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ABSTRACT

The poultry industry, particularly the production of commercial ducks, has
been studied for its structural and bacterial population in the gastrointestinal tract
(GIT). Bacteria have increased in both quantity and type, paralleling bird growth
performance. There are differences in the quantity and type of cecal microbes based
on age, breed, management, diet, and environment. In this study, we investigated
the breed and environment factors from the rearing system on immune-related gene
expression and cecal microbiota diversity in laying and meat ducks. Ducks were
randomly assigned to 2 x 2 factorial in a complete randomized design (CRD) with two
breeds (laying and meat ducks) and two rearing systems (extensive and intensive
systems). Samples were collected from the spleen and cecal contents of five birds in
each group (n = 20). The results showed that IFN-B gene expression levels were
higher in meat ducks raised in intensive systems than in those raised in extensive
systems (P < 0.05). In laying ducks raised in the extensive system, there was a
significant increase in IFN-Y and IL-10 gene expression (P < 0.05), but a significant
decrease in TLR3 gene expression (P < 0.05). The expression of IFN-C, IFN-B, IL-6, IL-

10, and Mx genes was not affected (P > 0.05). Furthermore, the abundance of the



Spirochaetes phylum was found to be higher in the extensive system for both laying
and meat breeder ducks compared to the intensive system. This phylum is known to
be associated with Avian Intestinal Spirochetosis (AlS), a disease affecting the
intestinal tract of birds. In order to investigate the effects of supplementing probiotics
(Bacillus toyonensis BCT-7112") on growth performance, small intestinal morphology,
immune-related gene expression and cecal microbiota in meat ducks. Two hundred
day-old Barbary ducks were randomly allotted to four treatments with five replicates
of 10 birds on the basis of equal average body weight in CRD. Dietary treatments
were T1 basal diet; control, T2-4; basal diet supplemented with 200, 500 and 1000
mg/kg B. toyonensis BCT-7112". At 3 weeks, B. toyonensis supplementation at 500
mg/kg improved body weight gain (BWG) and average daily gain (ADG) compared to
the control group (P < 0.05). For the results of meat quality, the percentage of meat
at the thigh of the B. toyonensis BCT-7112" 500 mg/kg group was higher than the
control group (P < 0.05), but a lower thawing loss percentage was found in the breast
muscle of the B. toyonensis 500 mg/kg group than the control group (P < 0.05).
There was no difference in small intestine morphology between groups of B.
toyonensis BCT-7112" (P > 0.05). Furthermore, gene expression of the major pro-
inflamsmatory cytokines IFN-QX, /FN—B, IL-6, TLR3 and Mx decreased in ducks fed a B.
toyonensis BCT-7112" diet compared to the control group (P < 0.05). This study
indicated that ducks fed diets supplemented with B. toyonensis BCT-
71127, Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria and Deferribacteres
were the top five most abundant phyla. The results of O and B diversity analyses
show that the B. toyonensis BCT-7112" supplements affected composition and
diversity of the microbial population in the ceca of ducks. Therefore, B. toyonensis
BCT-7112" supplementation will benefit host activity and increase the richness of

cecal meat ducks.



In conclusion, the rearing system and diet affect the cecal microbes of
ducks and growth performance. This study provide an important information for the
quantity and diversity of cecal microbes in ducks among breed, diet and

environment factors.
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Gizzard
10%- 10¢ CFU
Lactobacilli

lleum
10%- 10° CFU/ g.

. Ruminococci,
Bacteroides, Clostridia,
Streptococci, Enterococci,
Lactobacilli, E. colt

Crop
10%- 10* CFU/ g, Lactobacilli
Streptococci

g,
Streptococci

10 1012 CFU/ g.
Ruminococci,

Lactobacilli, E. coli

Caeca
10" 10"2 CFU/ g, Ruminococci,

Bacteroides, Clostridia, Streptococci,

Enterococci, Lactobacilli, E. coli

Bacreroides, Clostridia,
Streptococci, Enterococci,

Figure 1 The major bacterial habitats and concentration in the gastrointestinal

tract of chicken (Crop, Gizzard, Illeum, Caeca, Cloca)

Source: Yadav, S., & Jha, R., 2019

Table 1 Spatial distribution of most common and abundant bacterial taxa

(phylum, order (o), family (f), genus (g) in the gastro-intestinal tract of

chickens irrespective of age, diet and technique differences

GIT location (per g of Bacterial phyla Bacteria/genera Techniques
content) used
Crop (10%-10%/g) Firmicutes Lactobacillus 16S rDNA
Actinobacteria Bifidobacterium sequencing and
Proteobacteria  Enterobacter cloning
Gizzard (10"-10%/¢g) Firmicutes Lactobacillus,
Enterococcus
Small Intestine (most ~ Firmicutes/Low  Enterococcaceae (f.), Finger printing:
of the studies are G+C, Gram Enterococcus, T-RFLP, 16S
conducted in positive bacteria  Clostridiaceae (f.), rRNA gPCR,
lleum; 10%-10%/g) Clostridium, Cloning and

Lactobacillacae (f.)

Lactobacillus,

sequencing and
Next Generation

Sequencing




GIT location Bacterial phyla Bacteria/genera Techniques
(per g of content) used
Candidatus
Arthomitus,
Weisella,

Ruminococcus,
Eubacterium, Bacillus,

Stapylococcaceae (f.),

Staphylococcus
Cytophaga/ Bacteroidaceae (f.),
Flexibacter/ Bacteroidetes,
Bacteroides/ Flavibacterium,

Hish G+C, Gram  Fusobacterium,

positive bacteria Bifidobacterium

Protobacteria Alcaligenes,
Escherichia,
Campylobacter,
Hafnia, Shigella,

Actinobacteria/  Corynebacterium

Cyanobacteria

Caeca (10'°-10'/ g) Methanogenic ~ Methanobrevibacter,  Finger printing:
Archaea (0.81%) Methanobacterium, T-RFLP, 16S
Methanothermobacter rRNA gPCR,

, Methanosphaera, Cloning and
Methanopyrus, sequencing and
Methanothermus, Next Generation

Methanococc Sequencing




GIT location

(per g of content)

Bacterial phyla

Bacteria/genera Techniques

used

Firmicutes/ Low
G+C, Gram
positive bacteria

(44-56%)

Bacteroides/

Cytophaga/

Flexibacter/
High G+C, Gram
positive bacteria
(23-46%)
Actinobacteria
Proteobacteria

(1-16%)

Anaerotruncus,
Ruminococcaceae (f)
Ruminoccoccus,
Faecalibacterium,
Lachnospirceae,
Bacillus,
Streptococcus,
Clostridiales(o),
Clostridium,
Megamonas,
Lactobacillus,
Enterococcus,
Weisella,
Eubacterium,
Staphylococcus,
Streptococcus,
Rikenellaceae(f),
Bacteroidetes,
Alistipes,
Fusobacterium,
Bifidobacterium,
Flavibacterium,
Odoribacter,
Corynebacterium
Ochrobaterium,
Alcaligenes,
Escherichia,

Campylobacter
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GIT location Bacterial phyla Bacteria/genera Techniques
(per g of content) used
Large Intestine Firmicutes Lactobacillus 16 S rDNA
Proteobacteria ~ Escherichia sequencing and
cloning

Source: Adapted from Shang et al., 2018
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Table 2 Probiotics studied for application in animal feed

Genus

Species

Bifidobacterium

Enterococcus

Lactobacillus

Lactococcus

Leuconostoc

Pediococcus

Propionibacterium

Streptococcus

B animalis subsp. animalis (B. animalis)

B. lactis subsp. lactis (B. lactis)

B. longum subsp. longum(B. longum)

B. pseudolongum subsp. pseudolongum (B. pseudolongum)
B. thermophilum

E. faecalis (Streptococcus faecalis)

E. faecium (Streptococcus faecium)

L. acidophilus

L. amylovorus

L. brevis

L. casei subsp. casei (L. casei)

L. crispatus

L. farmicinis

L. fermentum

L. murinus

. plantarum subsp. plantarum (L. plantarum )

. amylovorus (L. sobrius)

. lactis subsp. cremoris (Streptococcus cremoris)
. lactis subsp. lactis

. Citreum

~ o~ ~ = =

. lactis

L. mesenteroides

P. acidilactici

P. pentosaceus subsp. pentosaceous
P. freudenreichii

S. salivarius subsp. salivarius

S. thermophilus (S. salivarius subsp. thermophilus
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Genus Species

Bacillus B. cereus (B. cereus var. toyoi)
B. licheniformis
B. subtilis
Saccharomyces S. cerevisiae (S. boulardii)
S. pastorianus (S. carlsbergensis)
Kluyveromyces K. fragilis
K. marxianus
Aspergyllus A. orizae

A. niger

Source: Gaggia et al., 2010
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FaifiuanTu esannianisusvaninaeludlduesdn s vinlanldianudunsa lngns
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| o
= v

HANNIABUNIENaUnsadudiunidnelsalamenisugdainiziuoynauaiuens uazdl

q

1%

msid eyl ldnawlasunsndsenindala
INNTTI8UTas Li et al. (2019) [éfnudngiuinemessildvedliidaninms
wsulnsluledin Bacillus spp. Wnewuinisvaasseaniu 4 nquaisvaaes Usznausiig
am’ﬁmjmmuqu Bacillus coagulans TBC169, B. subtilis wag B. subtilis DSM32315 910
MsAnwInUINemsATinngiasy Bacillus coagulans TBC169 vinlidndrunmgsialasie
arwAnvesesuiludldidnddunazdiunanafutuiionssufieutuemsnguauay
Guo et al. (2016) lafinwinaves B. subtilis AoUIzANTAIMNITLATYLAULA N9

¥

movANRINRANTY wazaudumulsalude Cherry valley lnautseaniu 2 ngunis
VAABY AB NFUIMIIAIUAN Ka¥BINITAIUANNTINISIETUMIE B, subtilis 1 x 10°1alailse
Alan3u (CFU/kg) 113 Wungufinisiasusae B. subtilis ald@nadiusiu (Duodenum)
wazdlddrunans Uejunum) ilvianuadiala uardndiuanuasialasdeanudnvesasud
T = = ~ o ! o d'
ALLYUlBUS U URUNGNeIMNSAIUAN AauanlunIT1NN 3

NNT3ANYIVOY AR Ina (2557) laAnwinaveInIsiasuaIsdIudIue (Bacillus
subtilis waz Bacillus licheniformis) Ap@ussanINNIsLasYLAULA n1sgaelavesaIsonis
o IS Y o o a o Y @ 1 ‘:gl’ A = &
urugadnluldiu wasdagruingivesalddniulaile ewnsnldlunisveasdinavun 4
gns Ao 1) 91915ATUAY 2) 81113ATUANLEINA881UJTIug Amoxycillin 200 LY
(ppm) 3) 8IMTAIVANLATUAIY B. subtilis Way Bacillus licheniformis 2.5 x 10" lalailsa
Alansu (CFU/kg) 8115 waw 4) 8IM3AIUANLEINAIEY B. subtilis wag B. licheniformis 5 x
10" laladlsioAlansu (CFU/kg) 91913 vinnsiiualdandiunarwiiodnadugiuinel lny
msiiudeyasiumianan 2 920987 Taun 995U 21 uay 42 veIn1Iaass nardugIu

=

Inenluald wualudui 21 wag 42 Y99N1SNAABIASESUTIUY Bacillus subtilis way B.

licheniformis M3a@esEAviANgweialafindy uonanidnsidiuvedialanan3unily

ﬂ&jmﬁLa%m B. subtilis was B. licheniformis A5y 5 x 10" lalafidanlandy (CFU/ke)

9 sATulleIEuE Ui uNgUAIUAY
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Table 3 Effects of supplementing the diets offered to ducks with Bacillus
subtilis on small intestinal morphology (28 d)

Item Control B. subtilis 1 x 10° CFU/g

Duodenum

Villus height (um) ~ 902.95 + 45.49°  945.39 + 26.51°
Crypt depth (um)  213.32 + 26.09°  176.39 + 16.43"
VH/CD 4.29 + 0.57° 5.40 + 0.61°
Jejunum

Villus height (um)  594.65 + 33.84°  689.02 + 46.32"
Crypt depth (um)  200.22 + 24.57  180.83 + 35.90
VH/CD 3.00 + 0.33° 3.92 + 0.74°
Ileum

Villus height (um)  426.40 + 18.00  438.64 + 27.38
Crypt depth (um)  129.20 + 17.89  147.91 + 30.64
VH/CD 3.36 + 0.49 3.08 £ 0.66

Data were expressed as means + standard deviations of three replicates (n = 5) per
treatment.
b Values with different superscripts in the same row differ significantly (P < 0.05).

Differences were detected with Student’s t test.

Source: Guo et al., 2016

Y o

AusiugIuvesssuuglauiuludaidnglininanudilalunszsuiunisialee

wagMInevauewen1sIndy Jefitersvuugifuiuwresdenuaiiiselnslulefine1aiin

[y

nANuatnsalunsnsgdunsuanlelaled gaihlvdnisavaugdauiusuuliguime
(innate immunity) kaziANAULUUTINIE (adaptive immunity) 1uszuunisdesdiu
WUFIWVDITNY Ieregran1sAAYe Feusynaunlsuuidesiunisnmeniniagiadl 1wy

<9

a o A A % = 1 Y} o a a
WNIVUN LEJ@LN@ﬂLLa%u’]EJE]EJIUﬂigLW']S "?N%'JEJﬂ@\‘iﬂUﬂ']i‘U‘ﬂﬁﬂsﬂﬂﬂﬁnﬂaiiﬂ IUiWUIULaQW
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waanlndes (phagocytic cell) wazAaundLuus (complement) Fadunguveslnsfiuly

P51 FI9EVUTIUAULDURAUDA IUNITYINAewad LT NURdLIAEDANaNgYTAYIn
v d‘ U & A = a o LY} 1 L3 1 dy 2 1

P lun1sNI N A n1snaufukazyinalefinelsa Ingwadwani lown u1lasnie

(macrophage) Lammalsila (heterophil) sseuludeud (thrombocyte) Lay natural killer

cells pfifufulidnmziodulsnsausnlunistesiunisinie uigliduiulidunied
Maaudglunissediudinalsaviiniig o seuugiauiuwuudnmzagyiuilaseuy

piifufuwuulidwngliaunsangagainelsaniunnidnsamedndld giduiuwuudime

9

(J Aa o A o a v 1 < Y a
Q%Q@QWLﬂWﬂMWSVI@J@ﬂU@MI&IL’ﬁQﬁﬂﬁ]']LW']%UUN'NJ@QWJﬂE]Ii@L‘LJ‘LJNﬁI‘ViLﬂ@ ﬂ’iB‘U’J‘LlﬂW{LUﬂﬂi

[

ansnelsakaraunsatasiulsalallednsAndasn n1stestunsmizaiusaindule

'
% =

lnegfiquiunlasuun (passive immunity) ¥38QiAufuNa3199uLe4 (active immunity)

