
Supplemental Data S1: Effect of Modulators on Intestinal Microbiota and Phenotype of Poultry 

Table S1: Effect of probiotics on the phenotype and gastro-intestinal microbiota of poultry 

 

 

 

 

 

 

 

 

 

Weight
Food 

intake

FCR or 

FCE
Diversity

Lactic acid-

producing bacteria

SCFA-producing 

bacteria

Pathogenic and/or 

Zoonotic bacteria

Rodjan 

2017
Bacillus

Ross 308 broiler 

chickens

Male and Female

Healthy

Bacillus  (5.1011 CFU/kg 

of diet)

5 weeks

Culture

= = = ND ND
Ileum and Cecum:

= Lactobacillus
ND

Ileum and Cecum:

↓E.coli 

Cao 2018
Bacillus 

Amyloliquefaciens

Ross 308 broiler 

chickens

Gender ND

Healthy

Bacillus  (109 CFU/ kg of 

diet)

6 weeks

Sequencing

↑ BW

↑ BWG
ND ↓ FCR ND ND

Cecum:

= Lactobacillus

Caecum:

↑ Faecalibacterium

↑ Blautia

ND

Xing 

2015
Bacillus Subtilis

Linwu ducklings

Female

Healthy

Bacillus (5.108 or 

5.1010 CFU /kg of diet)

9 weeks

RTqPCR

ND ND ND

Jejunum:

↑ INFγ mRNA levels

↓ IL-1β, IL-2, IL-10, IL-18 

mRNA levels

Ileum:

↓ IL-1β, IL-2, IL-10, IL-8 

mRNA levels 

ND

Caecum:

↑ Lactobacillus

= Bifidobacterium

Caecum:

↑ Megasphaera 

elsdenii

Cecum:

= E.coli 

Jeong 

2014
Bacillus Subtilis

Ross 308 broiler 

chickens

Male

Healthy

Bacillus  (3.108 or 6.108 

CFU/kg of diet)

5 weeks

Culture

↑ ADG = ↓ FCR ND ND

Ileum, Cecum and 

feces:

↑ Lactobacillus

ND

Cecum and Feces:

↓ E.coli 

Cecum, Ileum, Colon 

and Feces:

↓ Salmonella 

= C.perfringens

Pereira 

2018
Bacillus Subtilis

Cobb 500 broiler 

chickens

Male

Healthy

Bacillus  (3.107 CFU/kg 

of diet)

6 weeks

Sequencing

= = = ND

↓ α-

diversity and 

richness

Small intestine:

↑ Lactobacillus

Small intestine:

↓Faecalibacterium
ND

Chen 

2013

Bacillus Subtilis + 

Saccharomyces 

cerevisiae

Landes geese

Male

Healthy

Bacillus  (109 CFU/kg of 

diet)

3 weeks

Culture

↑ BWG ↑ =

↑[GPx] in heart and liver

↑ [SOD] in meat

↓ [MDA] in heart, liver and 

meat

ND

Large and small 

intestine:

↑ Lactobacillus

ND

Small and Large 

intestine:

↓ E.coli 

Han 

2013
Enterococcus fecalis

Arbor Acres broiler 

chickens

Male and Female

Healthy

Enterococcus  (109, 1010 

or 1011 CFU/kg of diet)

6 weeks

RTqPCR

↑ BW 

↑ ADG
= ↓ FCR ↓ [MDA] in plasma 

= α-

diversity, 

eveness and 

richness

Feces:

↑ Lactobacillus

↑ Bifidobacterium

ND
Cecum:

=  E.coli 

Yang 

2012

Clostridium 

butyricum

Lignan yellow 

broiler chicken

Male

Healthy

Clostridium  (1 to 3 107 

CFU/kg of diet)

6 weeks

Culture

↑ BW 

↑ ADG
ND ND

↑ [IgA] [IgG] and [IgM] in 

serum
ND

Cecum:

↑ Lactobacillus

↑ Bifidobacterium

ND

Cecum:

↓ E.coli 

↓ Salmonella

↓ C.perfringens

Vase-

Khavari 

2018

Superzist

Ross 308 broiler 

chickens

Gender ND

Healthy

Superzist (0.03% w/v of 

diet)

6 weeks 

Culture

= = = ↑ [Lymphocyte] in plasma ND
Cecum:

= Lactobacillus
ND

Cecum:

= E.coli 

Hy-line Brown 

chicken

Male

Healthy

ND ND ND ND ND

Cecum:

↓ Lactobacillus

= Bifidobacterium

ND ND

Hy-line Brown 

chicken

Male

S. Enteriditis 

inoculation

ND ND ND ND ND ND ND
Cecum:

↓ Salmonella 

Wang 

2021 bis

Lactobacillus 

salivarius

White leghorn 

chicken

Gender ND

Mycoplasma 

gallisepticum 

inoculation

Lactobacillus  (5.107 

CFU/animal/day)

Mycoplasma (109 

CCU/mL ; 0.2 

mL/animal)

1 week

Sequencing

ND ND ND ND
↑ α-

diversity
ND ND

Feces:

↓ E.coli 

Attebury 

2011

Bdellovibrio 

Bacteriovorus

Bdellovibrio  (1.9 107 

PFU/mL ; 

100µL/animal/day)

Salmonella (3.16 107 

CFU/animal)

4 weeks

Culture

Ref Intervention ImmunityConditions Methods

Phenotype Microbiota



 

Table S2: Effect of zoonotic/pathogenic bacteria on the phenotype and gastro-intestinal microbiota of poultry 

 

 

 

 

 

 

C. perfringens ND ND ND ND ND ND

Jejunum and 

Cecum:

 = α-diversity

Jejunum:

↓ Cyanobacteria

↓ Bacteroidetes

↑ Proteobacteria

Jejunum:

↓ Lactobacillus

Caecum:

= Lactobacillus

Jejunum and Cecum:

= Escherichia shigella

= Clostridium-sensus 

stricto 1

Eimera ND ND ND ND ND ND

Jejunum and 

Cecum:

 = α-diversity

Jejunum:

↓ Firmicutes

↓ Bacteroidetes

↑ Cyanobacteria

Jejunum:

= Lactobacillus

Caecum:

= Lactobacillus

Jejunum and Cecum:

= Escherichia shigella

= Clostridium-sensus 

stricto 1

C.perfringens  + 

Eimera
ND ND ND ND ND ND

Jejunum:

↓ α-diversity

Caecum:

= alpha 

diversity

Jejunum:

↓ Cyanobacteria

↓ Actinobacteria

↑ Proteobacteria

Jejunum:

= Lactobacillus

Caecum:

= Lactobacillus

Jejunum and Cecum:

= Escherichia shigella

Jejunum:

↑ Clostridium-sensus 

stricto 1

Ross 308 

broiler 

chickens

Male

↓ BW ND ND ND ND ND ND ND
Ileum:

↓ Lactobacillus 
ND

Cobb 500 

broiler 

chickens

Male

↓ BW ND ND ND ND ND ND ND
Ileum:

↑ Lactobacillus 
ND

Hubbard 

broiler 

chickens

Male

↓ BW ND ND ND ND ND ND ND
Ileum:

↓ Lactobacillus 
ND

Yang 2008 E.coli

Cobb 500 

broiler 

chickens

Male

E.coli (107 

CFU/ml ; 

1mL/animal 

then 105 

CFU/mL of 

water)

3 weeks 

Culture

 = BW ↑ ↑ FCR ND ND ND ND ND

Ileum:

↑ Lactobacillus ND

Daneshmand 

2019
E.coli

Cobb 

broiler 

chicken

Male

E.coli  (108 

CFU/animal)

3 weeks

Culture

↓ ADG = ↑ FCR

Jejunum:

↓ VH, VW 

and VSA

= CD and 

VH/CD ratio

Jejunum:

↑ [IL-2]

↓ [IL-6]

Jejunum:

↓ [Claudin-1] and 

[Occludin]

↑ [MUC2]

ND ND

Ileum:

↓ Lactobacillus

↓ Bifidobacterium

Ileum:

↑ E.coli 

Shao 2014
Salmonella 

thyphimurium

Cobb 500 

broiler 

chicken

Male

Salmonella 

(109 CFU/mL ; 

