59(12),
3049-3057.

[12] Monira, S., Nakamura, S., Gotoh, K.,
Izutsu, K., Watanabe, H., Alam, N. H., ... &
Alam, M. (2011). Gut microbiota of healthy
and malnourished children in
Bangladesh. Frontiers in microbiology, 2, 228.

[13] Roselli, M., Finamore, A., Brasili, E.,
Rami, R., Nobili, F., Orsi, C., ... & Mengheri,
E. (2018). Beneficial effects of a selected
probiotic mixture administered to high fat-fed
mice before and after the development of
obesity. Journal of Functional Foods, 45, 321-
3209.

[14] Ting, Y., Chang, W. T., Shiau, D. K., Chou,
P. H.,, Wu, M. F., & Hsu, C. L. (2018). Anti-
obesity efficacy of quercetin-rich supplement
on diet-induced obese rats: effects on body
composition, serum lipid profile, and gene
expression. Journal of agricultural and food
chemistry, 66(1), 70-80.

[15] Sivamaruthi, B. S., Kesika, P., Suganthy,
N., & Chaiyasut, C. (2019). A review on role
of microbiome in obesity and anti-obesity

Yv4

S S domsint

by Ssmsn 0o o Shes S (S5 558 L))
Sl § 5050 S w035y 25, Ren sl Sl 5 Sl w
A sl sy alllas ol 5ol el L Sl
el Jials el Ll sl 0l 3l 2alS s e g
ol @l s o M w5 S G Sk sle
SN Slas sazme Sl Kisms, JoSe 45 01> 0L G
U5 O Gpan Cda 4 a5 L & A3l o 0L S5y
23 DS g0 et | Signsn O 0359 b 035 ism
ol 5 B O S5 O G 5055 s Sns ke
Sl 5 s Sy n o dly e Sos sl onl ol
Sl dilse e 53 e b olalsl Wb ey,
Slr Ssmon glafeSe (Hb 3 izmen s (b
Sl @B e LS sk g a8l el Gl s
sberls o bSOy e wlin Ol 5 adlas
FoSeDpae Gla il Ll s s s b
235 b SSmsn

@\.’.o -0

[1] Phelan, S., Hart, C. N., Jelalian, E., Mufioz-
Christian, K., Alarcon, N., McHugh, A., ... &
Wing, R. R. (2021). Effect of prenatal lifestyle
intervention on maternal postpartum weight
retention and child body mass index z-score at
36 months. International ~ Journal  of
Obesity, 45(5), 1133-1142.

[2] Laura, B., Diana, K., Lyazzat, A., & Zhanat,
B. (2019). Nutritional Behaviour is a Social
Problem in the Modern Lifestyle. Journal of
Nutritional Therapeutics, 8, 6-8.

[3] Blither, M. (2020). Metabolically healthy
obesity. Endocrine reviews, 41(3), 405-420.

[4]Upadhyay, J., Farr, O., Perakakis, N., Ghaly,
W., & Mantzoros, C. (2018). Obesity as a
disease. Medical Clinics, 102(1), 13-33.

[5] World Health Organization.
Overweight and obesity.

[6] Cani, P. D.,, & Van Hul, M. (2020). Gut
microbiota and obesity: causally

(2020).



bl sSY s g 2 5 Sae S o

O 5 sls ol

microbiome and anti-obesity
potential. Nutrition, 29(4), 591-596.

[25] Ji, Y., Park, S., Park, H., Hwang, E., Shin,
H., Pot, B., & Holzapfel, W. H. (2018).
Modulation of active gut microbiota by
Lactobacillus thamnosus GG in a diet induced
obesity murine model. Frontiers in
microbiology, 9, 710.

[26] Park, Y. H., Kim, J. G., Shin, Y. W., Kim,
S. H., & Whang, K. Y. (2007). Effect of
dietary inclusion of Lactobacillus acidophilus
ATCC 43121 on cholesterol metabolism in
rats. Journal of Microbiology and
Biotechnology, 17(4), 655-662.

[27] Pessione, E. (2012). Lactic acid bacteria
contribution to gut microbiota complexity:
lights and shadows. Frontiers in cellular and
infection microbiology, 2, 86.