9

!
=

piifuiulasuan laun weufvesanudvinulalugninuwsniln dsamnsadesiudinelsaviis

' 1%

[y

A M M v -1 = o v ! a v A v A
A3 9 V]LL@JIﬂI@"EU"\]'1ﬂﬂ'\iﬁﬂJNﬁL‘?ﬁ@IﬁﬂW'ﬁ@ﬁﬂﬂﬂqﬁ/mﬁlﬂsfju aﬁu%ﬂﬂﬂﬂumﬁiqﬂsﬂuwﬂ A

9

o A

piidufuidn inimundudledudatudanelse aunsowuldlu Lactobacillus iawnse
nsrAuNITATIuNNNILNaYAY (gamma globulin) wnuunduwmeileseu (gamma interferon)
uardaiuianssuvosuualasang (macrophage) Sufluamnuasmsiidnitelsnoonain
$19n1e (§9a37, 2550) Wnslulefndidnsnarnenisnszduszsuugliduiu tnelunseduwadidn
Fonvaftegluideidetmdeswinadld Weiledindestuninszarsegseninaduvos
wadiloyi wazfnmaufeuiuradndmide Inslulefnannsonszduiiedervies
Uinndld Tnesalnsluledin vietudiumesinslulefin videasumusladilnslulofinadhs
Ju Foni1 wouRau WeneufaudiluludldashliAnnsdsuuasweadeyin u M-
cells ianunsaduueumiau Wwadldoyfiafinewds @poptosis) nieuvaiiifsarntesinsly
ald wdrdatluds sub-epithelial dome v83 Peyer’s patches Lﬁ@iﬁgﬂﬁwa'mlﬂimwm
Tnsvina Gaysan, 2553) Faduritugudnanavea Peyer's patches luanldifndiutane
dhmdniuesen (bursa) wazu (spleen) aunsavivenmIneuausvesssuuiiauiulula

q

91y 35 Tu viaansiasulnslulednls (Harimurti, S and Hadisaputro, W. 2015)
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nsuanseanvasduiingatasiussuugifuiuludnitn

1. Interferon Type |

duwasilaseu (nterferon 138 IFN) Wu cytokine Maansawmienthlviwadnuse
nstiindwIuedhsaly vliavedumesifleseuaunsautseaniailu 3 via aunuants
MAUAH WwadNaie wazauanyusvskauRlaunnsequlminni1sase IFN Ae alpha (QU),

beta (B) uag gamma (y) lne?l IFN-OL 989nas19Tuann leukocytes @ IFN-B gnasieann

fibroblasts #sdumesiiesouns 2 ytalazdunu IFN receptor siatAgatudaudAgylu
. . . Id P 1 [ saa & v w1 <

53UV innate immunity loatdunalausn 9 Aazteviansadifagelisadniniu type 1

interferon @7u IFN-Y Qﬂﬂ%’lﬂﬁ]’m activated T lymphocytes Qﬂfﬁ'm Ju type 2 interferon

a 1

n13a319 IFN-Y azdesdinsnszfuwadluszuuginuiusaueudaunay IFN-Y 1Wullady

Y 9

' (%
a o w =

muaunIAuiundAydntadenisdudnitn Wewelsadndwadnivivazgndesaaialu

1 '
(% I

TUshuaedu 9 M3un21 WUlna (antigen processing) kaginausliu T cell N1UNIS
major histocompatibility complex (MHC) class | #38 Il Jupdfiuylinveuoudliay uag

wanannsaulialuinine idSuasginuiuresgaduarsnnie (Crow C.A.2003)

9

wanaINtiin1sAnwwes Jennifer et al. (2010) lé@nwmaves Lactobacilli siens
LARIDBNYDA cytokine YotukazdouNauTalulnaIuiuinINIsA nudnluinuuassa
vauda mononuclear cells in1suanieanvos IL-126 way IFN-Y Wudundsanilasu
Lactobacillus 3, 6, 12, 18 ¥alus uavadln L. acidophilus fussansnmifisiuiulunis
wileth T-helper-1 cytokines vauedivuin L. salivarius ¥lAnn1snevaussannssniay
Sato et al. (2009) l#@nwUIsuifisuaisusues immunobiotics MAgTaety

& A ] S a oV v | a = i 1 A v
\Webalusennmassniegludldvesanliusniin annisfinemuin gnlinguinldsuemis
\&@33 immunobiotics NNAgUNAaY in1suanseanvesduieIteiuginuiu interleukin-

[
a v = IS

2 (IL-2) wag interferon-Y (IFN-Y) geninnquaiuauegadieddey nanisfnwtwandliim

[y

31 immunobiotics 191duUsglevddmiuiluiiasialiduiu Wenszfunisinnuves

[y

SPUUMAAL WIS wavseuuniiauiuluanlawsnifale

9

2. Interleukin 6

1%
A

Interleukin-6 (IL-6) 1unislulglalatilunisdedivigelsa wasnsedulianng

Y

SnLEU (inflammatory cytokines) Md1AglaginutnAgnUINe lMAAN 1T VAUDIVOITEUY

iAuAULUUREUNSY IL-6 as1elaannaanatevila lawn fibroblast, stromal cell,



v o & v

macrophage, T lymphocyte wag mast cell {ufu ninivdnvedlalnlauilfednisadau
Tifin13a319 acute phase protein Faflunumlunisasradadonvalssiauaziionszeuy

\waa B lymphocyte

1NT1LUVBY Jennifer et al. (2007) lafnwINavesaEneNuslARoNSLENI9BNYY

]

cytokine mRNA Tudiuuazldfs ldlnaieiugnianisan 3 aesiug Ae Broiler, Fayoumi

9

way Leghorn ndaannlasulieaas Salmonella enteritidis 1Aufag1sanginuuagldda tive

(%
Y v v

AnwsefunisuansesnvesBuiliisadestuszuugiduiuimun 11 8u Ao Ju BAK, Bclx,
IL-1b, IL-6, IL-10, IL-12@, IL-126, IL-18, IFN-g, CCLi2 wag CXCLi2 Wy arpiugvesing

NARBNISWANIBBNUBITY CXCLI2, IL-10, IL-12 ¢, and CCLi2 mRNA Tusiny wagnis

a

LARSBNYBIBY IL-12a; IL-126, |, IL-18 waz CCLI2 mRNA Tuldfs Fsanewusiianinasie

NM3uanIeanved cytokine mRNA lulawazeradululidinnuuwandeseninsaneiugiinng

¥

novaUDIvRITANiuUIEE1le

U

3. Interleukin 10

Interleukin-10 (IL-10) 1 ulelaladdrunisdnauiiaruauuuuniidaaienis
povaussran1TentauluszInnsiadelsa uwuaiiisy Wes 1Usladh wagnens (Couper

et al., 2008; Moore et al., 2001) uagdunumdrAglugiiauiuvesdanlduazaniizauna Tu

q

Y )

Jagiiu IL-10 WW§uniseensuindulslaladfiniifivarnnats Tasnsudsneadgiiduiy
natevda bawn macrophages, monocytes, dendritic cells (DCs), TH1, TH2, TH17 uag
ﬂ’JUF’]ﬂJﬂ’]iVTN”lWU@Q T-cell tkag B-cell (Couper et al., 2008; Moore et al., 2001; Saraiva

Y v o

and O'Garra, 2010) lag 1L-10 a]zﬁmi’wmwé’amﬂmwauauawaqg:ﬁ@mﬂuﬁwﬂﬁlﬁmmi
Snuausionsinude vimiihiily macrophages waw dendritic cells (DCs) Lﬁaé’u*&"}gﬂﬂflsmzﬁu
macrophages wazn1swanlglaladiiinissniay wu interferon-y, tumor necrosis factor
a, IL-1PB, IL-2 uaz IL-6 (Scheller et al., 2011; Arendt et al., 2016)

Rothwell et al. (2004) 151897171 NsuaAIODNTDT IL-10 MRNA %an ¢ daulua)
Aatulu bursa vs fabricius way cecal tonsils Fauansliifiuinlalnlad IL-10 Sunumly
nsUugfiduiuludniidssgnaasus (Murphy and Reiner, 2002) uonanil Lee et al.

(2018) l9ANYIN1SHEAR IL-10 Suaqldiulﬁdaé@aqﬁ'gﬁﬂﬁ (intestinal epithelial cells; IECs) gn
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n3zRuMY Clostridium perfringens w3alsaomsiduiiy wudiniswds IL-10 wisdulu IECs

veslainasandnisiae Clostridium perfringens

4. Toll like receptor 3

Toll-like receptors (TLRs) 1 udia5usdin type | dnodlunguve pattern-

recognition receptors (PRRs) fiflAanudfydon1snseduszuuiAuiuniuiuaniie e

Y

[y v v

naUANBIWBLYBLIANIYNINHIUNTINTNFULUY BagilauiuseuullagduiuBudiunilanuue
Willou 9 ﬁ’uiumjm%aﬁaimﬁﬁaniw pathogen-associated molecular patterns (PAMPs)
(Takeda et al., 2003) M155U3lutanavaRTolITAAIY PRRs Avdnaliiinn1snasaIsnia

= 1 = & a ! P 1 Y cglj o o 1 [
Finmmagege audslalaladyiasiie q weldlunalnnissedividel$anuanseiu lag

%

deinn1sduiuresdiogadniu TLRs wda azinnisdedaineie o wWiluluwas (TLR

[ v [y A

signaling) laedyaainiintuiidAgll 2 dygiusiuiu @

A

1. MyD88 (Myeloid differentiation primary response gene 88) %aﬁ@@nm

" N
a a

drulng ey biinn1nseAuNIu NF-kB uagiilitinnsnsesduiuiineitesiunissniau
(inflammatory gene) #114 § AU

A TRIF (TIR domain containing adapter inducing interferonfﬁ) Faavda
fRyQy 0L IRFs (interferon regulatory factors) F3agneliiAnnisnszdunazaing type |
IFN Al IFN-OL waz IFN-B iesafuidel$a

3. TLR3 vmiinfiansa double-stranded RNA (dsRNA) a1ntsa Geluidadl
anuadeviolndifsstuuneidndu q uin Andudesas 83.42 - 91.50 lnsamzluriuda

(%

Wufesar 91.50 wazludaiidusancmeundu TLR3 danulndtAsaliunais Seuas 56.64 —

Y

58.98 dduludaniiiiesue Sosag 45 (Gu et al,, 2020) 3INT1LIUVD4 Jiao et al. (2012)
| @ aAa = ! = & A ! A a [

WU Uadguam@ wuitnisuanseanvesdiuy TLR3 luilaiesne q ivainvaiy laeilsedu

nswaneengsantuiu la $9ld waznduiieon luileaneiug Muscovy asianuInsgeu

NMIuaneaNueedu TLR3 avanluvasnau deudugau iy aldidndiudu uazven diu

[

A1D9 1D WATRINUINSTLAUNISHENIUDITUNABUYIAN FIBNWULNIITIINGILALUNUIN

(%
a Y

TLR3 vaadalunszurunsreduieqduniddudmiuiamudilasgdosuin (Zhang et
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al,, 2015) sl N1suanIeBNYEIBUTIUANATUTUBEAUDIgYEdRT 18Uy N1sduiny

Y 9

v A

M0819YBIRB UL TEUUANANAUNUANGNSTY

5.  Myxovirus resistance

[y

LUs@u Myxovirus resistance (Mx) Sunuimdfgylussuugiauiunduudinde

pansAnelisd LarNdnNIaINaINBaNBLYas LU hepatocytes, endothelial cells, and

v 6

immune cells (Fernandez, et al. 1999) nulaludninainvatsvinnakavabuaudadn

a

Aeagnaiguy wavlasunisiigatuaiintiadiudiuniudelians DNA uag RNA

nannuane (Haller, et al. 2007)
nsfnwUszrInIgRuvIshaunlunaiuenmnsdniln daewmadia Microbiome
analysis

15A3IFBUAINLMANNVANEYBILUATIS AN AN Een53517 Tneldtmnziaes
\Ho9Aunisuuemaiasaie (culture dependent method) WuAslHIa1uIY Arldde
LAZLINLNN venandwuATiEeuialiaunsamnsdsduomsdentold wazdd
Fosrtavaneusens Iiun emnsiiliimnedsatordunid ldansaassansfivunzay
¥939aun3SlusTsuuAlFaTe Wy pH undsmveutazaadutuvesansemsildlunis
Syiulaldaseionn Tud 10-20 Bilsinuan msdesigiluseduen@aine (molecular
biology #38 culture-independent method) lédaniunuimesisuin iesainaiuise
annALOuLe aaﬂmlfﬁ%mamﬂﬁ’aaéﬁqﬁﬁagiuﬁﬂLLaﬂﬁaMﬂﬂﬂszLmn (Zhengdong et al,,
2002) wartlagtuAsiieuifisusonseiudduiandlelng (DNA sequencing) 1uiBiTon
Ununldegsunn LﬁamﬂLi‘]ﬁ%‘lﬁ%;ﬂammé’mﬁusﬁ%ﬁi’wmmi Tun1sian1sdunennia
fiugnssuswiu Tneg Ribosomal RNA gene gridentan@nunauduiusuesdadidinesns
WINSVENE U 165 1150 18s Lilosanenuenives reads fildroudnen dlinisinSeuas
Feudedduuaanusavildegisanysal wagnsUsznouiFedudduuaanuisonseungy
druvosBuiinsuuazlinsuld venand Iednswauduneunisnasesmsmien library
vl uasimunszUUMTIATzinemeuiamesldiinuannsalunsasne reads enauld
(Rodrigue et al,, 2010) Fan15smunlulaslulenimiuiuernisdiemalulad Next-

generation sequencing (NGS) Inelaifine1n13 culture-independent L N13A5I9M5Wa
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fiugnITuveduAifuAnITaie 165 RNA nuindesas 90 veshilaslulealumaiuemis
wulouuAdiSe 2 Indumdn 18un Firmicutes wag Bacteroidetes audae Actinobacteria
ey Proteobacteria %QLLUﬂﬁﬁﬂulW &4 Bacteroidetes wag Proteobacteria 3m vy
wuafiSeunsuavdainuaiusalunisgesailulewsn uasndnsusiitinainnisdes
adluleinsn azdrenszdugiduiu wazdiedosiunissniuventelsa diuwuaiiely
W8y Firmicutes SrTamagnuULbNsUUIN 1Y Bacillales, Lactobacillales way Clostridiales
FaduwuaiiBefidevaasnslulamsndaien

[ 3

a o 4 IS o 1 [ I 1 [ ]
LL‘Uﬂ‘VlLiﬂIUﬁWIﬁQSNUVIUWWﬁWﬂ@@E]Ej‘Uﬂ']‘WGUENE‘WI'] lnsiinafsUSnuaz U

Y

1% a

MAAUINIT Tnvuy MsAalsAlusEuUNILANIMIS wazgiiAuiulse Qaunsdludldey

9 9

L4

Predesiulilviqaunidnnelsamdanizailsdld uaziiensuausrogiduiulsaves
$79n18 (Mead, 2000) oeslsfnuiifasonatsusznis fidswansenusediulsenauaos
wuafiSeludlddnidn Wy 013 egvesdnitn nislisufFiue ussnshnidoraunien
fiolsn