0.8 mL/bird)

2 or 6 weeks

RTqPCR

↓ BW = =

Ileum:

= VH

= CD

↓ VH/CD 

ratio

ND ND

Ileum:

↓ α-diversity

= richness

ND

Ileum:

↓ Lactobacillus 

= Enterococcus

Ileum:

↑ Salmonella 

Typhimurium

Wang 2021
Salmonella 

pullorum

Dward 

chicken

Male

Salmonella 

(8.45108 

CFU/mL ; 0.2 

mL/bird)

11 days

Culture

↓ BW

↓ADG

↓ 
=

Ileum:

↓ VH and 

regularity 

Cecum:

↓ [IgA] 

= [IL-4] 

↑ [TNFα]

↑ [INFγ]

↑ Lymphocyte 

infiltration

ND ND ND
Cecum:

↓ Lactobacillus

Cecum:

↑ E.coli 

↑ Salmonella

Fernandez 

2002

Salmonella 

enteritidis

Isa-brown 

laying hens

Female

Salmonella 

(5104 CFU/mL)

4 weeks

Culture

ND ND ND ND ND ND ND ND

Cecum:

= Lactobacillus

= Enteroccocus

Cecum: 

↑ Salmonella 

enteriditis

Wang 2021 bis
Mycoplasma 

gallispeticum

White 

Leghorn 

Chicken

Mycoplasma 

(109 CFU/mL ; 

0.2 mL/bird)

1 week

Sequencing

ND ND ND ND

Ileum:

↓ [SIgA] 

↓ Muc2 mRNA

Ileum:

↓ transepitheliale 

electrical reistance 

↑ FD4 flux

↓ Claudine-1, 

Occludin and ZO-1

Feces:

↓ α-diversity

Modification 

of the β-

diversity

Feces:

↑ Firmicutes 

↑ Proteobacteria

↓ Bacteroidetes 

↓ Actinobacteria

ND
Feces:

↑ E.coli 

Yang 2019

Cobb 

broiler 

chicken

Male and 

Female

Infection (2.5 

108 CFU/mL ; 

3mL/animal)

3 weeks 

Sequencing

Kim 2015
C.perfringens + 

E.maxima

C.perfringens 

(109 

CFU/animal)

E.maxima (104 

oocysts/animal)

3 weeks

Sequencing

Immunity
Pathogens

Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE

Villi 

structure

Intestinal barrier
Phylum

Lactic acid-

producing bacteria
Diversity

Microbiota



Table S3: Effect of probiotics combined with another nutritional intervention on the phenotype and gastro-intestinal 

microbiota of poultry 

 

 

 

 

 

 

 

 

 

 

 

 

Rodjan 

2017
Bacillus

Organic acids: 

Fummaric acid + 

Formic acid + Lactic 

acid + Propionic 

acid + Citric acid

Ross 308 broiler 

chickens

Male and Female

Healthy

Bacillus  (5.1011 

CFU/kg of diet)

Organic acids 

(2g /kg of diet)

5 weeks

Culture

= = =

Duodenum:

= VH, CD 

and VH/CD 

ratio

ND ND
Ileum and Cecum

= Lactobacillus

Ileum and 

Cecum:

↓ E.coli 

Dward chicken

Male

Healthy

↑ BW

↑ADG

↑ 
= = (Ileum)

Cecum:

= IgA and IL-4 

↓ Lymphocyte 

infiltration

↓ TNFα and 

INFγ

ND
Cecum:

↑ Lactobacillus

Cecum:

↓ E.coli 

↓ Salmonella

Dward chicken

Male

Salmonella 

pullorum

↑ BW

↑ADG

↑ 
=

Ileum:

↑ VH and 

regularity 

Cecum:

↑ IgA and IL-4 

↓ TNFα

= Lymphocyte 

infiltration

ND
Cecum:

↑ Lactobacillus

Cecum:

↓ E.coli 

↓ Salmonella

Bacillus 

licheniformis
= = = ND ND = (Fogut)

Forgut

= Lactobacillus

= Bifidobacterium

ND

Bacillus subtilis = = = ND ND = (Fogut)

Forgut

= Lactobacillus

= Bifidobacterium

ND

Saccharomyces 

cerevisae stain 

1

= = = ND ND = (Fogut)

Forgut

= Lactobacillus

= Bifidobacterium

ND

Zygosaccharo

myces rouxii 
= = = ND ND = (Fogut)

Forgut

↓ Lactobacillus

↑ Bifidobacterium

ND

Saccharomyces 

cerevisiae 

strain 2

= = = ND ND = (Fogut)

Forgut

= Lactobacillus

= Bifidobacterium

ND

Chen 

2021
Bacillus subtilis Fermented product

Ross 308 broiler 

chicken

Male

LPS challenge

Bacillus  (2 or 6 

1010 CFU/kg of 

diet)

LPS (5mg/kg of 

BW)

3 weeks

Sequencing

= = = ND

↓ IL-6, IL-1β 

(duodenum, 

jejunum and 

Ileum)

↓ α-diversity

Modification 

of β-diversity

Cecum

= Lactobacillus

= Bifidobacterium

ND

Diversity

Lactic acid-

producing 

bacteria

Microbiota

Wang 

2021

Lactobacillus 

paracasei and 

Plantarum

Fermented herbs: 

Astragalus +

P. notoginseng +

Licorice +

Chickpeas +

Black bean powder 

+

Glucose +

Lactobacillus 

(1.2 109 CFU/mL 

; 0.2 mL/animal)

Herbs (10% in 

water)

Salmonella 

(8.45 108 

CFU/mL ; 

0.2mL/animal)

11 days

Culture

Pathogenic 

and/or 

Zoonotic 

bacteria

Huang 

2020

Fermented herbs:

Codonopsis Radix, 

Astragali Radix, 

Radix Glycyrrhizae, 

Poria, Edicated 

Leaven, Malt, Cra 

taegu, Areca Seed

Arbor acre plus 

broiler chicken

Male

Healthy

Fermented 

Herbs by 

probiotic (20 

mg/kg of diet)

6 weeks

Sequencing

ProbioticRef Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR 

or FCE

Villi 

structure

Immunity



Table S4: Effect of synbiotics on the phenotype and gastro-intestinal microbiota of poultry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lactobacillus 

plantarum
= = =

Duodenum

↑VH 

↑CD 

= VH/CD 

ratio 

ND ND
Crop and Ileum:

↑ Lactobacillus
ND

 Crop, Ileum and 

Cecum:

↓ E.coli 

↓ Salmonella

Lactobacillus 

acidophilus
= = =

Duodenum

↑VH 

↑CD 

= VH/CD 

ratio 

ND ND

Crop, Ileum and 

Cecum:

↑ Lactobacillus

ND

 Crop, Ileum and 

Cecum:

↓ E.coli 

↓ Salmonella

Markazi 

2018

White 

Leghorn 

Chicken

Salmonella 

enteritidis

Synbiotic (20 

mg/day)

Salmonella 

(109 

CFU/animal)

29 weeks

RTqPCR

= ND ND
= VH 

(jejunum)

Bile and 

plasma :

↑ IgA 

ND

Cecum:

↑ Lactobacillus

↑ Bifidobacterium

↑Pediococcus 

acidilacti

ND
Cecum:

↓ Salmonella

ND ND ND ND = (Ileum) = (Ileum)

Ileum and Cecum:

= Lactobacillus

= Bifidobacterium

= (Ileum 

and 

Caecum)

Ileum and 

Cecum:

= E.coli

= C.perfringens

ND ND ND ND = (Ileum) = (Ileum)

Ileum and Cecum:

= Lactobacillus

= Bifidobacterium

= (Ileum 

and 

Caecum)

Ileum and 

Cecum:

= E.coli

= C.perfringens

Ref Probiotic Prebiotic Conditions Methods
Pathogenic 

and/or Zoonotic 

bacteria

Poultrystar ®

Immunity
Intestinal 

barrierWeight
Food 

intake

FCR or 

FCE

Villi 

structure

Phenotype

Lactic acid-

producing bacteria
AGCC

Microbiota

Mountzouris 

2019

Thermal inactivated 

Poultrystar ®

Cobb 

broiler 

chicken 

Male

Healthy

Synbiotic 

(1g/kg of 

diet)

