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Abstract

The experiment was conducted to investigate the effects of cell wall carbohydrates with diet supplemented enzyme on the function and expression of
glucose transporter genes (SGLT1 and GLUT?2), peptide transporter (PepT1) and mucin production (MUC2) in the small intestine of broilers. In this
study, 1100 mixeddayold chickens (male and female), Ross 308 were used based on a completely randomized design with 11 treatments and five
replications (20 birds per replication) for 42 days. Experimental diets included control diets, diets containing wheat, barley, wheat bran, rice bran, and
hull less barley with and without enzymes, respectively. The results showed that the effect of diets containing wheat, barley and hull less barley with
enzyme on the total live weight of broiler chickens at 42 days of age was significantly different (P <0.05).Cell wall carbohydrates of wheat, wheat
bran and rice bran in diets increased pancreatic amylase activity (barley 3.02, wheat 5.99 U/mg CP of small intestinal tissue) (P < 0.05). The
expression of the studied SGLT1 and MUC2 genes in the experimental diets without enzyme showed a significant increase compared to enzymes
supplemented diet (P < 0.05). Also, among the groups of enzyme-supplemented diets, only wheat and rice bran groups were able to increase the
expression of SGLT1, MUC2 and GLUT2 genes compared to the control group (P <0.05). In conclusion, supplementation of diets containing cell
wall carbohydrates with enzyme affects the expression of glucose transport genes (SGLT1 and GLUT2), peptide transport (PepT1) and mucin
production (MUC?2) in the small intestine jejunum. This indicates the optimal function of the digestive system of broilers in terms of digestion and
absorption of nutrients.
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Email: yaghobfar@areeo.ac.ir J s odins 35 %



S5k 13 Dl e ing Ol pd s e s 5]

slge edmsdliml a0 Oly bl 5 pder sladsl b
VT2l 50 035, 53 (i
ol Sls sy e pliand 558
el pl 3 b Glacd gl 3 g 5 s 3L
Gre sl Wl s Je 05 Ol CldS 5 CueS
UV 5 Y] by el gl [£] S5 ales
Ol & Il glizalii ;e lad Sl b 518
b o 035, Jshe lis 55 oS SIS L (ool
S e &Y 5 SN Cabks sl 4 s
Sae slge dr 51 (3L Ol & 45 0l 02, iy
@y, Sy S Al e ey s olps )
23 e Jdsasensy Ssesen Sladad s ool ol
S0 S g0 sl KoL 035, 5 (gma ol dr Ol s
S Sl ol ol Olgea iy M5 55 g
sdd i 1V0] dls s 6 eg; il idy
Slaar i o1e lae o 55 Ol Sl Sl oS o
Libwe de 3 ge 2 S Ulgen e Olo 235
SlE s 03 IV ] s e I sy, bla
Oy 3 e gline b anilll 8 slad, 8L L
S s Sk easy 53 e ol ge Uil glass)
anlllas -0 ¢l>,u’\ S Bda sl 35y (g3 sdoee la 3,158
Slahdas S il mba b ol lae o i aslis
s il 03 Ol e 5T okt oS J s o1

2y S G 05355 03 e M5 5 g 35

by 5959 g
g b N b ol S - b B 53 el
adad VVov Slaslizad L QLSS a5 adip Vo) LSS
S 5y BY e i 93 bl o) s, e
ol Gasllay S OS5 bl g8 5l U8
S Sl esliad b owdd esliad ST slee Jke