AINNISANWIVDY Even, M et al. (2018) laAnwinavesnisiasuinsluladn
(Lactobacillus salivarius) lwdpaeiiug mule sansiasiziluszaudaluanalaanisld
§u 165 RNA nuindadfieny 14 Yu Ty ileal waz cecal azwy Firmicutes lunszqa
Clostridiales) pg1alsimunisiasusaelnslulofniinasnanisuanseanvosduiaz iy

yaINvaevadLUATISuieantioy
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Autoclave (ES-315) \ TOMY, Japan

Balances Analytical (BSA323S) \ Sartorius, Switzerland

Centifuge (WiseSpin CF-10) \ Wisd, Korea

CFX Connect Real-Time PCR Detection System \ Bio-rad, USA

Colibri Microvolume Spectrometer \ Nanodrop, Germany

Electrophoresis system (The PowerPac™) HV power supply \ Bio-rad, USA
Eppendorf tubes rack \ Lab connection, Thailand

Gel Documentation (Vilber Lourmat) \ Lio lab international, Thailand

Gloves \ Sri Trang Agro-Industry, Thailand

. Hinged Microcentrifuge Tube Freezer Racks \ Lab connection, Thailand
. Incubator (WiseThermHB-48P) \ Wisd, Korea

. Individual PCR Tubes 8-strip, clear \ Bio-rad, USA

. Micropipette (0.1 - 2.5 ul) \ SCILOGEX, USA

. Micropipettes (0.5 - 10 pl) \ SCILOGEX, USA

. Micropipettes (2 - 20 pl) \ SCILOGEX, USA

. Micropipette (20 - 200 ul) \ SCILOGEX, USA

. Micropipette (100 - 1000 pl) \ SCILOGEX, USA

. Microwave oven \ Napatinter, Thailand

. MiniScan EZ User’s Manual version 1.2 \ USA

. MPW Laboratory Centrifuge M-UNIVERSAL \ Med. Instruments, Poland
. NANO-300 Micro Spectrophotometer \ HINOTEK instruments, China

. Optical flat 8-cap strips for 0.2ml. tube strips \ Bio-rad, USA

. PCR tube \ Lab connection, Thailand

. Meat pH meter \ HANNA instruments, Romania

. Tips pipette \ Lab connection, Thailand



22

26. Thermocouple thermometer DTM 315 \ Tecpel Co., Ltd. China

27. PCR Machine (T100™ Thermal Cycle) \ Bio-rad, USA

28. Spectrophotometer \ NanoDrop 2000 Thermo Science, USA

29. Vertex (CF-10) \ Wisd, Korea

30. Water bath \ Wisecircu, Daihan, Korea

31. 1.5 ml SNAPLOCK Microcentrifuge \ Lab connection, Thailand

32. 2" Cardboard Cryovial Box with Dividers \ Lab connection, Thailand

asiadivazioulaal
1. Absolute Ethyl Alcohol \ RCI Labscan, Thailand
Agarose Powder \ Conda, Spain
Dream Tag Green PCR Master Mix (2X) Thermo Scientific, USA

Isopropanol \ RCl Labscan, Thailand

2.

3

q

5. iTaqg Universal SYBR® green supermix \ Bio-rad, USA

6. iScript Reverse Transcription supermix for RT-gPCR \ Bio-rad, USA

7. Loading dye \ Thermo Scientific, USA

8. MyTag™ HS Red Mix \ BioLine, United Kingdom

9. Nuclease-free Water \ Omega Bio-tek, Inc, USA

10. RedSafe™ Nucleic Acid Staining Solution (20,000x) \ iNtRON
Biotechnology, Pacific Science, Thailand

11. RiboZol™ RNA \ VWR Life science, USA

12. RNA-Lock Reagent \ Omega Bio-tek, Inc, USA

13. Primer \ Integrated DNA Technologies, pacific science co. ltd, Thailand

14. Proteinase K\ US Biogical, USA

15. QlAamp PowerFecal Pro DNA Kits \

16. Sodium Acetate \ Loba Chemie, India

17. TIANamp Stool DNA Kit \ TIANGEN Biotech (Beijing) Co.,Ltd., China

18. UltraPure™ DNase/RNase-Free Distilled Water \ Thermo Fisher Scientific,
Inc., USA

19. 5x FIREPol® Master Mix Ready to Load \ Solis BioDyne, Estronia

20. 100 bp DNA Ladder \ Solis BioDyne, Estonia
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§19aa18
arsavarevanuadildlunisineinded wisueiniindu Deionized &
Demineralized (ddH,O %38 Millipore water) kazn15U5U pH vinlaeld NaOH (conc.)
(3'1EJa%L’:]‘EJ@ﬂ’]iL@%B@Jﬂ?'ﬁLLﬂﬂﬂuﬂﬂﬂN‘U'Jﬂ)
1. Phosphate Buffer Saline (PBS) pH 7.4
TE Buffer
1X TAE Buffer
0.5 M EDTA pH 8.0
3 M Sodium Acetate pH 5.2
6 M Sodium Chloride
5 M Sodium Chloride
9% Sodium Chloride

0 © N o ok LD

10% Sodium Dodecyl Sulfate (SDS)
10. 75% Ethanol

11. 80% Ethanol

12. Tris-Cl (1M)

nsAne1UadeAIuFULUUNMSIABILaTRUSNTTY

nsalfinen: navasguuuunsidelanfidanisuanseanvasuiineadasiugifuiy uas

a = a <
AUNAINKRAYY m‘dszﬂnnsqaumsﬂusz‘uumqmumm'ﬂu 8V[o)

nsiNuAleEng
mwaaummummﬁmaéuaal,mﬂﬁﬁsmﬂgmwumiLgmLﬂmaQW'ﬁmﬂwmﬂi
ioadu Fudulsudeuda (conventional house/opened house) M1 de Tsuiiaudiil
ANNUINANAINTTTLYR TovazuUsiulumuaniniindounisusnlsuiou wazainwsy
nsiagadanianisandulsadeuda (enclosed house/environmentally controlled
house) waeds lssdoufianmisnaiuauaninuindon Wy guvd ATy N15zUTe
011 wasaing mngaufuanudoinisveade Gladadouandely) lnsduiiugoeig

nlsasoulanazrlsusauta U198198 5§ SIUNIAUY 20 67 sawandlunIng 2 1Ay
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frogsld@Ra 1d tube 2.0 adans 1AUliTutiudawsia (dry ice) way -20 ermwalded unn
anm DNA d@3un1siiudiegesing Taly tube 1.5 Haddns 713 RNA later wazugtAulin

gaunndl -20 eemwalgea Livetnananin RNA luduneusiold

Extensive Immune-related gene expression

(@=5) ]
b Intensive |
(n=5) 7
Meat d“cks IFN-a IFNp IFN-Y IL-6 IL-10 TLR? Mk
Next-generation DNA sequencing
Extensive |
(@=5)
Intensive = .
‘ (0=5) (BN | et a2an
Laying ducks 454 sequencng S0UD pltform Solexa technlogy

Figure 2 Flow diagram of the current research design. The ducks in MDEx, MDIn,
LDEx, and LDIn groups were of two different breeds, as they were

reared under different conditions.

= o/ ¥
n15ANwIUABAIUDINNS

NsAlAN®T: NAYBINI5LESY Bacillus toyonensis BCT-71127) Tuiladodnuwa e

Useansnnnisuan dnwazein guaniile dugiuineidld nsuanseanvasduim

[ [ % =

Neadasiugiiduiy uazadamainuatevaswuaielunmauiuemis

o—

é’m’iwﬂamuazmsqwLLNumsMﬂam

[
A v s

n1svaaesinlagidsnlailiealsiuguius (Barbary) LnAnanun 200 69 WU

& 5 % o & o o ¥ o a s & o &
290U 5 91 ¥1ay 10 /7 QﬂLUWVJﬂm?gﬂ‘?ﬁu’ﬂ/ﬁ«lﬂLLagmﬂLUaﬁmqmﬂLLmaflﬁg 1 MU A1FLAYNNIT

(%
[ Y 1

Jan1snreldanimuwindemiieniu danindennduazedsdmidnveadayndiliiden
InalAseiuLINgn MaaNTULUINGNMEMITNARNIMNA 4 gnT Laun
= Ay e a a
gnsh 1 ewnsmivanildiinsiasulnslulednlueims
gnsil 2 8IMNIAUANKALLESY B. toyonensis BCT-7112" 200 mg/kg

qmﬁl 3 aflmimuamaua%m B. toyonensis BCT-7112" 500 mg/kg
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qmﬁ a4 mmm’m@mmuﬁ%u B. toyonensis BCT-7112" 1000 mg/kg
Usgnougnsemshiiseaundsnusaslusiunldusslowils sauiadnniiu wazus
s liiisane (Table 4) lnsiisuiAesiuaiudesnisveadaiie lnadaldsuiiuaze1ns
| 2 i o = 5 o & A A v - o ¢
BYIAUN (ad libitum) VUNNUIUNLUALLBLIUAUNITNAADILASTIUINUNLUAYN 9 dUA N
ufe1Y 8 UMY Tao M SNmARNNAUA eruIITnANfiNTY 9951n19
WwieyAulaseTu USunaemsinu wazdnsinisiasusmadutmindiveadallonluus

AZNAUNITNARLY

Table 4 Ingredient composition and nutritive value of the basal diets for the

experimental meat ducks.

Starter Grower Finisher
ltems

(day 0 to 14) (day 15 to 35) (day 36 to 56)
Ingredients
Rice bran, full fat (12.14%) 20.00 30.00 40.00
Broken rice (6.81%) 44.49 36.51 34.58
Soybean meal 48.9% (47.2%) 23.42 18.89 13.36
DDGS (28.1%)° 5.00 - -
Rice bran, SE 17.6% 1.31 6.52 3.10
Rice bran oil 0.48 2.98 4.00
Limestone 1.63 1.62 1.67
Biophos 1.51 1.57 1.59
Salt 0.43 0.36 0.30
Premix 0.25 0.25 0.25
Choline Chloride 50% 0.36 0.30 0.25
Pellet binder 0.30 0.30 0.30
L-Lysine HCL 0.28 0.20 0.18
DL-Methionine 0.22 0.18 0.14
L-Threonine 0.02 0.02 0.03
Mycofix plus 0.05 0.05 0.05

Prop impex 0.20 0.20 0.20
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Starter Grower Finisher
Items

(day 0 to 14) (day 15 to 35) (day 36 to 56)
Salinomycin 12% 0.05 0.05 -
Total 100 100 100

Calculated chemical composition °

Dry matter (%) 88.80 89.22 89.55
Metabolizable energy (kcal/kg) 2800 2900 3000
Crude protein (%) 19.56 17.31 15.11
Crude fat (%) 4.57 8.09 10.36
Linoleic acid 1.51 2.53 3.21
Crude fiber (%) 4.54 5.59 6.08
Lysine (%) 1.18 1.03 0.87
Methionine + cysteine (%) 0.85 0.77 0.67
Calcium (%) 1.00 1.00 1.00
Phosphorus-total (%) 0.96 1.14 1.21
Phosphorus -avail (%) 0.50 0.50 0.50
Sodium (%) 0.20 0.16 0.14

“Distillers Dried Grains with Solubles (DDGS).

“The nutrient values were calculated on the analyzed nutrient values according to

NRC (1994).

AsNuUAl981s

duiiudiognsvonnasluldfsusunn 5 nfu 1d tube 2.0 fiaddns ulily

v

b4 . A A a a 1 [ 1 < LY 1
WD (dry ice) isoNamungll -20 samwaded aunitazain DNA daun1siufiiegs
1 aun 0.5 fadwns ldlu tube 1.5 faddns Nl RNA later wasudiiulingamall -20

a d' ) [ =3 Y] 1 ) Y @ 5 1 % | o Y <@ 1 %
DIFNALTEE LaUUNATA RNA haztNUFa81981ld8nye 3 @3u town arlddndiusy

(Duodenum) dldiéndsunans Uejunum) wazanldiandiudane (lleum) s3uvaAMAINYIN

wazAMNINLLD Asandlumsed 5
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Table 5 Sample collections

Sample collection 1d 7d 14d 21d 28d 35d 42d 49 56d

v v v v v
v v v v v
_ - v ;

v

Body weight v v
Feed intake - v

Ceca - -

<N XX
ANEANER NI

Spleen - -
Intestine
- Duodenum - -

- Jejunum - -

AN
DN NN

- lleum - - - > . -

Carcass traits - - - - - y A -

SR NEENENAN

Meat quality - - - 3 = X . -

N1sANEIANBULNITRTYLAULA
L= % v a & ~ a v & % o [ & o ¢ =2
Tuiindmdnidaiadiaisudunisneaesasdaimindaiionn 9 dUam auds

91y 8 dUA1t vinsTeemsTmaenndUa1t e uIMUIENAIMANTY 8951N1T

a a

(Y a aa [ a [~ goj LY2R'Y] =1 d‘l’ a
L5 ULAUIAADIUL USUNEURIMISNNY kazdnIINISNISUASURIMISIDUEIMUNATD UL LN

o

v '
a ¥ ]

IS a a ! U PN o v
LﬁENG]'JUéjmi@'ﬁﬁ’ﬁﬂ/lllﬂWiLﬁillIWﬁbL‘UIEJGmLLG]ﬂGYNﬂ‘Ll IINGATN 1, 2, 3 kag 4 anuanu

1) dminganviadu = Ymtindiganie (n3u) - dhniindisuau (n3u)

2) §n51MsRSeyAule/fy/u = Wntindigaine (n3h) - dmtndaisudu (ns)

AUIUIU
2) USUNUesinY = USunaue s (nsu) —USunaenvnsiide (nSu)

4) s nsiUasusIung = U311 shaunaus (nSu)

Y1rdndiMiauIu (nSu)

N3ANEIANYAUZIINLAZAMAINLID
1) ANSANEIANBMZYIN

dndavisnuadinigaueanni 40 67 tie@nwinanmein lnemuumiiosazved

Emmju (Hot carcass percentage) Jesazveseivizn1uuen (External organs percentage)
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Sovazveseivaznulu (visceral organs percentage) $p8azvoITUaIUAALAT (retail cuts

percentage) mﬂ’qmﬁ 1,2, 3088 4 AIUAIAU

1) SovazvewIngu iwdngingu (n34)  x 100

SAaa

UIRUNLTIN (NSU)

2) Souazvedaluizn1euan Wninelgiza1eusn (n5u) x 100

i mtdnengu (n3y)

3) Sewazveeniviznely = Ymdnadsaznielu (n5U) | x 100

Umtdnengu (n3y)

4) 3P8ATVDIVUAIUAALG = YINUNTURIUAR LGS (ASU) x 100

iy ngu (nSu)

naewa: Uminegnngu vuneds dmtnwniilenaseslueen siumuazut

2) msfnwamnwie
2.1) myiamanudiunsauazansvasiie (muscle pH measurement)

Wnsiaan pH Ataluusniidninne Ghnisdunandl 45 niindaanfidndane
PHqs) WAz pH gaving (Ultimate pH : pHaq) Soludalasdl 24 ndaandidnine lnetanssdau