[28] Kersten, S. (2014). Physiological regulation
of lipoprotein lipase. Biochimica et Biophysica
Acta (BBA)-Molecular and Cell Biology of
Lipids, 1841(7), 919-933.

[29] Miremadi, F., Ayyash, M., Sherkat, F., &
Stojanovska, L. (2014). Cholesterol reduction
mechanisms and fatty acid composition of
cellular membranes of probiotic Lactobacilli
and Bifidobacteria. Journal of Functional
Foods, 9, 295-305.

[30] Andrade, S., & Borges, N. (2009). Effect of
fermented milk containing Lactobacillus
acidophilus and Bifidobacterium longum on
plasma lipids of women with normal or
moderately elevated cholesterol. Journal of
dairy research, 76(4), 469-474.

[31] Greany, K. A., Bonorden, M. J. L.,
Hamilton-Reeves, J. M., McMullen, M. H.,
Wangen, K. E., Phipps, W. R., ... & Kurzer, M.
S. (2008). Probiotic capsules do not lower
plasma lipids in young women and
men. European Jjournal of clinical
nutrition, 62(2), 232-237.

[32] Li, Z., Jin, H., Oh, S. Y., & Ji, G. E. (2016).
Anti-obese effects of two Lactobacilli and two
Bifidobacteria on ICR mice fed on a high fat
diet. Biochemical and biophysical research
communications, 480(2), 222-227.

[33] Cani, P. D., Amar, J., Iglesias, M. A.,
Poggi, M., Knauf, C., Bastelica, D., ... &
Burcelin, R. (2007). Metabolic endotoxemia
initiates obesity and insulin
resistance. Diabetes, 56(7), 1761-1772.

YA«

properties of probiotic supplements. BioMed
research international, 2019.

[16] Butel, M. J. (2014). Probiotics, gut
microbiota and health. Médecine et maladies
infectieuses, 44(1), 1-8.

[17] Rouxinol-Dias, A. L., Pinto, A. R., Janeiro,
C., Rodrigues, D., Moreira, M., Dias, J., &
Pereira, P. (2016). Probiotics for the control of
obesity—Its effect on weight change. Porto
Biomedical Journal, 1(1), 12-24.

[18] Plaza-Diaz, J., Gomez-Llorente, C.,
Abadia-Molina, F., Saez-Lara, M. ],
Campana-Martin, L., Mufioz-Quezada, S., ... &
Fontana, L. (2014). Effects of Lactobacillus
paracasei CNCM 1-4034, Bifidobacterium
breve CNCM 1-4035 and Lactobacillus
rhamnosus CNCM 1-4036 on hepatic steatosis
in Zucker rats. PloS one, 9(5), €98401.

[19] Drissi, F., Raoult, D., & Merhej, V. (2017).
Metabolic role of lactobacilli in weight
modification in humans and
animals. Microbial pathogenesis, 106, 182-
194.

[20] Cheng, M., Zhang, X., Miao, Y., Cao, J.,
Wu, Z., & Weng, P. (2017). The modulatory
effect of (-)-epigallocatechin 3-O-(3-O-methyl)
gallate (EGCG3 "Me) on intestinal microbiota
of high fat diet-induced obesity mice
model. Food Research International, 92, 9-16.

[21] Angelakis, E., Bastelica, D., Amara, A. B.,
El Filali, A., Dutour, A., Mege, J. L., ... &
Raoult, D. (2012). An evaluation of the effects
of Lactobacillus ingluviei on body weight, the
intestinal microbiome and metabolism in
mice. Microbial pathogenesis, 52(1), 61-68.

[22] Million, M., Maraninchi, M., Henry, M.,
Armougom, F.,; Richet, H., Carrieri, P., ... &
Raoult, D. (2012). Obesity-associated gut
microbiota is enriched in Lactobacillus reuteri
and depleted in Bifidobacterium animalis and
Methanobrevibacter smithii. International
Jjournal of obesity, 36(6), 817-825.

[23] Qiao, Y., Sun, J., Xia, S., Li, L., Li, Y.,
Wang, P., ... & Le, G. (2015). Effects of
different Lactobacillus reuteri on inflammatory
and fat storage in high-fat diet-induced obesity
mice model. Journal of Functional Foods, 14,
424-434,

[24]Arora, T., Singh, S., & Sharma, R. K.
(2013). Probiotics: interaction with gut



Ve J\.)J,A AL 092 AY e)l.«.:a

[38]Harakeh, S. M., Khan, 1., Kumosani, T.,
Barbour, E., Almasaudi, S. B., Bahijri, S. M.,
... & Azhar, E. 1. (2016). Gut microbiota: a
contributing factor to obesity. Frontiers in
Cellular and Infection Microbiology, 6, 95.