6 weeks

RTqPCR

Vineetha 

2016
MOS

Aribro 

Dhanraja 

broiler 

chicken

Healthy

Probiotic 

(108 CFU/g 

of fermented 

diet)

Prebiotic 

(1g/kg of 

diet)

5 weeks 

Culture

Poultrystar ®



Table S5: Effect of postbiotics on the phenotype and gastro-intestinal microbiota of poultry 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weight
Food 

intake

FCR or 

FCE
Villi structure

Lactic acid-

producing 

bacteria

SCFA-producing bacteria pH AGCC

Pathogenic 

and/or Zoonotic 

bacteria

Rodjan 

2017

Fummaric acid 

+ Formic acid + 

Lactic acid + 

Propionic acid 

+ Citric acid

Ross 308 broiler 

chickens

Male and Female

Healthy

Organic acids 

(2g /kg of diet)

5 weeks

Culture

= = = = (Duodenum)

Ileum and 

Cecum:

= Lactobacillus

ND ND ND
↓E.coli (Ileum 

and Caecum)

HLP: Batanoïc, 

Lactic and 

Phosphoric 

acid

HLP ( 0.0525% 

of water)

4 weeks

RTqPCR

= = = ND
Ileum:

= Lactobacillus
ND ND ND ND

HFP: Butanoïc, 

Formic and 

Proprionic acid

HFP ( 0.0525% 

of water)

4 weeks

RTqPCR

= = = ND
Ileum:

↑ Lactobacillus
ND ND ND ND

Czerwinski 

2012

Sodium 

Butyrate

Ross 308 broiler 

chickens

Female

Healthy

SB (300 mg/kg 

of diet)

4 weeks

FISH probing

= = =
= (Jejunum and 

Ileum)

Ileum and 

Cecum:

= Lactobacillus

= Enterococcus

ND
↑ 

(Ileum)

Ileum:

↑ [Proprionate] 

↑ [Isobutyrate]

= [Actetate]

=  [Lactic acid]

ND

Feng 2021 Monobutyrin

Qingyan Partridge 

broilers

Female

Healthy

MB (250 

mg/kg of diet)

8 weeks

Sequencing

↑ (Egg 

weight)
ND ND ND

Cecum:

= Lactobacillus

Cecum:

= Faecalibacterium, 

Phascolarctobacterium

ND ND ND

Microbiota

Methods

Phenotype

Nava 2009

Cobb broiler 

chickens

Male

Healthy

Ref Intervention Conditions



 Table S6: Effect of prebiotics on the phenotype and gastro-intestinal microbiota of poultry 

 

 

 

 

 

 

 

 

 

 

Weight
Food 

intake

FCR 

or 

FCE

Villi 

structure

Lactic acid-producing 

bacteria
pH SCFA

Pathogenic 

and/or Zoonotic 

bacteria

Peinado 2013 Inulin

Cobb broilers 

chickens

Male

Healthy

Inulin (20g/kg of 

diet)

3 weeks

RTqPCR

= = =

Ileum

↑VH 

= CD

↑VH/CD 

ratio 

Crop, Ileum and 

Cecum:

↓ Lactobacillus

= Bifidobacterium

= (crop) ND

Crop, Ileum and 

Cecum:

= Escherichia-

shigella

= Enterobacteria

Dias 2019 Inulin

Cornish Cross 

broiler

Male and Female

Healthy

Inulin (40mg per 

egg)

3 weeks

RTqPCR

= ND ND ND

Cecum:

↑ Lactobacillus

↑ Bifidobacterium

ND ND
Caecum:

↑ E.coli 

Kulshreshtha 

2014
Inulin

Lohmann Brown 

Classic Laying Hens

Female

Healthy

Inulin (2% of diet)

4 weeks

RTqPCR

= = = = (ileum)

Ileum:

↑ Lactobacillus 

acidophilus

= Bifidobacterium 

Longum

ND

Cecum:

↑ [i-butyric acid] 

= [acetate], 

[proprionate] and 

[butyrate]

Ileum:

↓ C.perfringens

Rebolé 2010 Inulin

Cobb broilers 

chickens

Male

Healthy

Inulin (10 or 20g 

of diet)

5 weeks

Culture

= = =
= 

(jejunum)

Ileum and Cecum:

↑ Lactobacillus

↑ Bifidobacterium

= (cecum)

Cecum:

= [acetate], 

[proprionate] and 

[butyrate]

ND

Shang 2010 Inulin

Brown nick laying 

hens

Female

Healthy

Inulin (0.1 to 2% 

of diet)

4 weeks

Culture

ND = = ND

Cecum:

= Lactobacillus

↑ Bifidobacterium

↓(cecum) ND ND

Xia 2019 Inulin

Tegek broiler 

chickens

Male

Healthy

Inulin (1 to 4% of 

diet)

6 weeks

FISH probing

↑ BW 

(4%)

↑ BWG 

(2%)

↓ (2%) = ND

Cecum:

↑ Lactobacillus

↑ Bifidobacterium

ND ND

Cecum:

↑ Alpha 

proteobacteria 

MOS

Cobb broilers 

chickens

Male

Healthy

= = =
= 

(jejunum)

Ileum:

↑ Lactobacillus

= (jejunum, 

Ileum, 

Cecum)

Ileum:

= [Lactic acid] and 

[acetate]

Jejunum, Ileum 

and Cecum:

= C.perfringens

MOS

Cobb broilers 

chickens

Male

E.coli inoculation

= = ↑ FCR
= 

(jejunum)

Jejunum, Ileum, 

Ceacum:

= Lactobacillus

= (jejunum, 

Ileum, 

Cecum)

Ileum:

= [Lactic acid] and 

[acetate]

Jejunum, Ileum 

and Cecum:

= C.perfringens

FOS

Cobb broilers 

chickens

Male

Healthy

= ↑ =
= 

(jejunum)

Ileum:

↑ Lactobacillus
↓(ileum)

Ileum:

↑ [Lactic acid]

=[acetate]

Jejunum, Ileum 

and Cecum:

= C.perfringens

FOS

Cobb broilers 

chickens

Male

E.coli inoculation

↑ BWG = =
= 

(jejunum)

Jejunum, Ileum, 

Cecum:

= Lactobacillus

 = 

(jejunum, 

Ileum, 

Cecum)

Ileum:

↑ [Lactic acid]

=[acetate]

Cecum:

↓ C.perfringens

Isa-brown laying 

hens

Female

Healthy

ND ND ND ND

Cecum:

= Lactobacillus

= Bifidobacterium

↑ Enterococcus

ND ND
Cecum:

↓ S.enteriditis 

Isa-brown laying 

hens

Female

Salmonella 

enteriditis

ND ND ND ND

Cecum:

= Lactobacillus

= Enterococcus

ND ND
Cecum:

↓ S.enteriditis 

Yang 2008

Fernandez 

2002
MOS

MOS (2.5% of 

diet)

4 weeks

Culture

FOS (10g/kg of 

diet)

3 weeks

Culture

MOS (2g/kg of 

diet)

3 weeks

Culture

Ref Conditions Methods

Phenotype

Intervention

Microbiota



Table S7: Effect of fibres on the phenotype and gastro-intestinal microbiota of poultry 

 

 

 

 

 

 

 

 

 

 

 

Locust bean 

gum

Fiber (0.1% 

of diet)

6 weeks

FISH 

probing

ND ND ND

Duodenum, 

Jejunum 

and Ileum:

= VH

=CD 

=VH/CD 

ratio

Cecum:

= Lactobacillus

Cecum:

= E.coli 

Locust bean 

gum 

enzymolysate

Fiber 

(0.01% to 

0.03% of 

diet)

6 weeks

FISH 

probing

ND ND ND

Duodenum 

and Ileum:

↑ VH

= CD 

Jejunum:

= VH

= CD

Cecum:

↑ Lactobacillus

Cecum:

↓ E.coli 

Venardou 

2021
Laminarin

Ross 308 

broiler 

chicken

Male

Healthy

Fiber (150 

to 300 ppm)

5 weeks

Sequencing

↑ BW

↑ BWG
↑ = ND

Cecum:

= Lactobacillus

↑ Bifidobacterium

ND

Pandi 2017
Sweet patato 

flour

Cobb 

broiler 

chicken

Male

Healthy

5 weeks

Culture

↓ BW

↓ BWG
↑ ↑

Jejunum 

and Ileum

= VH

= CD 

= VH/CD 

ratio

Cecum:

= Lactobacillus

Cecaum:

= E.coli

Fernandez 

2002

PKM (contain 

xylan, 

arabinans, 

galactans…)

Ise brown 

laying hen

Female

Healthy

Fiber (2.5% 

of diet)

4 weeks

Culture

ND ND ND ND

Cecum:

= Lactobacillus

↑ Bifidobacterium

↓ Enterococcus

Caecum:

↓ Salmonella 

Peinado 

2013

di-D-frutose 

dianhydride-

enriched 

caramels

Cobb 

broilers 

chickens

Male

Healthy

Fiber 

(20g/kg of 

diet)

3 weeks

RTqPCR

↑ BW

↑ BWG
↑ =

Ileum

= VH

= CD 

= VH/CD 

ratio

Crop, ileum and 

Cecum:

= Lactobacillus

= Bifidobacterium

Crop and 

Cecum:

↓ Escherichia-

Shigella

Xie 2020

AA broiler 

chicken

Healthy

Weight
Food 

intake

FCR or 

FCE

Villi 

structure

Pathogenic 

and/or 

Zoonotic 

bacteria

Ref Intervention Lactic acid-

producing bacteria

Conditions

Microbiota

Methods

Phenotype



Table S8: Effect of enzymes on the phenotype and gastro-intestinal microbiota of poultry 

 

 

 

 

 

Pandi 

2017

 Endo-1, 3 9 

(4) β-

glucanase

 + 

Endo-1, 4 β-

xylanase 

Cobb broiler chicken

Male

Healthy

5 weeks

Culture
= = =

Jejunum and 

Ileum:

= VH

= CD

= VH/CD ratio

Cecum:

= Lactic acid bacteria
ND

Cecum:

= E.coli

Rebolé 

2010

Endo-1,4-β-

glucanase 

+ 

Endo-1, 3 (4) 

β-glucanase  

+ 

Endo-1,4 β-

xylanase

Cobb broiler chicken

Male

Healthy

Enzyme 

(100 

mg/kg of 

diet)

5 weeks

Culture

= = =

Jejunum:

= VH

= CD

= VH/CD ratio

Ileum and cecum:

= Lactobacillus

= Bifidobacterium

= (cecum) ND

Cobb broiler chicken

Male

Healthy

Diet 1 (Barley)

= = =

Jejunum:

= VH

↑ CD

= VH/CD ratio

Gizzard, Ileum and 

Cecum:

= Lactobacillus

= (gizzard, 

ileum and 

caecum)

Gizzard, Ileum 

and Cecum:

= C. perfringens

Cobb broiler chicken

Male

Healthy

Diet 2 (Maize)

= = =

Jejunum:

= VH

= CD

= VH/CD ratio

Gizzard, Ileum and 

Cecum:

= Lactobacillus

= (gizzard, 

ileum and 

cecum)

Gizzard, Ileum 

and Cecum:

= C. perfringens

Cobb broiler chicken

Male

Healthy

Diet 3 (Sorghum)

= = =

Jejunum:

= VH

↓ CD

= VH/CD ratio

Gizzard:

↑ Lactobacillus

Ileum and caecum

= Lactobacillus

= (gizzard, 

ileum and 

cecum)

Gizzard, Ileum 

and Cecum:

= C. perfringens

Cobb broiler chicken

Male

Healthy

Diet 4 (Wheat)

↓ BWG ↓ =

Jejunum:

↑ VH

= CD

↑VH/CD ratio

Gizzard:

↑ Lactobacillus

Ileum and caecum

= Lactobacillus

= (gizzard, 

ileum and 

cecum)

Gizzard, Ileum 

and Cecum:

= C. perfringens

Ptak 2015 Phytase

Ross 308 broilers 

chicken

Female

Healthy

Enzyme 

(5000 

FTU/kg 

of diet)

4 weeks

FISH 

probing

↑ BWG = ↓ FCR ND

Ileum:

↑ Lactobacillus / 

Enterococcus

↓ Streptococcus / 

Lactococcus

↓ Bifidobacterium

↑ (crop)

= (ileum 

and 

caecum)

Ileum:

= C. perfringens

Ross 308 broilers 

chicken

Female

Healthy

Diet 1 (Wheat)

↑ BWG ↑ = ND

Cecum:

= Lactobacillus 

= Enterococcus

ND ND

Ross 308 broilers 

chicken

Female

Healthy

Diet 2 (Maize)

↑ BWG ↑ = ND

Cacum:

= Lactobacillus 

= Enterococcus

ND ND

Wu 2017 Phytase

Enzyme 

(1000 

FTU/kg 

of diet)

4 weeks

RTqPCR

Shakouri 

2008

Endo-1,4 β-

glucanase 

+ 

Endo-1,4 β-

xylanase

Enzyme 

(0.05% 

of diet)

4 weeks

Culture

Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE
Villi structure

Pathogenic 

and/or Zoonotic 

bacteria

pH
Lactic acid-

producing bacteria

Microbiota



Table S9: Effect of enzymes combined with fibers on the phenotype and gastro-intestinal microbiota of poultry 

 

Table S10: Effect of lipids on the phenotype and gastro-intestinal microbiota of poultry 

 

Table S11: Effect of amino acids on the phenotype and gastro-intestinal microbiota of poultry

 

 

 

 

 

 

Pandi 

2017

 Endo-1, 3 9 

(4) β-

glucanase

 + 

Endo-1, 4 β-

xylanase 

Sweet 

patato 

flour

Cobb 

broiler 

chicken

Male

Healthy

5 weeks

Culture

↓ BW

↓ BWG
↑ ↑ FCR

Jejunum 

and Ileum:

= VH

= CD

= VH/CD 

ratio

Cecum:

= Lactic acid 

bacteria

ND ND
Cecum:

= E.coli

Rebolé 

2010

Endo-1,4-β-

glucanase 

+ 

Endo-1, 3 (4) 

β-glucanase  

+ 

Endo-1,4 β-

xylanase

Inulin

Cobb 

broiler 

chicken

Male

Healthy

Enzyme 

(100 mg/kg 

of diet)

Prebiotic 

(20g/kg of 

diet)

5 weeks

Culture

= = =

Jejunum:

= VH

= CD

= VH/CD 

ratio

Ileum and 

Cecum:

= Lactobacillus

= Bifidobacterium

= (cecum)

Cecum:

= [Total SCFA], 

[Lactic acid], 

[Propionate], 

[Acetate] and 

[Butyrate]

ND

Ref Enzyme Conditions Methods

Phenotype

Fiber
Weight

Food 

intake

FCR or 

FCE

Villi 

structure

Lactic acid-

producing 

bacteria

Microbiota

pH SCFA

Pathogenic 

and/or 

Zoonotic 

bacteria

Wu 2021 Lauric acid

Ross 308 

broiler 

chicken

Male

Healthy

LA (500 or 

1000 mg/kg 

of diet)

6 weeks

Sequencing

↑ BW

↑ BWG
↑ FI =

Duodenum 

and Ileum:

↑ VH

↓ CD 

↑ VH/CD 

ratio

Serum:

↑ [IgA],[IgM] 

and [IgY]

↓ [TNFα], [IL-

4] and [IL-10]

Cecum:

 = α-diversity

Cecum

 = phylum 

abundance 

ND

Cecum:

↓ Phascolarctobacterium

↑ Faecalibacterium 

Cecum:

↓ [Acetate], 

[Butyrate] 

and 

[Propionate]

ND

Yang 

2019
Lauric acid

Cobb broiler 

chicken

Male and 

Female

C.perfringens 

+ Eimera

LA (400 

mg/ kg of 

diet)

3 weeks

Sequencing

ND ND ND ND ND

Jejunum:

↓ α-diversity

Cecum:

 = α-diversity

Jejunum:

↓ Proteobacteria

↓ Cyanobacteria

↓ Bacteroidetes

↑ Firmicutes

Cecum and 

Jejunum:

= Lactobacillus

ND ND

Cecum and 

Jejunum:

= Escherichia 

shigella

Jejunum:

↑ Clostridium 

sensus stricto 1

Feng 

2021

Glycerol 

monolaurate

Qingyuan 

Patridge 

broilers

Female

Healthy

GM (300 

mg/ kg of 

diet)

8 weeks

Sequencing

ND ND ND ND ND
Cecum:

 = α-diversity

Cecum:

↓ Proteobacteria

Cecum:

= Lactobacillus

= Streptococcus

Cecum:

= Phascolarctobacterium

= Feacalibacterium

= Bacteroides

ND ND

Phylum

Lactic acid-

producing 

bacteria

SCFA-producing bacteriaDiversity

Microbiota

Immunity
SCFA

Pathogenic and/or 

Zoonotic bacteria
Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE

Villi 

structure

Ruan 

2020
L-arginine

Quingyan 

chicken

Female

Healthy

AA (9.7 

to 13.3 

g/kg of 

diet)

4 weeks

Sequenci

ng

↑ BW

↑ BWG

↑ FI

↑ ADFI
↓ FCR ND

Blood:

↑ % lymphocyte CD3+, CD4+ and 

CD4+/CD8+ ratio

 Jejunum and ileum:

↑ [GSH-Px],[T-AOC], [HMOX1] and 

[NRF2] 

↓ [MDA] jejunum (diminution du 

Stressox)

Ileum:

↑ [GPx1] and [sIgA]

↓ [IL-1β], [MYD88] and [TLR4]

Jejunum:

↑ [IgG]

Ileum:

↑ Firmicutes 

↓ Proteobacteria

Ileum:

= Lactobacillus

= Enterococcus

Ileum:

= Escherichia-

shigella

↓ Clostridium 

sensus stricto 1

Phylum

Lactic acid-

producing 

bacteria

Microbiota

Immunity

Pathogenic 

and/or 

Zoonotic 

bacteria

Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE

Villi 

structure



Table S12: Effect of antibiotics on the phenotype and gastro-intestinal microbiota of poultry (1/2) 

 

 

 

 

 

Nava 2009 Bacitracin

Cobb broiler 

chicken

Male

Healthy

Antibiotic 

(25ppm of 

diet)

4 weeks

RTqPCR

= = = ND ND ND ND ND
Ileum:

= Lactobacillus
ND ND ND ND

Vineetha 

2016
Bacitracin

Aribro 

Dhanraja 

broiler chicken

Healthy

Antibiotic 

(20g/100g of 

diet)

5 weeks 

Culture

= = =

Duodenum:

↓ VH 

↓ CD 

= VH/CD ratio 

ND ND ND ND
Crop and Ileum:

↑ Lactobacillus
ND ND ND

Crop, Ileum and Cecum:

↓ E.coli 

↓ Salmonella

Cobb broiler 

chicken

Male

Healthy

= = = = (jejunum) ND ND ND ND
Ileum:

↑ Lactobacillus
ND = = (Ileum)

Ileum:

↓ C. perfringens 

Cobb broiler 

chicken

Male

E.coli

= = ↑ FCE = (jejunum) ND ND ND ND
Ileum:

= Lactobacillus
ND = = (Ileum)

Ileum:

↓ C. perfringens 

Daneshmand 

2019
Bacitracin

Cobb broiler 

chicken

Male

E.coli

Antibiotic (40 

mg/kg of diet)

E.coli (108 

CFU)

3 weeks

Culture

↑ ADG ↑ ADFI ↓ FCR

Jejunum:

↑ VH

↑ VSA 

= CD 

= VH/CD ratio

Jejunum:

= [IL-6]

=  [IL-2]

Jejunum:

= MUC2, 

Claudin2, 

Occludin 

mRNA

ND ND

Ileum:

= Lactobacillus

= Bifidobacterium

ND ND ND
Ileum:

↓ E.coli 

Pereira 2018
Bacitracin + 

Neomycin

Cobb broiler 

chicken

Male

Healthy

Antibiotic (40 

mg/kg of diet)

6 weeks

Sequencing

= = = ND ND ND
↓ α-diversity 

and richness

Cecum:

↑ Firmicutes 

↓ Bacteroidetes 

Small intestine:

↑ Lactobacillus

= Bifidobacterium

Small intestine:

↓ Bacteroides

= Ruminococcus

= Faecalibacterium

ND ND ND

Adeyemi 

2021

Oxytetracycline 

+ Neomycin

Ross 308 

broiler chicken

Male and 

Female

Healthy

Antibiotic 

(0.4g/ kg of 

diet)

6 weeks

Culture

↑ BW

↑ BWG
↑ FI ↓ FCR ND

Splenic:

↑ [IL-10] 

↓[TNFα] 

↓ [IgG]

Muscle:

↑ [SOD]

↑ [GPx]

↑ [Catalase]

↑ [TAS]

ND ND
Cecum:

↑ proteobacteria 

Ileum and Cecum:

= Lactobacillus
ND ND ND

Ileum and Cecum:

↓ E.coli

 ↓Salmonella

Wu 2021 Aureomycin

Ross 308 

broiler chicken

Male 

Healthy

Antibiotic 

(75mg/ kg of 

diet)

6 weeks

Sequencing

↑ BW

↑ ADG
= =

Duodenum and 

Ileum:

↑ VH 

↓ CD 

↑ VH/CD ratio 

Serum:

↑ [IL-1β] 

↑ [IL-6]

ND

 = α-diversity

Modification 

of β-diversity

Cecum:

↑ proteobacteria 
ND

Cecum

↓ Phascolarctobacterium 
ND ND

Cecum:

↑ Escherichia-shigella

Xing 2016 Aureomycin

Linwu duckling

Female

Healthy

Antibiotic 

(150mg/ kg of 

diet)

9 weeks

RTqPCR

ND ND ND

Jejunum:

= VH and CD 

↑ VH/CD ratio

Ileum:

= CD and 

VH/CD ratio

↑ VH

Jejunum:

↓ IL-2, IL-10, 

IL-18 mRNA

Ileum:

↓ IL-2, IL-8, IL-

10 mRNA 

ND ND ND

Cecum:

= Lactobacillus

= Bifidobacterium

Cecum

= Magasphaera elsdenii

= Clostridium leptum 

ND ND
Cecum:

= E.coli 

Ruan 2021 Virginiamycin

Quingyan 

chicken

Female

Healthy

Antibiotic 

(20mg/ kg of 

diet)

4 weeks

Sequencing

= = = ND

Jejunum:

↑ total 

antioxydant 

capacity 

Ileum:

↑Claudine 1, 

MUC 2 and 

AvBD1 

= α-diversity

Ileum:

↑ Actinobacteria

↓ Firmicutes 

Cecum:

= Lactobacillus

= Enterococcus

ND ND ND ND

Han 2013 Virginiamycin

Arbor Acres 

broiler chickens

Male and 

Female

Healthy

Antibiotic 

(10mg/ kg of 

diet)

3 or 6 weeks

RTqPCR

↑ BW

↑ ADG
= ↓ FCR ND

Plasma

↓[MDA]

= [TAS] and 

[SOD] 

ND

 = α-diversity, 

eveness and 

richness

ND ND ND ND ND ND

Johansen 

2007
Salinomycin

Ross 308 

broiler chicken

Female

Camplobacter 

jejuni

Antibiotic 

(75mg/ kg of 

diet)

Campylobacter 

(109 CFU)

3 or 6 weeks

Culture

↑ BW ND ND ND

Jejunum:

↑ total 

antioxydant 

capacity 

ND ND ND
Ileum and Cecum:

= Lactobacillus
ND ND ND

Ileum and Cecum:

= Campylobacter 

↓ C.perfringens 

Czerwinski 

2012
Salinomycin

Ross 308 

broiler chicken

Female

Healthy

Antibiotic 

(0.5g/ kg of 

diet)

4 weeks

FISH probing

↓ BWG ↓ FI ↑ FCE

Jejunum:

↓ VH 

= CD

= VH/CD ratio

ND ND ND ND
Ileum and Cecum:

↓ Lactobacillus
ND

↑ (ileum 

and Cecum)

Ileum:

↑ % acetate 

↓[Lactic acid], 

[SCFA total] and 

% lactic acid 

ND

Xia 2019 Flavomycin

Tegek broier 

chicken

Male

Healthy

Antibiotic (400 

ppm)