YINAIULLBINAILLATOI Meat pH meter (HANNA instruments, Romania) kazUuninan

pH

2.2) n1sUseiuAndvaaila (meat color measurement)
o & o & | a ~ 2 o ~ =
wennanile uaznamleasinnldgamatafinninuinguiuil 4 esrmwaoa 1Ju

nan 24 alus ntu dudleessniaingunslunivuy duiieliuie wadiurinadnae

A509IAd TUTINAIANNEAT (L*) ANdwad (@) warAdwdnd-unky (b*)
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2.3) anuamnsalunisduinvadila (water holding capacity)
1 % dy < .
ANsgeYLdeUnvaiilavnuziAu (drip loss)

Tanauiileanindannnisan? 24 $2lus Feuntin (Weight drip loss; Wd) 1516
Wd, Ussana 50-60 n3u viedernfeanulugaatafnaiiagu waglivuilenaniniugs
Uszana 2 lwufwns wdnuingabiain invlugiudnvazuiuigungll 4 ssrgaided
Junan 48 Falus thaulieesnangeduiimenseanuiivy Faimin (Wd,) Andusevas
YOI TFYLABUIINNTUBLEY (drip loss) Ngns

Sovavvosnsagdetnannmsudiu = Wd, - Wd, | x 100

Wd,

Ansgayieinveaiioainnisinazane (thawing loss) wagnsgayideiiannnisusenay
91915 (cooking loss)

Tenanuileaniaynanuiiioaylnn wassnuiy 24 Talus Fentdn (Weight thawing

loss; W) 156 (Wt,) Uszanas 50-60 NS iusuuagaInie (vacuum) lugenanafinyda

a

< P Y A & vy 1 o2 A a ) S o &
LEJUNUﬂU’]ﬂQQELMaUV] LﬂUIUQLLGULLGUQVIQﬂJMﬂﬂJ -20 99ALaLYd WU 72 ?f'ﬂllﬂ AMNUUUIYU

Y

a

dy ) g @ . A = I~ ) ) Qy dy
bUBUINNATATYUILLU (thawmg) UL 4 pemwaldua Wulian 24 $alus ihduiilessn

Y

ngeduliuis Sadmiin (W) anndudduileldgedounuvayninia aulugieniuay

gauunqdl (water bath) lnggungiuivindu 80 ssmwaldea ldiasesingungilulanats

v 6

Wodnd Uszua 76-78 samgaidua Tdnaiuszuna 15-20 undl wasanniuiabilimdun
gaumgiivies Uszanas 1 alus thdwilesenaings dutiliuis daiwdn (W) Aadudesay
Y8IN15aLELUIINNTREANY (thawing loss) kazTasazvainisaqdeiivaglsenay

8113 (cooking loss) AMNgAT

Sevavvensgydsthannmsinazany Wi, - Wi, x 100

Wi,

SewavvensaydsthvarUsenaueImig = | Wi, - Wt, x 100
Wi,
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= LY a o Y & &
nsAnedugivinervesaldilaile
nyinduguinerdldanveadaie Wialdaeny 8 dUan dulaiile 5 dsangu
AINAERY (F1az 1 M) Ludeeealdlan 3 du Ao a1ldldndiudu (duodenum) aldian
! L. oMy & i . 2 o TR o oV
dunans (jejunum) wagaldidndluvane (ileum) lnanisinudlegeaildaniuavanaild
wiagdIue1IUTENI 2 WwuRwes e luinsein1amiesUfusinis annuulviesey

Y 1

Feg 19 N0AT1¥YLABALYINNTS serial dehydration Andutiianun 5 lulasiwuns (17U 6

Fuseusiazaudld) @ae microtome uavsruLieuuuRualagudaiondde Hematoxylin
Lay Eosin diun1sinAinugevediala (vil) Adudnvesnsuieanlaluasnu (crypt of
lieberkuhn) Tnefiasieisianun 10 Falasiealad tneldndosganssminuulfuas uasld
WN1TIATIZIAINa18a8TUTLATN Image-Pro plus Version 3.1, Media Cybernetics lng
N153nANEIYasTaaa (villous height) ¥1n Villus tip 89 Villus-crypt junction JaA3u
ni1svesiaad (villous width) U‘%nm?‘immwaammqwaﬁaé’a wazinAINANYOIAIUN

[ v

sonlaluesnu (cryptal depth) lngdnAnudnsenine 2 Faladleginfiu waIAUINNUNNY

a o ¥

Ya3ada (Villus surface area) lngNUNRIVEIAGE = x AINUNTINVDNIARA X AIUGIVDS

[y

bRAG!

o/

nsAneINsuansaanvasduinetdasiuszuu)Auiy

A156nn RNA Lazn1589As123 cDNA faewmaila Reverse Transcription — PCR
theegasiu @nnsdifnwd 1 ua 2) ﬁgmﬁulﬁu RNA-Lock Reagent (Omega
Bio-tek, Inc, USA) 11@fnoisi8utasanundag RiboZol™ RNA (VWR Life science, USA)
LLé"ﬂjﬂﬂ’J’mﬂ"]m'mL%m%ut.l,azmmﬁqméﬁuaa RNA ¢enp3es Spectrophotometer (NANO-
300 Micro Spectrophotometer, China) Imaﬁwmmu’%qwémaq RNA 3 OD A260/A280 >
1.8 wayn19d9LATIZ cDNA ﬁaﬂsqmzéﬂm iScript Reverse Transcription supermix for RT-
PCR (Bio-rad, USA) anaiiansfiusimuuzai ndsanniutn cONA dWinusinaniiednwinis

v Y

waneanvesdufeItaatusyuuiiauiumemeailn gPCR

9

o Y

Anwin1suansasnvasduiineltasnuszuunlinunualamatin Real-time PCR

Y 9

PAIINUUUT cDNA WNUSU LN BANYINThEN 998NV UNLNEITDINUT LU

[

gaAudu ldun 8u IAN-a IFN-B, IFN-Y IL-6, IL-10, TLR3, MX was GAPDH (Table 6)
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snturluaies Roche LightCycler (LC-480 Real-Time PCR System; Roche Life
Science, U.S.) Ina @1 uNaNv04815L509Ua9 LightCycler® 480 SYBR Green | Master

3

(Roche Life Science, USA) lag Lazi1A Cycle threshold (CT) Fldunfuan Wedasien
N15WANIVOBY IFN-Q IFN-B, IFN-Y, IL-6, IL-10, TLR3 wag MX f18gns Relative
normalized expression 2 4 (AACt = ACt Test sample - ACt Calibrator sample)
(Kareem et al. 2016) fiUSUEURUSFUTERUNTLARIDONVBITY GAPDH WagsI8IIuNG

Wuaade (Mean)

nsAATEidaya
a ¢ v aa v Yy &
nsAAszvidayanieaintadeauzuiuunisites
o w vy a ¢ = = i = ' = ¢
deyanliundiesizideya MnMsiUTeuisuaRaEveusaznInmug lussuy
M31E89YSUNYATNITIAY wavanavnssunsienlan1an1si neaeuauufgiulag

group t-test LazlUIHULBUAIULANFIUDIANLAAENNEDFAAIY Duncan’s new multiple

range test Taalusunsuy Statistical Analysis System (SAS)

A15IASIZRTBNANIED AT ATUDINNS

Y

U9y aNlAaINNITNABBIMINUANITLATIEVTOYA MIURHUNITNAADILU UL

a:uuusai Completely randomized design (CRD) Iae14 Proc. GLM (Generalized Linear

Model) srglusunsu SPSS (SPSS, 2019) Tnsiiluina Al
Yij = i + Ti + eij
e vij = ﬁﬁﬁQLﬂ@LLﬁazﬁﬂﬁlﬁw%'wLuuﬁ P97, 1 = Adevioiualunisveaes T = Bviswa

.. d‘ U = =
PYDIDINITNAADY eij = AITUARIALAFDUVDINITNANDY LarA1 P-value < 0.05 WIguney

AULANASVDIALREY (Mean) 11835 Duncan’s New Multiple-Range test
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Table 6 The primer sequences of immune related genes

Gene Sequence (5’-3’) Product GenBank No.
(Forverse-Reverse) size (bp)

IFN-O TCC TCC AAC ACC TCT TCG AC 232 EF053034

IFN-O GGG CTG TAG GTG TGG TTC TG

IFN-6 AGA TGG CTC CCA GCT CTA CA 210 KM035791.1

IFN-B AGT GGT TGA GCT GGT TGA GG

IFN-Y GCT GAT GGC AAT CCT GTT TT 247 AJ012254

IFN-Y GGA TTT TCA AGC CAG TCA GC

IL-6 TTC GAC GAG GAG AAATGC TT 150 AB191038

IL-6 CCT TAT CGT CGT TGC CAG AT

IL-10 CTG ACC TCC TAC CAG CGA AG 179 NM001310368

IL-10 CTC CAT GTA GAA CCG CAT CA

TLR3 GAG TTT CAC ACA GGA TGT TTA C 200 JQ910167

TLR3 GTG AGA TTT GTT CCT TGC AG

MX TGC TGT CCT TCA TGA CTT CG 153 GU202170.1

MX GCT TTG CTG AGC CGA TTA AC

GAPDH ATG TTC GTG ATG GGT GTG AA 176 AY436595

GAPDH CTG TCT TCG TGT GTG GCT GT

IFN-Q = Interferon alpha, IFN-B = Interferon beta, IFN-Y = Interferon gamma, IL-6 =
Interleukin-6, IL-10 = Interleukin-10, TLR3 = Toll-like receptor 3, Myxovirus resistance
and GAPDH = Glyceraldehyde-3-phosphate Dehydrogenase

NSANYIUTEYINTRAUNSE LUSTUUNGAUBIMNS (gut microbiota) Wallasewmaiia
High-Throughput Sequencing (Next-Generation Sequencing; NGS)
11#79819 microbiota Tuldfs (annsd@nwf 1 way 2) Aignifiulu tube 2.0

fiaddns unadnAwuLe USuIms 200 Hadnsu daegau1an QlAamp DNA Stool Mini

(Qiagen, Valencia, Ca, USA) #nuA Uz d1u09Us ey wadr luinA1Anududulaganu


https://www.ncbi.nlm.nih.gov/nuccore/EF053034
https://www.ncbi.nlm.nih.gov/nuccore/KM035791.1
https://www.ncbi.nlm.nih.gov/nuccore/AJ012254
https://www.ncbi.nlm.nih.gov/nuccore/AB191038
https://www.ncbi.nlm.nih.gov/nucleotide/NM001310368
https://www.ncbi.nlm.nih.gov/nuccore/JQ910167
https://www.ncbi.nlm.nih.gov/nuccore/GU202170.1
https://www.ncbi.nlm.nih.gov/nuccore/AY436595
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‘U%E;IVI%‘GUEN DNA éf’JEJLﬂ%EN Spectrophotometer (NanoDrop iq'u 2000 Thermo Science,
USA) TngA1A11UTaMBues DNA 51 OD A260/A280 > 1.8 1na1sazaly DNA fiadaldain
vouarluldRsusunnududu 10 wilundy waswaznsvaeufiduoveswuniiGefiadnlé
frulnsiues 343 F-TACGGRAGGCAGCAG (Liu et al, 2007) 784R-TACCAGGGTATCTAA
TCCT (Andersson et al., 2008) F30gUTIanuiunUavedU 165 rRNA (GenBank number
J01695) ndeaniunsaaaau PCR product filddenisididalnslnsdane agarose gel
mnututudesas 2 ifusedadidueiadalsfigamai -20 ssrwadeaauninazldauly

Junaunaly

16s rRNA sequencing

iaU3unas DNA 209wunfiise dremailn PCR 7isfunis V3-Va 90981 165 rRNA
Tneldlnsiuasfidunys 3a1F uar 806R lnaagld PCR product au1a 460 bp ¢ PCR
reaction ¥lag1ld Phusion® High-Fidelity PCR Master Mix (New England Biolabs, USA)
wdniunsadeu PCR product Aildaenisyaidalnslasaase agarose gel Aty
¥oway 2 PCR product fifluun 400-450 bp %QﬂﬁmaaﬂmmmLaal,l,azaﬁ'maaﬂmiﬁﬁqwé
e Qiagen Gel Extraction Kit (Qiagen, Germany)

@519 Sequencing library @ 28 NEBNext® UltraTM DNA Library Prep Kit for
Ilumina UseLduaaA1WDNA Library A28 Qubit 2.0 Fluorometer (Thermo Scientific,
USA) kae Agilent Bioanalyzer 2100 system R Library ﬁlﬁ%gﬂiam#’hﬁ% PhiX control
V34 (5%, v/v) (lumina) Wiy reagent cartridge Usuias 600 lulasans wazindados
Illumina MiSeq (500 cycle) Frnutunou sequencing R sequence ﬁgwmﬁléfwgﬂ

asadausuIuled ILlumina BaseSpace®

n1suszulanataya Sequence UaTN13ILAIIEN Bioinformatics

thdoya paired-end reads s 11v1111313 dinduidu visldn wazlnswes
99N WAYTIU paired-end reads fifidu overlap Wéaefu Tngldlusunsu FLASH (V1.2.7)
sequences TINTUNSFRRBLEIISENTT raw tags mﬂfuﬁﬂmiﬁ’mmaa@mmwmaa raw tags
filsifiolmet clean tags Mganmenelusunsy QIME2 (V2018.11) 11 tags AANTBIAMAIN
LaIuUTgUiguiugIuteyadi198s Gold database lagld UCHIME algorithm (UCHIME
Algorithm) Tun15m5298@0U chimera sequences Lﬁaauiaga chimera sequences aonlU

Sﬁau‘ja Clean sequence mﬁ%gﬂﬁmﬂﬁﬁmiwﬁmﬂ bioinformatics I@Uﬂa:u sequences #l
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fauwmiousuiifesas 97 szgnuluadrau Operational Taxonomic Units (OTUs)
NANYeY sequences ﬁléjﬁ]zgﬂﬁﬂmﬁwﬁugm%uﬂa Green gene 16S rRNA gene database
o uun Taxonomy Faudszau phylum 94 genus lag NTUrATIASIERAN alpha
diversity (rarefaction curve ¥89 OTUs, Chaol wag PD Whole Tree) a beta diversity

aralUswnsy QIME 2 (Version 2018.11) wazuhaninanlaluswnsy R software
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Havaszuuuun1siagulaniidanisuansaanvasguiineadesiugiiquiu uazaay

wanvatevasUssnsyaunsdlussuumaiuemsiuie
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=1 G a o a v Yy W <
Na‘Ua\‘lgﬂLL'U‘Uﬂ']iLaENLﬂﬂ%ﬂﬂaﬂ’]iuﬁﬂﬁaaﬂ%aﬁﬂuﬂLﬂEl'J‘UENﬂUﬂNﬂ&IﬂUI‘ULUﬂ

Y 9

nMsAnwIRaresgusuunsidsalailouazilnlindsenisuanioonvedui

= L

Hendesiuginuiu (Figure 3) wuin Walleniinnsidewuulsuseuliadszaunisuaniaen

Y
ra A

v938u IFN-B gandndailieninisideanuulsaseuta (P < 0.05) dmsulualanibes
WUULsuSeulnilseAUNISUARIRONTRIEN IFN- waw IL-10 g9l (P < 0.05) wis¥AUNTT
LAn9aNvBIBY TLR3 anad (P < 0.05) WawSsuiisuseninsguuuunisideadans 2
sUuuu fie nisidesuuulsasoulauaznisideswuulsasoulnludailowalaly wandli
=] ! ‘;J a I L IS IS