[39]Cornejo-Pareja, 1., Munoz-Garach, A.,
Clemente-Postigo, M., & Tinahones, F. J.
(2019). Importance of gut microbiota in
obesity. European  journal  of  clinical
nutrition, 72(1), 26-37.

[40]Marti, M., Spreckels, J. E., Ranasinghe, P.
D., Wejryd, E., Marchini, G., Sverremark-
Ekstrom, E., ... & Abrahamsson, T. (2021).
Effects of Lactobacillus reuteri
supplementation on the gut microbiota in
extremely preterm infants in a randomized
placebo-controlled trial. Cell reports
medicine, 2(3), 100206.

YA

[34]Pan, W. W., & Myers, M. G. (2018). Leptin
and the maintenance of elevated body
weight. Nature Reviews Neuroscience, 19(2),
95-105.

[35] Fak, F., & Bickhed, F. (2012).
Lactobacillus reuteri prevents diet-induced
obesity, but not atherosclerosis, in a strain
dependent fashion in Apoe—/— mice. e46837.

[36]Cani, P. D., & Delzenne, N. M. (2009).
Interplay between obesity and associated
metabolic disorders: new insights into the gut
microbiota. Current opinion in
pharmacology, 9(6), 737-743.

[37]Xiao, S., & Zhao, L. (2014). Gut
microbiota-based translational biomarkers to
prevent metabolic syndrome via nutritional
modulation. FEMS microbiology
ecology, 87(2), 303-314.



JEST No. 126, Vol. 19, August 2022

ABSTRACT

Iranian Journal of Food Science and Technology .

Homepage:www.fsct.modares.ir

1

Scientific Research

The Effects of High-fat Diet and lactobacillus reuteri on Body
Weight, Metabolic profiles and Gut Microbiota of C57BL/6 Mice

Shad, E.!, Shekarforoush, S. Sh. %, Nazifi, S. °, Eskandari, M. H. "

1. Department of Food Science and Technology, College of Agriculture, Shiraz University, Shiraz, Iran.
2. Department of Food Hygiene and Public Health, School of Veterinary Medicine, Shiraz University, Shiraz, Iran.
3. Department of Clinical Studies, School of Veterinary Medicine, Shiraz University, Shiraz, Iran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2022/ 04/ 04
Accepted 2022/ 05/ 21

Keywords:

Gut Microbiota,
Lactobacillus reuteri,
Obesity, Probiotic,
Weight Change.

10.22034/FSCT.19.126.269
DOR: 20.1001.1.20088787.1401.19.126.28.9

*Corresponding Author E-Mail:
Eskandar@shirazu.ac.ir

This study investigated the effects of diet and probiotic on the body
characteristics of C57BL/6 mice. Mice were divided into four groups:
the control group, Lactobacillus reutrei DMC20016 probiotic group,
high-fat diet (HFD) group, and probiotic with the high-fat diet group.
After eight weeks of storage, a high-fat diet and probiotic effects on gut
microbiota, body weight, blood factors, leptin hormone, and
lipopolysaccharide were studied. A high-fat diet has increased body
weight, fat mass, and liver weight. The HFD group had the highest
body weight gain (8.36 + 1.02 gr) compared to the other groups, and
consumption of Lactobacillus reuteri did not show a significant effect
on body weight. The high-fat diet also significantly increased
lipopolysaccharide and leptin, but Lactobacillus reuteri decreased these
parameters compared to the HFD group. The abundance and diversity
of gut microbiota depended on diet and probiotics consumed. With the
consumption of a high-fat diet, the number of Firmicutes ( 70%)
increased and Bacteroidetes (<1%) decreased. However, the amount of
Actinobacteria (4%) and Firmicutes (16%) decreased, and the amount
of Proteobacteria (78%) increased in the H.LR group compared to the
control sample. According to this study and similar research, not all
probiotics are effective on obesity indicators, and probiotic supplements
should be selected based on the purpose of use.
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