6 weeks

FISH probing

↑ BW

↑ BWG
↓ FI = ND

Serum:

↑ [IgM]
ND ND ND

Cecum:

↑ Lactobacillus

↓ Bifidobacterium

Cecum:

= Bacteroides spp
ND ND ND

Xie 2020 Flavomycin

AA broiler 

chicken

Healthy

Antibiotic 

(62.5 mg/kg of 

diet)

6 weeks

FISH probing

ND ND ND

= VH, CD and 

VH/CD in 

duodenum, 

jejunum and 

ileum

ND ND ND ND
Cecum:

= Lactobacillus
ND ND ND

Caecum:

= E.coli 

Yang 2012 Colistine

Lignan yellow 

broiler chicken

Male

Healthy

Antibiotic (10 

mg/kg of diet)

6 weeks

Culture

↑ BW

↑ ADG
ND ND ND

Serum:

↑ [IgA], [IgG], 

[IgM] 

ND ND ND

Cecum:

↓ Lactobacillus

↓ Bifidobacterium

ND ND ND

Cecum:

↑ E.coli

↑ Salmonella 

↑ C.perfringens 

Cao 2018 Colistine

Ross 308 

broiler chicken

Healthy

Antibiotic (20 

mg/kg of diet)

6 weeks

sequencing

↑ BW

↑ ADG
ND = ND ND ND ND ND

Cecum:

= Lactobacillus

Cecum:

↓ Ruminococcus
ND ND ND

Yang 2008 Bacitracin

Antibiotic (50 

ppm)

E.coli (107 

CFU/mL ; 

1mL/animal 

then 105 

CFU/mL of 

water)

3 weeks

Culture

Ref Intervention Conditions Methods Immunity
Intestinal 

barrierWeight
Food 

intake

FCR or 

FCE
Villi structure Diversity

Pathogenic and/or 

Zoonotic bacteria

Phenotype

Phylum
Lactic acid-

producing bacteria
SCFA-producing bacteria

Microbiota

pH SCFA



Table S12: Effect of antibiotics on the phenotype and gastro-intestinal microbiota of poultry (2/2) 

 

Table S13: Effect of antimicrobial peptides on the phenotype and gastro-intestinal microbiota of poultry  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Feng 2020
Oxytetracycline 

+ Nosiheptide

Yellow feather 

briukers

Healthy

Oxy (200 

mg/kg of diet)

Nosi (250 

mg/kg of diet)

9 weeks

sequencing

= = = ND ND ND

= α-diversity, 

eveness and 

richness

= (Cecum)

Cecum:

= Lactobacillus

= Enterococcus

Cecum:

= Bacteroides 

= Phascolarctobacterium

= Faecalibacterium 

ND ND ND

Singh 2013 Penicillin

Cobb broiler 

chicken

Male

Healthy

Antibiotic (55 

mg/kg of diet)

3 weeks

RTqPCR

ND ND ND ND ND ND ↓ α-diversity

Cecum:

↑ Firmicutes

↓ Bacteroidetes

ND
Caecum

↑ Roseburia
ND ND

Cecum:

↓ Escherichia

↓ Salmonella 

↓ Campylobacter

Mountzouris 

2019
Avilamycin

Cobb broiler 

chicken

Male

Healthy

Antibiotic (2.5 

mg/kg of diet)

6 weeks

RTqPCR

ND ND ND ND

Ileum and 

Caecum:

↑ [IgA] 

= (Ileum and 

caecum)
ND ND

Cecum:

↓ Lactobacillus

= Bifidobacterium

Ileum and Cecum:

= Bacteroides, clostridium 

leptum and coccoides

ND
= (Ileum and 

Caecum)

Ileum and Cecum:

= E.coli  

= C. perfringens

Viveros 2011 Avoparcin

Cobb broiler 

chicken

Male

Healthy

Antibiotic (50 

mg/kg of diet)

3 weeks

Culture

ND ND ↓ FCR

Jejunum

↓ VH and CD

↑ VH/CD ratio

ND ND ND ND

Ileum:

↓ Lactobacillus

↑ Enteroccocus

Cecum:

↑ Lactobacillus

↑ Enteroccocus

= Bifidobacterium

ND ND ND
Cecum:

↑ E.coli

Lactic acid-

producing bacteria
SCFA-producing bacteria

Immunity
Intestinal 

barrier

Microbiota

pH SCFADiversity Phylum
Pathogenic and/or 

Zoonotic bacteria
Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE
Villi structure

Daneshmand 

2019
cLF36

Cobb broiler 

chicken

Male

E.coli

Peptide (10 

mg/kg of 

diet)

E.coli (108 

CFU/animal)

3 weeks

Culture

↑ ADG = ↓ FCR

Jejunum:

↑ VH

↑ VW 

↑ VSA

= CD 

=  VH/CD 

ratio

Jejunum:

↓  IL-2 

↑  IL-6

Jejunum:

↑ Claudin-1 

↑ Occludin 

↓ MUC2 

Ileum:

↑Lactobacillus

= Bifidobacterium

ND
Ileum:

↓ E.coli 

Ref Intervention Conditions Methods

Phenotype

Intestinal 

barrierWeight
Food 

intake

FCR or 

FCE

VH, CD,

VH/CD 

ratio

Pathogenic 

and/or 

Zoonotic 

bacteria

Immunity
Lactic acid-

producing 

bacteria

SCFA-

producing 

bacteria

Microbiota



Table S14: Effect of plants and seaweed on the phenotype and gastro-intestinal microbiota of poultry (1/2) 

 

Kang 

2017

Chorella by 

products

Ross 308 

broiler 

chicken

Males

Healthy

Plants (25, 

50 or 

75g/kg of 

diet)

5 weeks

Culture

↑ BW

↑ BWG
= =

Ileum:

↑ VH 

↑ CD 

↓VH/CD ratio

Plasma

↑ IgG, IgM and IgA

Cecum:

↑ Lactobacillus 
ND

Cecum:

↓ Salmonella

↓ E.coli

Ruan 

2021

Oregano 

essential oil

Quingyan 

chicken

Female

Healthy

Plants (105 

or 300 

mg/kg of 

diet)

4 weeks

Sequencing

↑ BW

↑ BWG

↑ FI

↑ ADFI
= ND

 Plasma, jejunum, 

ileum:

↑[GSH-Px] 

Jejunum:

↑[T-AOC]

↓[MDA] 

Plasma:

↑[IgG] 

↓[TGFβ]

Ileum:

↑[SIgA] 

↓[TNFα]

↑[GPx1]

↑[SOD1]

↑[NRF2] 

Ileum:

↑ Lactobacillus 
ND

Ileum:

↑ Clostridium 

sensu stricto_1 

Ross 308 

broiler 

chickens

Male

C.perfringen

s/E.maxima

= ND ND ND ND
Ileum:

↓ Lactobacillus 
ND ND

Cobb 500 

broiler 

chickens

Male

C.perfringen

s/E.maxima

↑ BW ND ND ND ND
Ileum:

↑ Lactobacillus 
ND ND

Hubbard 

broiler 

chickens

Male

C.perfringen

s/E.maxima

↑ BW ND ND ND ND
Ileum:

↑ Lactobacillus 
ND ND

Taha 2019
Coriander 

seed powder

Arbor acres 

broiler 

chicken

Healthy

Plants (0.1 

to 0.4% of 

diet)

6 weeks

Culture

↑ BW

↑ BWG
↑ FI ↓ FCR ND ND ND ND

Ileum:

↓ C.perfringens

↓ E.coli

Grape 

(pomace 

concentrate)

Plants 

(60g/kg of 

diet)

3 weeks

Culture

= = ↓ FCR

Jejunum:

= VH

↓ CD

↑ VH/CD

ND

Ileum:

↓ Lactobacillus 

= Enterococcus

Caecum:

↑ Lactobacillus 

↑ Enterococcus

ND

Ileum:

= E.coli

Caecum:

↑ E.coli

Grape (Seed 

extract)

Plants 

(7.2g/kg of 

diet)

3 weeks

Culture

↓ BWG = =

Jejunum:

↓ VH

↓ CD

= VH/CD

ND

Ileum:

= Lactobacillus 

↑ Enterococcus

Caecum:

↑ Lactobacillus 

↑ Enterococcus

ND

Ileum:

= E.coli

Caecum:

↑ E.coli

Reda 

2020
Red Pepper Oil

Japanese 

quails

Healthy

Plants (0.4 

to 1.6g/kg 

of diet)

5 weeks

Culture

↑ BW

↑ BWG
↑ ↑ FCR ND

Plasma:

↓[MDA]

↓[IgA] 

↑[CAT]

↑[GSH]

Cecum:

↓ Lactobacillus 
ND

Cecum:

↓ E.coli

↓ Salmonella

Rhus coriaria = = = ND ND
Cecum:

↑ Lactobacillus 
ND

Cecum:

= E.coli

Heracleum 

persicum
= = = ND ND

Cecum:

= Lactobacillus 
ND

Cecum:

= E.coli

Mentha 

piperita
= = = ND ND

Cecum:

↑ Lactobacillus 
ND

Cecum:

= E.coli

Crescentia 

cujete leaf 

↑ BW

↑ BWG
↑ FI ↓ FCR ND ND

Ileum:

↑ Lactobacillus 

Cecum:

= Lactobacillus

ND

Ileum and 

Cecum:

↓ E.coli

↓ Salmonella

Launaea 

taraxacifolia 

leaf 

↑ BW

↑ BWG
↑ FI ↓ FCR ND ND

Ileum:

↑ Lactobacillus 

Cecum:

= Lactobacillus

ND

Ileum and 

Cecum:

↓ E.coli

↓ Salmonella

Adeyemi 

2021

Ross 308 

broiler 

chicken

Male and 

Female

Healthy

Plants (2.5 

or 5% of 

diet)

6 weeks

Culture

Vase-

Khavari 

2018

Ross 308 

broiler 

chicken

Healthy

Plants (0.5 

% of diet)

6 weeks

Culture

Kim 2015
Capsicum / 

Curcuma longa

Plants (4 

mg/kg of 

diet)

C.perfringen

s (109 CFU)

E.maxima 

(104 

oocysts)

3 weeks

Sequencing

Viveros 

2011

Cobb broiler 

chicken

Male

Healthy

Immunity
Pathogenic 

and/or Zoonotic 

bacteria

Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE
Villi structure

Microbiota

Lactic acid-producing 

bacteria
SCFA-producing bacteria



 

Table S14: Effect of plants and seaweed on the phenotype and gastro-intestinal microbiota of poultry (2/2) 

 

 

 

 

Divani 

2018
Plantago ovata

Ross 308 

broiler 

chicken

Male 

Healthy

Plants (5 to 

20 g/kg of 

diet)

6 weeks

Culture

↑ BWG = ↓ FCR

Duodenum:

↑ VH

↑ CD

Jejunum:

↑ VH

= CD

Ileum:

= VH

= CD

ND
Ileum:

↑ Lactobacillus 
ND

Ileum:

↓ E.coli

Chondrus 

Crispus

↑ egg 

weight
= ↓ FCR

Ileum:

↑ VH 

↑ CD 

ND

Ileum:

↓ Lactobacillus 

acidophilus

↑ Bifidobacterium 

longum

ND
Ileum:

↓ C.perfringens

Sarcodiotheca 

gaudichaudii
= = ↓ FCR

Ileum:

↑ VH 

= CD 

ND

Ileum:

↑ Lactobacillus 

acidophilus 

↑ Bifidobacterium 

longum 

ND
Ileum:

↓ C.perfringens

50% Corn + 

50% 

Shorghum

= = =

Jejunum:

= VH

= CD

= VH/CD

ND

Small intestine and 

caecum:

= lactic acid bacteria

Small intestine:

= Blautia

= Faecalibacterium

ND

100% 

Shorghum
= = =

Jejunum:

= VH

= CD

= VH/CD

ND

Small intestine:

= lactic acid bacteria

Caecum:

↑ Lactobacillus

Small intestine:

= Blautia

= Faecalibacterium

ND

Scocco 

2016

Oregano 

aqueous 

extract

Ross 308 

broiler 

chicken

Female

Healthy

plants (2g/ 

kg of diet)

3 or 6 

weeks

Culture

= ND = ND ND ND ND
Cecum:

↓ E.coli

Elecampane 

rhizome - 

methanol 

extracts

↑ BWG = ↓ FCR

Duodenum and 

jejunum:

= VH

=CD

= VH/CD ratio

Ileum:

= VH

↓ CD

↑ VH/CD ratio 

Duodenum, jejunum 

and Ileum:

↑ SOD activity

↑ CAT activity

↑ GPx activity

↓MDA

Ileum:

↑ Lactobacillus 

= Bifidobacterium

ND

Ileum:

= E.coli

= Salmonella

Elecampane 

rhizome - n-

hexane 

extracts

↑ BWG = ↓ FCR

Duodenum and 

jejunum:

= VH

=CD

= VH/CD ratio

Ileum:

= VH

↓ CD

= VH/CD ratio 

Duodenum:

↑ SOD activity

↑ CAT activity

↑ GPx activity

↓MDA

Jejunum:

↑ CAT activity

↑ GPx activity

↓MDA

Ileum:

↑ Lactobacillus 

= Bifidobacterium

ND

Ileum:

= E.coli

= Salmonella

Feng 2020 Phytosterol

Yellow-

feathher 

briuker

Healthy

plants (25 

mg/kg of 

diet)

9 weeks

Sequencing

= = = ND ND
Cecum:

=Lactobacillus

Cecum:

= Phascolaretobacterium

= Faecalibacterium

= Lachnospiraceae

ND

Abolfathi 

2019

Ross 308 

broiler 

chicken

Male

Healthy

plants (500 

or 100 

mg/kg of 

diet)

6 weeks

Culture

Kulshresh

tha 2014

Lohmann 

Brown 

cassic laying 

hens

Female

Healthy

Plants (0.5 

to 2% of 

diet)

4 weeks

RTqPCR

Fagundes 

2016

Ross AP95 

broiler 

chicken

Male

Healthy

10 days

Sequencing

SCFA-producing bacteria

Pathogenic 

and/or Zoonotic 

bacteria

Ref Intervention Conditions Methods

Phenotype

Immunity

Microbiota

Weight
Food 

intake

FCR or 

FCE
Villi structure

Lactic acid-producing 

bacteria



 

Table S15: Effect of minerals on the phenotype and gastro-intestinal microbiota of poultry (1/2) 

 

 

 

 

 

 

 

Reed 

2018

Zinc 

biofortified 

wheat 

Cornish Cross 

broiler chicken

Male and 

Female 

Healthy

Zn (46.5 µg/g 

of diet)

6 weeks

Sequencing

ND ND ND

Duodenum:

= villus surface 

area

Cecum: 

= α diversity

Modification of 

the β-diversity

Cecum:  

= Firmicutes

 = Actinobacteria

= Proteobacteria

Cecum: 

↑ Lactobacillus reuteri

Cecum: 

↑ Dorea

↑ Lachnospiraceae

ND ND

Shao 

2014
Zinc

Cobb 500 

broiler chicken

Male

Salmonella 

Thyphimurium

Zn (120 

mg/kg of 

diet)

Salmonella 

(109 CFU/mL 

; 0.8 

mL/animal)

2 or 6 weeks

RTqPCR

↑ BW ↑ FI =

Ileum:

↑ VH

= CD

↑ VH/CD ratio

Ileum:

 = α diversity

= richness

ND

Ileum:

↑ Lactobacillus 

= Enterococcus

ND ND

Ileum:

 = Salmonella 

Typhimurium

Wang 

2014
Zinc

White king 

pigeons

Male and 

Female

Healthy

Zn (2 or 10 

mg/mL ; 1 

mL/animal)

4 weeks

Culture

↑ BWG = = ND ND ND

Cecum: 

↑ Lactobacillus 

↓ Bifidobacterium

↑ Enterococcus

ND ND
Cecum: 

↓ E.coli

Reed 

2015
Zinc

Cornish Cross 

broiler chicken

Healthy

Zn (42 µg/g 

of diet)

4 weeks

Sequencing

ND ND ND ND

Cecum: 

= α diversity

↑ chao-1 index 

and species 

number

Cecum:

↓ Proteobacteria 

↓ Bacteroidetes 

↑ Firmicutes/Proteobacteria 

ratio 

Cecum:

↓ Enterococcus 
ND

Cecum:

↑ [Acetate]

= [Proprionate]

= [Butyrate]

ND

Pineda 

2012
Zinc

Ross 308 

broiler chicken

Healthy

Zn (2 or 10 

mg/kg of 

water)

7 weeks

Culture

= = = ND ND ND
Cecum and Ileum:

= Lactic acid bacteria
ND

Ileum and 

Cecum:

= [Lactic acid]

= [Butyrate], 

[Propionate] and 

[Acetate]

Cecum and Ileum:

= C. perfringens

Ptak 

2015

Calcium + 

Phosphore

Ross 308 

broiler chicken

Female

Healthy

Calcium= 

0.70% 

Phosphorus= 

0.56%

4 weeks

FISH probing

= = = ND ND ND

Ileum:

↓ Lactobacillus / 

enterococcus 

= Streptococcus/ 

Lactococcus

= Bifidobacterium

Ileum:

↓ Clostridium 

coccoides - 

Eubacterium rectal

=  Clostridium 

leptum

Crop and Ileum:

↑ [Total SCFA]

↑ [Acetate]

Crop:

= [Lactic acid] 

Ileum:

↑ [Lactic acid]

Caecum:

= [SCFA]

= [Acetate] 

↓ [Propionate]

Ileum:

= C. perfringens

Reed 

2017

Iron 

biofortified 

carioca bean

Cornish Cross 

broiler chicken

Male and 

Female 

Healthy

Fe (48.7 µg/g 

of diet)

7 weeks

Sequencing

ND ND ND ND

Cecum: 

=  α-diversity

 =  β-diversity

Cecum:

↑ Proteobacteria

↑ Firmicutes 

↓ Elusimicrobioa

↓ Euryarchaeota

Cecum:

↓ Enterococcus

Cecum:

↑ Coprococcus
ND

Cecum:

↑ Campylobacterales

Dias 

2018

Iron 

biofortified 

carioca bean

Cornish Cross 

broiler chicken

Male and 

Female 

Healthy

Fe (44.04 

µg/g of diet)

8 weeks

Sequencing

↑ BW ND ND
Duodenum:

= VH 

Cecum: 

=  α-diversity

Modification of  

β-diversity

Cecum:

= Firmicutes

= Proteobacteria

= Tenericutes

= Verrucomicrobia

Cecum:

= Streptococcus

= Ruminococcus

Cecum:

↑ Blautia
ND ND

Beasley 

2020

Iron 

biofortified 

wheat

Cornish Cross 

broiler chicken

Male and 

Female 

Healthy

Fe (28.9 µg/g 

of diet)

6 weeks

Sequencing

= = =
Duodenum:

= VH 

Cecum: 

↓ α-diversity

Modification of  

β-diversity

Cecum:

↑ Actinobacteria 

↓ Firmicutes

↓ Proteobacteria

Cecum:

↑ Bifidobacterium

↑ Enterococcus

↑ Lactobacillus

Cecum:

↓ Lachnospiraceae

↓ Coprococcus

↓ Ruminococcus

↓ Faecalibacterium

Cecum:

↑ [Acetic acid], 

[Proprionic acid] 

and [Valeric acid] 

↓ [Butanoic acid]

Cecum: 

↓ Escherichia

Fe (3.52 mg 

intra 

amniotic)

3 weeks

ND ND ND ND ND ND

Cecum:

↓ Bifidobacterium

= Lactobacillus

ND ND
Cecum: 

↓ E.coli

Fe (4.32 mg 

intra 

amniotic)

3 weeks

RTqPCR

Bean extact

ND ND ND ND ND ND

Cecum:

= Bifidobacterium

↑ Lactobacillus

ND ND
Cecum: 

↑ E.coli

Dias 

2019

Iron 

biofortified 

carioca bean

Cornish Cross 

broiler chicken

Male and 

Female 

Healthy

Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE
Villi structure

Microbiota

Diversity Phylum
Lactic acid-producing 

bacteria

SCFA-producing 

bacteria
SCFA

Pathogenic and/or 

Zoonotic bacteria



Table S15: Effect of minerals on the phenotype and gastro-intestinal microbiota of poultry (2/2) 

 

Table S16: Effect of polyphenol on the phenotype and gastro-intestinal microbiota of poultry  

 

 

 

 

 

 

 

 

 

 

Fe (1 mg 

intra 

amniotic)

3 weeks

RTqPCR

ND ND ND
Duodenum:

= VH
ND ND

Cecum:

= Bifidobacterium

= Lactobacillus

ND ND ND

Fe-EDTA (77 

µM intra 

amniotic)

3 weeks

RTqPCR

ND ND ND
Duodenum:

↑ VH
ND ND

Cecum:

= Bifidobacterium

= Lactobacillus

ND ND ND

Fe-

Nicotinamine 

(1.6 mM 

intra 

amniotic)

3 weeks

RTqPCR

ND ND ND
Duodenum:

↑ VH
ND ND

Cecum:

↑ Bifidobacterium

= Lactobacillus

ND ND ND

Montmorillo

nite

MMT 

(1.5g/kg of 

diet)

7 weeks

Culture

= = =

Jejunum:

↑ VH

= CD

↑ VH/CD ratio

Jejunum and 

Ileum:

= VH, CD and 

CH/CD ratio

ND ND

Small intetine and Cecum:

= Lactobacillus

= Bifidobacterium

ND ND

Small intetine and 

Cecum:

=  E.coli

Cooper

MMT 

(1.5g/kg of 

diet)

7 weeks

Culture

= = =

Duodenum, 

Jejunum and 

Ileum:

= VH, CD and 

CH/CD ratio

ND ND

Small intetine and Cecum:

= Lactobacillus

= Bifidobacterium

ND ND

Small intetine and 

Cecum:

= E.coli

Montmorillo

nite + cooper

MMT 

(1.5g/kg of 

diet)

7 weeks

Culture

↑ BWG = ↓ FCR

Duodenum 

and Ileum:

↑ VH

= CD

↑ VH/CD ratio

Jejunum:

↑ VH 

↓ CD

↑ VH/CD ratio

ND ND

Small intetine and Cecum:

= Lactobacillus

= Bifidobacterium

ND ND

Small intetine and 

Cecum:

↓ E.coli

Diversity

Microbiota

Phylum
Lactic acid-producing 

bacteria

SCFA-producing 

bacteria
SCFA

Pathogenic and/or 

Zoonotic bacteria

Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE
Villi structure

Beasley 

2020
Iron

Cornish Cross 

broiler chicken

Male and 

Female 

Healthy

Xia 2004

Commercial 

broiler chicken

Male

Healthy

Liu 2017
Chestnut 

tannins

Ross 308 

broiler 

chicken

Male

Healthy

Tannin (1 

or 2 g/kg 

of diet)

2 weeks

RTqPCR

↑ BWG = =

Jejunum:

↑ VH

= CD

= VH/CD 

ratio

Jejunum:

↓ [IL-6] 

and [NFKb] 

↓ [MDA]

↑ [TAOC] 

and [SOD]

= [GSH-Px]

Jejunum:

↑ [ZO-1] 

Jejunum and 

Cecum:

= Lactobacillus

Jejunum 

and Cecum:

↓ E.coli

Immunity

Pathogenic 

and/or 

Zoonotic 

bacteria

Ref Intervention Conditions Methods

Phenotype

Weight
Food 

intake

FCR or 

FCE

Villi 

structure

Microbiota

Intestinal 

barrier

Lactic acid-

producing 

bacteria



Table S17: Effect of vitamins on the phenotype and gastro-intestinal microbiota of poultry  

 

Abbreviations: 

BW: Body Weight 

BWG: Body Weight Gain 

ADG: Average Daily Gain 

FI: Feed Intake 

ADFI: Average Daily Feed Intake 

FCR: Feed Conversion Ratio 

FCE: Feed Conversion Efficiency 

VH: Villi Height 

CD: Crypt Depth 

= No change compared with the control group 

↑ Increase compared with the control group 

↓ Decrease compared with the control group 

ND: Not Determined
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