WiugUkuunsdesuuladseaunisuantaanuasduy IFN-Y a9 kazn1sianioanuedgu

TLR3 anad Wawluiuguwuunisidesuuila (P < 0.05) daugduuunisidsadaiiiouas

Ualevis 2 gUwuu (Figure 4) Lifidvsnananisuansoanvesdu IFN-O, IFN-B, IL-6, IL-10
waz Mx (P > 0.05) uenaniinsuanteenvesduiinertesiussuuniinuludadesmuany

wugserinadadlewazilaluiuliuandrsiumeadd (P > 0.05)
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£

Vel am all bm al e S

IFN-a IFN-p IFN-Y IL-6 IL-10 TLR3

Relative mRNA expression

Figure 3 The relative mRNA expression of immune-related gene in the spleen of
ducks between the intensive and extensive. The relative expression of
meat ducks (a) and laying ducks (b). Data are expressed as relative
expression of IFN-Q, IFN-B, /FN-T, IL-6, IL-10, TLR3 and Mx gene
normalized to expression of GAPDH. Differences were detected with

student’s t-test were considered significant as follow: P < 0.05.
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Duck breeds mMeat duck (a)

I
=
-

®Laying duck

-y 7y
= u
= =]

4

Relative mRNA expression
o
th
=1

2
=
=)

IFN-a IFN-f§ IFN-Y IL-6 IL-10 TLR3 Mx

(b)

Rearing system :
£5) B Intensive

mExtensive
5.00 -

4.50 *

4.00 - —
3.50 - [
3.00 -
2.50
2.00
1.50 -

< O Ha HI o N 1 B

IFN-a. IFN-# IFN-Y IL-6 IL-10 TLR3

&=

Relative mRNA expression

Figure 4 The relative mRNA expression of immune-related gene in the spleen of
ducks between the intensive and extensive. The relative expression duck
breeds (a) and rearing system (b). Data are expressed as relative
expression of IFN-O, /FN-B, IFN-Y, IL-6, IL-10, TLR3 and Mx gene
normalized to expression of GAPDH. Differences were detected with

student’s t-test were considered significant as follow: ‘P < 0.05.
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Figure 5 Statistics of each sample OTUs clustering and annotation. Total Tags
(red): refers to the number of total tags each sample; Unique Tags
(orange): refers to the number of tags that can’t be clustering to OTUs
(sequence cannot be clustered OTUs will not be used for subsequent
analysis); Taxon Tags (blue): refers to the number of Tags for building
OTUs and annotation information; Unclassified Tags (tea green): refers
to the number of Tags without annotation information; OTUs (purple):
refers to the Number of OTUs in each sample. Ducks in MDEx
(MDEx01- MDEx05) and LDEx (LDEx01- LDEx05) groups had rearing
extensive system, while birds in MDIn (MDIn01- MDIn05) and LDIn

(LDIN01- LDIN05) group were rearing intensive system.
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o w

N159Aa1AUBU 165 rRNA U99LUATILTE @1115097UUA Operational Taxonomic Unit

(OTU) iszaiuadnendeiu »97% (Table 7) Wiansraaeulszynsgaunsdvadldnsiude
& [ oA = = v = a o« ] & ) &
o uazlaly WewSuuiisuaundieadvesgaunidseninegusuunsideadana 2

sUuuy Ao naldssuuulsadoude uarnsidsauuulsadouda (Figure 6) wudiannng
AAT129% Ol-diversity luiadouasalifs 2 sUnuuldfmnuunnsieiu uidsdisu
Iouansliiiiiuinm observed species w3aauviaInvateosgaunsdhudaludidrgen
Houile (P < 0.05) LLas'g'LJLLUUﬂﬂiLgaqLLUUINL’%@uLTJ@ﬁm observed species (P < 0.001)

FVIANAYE Shannon Wag Simpson gendngukuunsideskuulsaseauta (P < 0.05)

Table 7 The microflora microbial diversity index (Chao, ACE, Simpson, Shannon,

and Coverage) of each duck

Parameters Sample name observed Shannon Simpson Chaol ACE Coverage
species
Meat ducks Extensive 1072.60 6.07 0.95 121230 1251.12 0.997
Intensive 889.80 6.89 097 95121 95134 0.997
Laying ducks Extensive 1890.00 6.63 0.95 212796 2185.04 0.994
Intensive 912.40 6.87 0.97 97759  978.69 0.998
Duck breeds Meat ducks 981.20 6.48 0.96 1081.76 1101.22 0.998
Laying ducks 1401.20 6.75 0.96 155278 1581.87 0.996
Rearing system  Extensive 1481.30 6.35 0.95 1670.13 1718.07 0.996
Intensive 901.10 6.88 0.97 96440  965.02 0.999
SEM Meat ducks 138.82 0.37 0.01 14875 15625 <0.001
Laying ducks 59.30 0.23 0.01 95.10 7354  <0.001
Duck breeds 90.19 0.13 0.01  106.75 111.30  <0.001
Rearing system 153.75 0.23 0.01 17388 17572 0.001
P-value Meat ducks 0.12 0.002 0.01 0.064 0.11 0.45
Laying ducks 0.61 0.08 0.49 0.29 0.39 0.22
Duck breeds 0.03 0.29 0.96 0.04 0.05 0.12
Rearing system <0.001 0.043 0.010  <0.001 <0.001 0.014
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Figure 6 The Ol-diversity including Reads ACE (A), Shannon (B), Simpson (C), and

Chaol (D) in duck breeds on different rearing systems.
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1NLdULAY Species accumulation curves (SAC) fikualtuanadtiioduiuy
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n1snAgeU OTU wazaluisaviuieAuanysaivesalidvessiednald (Figure 7)
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Figure 7 Species richness and diversity analysis of different groups. (a) Species

accumulation curves of the current study. (b) The rank abundance

curve of different duck samples in rearing system. (c) The rarefaction

curve of all the birds in rearing system. Ducks in MDEx (MDEx01-

MDEx05) and LDEx (LDEx01- LDEx05) groups had rearing extensive
system, while birds in MDIn (MDIn01- MDIn05) and LDIn (LDIn01-

LDIN05) group were rearing intensive system.
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Figure 8 Species classification tree in the samples. Different colors fan
represented different samples in circle. The size of Fan refers to the
microorganism classification of relative abundance in the sample.
Ducks in MDEx (MDEx01- MDEx05) and LDEx (LDEx01- LDEx05) groups
had rearing extensive system, while birds in MDIn (MDIn01- MDIn05)

and LDIn (LDIn01- LDIN05) group were rearing intensive system.
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Figure 9 Comparative analysis of the beta diversity heatmap of Beta diversity
indices. The difference coefficient in MDEx, MDIn, LDEx and LDIn
groups was indicated by the number in each square. The disparity in
species diversity decreased with decreasing difference coefficient. The
upper and lower numbers in the same square stand for the weighted
and Unweighted UniFrac distances (mean * SEM), respectively. Ducks
in MDEx (MDEx01- MDEx05) and LDEx (LDEx01- LDEx05) groups had
rearing extensive system, while birds in MDIn (MDIn01- MDIn05) and

LDIn (LDIn01- LDIN05) group were rearing intensive system.
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Unweighted Unifrac 390uaduusz@vsninuwanaisuaingusietne (Figure 10)
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Figure 10 Beta diversity (weighted UniFrac) among 4 strains. Beta diversity
indexes were measured based on weighted UniFrac and unweighted
UniFrac distances. The upper numbers in the grid represent the
weighted UniFrac; and the lower numbers in the grid represent the
unweighted UniFrac distances, respectively. Ducks in MDEx (MDEx01-
MDEx05) and LDEx (LDEx01- LDEx05) groups had rearing extensive
system, while birds in MDIn (MDIn01- MDIn05) and LDIn (LDIn01-

LDIN05) group were rearing intensive system.
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Figure 11 Effects of rearing systems on the cecal microbiota of meat and layer

ducks.
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Figure 12 Effects of rearing systems on the cecal microbiota of meat and layer
ducks. Differential microbes in cecal of ducks by t-test. MDEx: meat
duck extensive; MDIn: meat duck intensive; LDEx: laying duck

extensive and LDIn: laying duck intensive.
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Figure 13 Beta-diversity analysis by weighted UniFrac distances among samples
from the 20 samples (4 groups). Hierarchical dendrogram and cecal

microbial composition for each sample at the phylum level.
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A® Firmicutes (25.30% vs. 50.69 % ), Bacteroidetes (43.27% vs. 33.96% ),
Deferribacteres (0.19% vs. 1.1 6% ), Fusobacteria (10.50% vs. 5.46% ) L a ¢
Proteobacteria (13.74% vs. 6.79%) daldaadala sia 2 sUlUU A Firmicutes (31.18%
vs. 34.10%), Bacteroidetes (34.22% vs. 41.13%), Deferribacteres (4.15% vs. 9.62%),
Fusobacteria (1.12% vs. 2.25%) wag Proteobacteria (12.63% vs. 9.68%) (Figure 14)
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Figure 14 The microbial community structure at phylum level: (a) different

ducks; (b) different groups.
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Bacteroides (53.37% vs. 57.76% ), Prevotella 7 (<0.001% vs. 3.26% ), Mucispirillum
(0.36% vs. 2.69%), Fusobacterium (19.26% vs. 12.69%) way Desulfovibrio (18.43% vs.
2.86%) duldnadale sie 2 JULUU Bacteroides (20.86% vs. 45.68%), Prevotella_7
(26.31% vs. 11.16), Mucispirillum (7.81% vs. 19.26) Fusobacterium (2.06% vs. 4.50%),
Lag Brachyspira (17.99% vs. 1.53% ) Desulfovibrio (10.57% vs. 3.23% ) #10&a10 U
(Figure 15)
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Figure 15 The microbial community structure at genus level: (a) different ducks;

(b) different groups.
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Figure 16 Heat map analysis of samples from the four groups. A heat map
showing the abundances of the top 35 most abundant genera were
clustered and plotted using R software. Red represents genera with
relatively higher abundances in the corresponding sample, whereas

blue represents genera with relatively lower abundances.
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Figure 17 Principal Component Analysis (PCA) of microbial community of the

ducks in MDEx, MDIn, LDEx and LDIn groups.
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Y 9

4

Qmmu (Medzhitov et al,, 2000; Schroder et al., 2004) @anAAaBINUNITANYIYY Yan

(%
a

et al. (2021) LLam’lﬁLﬁudmmmLL@ﬂmﬁuidegULLUUmiLamuwmﬂwﬁ’umﬂﬁw

wuuiiuAeninadonIshanisanvesdufeitesiugiinuiuveatadlontudldliile lny

q

sUnvunsideslunssazannsuanseanvesdu IL-18 waz IFN-Y nszduneliinnissniau
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Tudldvasiniieagredidedfy Li, S. Y. (2014) lasieauirgduuunisidediunseazdesiu

Llvlnlledudaiuyalaensaastivanlonalunisdudaiuelse wenanlidmuseslsaly

'
- o

ldvadliidofidsdunsdsoafetosiugidguiui einsdsadalusuuuilsadoy
Unazshliszdvsnmmaasydulawasaunmidoiniisuuuunmsdssuuisdisdes
(Starcevic et al. 2021)
Mngunuunmsiasadeiifidemunainuarsvesussrnsgdunislussuunaiu
91m1slwda 91nn15AnYIT09 Mao, et al. 2018 lis1eeuitwuaiiiseana Desulfovibrio
snwuluaninuandeniifinisuuideulavenin wuaganugauauysaives Desulfovibrio i
Uhinngstuludlddndunarwesdnmadiuazaonadesnsmnaiyiiieadestunaln
aunuadTuuagisa (Chen et al. 2021) eiUFsuiflousuuvunsidesssnindsadouda
warlsadeula wuinsidsauulssdeudaiadndonasdaldnulndy Spirochaetes
wnnguuunsiasdsadouda esannsAnuluglsuuazansgoudnmuinnisinide
984 Spirochaetes TuldAuazaldinnuisidesiunmsingaen (Msdudieyamad)
sliflaand granssitleundenld daniinldan Vsinauelsiiuesdlulianas uazgnliiie
fiflneonunazdndonnullavildinminanas (Hampson, D. J. and Stephens. 2002) 14
faduiiuiivinvesgdunisludlduasiinnssurunsvsindreadunisildldeendiaud
Ysunaunsaludiusemela (volatile fatty acid, VFA) fiaaiuanunsatunisudinlageninanld
/& (Choi et al. 2014) GeldAsiionfianuddnyfigadegunindnitn uaziuunasazan
L%@Iiﬂﬁﬁ?ﬁiyﬁwmiuﬁ'u (Singh et al. 2012; Stanley et al. 2003; Weimer et al. 2014)
uanINimugaNANY saiLaYAIVaINVIa18YesAunIsluldfsldudvinasinuany
U249y (Choi et al. 2015; Godfrey et al. 2017; Onrust et al. 2015) SIUMISTUUNMALRY
91sgnAIuANlag pH LarAMUUNTUYEI08NTLAN INNTANYIYBY Shi et al. 2022 1

[

msiSeuiisvimseilasaiiwenaursdlualddauazangluuunmsidsadanigld

[

ANTNLINADUNITLALINLANANTU NUITIFUFIFVDIAIUNAIN ANV IRAUNT S LUS L&

v 9

Weazlasunansenuaintladedaindsunare1nmis (Chen et al. 2022)
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NAYBINTSLE3N B. toyonensis BCT-7112" TuilnnadnwazUss@ndninnisuan anwus
Y0 AaAIe Fugruinerald nsuansesnvasBuiineddesiugliduiy wazadnu

YaINNAYVBILUATII 8 TUNIWAUBINS

UszBndnmnisisgiivlnludaile
NATBINTSLESY B. toyonensis BCT-7112" Tusyauiuansraiululnillenednwey

Uszansnmniaasgivle fauanslunisng 8 wuanuuinga (BW) uuindiniiuau (BWG)

(%
[y

snsnsiasaduladetu (ADG) Usuiaenmsiiny (FI) uagdasinisiasuemnadudmiin
¢ (FCR) voudniilefildfunisiasu 8. toyonensis BCT-7112" naantserguaanisnaasslsl
fanuuandndadenguoimsaiuau (P > 0.05) snuduannil 3 dadefildzunis
\@3u B. toyonensis BCT-7112" 500 mg/kg fumifndaiiudy (BWG) wazdnsinis
Wiyiulasotu (ADG) wnnindailandueimsauau (P < 0.05) dwduavid 6 uag 7
Heafleiildsunsiasy B, toyonensis BCT-7112" 200 uaz 500 mg/kg fmdngunnndd
ﬂd@JL“fﬁJ@Lﬁ@ﬁlé’%’UﬂﬁLﬁ%y B. toyonensis BCT-71127 1000 me/kg (§Ua%it 6 dhwifnia
{0 2,537.50, 2,557.00 uay 2,406.75 n3u wazdanid 7 vniindaiile 2956.75, 2993.75

uay 2837.25 MUANU; P < 0.05) uskiunnanndaiiiongqueimsaiuay (P > 0.05)

Table 8 Effect of B. toyonensis BCT-7112" supplemented diets on growth

performance of ducks during the experimental period (1-56 days old).

Traits* Control 200 mg/kg 500 mg/kg 1000 mg/kg SEM  P-value
Initial BW, ¢ 46.01 45.81 46.22 46.04 0.22 0.93
1 week

BW 149.99 151.67 150.97 148.56 1.35 0.86
BWG, ¢ 103.98 105.86 104.75 102.52 1.28 0.82
ADG, g/day 14.85 15.12 14.96 14.65 0.18 0.82
Fl, g 119.06 122.44 125.06 123.24 2.19 0.81
FCR 1.17 1.24 1.22 1.25 0.02 0.56
2 weeks

BW 429.00 435.33 437.96 422.39 4.02 0.21
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Traits* Control 200 mg/kg 500 mg/kg 1000 mg/kg SEM  P-value
BWG, g 279.01 283.66 286.99 273.83 3.03 0.24
ADG, g/day 39.86 40.52 40.99 39.12 0.43 0.24
Fl, g 378.24 391.62 384.18 379.62 5.43 0.10
FCR 1.39 1.43 1.36 1.43 0.02 0.21
Initial-2 weeks

BWG, g 382.99 389.52 391.74 37635  3.96 0.21
ADG, g/day 27.36 27.82 27.98 2688  0.28 0.21
FI, g 497.30 514.06 509.24 502.86  6.59 0.10
FCR 33 1.37 1.32 138 0.02 0.20
3 weeks

BW 886.94 901.41 922.30 866.37  7.43 0.06
BWG, g 456.99°  465.32%° 483.21° 445.04° 4.14 0.01
ADG, g/day 65.28° 66.48%° 69.03° 63.58°  0.59 0.01
Fl, g 739.33 746.67 766.00 732,67  6.20 0.29
FCR 1.64 1.64 1.59 1.67  0.02 0.37
Initial-3 weeks

BWG, g 841.20 855.54 876.191 820.10  7.37 0.06
ADG, g/day 40.06 40.74 41.723 39.053  0.35 0.06
Fl, g 1236.63  1260.73 1275.24 123553  11.76 0.58
FCR 1.49 151 1.47 154  0.02 0.41
4 weeks

BW 1414.58 1419.38  1431.78 1374.18  10.42 0.24
BWG, g 527.63 517.97 509.48 507.81 5.52 0.57
ADG, g/day 75.38 73.99 7278 72.54 0.79 0.57
Fl, g 975.11 965.33 986.67 945.11 9.99 0.52
FCR 1.878 1.90 1.97 1.95 0.03 0.70
Initial-4 weeks

BWG, g 1368.84 137350  1385.67 132791 10.36 0.23
ADG, g/day 48.89 49.05 49.49 4743  0.37 0.23
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Traits* Control 200 mg/kg 500 mg/kg 1000 mg/kg SEM  P-value
FI, g 2211.74 2226.06 2261.91 2180.62 17.24 0.44
FCR 1.63 1.64 1.64 1.67 0.01 0.77
5 weeks

BW 1940.44 1953.8 1973.33 1888.00 11.96 0.08

BWG, ¢ 525.87 534.40 541.56 51382 491 0.22

ADG, g/day 75.12 76.34 77.37 73.40 0.70 0.22

FI, g 1193.78 1193.33 1238.00 1183.11 10.61 0.30

FCR 2.32 2.26 2.32 235 0.02 0.62

Initial-5 weeks

BWG, ¢ 1894.70 1907.90 1927.22 1841.74 1191 0.07

ADG, g/day 54.13 54512 55.06 5262 034 0.07

Fl, ¢ 3405.52 3419.39 3499.91 3363.75 22.43 0.23

FCR 1.81 1.81 1.82 il (5519 ) AOLON] 0.65

6 weeks

BW 2485.75%° 253750 2557.00° 2406.75° 18.47 0.02
BWG, ¢ 545.25 584.25 578.50 52325 9.53 0.08

ADG, g/day 77.89 83.46 82.64 74.75 1.36 0.08

Fl, ¢ 1352.25 1367.25 1380.50 1310.75 12.14 0.24
FCR 2.58 2.40 2.56 298 0.10 0.22

Initial-6 weeks

BWG, ¢ 2439.79°°  2491.81° 2510.74° 2360.35° 18.43 0.02
ADG, g/day  58.09%° 59.33% 59.78° 56.20° 0.44 0.02
Fl, g ars57.77 4786.64 4880.41 4674.50 29.97 0.15

FCR 1.96 1.94 1.96 201 0.02 0.45

7 weeks

BW 2925.00°°  2956.75° 2993.75° 2837.25° 20.25 0.05

BWG, ¢ 439.25 419.25 436.75 430.50 9.82 0.89

ADG, g/day 62.75 59.89 62.39 61.50 1.40 0.89

Fl, g 1272.50 1250.25 1225.50 119790 19.71 0.59
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Traits* Control 200 mg/kg 500 mg/kg 1000 mg/kg SEM  P-value

FCR 3.29 3.57 3.10 3.04  0.13 0.45

Initial-7 weeks

BWG, g 2879.04°°  2911.06°  2947.49°  2790.85° 20.20 0.05
ADG, g/day  58.76%° 59.41° 60.15° 56.96° 0.41 0.05
Fl, g 603027  6036.89 6105.91 5872.40 35.79 0.17
FCR 2.11 2.09 2.08 213 0.02 0.67
8 weeks

BW 329750  3293.25 3398.50 3252.00 23.10 0.15
BWG, g 372.50*  336.50° 404.75° 414.75° 894 0.01
ADG, g/day  53.21%° 48.07° 57.82° 59.25% 1.28 0.01
Fl, g 140350 135350 1316.50 1301.00 44.18 0.85
FCR 4.28 4.70 4.34 353 023 0.33

Initial-8 weeks

BWG, ¢ 3251.54 3247.56 3352.24 3205.60 23.06 0.15
ADG, g/day 58.06 57.992 59.861 5724 041 0.15
FI, g 7433.77 7390.39 7422.41 7173.40 59.41 0.39
FCR 2.30 2.29 2.23 227  0.02 0.50

* BW, body weight; BWG, body weight gain; ADG, average daily gain; Fl, feed intake;
FCR, feed conversion ratio.

** SEM, standard error of the mean (n = 50).

anwazan (carcass traits)

Sovazew1n (dressing) 8dvizn1auanlsznounIY #ITIUAD (head neck) Un
(wing) L3571 (legs) uazlaTi319 (skeletal) oAAUINTNVOITUAIUAN 9 uhazdIU
a @ v - Y] vy & 1 & A Yo a
Wisuiludesazaesdmingin uaaslunsg 9 uanshmruindaienomsiasunisias
B. toyonensis BCT-7112" Tuszauil 200 waz 500 me/kg fisesazvadlasisniginindaiile
NANDIMIIATUAN WU 32.30, 32.72 kag 30.75 A1UEIGU (P < 0.05) UATBEATYDILT

mmﬁﬂumjmLﬁmﬁaﬁmmﬂﬁ%’mma%m B. toyonensis BCT-7112" Tusesufi 500 mg/ke

'
[

finsnindailionguemisaiunu Ay 3.93 uag 4.13 a1ua1du (P < 0.05) adaae
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Ay M 7318 (heart) Au (sizzard) 6 (liver) nszanzin (crop) f1u (spleen) wae

nIELNEUA (proventriculus) Wednuntnvesetsiznelunnazdriuiisuduiesasass

dninenuanslsuindaienomsiasunisiasu B. toyonensis BCT-7112" Tusgaud

wANEN9ALUTAMULANFA1TUNIEDR (P > 0.05) hazTUAIUAALAIUSENDUNIE 4 TUAIU

gy (4 portion cuts) leiun an (breast) @xlwn (thigh) Was (drumstick) wazdulu (fillet)

WeAntminvestudiudanssisazdiuiieuiusesazvasimvtingin 83n1sanelun

[
v

WU

nuisevazveaieaniazduluveadadlenomslasunisiasy B. toyonensis BCT-7112"

Tuszaunuanaanulaimnuuwanenaiuniaas (P > 0.05)

Table 9 Effect of B. toyonensis BCT-7112" supplemented diets on carcass yield

and visceral organs (g/100 body weight) in meat ducks at 56 days old.

Traits 200 500 1000 SEM*  P-value
Control
mg/kg  mg/kg  mg/ke

Carcass yield (%)

Dressing 7787 7924 7853 7745 3.63 0.18
Head neck 1267 1145 1205  11.80 1.09 0.08
Breast 1255 1353 1241 12.68 2.49 0.40
Fillet 1.25 1.19 1.18 1.27 0.02 0.33
Thigh 13.25°°  12.66° 14.56° 13.90°° 1.42 0.01
Drumstick 12.03* 10.88*°  9.58° 10.80%®° 3.16 0.04
Wing 13.18 1306 1332  13.35 0.62 0.83
Duck legs 4.13**  4.10®  3.93° 4.38° 0.10 0.03
Skeletal 30.75°  32.30°  32.72° 31.30% 2.30 0.02
Visceral organs (%)

Heart 0.77 0.73 0.72 0.80 0.01 0.19
Gizzard 2.96 2.74 2.83 2.96 0.13 0.45
Liver 2.89 2.80 2.81 2.75 0.14 0.86
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Traits 200 500 1000 SEM*  P-value
Control
mg/kg meg/kg meg/kg

Spleen 0.15 0.11 0.13 0.11 0.002 0.31

Proventriculus 0.53 0.46 0.45 0.43 0.01 0.06

3b.¢ Mean within a row with different superscripts are different; *SEM, standard error

of the mean (n = 10).

Qmmwnﬁa (meat quality)

i pH veudadofilasunisiasa B. toyonensis BCT-7112" Tusyduiiumnsinadiu
nmsinuiluaded wudn e pH udsen 45 wail waz 24 $alus wandlidiuindaded
a1slasunisiasa B. toyonensis BCT-7112" luszauiiunnsneiulaifinnnuunnsnefumng
@87 (P > 0.05) Wewssuiteuauuanmvesdidoseniosiad Miniscan (EZ User's
Manual version 1.2, USA) wazUssiliunasenunduaininuaing (lightness; L*) A1maiu
Hudund (redness; a*) wazArauludivas (vellowness; b*) (Table 10) Wui1 AL
sina 9 veudaleftermslésunsiasu 8. toyonensis BCT-7112" Tuseudiumnsinaifulad
AULANANAUNINEDR (P > 0.05) mmmmmiumﬁé:mfwaaLﬁa%ﬂmimmﬂmmﬁ
qzyﬁsﬁﬂugmwwi’m 9 %éximﬂﬂ’]i‘l/lﬂam‘ﬁﬁ]zﬁf\ﬂim’lf\]’mﬁ’m’]iﬁjmL?I‘ENE’]“UQJ%L%U (drip
loss) ﬂ"]ﬂ’]iqmuL%EJ‘lfﬂf\]’lﬂﬂ’liaga’]EJ (thawing loss) LLamﬁgzyL%ﬂﬂfﬂmﬂmiﬂizﬂaummi
23 (cooking loss) Bawing g drasuiifidrgeuansinidofiarmannsolunisduii
silnasilidoutds wis wavinilen snnsineluedeinuit Weenvendadeilasunis
\@3% B. toyonensis BCT-7112" Tusesudi 200 wag 500 mg/ke ﬁmﬂﬁqmﬁaﬁﬂmﬂms
azangsnindailengueinisaiugu davinfu 8.92, 8.82 waz 13.75 auddu (P <
0.05) usteazlnnveadaiefiomslasunisiasy B, toyonensis BCT-7112" lalumnang
mmﬁmﬁamjummamuam (P > 0.05) dulaiieftenslasunisiasy 8. toyonensis
BCT-7112" Tusesudl 500 me/ke ﬁ%’aaammtﬁaﬁﬂwngq widosavvosieuewininde

ilengudu o wiriu¥esay 14.56 wag 9.58 U (P < 0.05)
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Table 10 Effect of B. toyonensis BCT-7112" supplemented diets on water-
holding capacity, color, and pH of meat of the ducks at 56 days old.

200 500 1000
Traits Control SEM* P-value
mg/kg  mg/kg  mgrkg

Breast muscle composition

Drip loss (%) 7.89 6.15  7.54 7.69 0.38 0.36
Thawing loss (%) 13.75° 8.92° 8.82° 1240% 0.61 0.01
Cooking loss (%) 2729 2747 2896 29.55 0.51 0.33
L* (Lightness) 5372 5203 5325 5234 0.35 0.29
a* (Redness) 1498 1511 1538 1445 0.14 0.13
b* (vellowness) 8.29 740  7.06 7.30 0.18 0.10

PHas min 6.03 6.03 595 5.97 0.02 0.37

PHaa 5.96 6.00  5.88 5.92 0.02 0.21

Thigsh muscle composition

Drip loss (%) 6.29 5.68 6.17 6.00 0.23 0.81
Thawing loss (%) 10.15 9.04 7.54 9.61 0.44 0.19
Cooking loss (%) 27.59 27199 27.22 28.93 0.45 0.57
L* (Lightness) 45.90 44.89  46.11 4a4.73 0.34 0.36
a* (Redness) 12.70 13.04  13.37 12.78 0.19 0.58
b* (Yellowness) 7.06 6.81 7.15 6.89 0.19 0.92
PHa5 min 6.02 592 592 5.99 0.03 0.59
PH4 h 5.81 5.82 5.82 5.89 0.02 0.42

25 ¢ Mean within a row with different superscripts are different; *SEM, standard error

of the mean (n = 10).
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a o

Fugruinerdléiinveadaie

annsneasadadefilaunisiasy 8 toyonensis BCT-7112" Tue1n15se
dugninervesdldian fe Taaiugswesiada (villous height) AudnveIrsUn (Crypt
depth) wazdndiuveIAIIUNgIveITIadadanI1uaNVeIATUN (villus height per crypt
depth ratio) fakanslun1sne 11 wudnemnsiiléunisiady 8. toyonensis BCT-7112"
INafANgIeIaNd ANANYBIATUY kazdAdIuYeIAINEIBTARARDAINEN

YaaasUnlualddrunu drunane wazdrulansvaadaiils (P > 0.05)

Table 11 Effect of dietary B. toyonensis BCT-7112" on intestinal morphological

alterations of Barbary ducks during experimental period (56 days old)

Traits Control 500 1000 SEM*  P-value

mg/kg mg/kg

Duodenum

Villus height, tm 1348.11  1496.79  1424.17  53.75 0.30
Villus area, mm? 400.00 426.11 382.24  24.29 0.53
Crypt depth, Mm 206.31 212.47 170.50 8.93 0.08
Villus height: crypt depth ratio 6.75 7.32 8.64 0.46 0.16
Jejunum

Villus height, lm 1216.26  1290.65 1132.21 5556 0.29
Villus area, mm? 338.78 286.83 274.59 1497 0.12
Crypt depth, lm 143.82 163.27 123.08  12.10 0.22
Villus height: crypt depth ratio 9.60 8.69 9.41 0.94 0.72
Ileum

Villus height, lm 511.97 699.78 664.54 4290 0.11
Villus area, mm? 105.50 165.89 13299  13.92 0.17
Crypt depth, lm 106.05 112.12 123.26 5.06 0.21
Villus height: crypt depth ratio 4.89 6.38 557 0.40 0.12

* Standard error of means (n = 5 ducks per treatment).
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sERunsuanseenvasBuiiieadesiuszuugiiduiulufhuvaadaia

AnMsAneINskaneanvestulagldivailn quantitative Real-time PCR Wu31
NADANYIITLYLLIANVDINITNAADY Imaﬁﬂmﬁuﬁaasmﬁﬂmam 14, 35 wuag 56 Tu (Figure
18) voudailofilasunisiasy B. toyonensis BCT-71127 Tuowns wuindeadofilgsunns
L@ B. toyonensis BCT-7112" 1000 mg/kg Mszifmaflaﬁ 14 Ju dnsuaneanueedu IFN-
o uay IN-B Sananauidieifisufuidaidonguomsniva (P < 0.05) wagludauied
lAsun15L@su B. toyonensis BCT-7112" 500 wag 1000 me/kg Sn1suansoonvasdy IL-6
sndndaianguomsaiuau (P < 0.05) ludavengdizs Tu Waileldsunisiasu &
toyonensis BCT-7112" 500 me/ke finsuanteanvesdu IFN-8 fdranauiieiouiuida
denguemisauay (P < 0.05) daulunduadelésunisiady 8. toyonensis BCT-
7112 1000 mg/kg Fnsuansaanuasiiu Mx sndndaidenguemisaiugu (P < 0.05)
dmsunsuanseantasdu TLR3 fiony 56 Fu wuindaidledlésunisaiu 6. toyonensis
BCT-7112" 1000 me/kg Sinnsuanseanvasdu TLR3 snindaiilenduermsaiuau (P <
0.05)



62

(a)
14 day OControl
3.00 - @500ppm
a H1000ppm
.2 2.50 -
a *
2
£2.00 * * 5
< 1 1 —
%‘ 1.50
@ 1.00 -
N
‘&
gl M v i
0.00 , ﬁ : ; . .
IFN-a IFN-8 IFN-y IL-6 IL-10 TLR3 Mx
(b)
3S day OCON
4.00 - B500ppm
= 3.50 - m1000ppm
2
g 3.00 -
5 2.50 - . %
= 2.00 | 1
Cé 1.50
-
o .
g 1.00 - » ~
~ 0.50 - Hi m %]
0.00 . ; ; ; :
IFN-a IFN-p IFN-y IL-6 IL-10 TLR3 Mx
©
56 day * O Control
2.50 - [ @ 500ppm
-] m1000ppm
3 2.00 .
8 —
2 1.50
-
Z,
% 1.00
v
N
< 0.50
) i N
0.00 | ;
IFN-a IFN-p IFN-y IL-6 IL-10 TLR3 Mx
Figure 18 The effect of B. toyonensis BCT-7112" supplementation on relative

RNA expression in the spleen of meat ducks. (a) At 14 day of age, (b)
At 35 day of age, and (c) At 56 day of age. Differences were detected

with student’s t-test were considered.
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a1nnsanerunuInvedlulasiulanldfdudaiile wuln n1sinasudu 165

rRNA U990 UATILTY @13150971Un Operational Taxonomic Unit (OUT) NsgAundianas

i 297% (Table 12) Feaunainnalgvesuuafiisemaiildwmadaguainuazdnsinig

a a I & ] a ¢ . . v aa o Y DA
LQ?@JLG\UIW%@QLTJ@LU@ NWUINIINNTIIILATIIEN a—dlver5|ty IUW%UWQWUUWIG\ILLaﬂﬂI‘ViL'Viu’J']

Oaledildsunisiasu B toyonensis BCT-7112" 500 me/ke dA1 observed species,

Chaol wag ACE gsnidauilongudu 9 (P < 0.001)

Table 12 Alpha diversity indices statistics by sample

Sample name Control 500 mg/kg 1000 mg/kg SEM  P-value
Observed species ~ 851.200°  1737.000° 891.000°  23.014  <0.001
Shannon 6.859 7.188 7.064  0.092 0.366
Simpson 0.967 0.974 0.979  0.005 0.605
Chao1 892.949°  1883.475° 926.699° 24970  <0.001
ACE 897.869°  1916.385° 930.107° 25196  <0.001
Good coverage 0.999° 0.996° 0.999° 0.000 <0.001

5 < Mean within a row with different superscripts are different; *SEM, standard error

of the mean (n = 5).

dy a a v a a v gj
wenI Nl uuailiSy 100 anausn dwuanslunm 19 wuwuafiiSenanyiavun 4 ana
Tuvsunamideutegaislunguidaienlasunisesu B toyonensis BCT-7112" 500 way

1000 mg/kg leiun Bacteroides, Ruminococcaceae UCG-014, [Eubacterium] coprostano

ligenees group wag Fusobacterium watdufivhdunaindallongualaldsunisiasu 8

toyonensis BCT-7112" (MCONT) agnuidenuafisenalsaunnnindalenlasunisiasy B

toyonensis BCT-7112" 500 waz 1000 mg/kg (500 wag 1000 me/kg) L4 Fusobacterium

Wusu
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Acuncarce
= LOONT
e

Abundance.
= o
e

Figure 19 Species classification tree in the samples. Different colors fan
represented different samples in circle. The size of Fan refers to the
microorganism classification of relative abundance in the sample.
Ducks in MCONT had meat duck control group, while birds in M500
and M1K were meat duck supplemented probiotic 500 mg/kg and
1000 mg/ks.
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Tusgaulway Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria wa ¥

Deferribacteres \Uulnaunan 5 suduusn Negluldfadailonlasunisiasu B. toyonensis

BCT-7112" 500 wae 1000 mgrkg Antlusouay 92.98 way 97.28 uaiAIugANaNYTal

WU auaiau (Figure 20 way 21) Ine Bacteroidetes Tutdaililofilasunisiasy B,

toyonensis BCT-7112" 500 me/ke 1uln&uiilanisiu dadudosas 42.22 VDIANNYAY

auysalnavuaiegluldfweadaiio nudie Firmicutes FeAniludosas 37.43 us

Firmicutes TuidailafildSunisiadu B. toyonensis BCT-7112" 1000 me/kg tdulndumdn

Anlueuay 46.94 uaz Bacteroidetes Anudeway 40.38 vosrugANALYTITITLATIDY

TuldRsvaadaiio
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Figure 20 The top 10 phylum relative abundance of microbiota community

indicate by histogram. (A) Lanes control.01-05, meat duck of control
group and lanes 500 mg/kg.01-05, meat duck supplemented with B.
toyonensis BCT-7112" 500 mg/kg group. (B) The top 10 phylum with
the highest abundance in both groups.
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B Actinobacteria
B Cyanobacteria
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Figure 20 (Cont.)

lusgavana (genus) Jailedilasu 8. toyonensis BCT-7112" lussdudiunnsing
ffu wuiluszduanavosnuaiiBefifinniigalu 10 Susuusnluldfseadndeillisy 6
toyonensis BCT-7112" Tuszdufl 500 me/ke Lﬁmﬂauﬁ’m‘ﬂmf‘:aﬂejquu (Figure 22)
A ® Bacteroides (68.07% vs. 49.00), Fusobacterium (3.44% vs. 10.69) ,
Ruminococcaceae UCG-014 (7.72% vs. 15.09), Christensenellaceae R-7 group (5.03
vs. 0.83 ), [Eubacterium] coprostanoli-genes group (1.17% vs. 8.80) i & ¥
Desulfovibrio (7.42% vs. 2.41%) dauldRwesdaieldsu 8. toyonensis BCT-7112" Ty
s2dUfl 1000 me/ke Lﬁ@LﬁUUﬁULﬂ@L‘ﬁ@ﬂEﬁNWJUQN (Figure 23) A® Bacteroides (59.78%
vs. 48.62), Fusobacterium (1.69% vs. 10.62), Ruminococcaceae UCG-014 (12.60% vs.
14.74)  [Eubacterium] coprostanoli-genes group (7.23%  vs. 8.74), L @ g

Anaerobiospirillum (2.47% vs. 0.63%) A1UAGU
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Figure 21 The top 10 phylum relative abundance of microbiota community
indicate by histogram. (A) Lanes control.01-05, meat duck of control
group and lanes 1000 mg/kg. 01-05, meat duck supplemented with B.
toyonensis BCT-7112" 1000 mg/kg group. (B) The top 10 phylum with
the highest abundance in both groups.
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Figure 22 The top 10 genus relative abundance of microbiota community
indicate by histogram. (A) Lanes control.01-05, meat duck of control
group and lanes 500 mg/kg. 01-05, meat duck supplemented with B.
toyonensis BCT-7112" 500 mg/kg group. (B) The top 10 phylum with
the highest abundance in both groups.
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Group Name I Ruminococcaceae_UCG-
014

Figure 23 The top 10 genus relative abundance of microbiota community

indicate by histogram. (A) Lanes control.01-05, meat duck of control
group and lanes 1000 mg/kg. 01-05, meat duck supplemented with B.
toyonensis BCT-7112" 1000 mg/kg group. (B) The top 10 phylum with
the highest abundance in both groups.
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Figure 24 Principal component analysis (PCA) of the microbial community of

the ducks in 500 mg/kg, 1000 mg/kg and control groups.

nnsiaealaileflasu B. toyonensis BCT-7112" Tusyauiuananaiy Nilne

AuaINnateveIlszyInsgaunss wuindmilenlasu B. toyonensis BCT-7112" Tu
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a

AU 500 mg/kg HANUNANNA1LVRIRAUNITEWANAINY (Figure 24) LLGIISLUL@@L‘ﬁaﬂEjM
ruAuiinuvaInratevesausdlnalaesiu dwuanslunin PCA lay PC1 Andusouas
29.75 way PC2 Anlludeway 15.26 luvaridaiie@ilasu 8. toyonensis BCT-7112" lu
5#6U 1000 mg/kg viliszansadunigianuadendefuinnidedsufudaidendy
auau lae PC1 Anduiosay 20.12 uaz PC2 Andusewaz 17

INUHUNIN Heatmap (Figure 25 kAT 26) KARINIINTYINLAINYANANYTAIVES

qAUN3EN 35 anandnlunaudiegraianun wanslitiuindailenlasu B. toyonensis

a

BCT-7112" luszau 500 me/ke WasuesAusznauvesgaunsdlualdidodisuiudaiile

[ s %

nauAlIuAY e InUTuuduiusisedulnduues Verrucomicrobia, Bacteriodetes,

synergistetes Lay Actinobacteria NTY N1TAUNULY A AT IAUFUNUSTENI9

asdusznouvesgdundluldfadaiileonldsu B. toyonensis BCT-7112"
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Figure 25 Heat map analysis of 35 most abundant phyla and genera of each
bird was carried out in Control (Control.01- Control.05) group with basal
diet and 500 mg/kg (500ppm.01-500ppm.05) group B. toyonensis BCT-
71127 supplement. Notes: Plotted by sample name on the X-axis and
the Y-axis represents the phylum. The absolute value of 'Z' represents
the distance between the raw score and the mean of the standard
deviation. 'Z' is negative when the raw score is below the mean, and

vice versa (rank from -2 to 2).
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Figure 26 Heat map analysis of 35 most abundant phyla and genera of each
bird was carried out in Control (Control.01- Control.05) group with
basal diet and 1000 mg/kg (1000ppm.01-1000ppm.05) group B.
toyonensis BCT-7112" supplement. Notes: Plotted by sample name on
the X-axis and the Y-axis represents the phylum. The absolute value
of 'Z' represents the distance between the raw score and the mean of
the standard deviation. 'Z' is negative when the raw score is below the

mean, and vice versa (rank from -2 to 2).
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nsleTnsluledniduemsiasuniinisldedrsunsvanslugnavnssunisndnye
dnd FaldsumsnenuinivsslovinatsUsznslunisufuussansamniswanvednitn
WU N15A3ALLe N1sgeslavuy N1IRBUAURIURITANAY avnN1TYINIUYedald (Li et
al., 2018; Incharoen et al., 2019; Abdel-Moneim et al., 2020) mﬂmsﬁﬂmmmiaﬁa?ﬁé’
NdniUnfiuszansnmnisiasgiulalaglidndudedddenuiTus Tuvususeniu Someh
et al. (2021) wandlituiemnaasulnslulofnlulidotiony 1 s 42 $u ldfinasievniin
¢ i diindy uagdnsninddsuemadudaing annsdnuideuntid &
F189UFEIIN9RY B. amyloliquefaciens TiwanansfuanvuIa (1000, 2000 wag 3000
meg/kg) lifinarenisasaiulnvesdnaieiiug Pitalah (Zurmiati et al. 2017) UBNIINHS4
donAR9ny Lokapimasari et al. 2022 la@nwinislilngluledn 4 mL containing 1.2x10°
cFU/mL Tuihinveadadnia wud Tnslulednlidwasedning snsnisasydiviade
$u wavdsyansnmnisadsuemsidunmindiduiieaiu Wang et al. (2019) was
Deepthi et al. (2017) laguduinnaslasulnsluledn Lactobacillus plantarum (10°
CFU/mL fiuenldanniesufifingg) hidwanssnusenisadydulavesldiife Vineetha et
al (2017) l¢vauendnSauai @S uomIsaa L. plantarum LGFCP4 (10® CFU/g, wiuneLas
#1989 NCBI:KM199683) laldawansenusioszansnmnisiulnvesldidoduiu Fanadnsi
ﬁuLLU‘iﬁmmﬁmmﬂmmmemsuaaawﬁuﬁﬁwﬂuiaﬁﬂ saTiaUsEAnsnInn s yiule
GUENL“fJﬂLﬁaé’ﬁuag}ﬁ’wmaﬂﬁa LU NFINNTT ANIMNUINBUNITNAGDY D18VRIFRT ane
Wug uaglnvuzenms \Wudu

aunmeindaidefilésuninasulnslulefnliunndisainemisnguaiuay
aoAndBafy Lokapimasari et al. (2022) lutsenedl 8 dUnvi Fovazvoseurznielu 1wy

+
I =

fegazvesduazegludig 2.21-2.27 uagesavvenuazegludig 2.28-2.48 InaiAuaiu

NM13AN®IU8Y Guo et al. (2021) u@ﬂmﬂﬁﬁaﬁmmaamﬂé’mﬁw:h%uﬂu?iu 5 WIDAINUAE
7 uAdeRsryansemsiasuldliviliiAaauuansavese Yeazaelu (Awad et al
2009; Erdogan et al. 2010)

mﬂ@mmwﬁa wuidesazveniioonuazduluvendmieiiomsldsuninas 8.
toyonensis BCT-7112" Tussdufiunndsdulaifinanuuansiaiu daenndaatunisfnwves
Sahin and Yadimdi. (2009) Ma@nwnisiasulnsiulednvfianauihauluiiuiissduieas
2.5 way 7.5 nudniotudiudauds wu eon ndrunden liunndrsainngduaiuau
uennitgdinansuidilidenndestutunisinuluaded Fsenainananuunndiswes

91713 @15 ANLAY USHaomisiilasu a0y el n139an1s sauvisaneiugueadeiie
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(%
[

msfnwluadeiiiidn pH viein 45w eglugasseaing 5.97 f3 6.03 uazen pH widse 24
Flus ogluraesening 5.81 fa 6.00 Wlundandleanuarasinn uandidiuindadefilasy
n15.a3u B. toyonensis BCT-7112" Tuszdufiunnsnsdutiudnoglunmnimiodia ida yu
warlsiihilnasenunanile wiserliderinanniiSonin PSE (pale, soft, exudative) 970
nsAnwIves Erisir et al. (2009) ¢ eauine pH Unfidusuidledniazegsewing 5.4 fs
6.3

dmsudugiuine1vesaild Chamani (2016) s189udnamsiiasiiasusie

v
Y = 1 I o o

Toyocerin Mlidug1uIng1vesaldivuegited1fny wag Baum et al. (2002) 5189477

£
=

Toyocerin Tupmsvinlianueiadafinduludldidnvesansveius Guna et al. (2006)
sreeuiluunilgsulnslulefin wuunay (L. acidophilus, L. plantarum, L. rhamnosus,
L. bulgaricus, S. thermophilus, A. orizea, B. bifidum, E. faecium Wwag C. pintolepesii) ik
Tiadageduludlddunaruazdutas inadnvasduguineivosdlddmarionis
nannsalusiuanedulaeTnsluledn wilumandufiu De Souza et al. (2018) s1eauinlAiie
flgsuemnsiialnsluledn (. acidophilus, B. subtilis, B. bifidum and E. faecium) 1aidl
HANTENUADAIINGIVOIAGA AINENTBIRTUN AUNTIVRIATE VISeENTIdILYRIAINES
vosiadanoniudnvesnsuvivedlmide Mountzours et al (2010) Sawuinluinasg

Waguwlasaugevedalaluaildidnvesinilenlasunisnaulnsluledin (L. reuteri E.

o/ L3

faecium, B. animalis, P. acidilactici wag L. salivarius) Tue1%15 denaaesny udatuy
wazany 2564 wulnmsasulnsluledn 2 nfuseilansu Tulnlvlidwadeaiuasvesiada
ANNENTDIATUN UazdnIIdIUVBIAIINEIDITA YananIuanvaInsUNYa Ld8niis 3

AU UaTaonASDINU BTA ISOINTLY wazilywyg ASUNEdA (2562) taAnwinavaanisidling

= 1

Tulefin (GUT PRO) sadausnuinenvaddnldvaalnuila nuinnisiasuluslulafnyiinnauun

9

[y 1w

A A a aa ' o a =] a o £ & o Y @
AUNTEAU 0.5 hay 1.0 UaaanT AvuInd 5 anT lm:umamaammmmawmm”l,ai’mmmial,aﬂ

9
[

dA2UAY d1unand nazdlruvaty annisAneluasell Wallenlasusnisninisiasy B,

toyonensis BCT-7112" lusgdusng 9 aasani1snaaess (8 dUn19) daugruineiaildly

a

WaguwUas enesunglainqdunidvianunlulsiasnqunisaasslianunsoasiansaluduans

[y |

< - v [ [ a - a o < & ¥ <
dulusedueng 9 Wensedumsiauimaduginewesdeyilualdludadels uasiluy

' 1%

v a A7

dednAgyanunsausdguninvesdld Semisiidnvarvedalafiasiuduiusiunisnsedunis

o

[

wUawad (Samanya and Yamauchi, 2002) anadnasuvitesasia1dnsidiuniuadiala

AanuanATUYINNIN Turaealadu wazaudnasuniuin vsvenisgunmitlinvesdld
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Feludnsnaduansemslidusednsnin Msnatansing 9 YeessuUNIAFue IS
WNTIU wagnsynauvesaldanas (Xu et al,, 2003)

[y

Inslulefinaiunsaidnswandlussuugifuinlaeiiiauagssuugiuuudnng

q

a 1

voslaad FaUsznaumisiwadiiAuiunaleyia wWu granulocytes, dendritic cells,

q

macrophages, T lymphocytes uwa¢ B lymphocytes FAvatestunisnevausianis
sniaugnaruaulaglelalay (Hardy, et al. 2013) dslelnlaifunguueslusiuvurnidni
dawarenisdsdyyimvenvadluduvadiu ¢ ‘1'71'??1ﬁ’zy&iamsmuamswnﬂﬁﬁmﬁuLLazms
POUAUDINON1TONLEU (Incharoen et al., 2019; Tartrakoon et al., 2023) 31151891UVD
Evseev et al. (2019) na1ain T-cell luiweseveslififndelrfagnnseduionisuansoon
gassnuvesdulelplatiiiuiy Wy SumodaaAu-6 (interleukin-6, IL-6) wayduinesisou-
wAN (interferon-y, IFN-Y) wenaind Li et al (2017) 189143101580 Ay S,
gallolyticus lugnilavinlsiin macrophage necroptosis TushalensindewuaiiFesinly
SEAUNITUARIEDNTDS MRNA IL-6 LTy waziinauduiudifauiunisiiuiuves
cytokine IL-10 #iFuns8AIEY MioszRuNISLERTEanYDs IL-10 anasdisiianisinide
WulieItu Gu et al. (2012) l§@nwanisinde Duck hepatitis virus type 1 (DHV-1) virls
nM3Usuanaes IL-10 anaslusiu enusueniinmsdniavresiuideundunazyilignidane
ag95InE N IL-10 Wunilsvestadesunssniaundn Jsaenndestu Qin et al. 2019
ladnwANuLANAINTENINLIARLINSnLEY (foot pad dermatitis; FPD) LLazLﬁmﬁﬁq%mwﬁ

Tudaneug-winug nurndaneiug-udiugnidulsadndniauiissauanududuvesly

Ly s v
Tolaw /-6 asndndaneug-udiugnfiguamd wenainddmudn TLR3 funumdidglu
nsuwansoanvadlelalatnine liAnn1sonay Wi IL-6 waz IL-8 (Le et al,, 2007) 9e14lsh

=

mudslsifidoyaiiertunisiasulnslulefin 8 toyonensis BCT-7112" Tusivnsiidanasiants
wansoanvodulalnladludnile dennsanuviilldnsraaeuinsiasulnsluledn 8
toyonensis BCT-7112" dwasensuanisanvesdulelnlafludndomotuguisund wans
Tfusnisasudig B. toyonensis BCT-7112" anunsaannisuansoenvesdulalalaiiil
nsenE WU IFN-QL, IFN-B, IL-6 waz TLR3 ludaiield

wuaiSelulwdu Bacteroidetes way Proteobacteria dadunuaiiSaunsuaudia
awansalunisgesaslulensn uasnansausiiintuannisgesnslulansnazyae
nsgduiRINTIesIruUnRduiy wartetostfunissnsuvendelse daludlddndy

q

Yansuasuazarldlvgveada wnuirfiuuafii3e Firmicutes, Proteobacteria way
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Bacteroidetes liitiouniniasay 80 (Vasai, F. 2014; Best, AA. 2017; Wang, S. 2018;
Chen, X. 2019) @1u1sagagaatenaandnailsaarseilaeg1efiussa@nsain wazusu
anmundesludldivngaudmivadunidndulselovd :1ns18amves Herandez-
Patlan et al. 2019 §4MU3IN15INTINIUVOY Proteobacteria HiAN15LUABULUAIVDS
Escherichia coli 17 lugldveadnioameiuiiuesdtaind naeansmaaes 56 Yu iaile
7'l65u B. toyonensis BCT-7112" Tuse#u 500 me/ke wa e 1000 me/ke WU 1
Bacteroides 1 unuaiiFoidundndunumddgylunisuenluanaidudeusoniiu
asuszneuie Fedndudmiunsaiaulavedead (Lan et al, 2006) kazUsuuse
annuinasuludild Usglewiues Bacteroides anunsadesaaneweduinailsnansenala
p8190UsraNSN N waziinnsiraty lnesdian Insilowws §ndiun (Line et al., 2010;
Polansky et al., 2015)

uana il Prevotella Wuidorolsamslona Fdludaienduaiuguiiiuna
LuAiiSy Prevotella gendingudu 4 sdnadiuldda Wasti uazamy (2021) 518971471
Christensenellaceae fuliifofinuduiusiuiufiisadosfuasduoyyadasy
(Thioredoxin; TXN wag Nuclear factor-erythroid factor 2-related factor 2; NRF2) wag
nsnlusfuaedu Sauuafiendu Christensenellaceae Foidunidludfuilddnyuosdld
I@&Lawm%ﬁaﬂdu B. toyonensis BCT-7112" 500 mg/kg LA Ngauanysaives
Christensenellaceae lusrog19ldds wazaznunluluaniizfiierdestunissniay
(Mancabelli et al., 2017) uaﬂmm‘f Fusobacterium IuLﬁmﬁ’aﬁlﬁ% B. toyonensis BCT-
71127 Tusedu 500 me/kg nudasnindaiionguaiunu Kollarcikova et al. (2019)

578491471 Fusobacterium M11nnN11598as 5 nagludivsinisvinsuvesantdalal

= a

winzay Wuannsueanswanlivedlniileasiug COBB anas Asiudadiuuilininvzgn

elaniaanndenslsa waluviunazidauinuin Fusobacteria tuadunsdnanludld

q

[ Y

(Wang et al., 2019) uamﬂﬂﬁﬁﬂwuaqa Verrucomicrobia %Qﬁmmﬁmwmﬂuqmmwum
anld (Tan et al, 2019) dqulunsgiwizWn (crop) WULUATILSY Bacteroidetes Lag

Euryarchaeota 71ila3siigidesiuainuatuisalunishinandngs waluniansaiudiy

LY a
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Effect of Bacillus toyonensis BCT-7112" supplementation on growth
performance, intestinal morphology, immune-related gene expression, and gut
microbiome in Barbary ducks
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ABSTRACT This study aimed to investigate the
effect of Bacillus toyonensis BCT-7112" supplementa-
tion on growth performance, intestinal morphology,
immune-related gene expression, and the cecal micro-
biota of meat ducks. A total of 150 one-day-old male
Barbary ducks were divided into 3 groups with 5 repli-
cates (n = 10 ducks per replicate) by completely ran-
domized design and offered diets supplemented with the
commercial product Toyocerin (containing 1 x 10° B.
toyonensis BCT-7112" viable spores/g product) at the
levels of 0, 500, or 1,000 mg/kg (0, 500, or 1,000 ppm),
respectively, for 8 wk. The results showed that although
ducks in the 500 ppm B. toyonensis BCT-7112" group
displayed numerically better values (e.g., weight gain
and feed conversion ratio) than those in the control
group, the growth performance of ducks fed diets supple-
mented with B. toyonensis BCT-7112" did not differ sig-
nificantly from that of the control group (P > 0.05).
There were no significant differences in the intestinal
mucosal morphology of ducks across the experimental
groups (P > 0.05). However, ducks in the 500 ppm B.

toyonensis BCT-7112" group showed a trend of greater
values, for example, villus height per crypt depth of duo-
denum (P = 0.16) and ileum (P = 0.12) compared with
those in the control group. The relative expression of
immune-related genes, for example, interferon (IFN)
and interleukin-6 (IL-6) in the meat duck spleen was
significantly lower in both B. toyonensis BCT-71127
groups at 14 d and 35 d than in the control group (P <
0.05). Beta diversity analysis of the cecal microbiota of
ducks in either the 500 ppm or the 1,000 ppm B. toyo-
nensis BCT-7112" group showed to have higher diver-
sity than that in the control group, where at the phylum
level, Bacteroidetes was the most abundant, followed by
Firmicutes, and at the genus level, Bacteroides, Fuso-
bacterium, and Ruminococcaceae were the top 3 most
abundant genera. In conclusion, our study demonstrates
that 500 ppm supplementation with B. toyonensis BCT-
71127 in duck diets can reduce proinflammatory cyto-
kine gene expression, improve immunological function,
and increase the variety of microbial communities in the
ceca of meat-type ducks.

Key words: Bacillus toyonensis, ducks, gut microbiome, immune response, probiotics

INTRODUCTION

In Thailand and throughout the rest of Southeast
Asia, the Barbary duck is considered to be one of the
most important breeds of duck. Because it grows faster,
produces larger carcasses, tastes good, and serves as a

© 2023 The Authors. Published by Elsevier Inc. on behalf of Poultry
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household protein source. It has traditionally been
farmed for human consumption for a long time. Nowa-
days, industrial farming has become the focus of live-
stock producers as a way to increase output
(Charoensook et al., 2013). The animals were raised in a
high-density environment under intense production
pressure, potentially exposing them to many types of
stress and infection pathogens. These factors negatively
impacted their productivity and health. Antibiotic
growth promoters (AGPs) are therefore often used as
supplemental feed in poultry production (Incharoen
et al., 2019). However, prolonged usage of AGPs may
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The Interleukin 6 (IL-6) gene expression is decreased by probiotic
supplementation in young Barbary ducks
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ABSTRACT: The present study was conducted to evaluate the effects of probiotic supplementation on
productive performance traits and gene expression level of interleukin 6 (/L-6) that acts as a major pro-
inflammatory cytokine in young duck. A total of 200 one-day-old male Barbary ducks were randomly
separated to 4 dietary treatments, and each treatment consisted of 5 replicates with 10 birds. The four
dietary treatments included the basal diet (control group), the basal diet supplemented with probiotic at
different level such as 0.02%, 0.05% and 0.10% (0.02%group, 0.05% group and 0.10% group, respectively)
from 1 to 14 days of age. In addition to growth performance parameters, 6 ducks with a live weight close
to the group average were selected from each group and euthanized to collect the spleen tissue for
gene expression analysis at 14 days old. Result showed that probiotic supplementation had no significant
differences on body weight, weight gcain, average daily gain, feed intake and feed conversion ratio.
However, the gene expression level of probiotic supplemented group, as measure in the spleen was
lower than control group (P < 0.05). This present study suggests that dietary probiotics have some
properties to regulate the pro-inflammatory cytokine gene expression such as IL-6, and could be used as
the feed additive to promote health and immune system in young duck.

Keywords: Barbary duck; IL-6 gene expression; Immune system; Probiotics

Introduction

Nowadays the livestock producer focuses on the factory farming system to produce a large amount
of livestock. Because of this, the animals have been raised in a high-density area and managed under
intensive production pressure, which might expose them to various kinds of infection and stress, resulting
in negative impacts on their health and productivity (Incharoen et al., 2019). Thus, the antibiotic growth
promoters (AGPs) have been used in animal production in to increase an animal production by maintaining
animal health and improving feed efficiency (Cogliani et al., 2011). However, the use of antibiotics has
resulted in an emergence of microbe resistance and transfer of antibiotic resistance gene from animal to

human microbiota. For a decade, probiotics bacteria have been used in poultry production as an
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