dodio
“ o 3 05 Ol IS GAdST Jelse 51 (gdae sl s
DNA olin, @ostd 5 eslamad [Yo] aul o olas
Lyl 5 05 0l bds » adss 3 S8 S ol
anllls ilas o 0l 3 1) Dl 5 Shas 5 bl b O
S sk Cmo s b e les Seesiis S
S 55855 S Al (il sy Sl el
05 Ol Shat ik slse G S addlas e
Slid e 53 Ldr SOl Olgeay Ll 0 Al
by OSe w5) g b 1S oK gl dis
5SS 5,8 esliulsyse OB, 55 W 5 Cdls
o3l Qlaily [l oS 5356 5 55 SLUSely (e
G sk ool O Olg e s b ek oMo,
Sl WV s T ss sl WSegisss Sladss
L ladss Glag 5l m o 2bi)l 5850 slasostd
Al o g Ol 8
L g0l Ol » e Slaer U 55
oS Db Sl pb s 5 sad s Slie
e o BLEE ool 5 Coeal Suo L5 250 s
e S5l S Ol e 05 Ok v.:E-J 5 P e
oolps Gty S ma SIS VY] 5 S ST
35 5 s QDI Al o Lo Sl
sy Jdsa BT ol Y] ssde OBK, gl
5 <=.L:§ 55 (O3 5D Ol ey e (gdkeds LS 5
V4] ol Kb ol 5 o ol en 4 s 3 OIS 481
s e dle be e 3 58 DS 5 RIH [0
Pl s a5l S Iled 5 S5 sl S
3 AT dan sl U1 5 e w3 B MY 51
s 30 essy 5l sl sl Ul sbao) Ol
Sl ob gdae sl 50 g&)@ Aol b 5 s 3,108 s

b b len S St e Dl b ST

Shles

\2" Ot....:\.?l" UL«JI “‘a)}.:

YYe



Sk 39, 50 Gewss Mg g (GAhe 3 g JUsl 5 5855 o3 Oly 5 Ady 5 Shes p STy Sk ol g5 ‘5L&o|).l.¢n‘,g;)§‘b‘

b8 sl g

e Sl g,y 2l s (VY=pH) g andd
5SS 5 mle 05580 Oass Il 5 gatas ol
ISl s A glos by b S Sl g e
s g Sesll (gl i (g Seslul s sl Jlaz
(EC 3.1.13) 34 5 (EC 32.1.1) el lag sl
OIS 3l e OB edaedly 5L 5l p S S odnall3 S
Vb il oy SO LSS a 5l (S £Y )
s Jyakes 53 b sl 3 Jsloms 51 2 L
et 3 0555508 WS V0 554~ pH L HEPES/KOH
S S Sl agds 5o e YV Loadds N Dy
Shestizal b 1o ) (VL s 5l sdalnsay J glhoes
sl b gleS e cxle olasl gbes
TL889-64604)  exicews) 5 (0l TSMI1AS)
S b gleraly Gk 5L 5 Pl cld i (01
UV-)  egiy Sl oKiws 5l eslizal L oljles
VIS spectrophotometer Cary 100, Varian Australia
T dsb Pl s ¢, So3lul (PTY Ltd., Australia
eSsn Wses 5 sl OVA e sk s 5L e il oAl
Ol S I el 08 mse Jsb s IS
SLeS Sl g e S s Pl Gyl clle

[Y0] ad oslinad wlie 55, 50 sl oliazs]

Jsdr) L3 (g Se3lul Megazyme) o35 AT
Gl Lialy s bl bl sl ()
5 (S50, £Y-78) UL eyss ln YA ol 45
shye 0s) dals o Jols il clae,er A
e O 5 b Gl ls) o8 (55l 0 o (o2ales]
o pl sk 5 b (OB wly) sl o
5L (S Ok g 3,1 Sl lS) S e (S5l
3L O3 pal)) g5 s S5 0 ol 5y
SlopY) andy sk sl e el Osk
ol w31 (Y Jpdr) iz il 09 5 b (il
Gl s wlol ilesT glae o 4 doys /) Olpe @
Aty VA 5 5l Jlad dslg Ve (olls il 05 s
2353 Syt G a5 o3 035 25 SIS (Jse e
a2 5 05 R 5 Sl (S50, 87 0553 OLL
A=y a5l s ess0 OLL 31 ey S ale LS
A g obsl slal O seods g ankd 4 d:,ibj
Oly Sl pskieas L JliS (ol &l 25055
Aoy Jla! (GLUT2 5 SGLTI) ;}K Jsl glays
2 Jsb 4 Sllas MUC2) (rmse M5 5 (PepTl)
Solur laar o 05355 il Gle adae 5l e Sl Y
Looland 30 o/0) Jsbs b sdsiend 5l day 5 ol

(dnoy5) ialasl 5o oslizals g0 STHe8 3lge Johu oyl ol p S OLS 5.\ Jgu

slia sy S slady Sl L opr g IS s S b S Shode g S i
- . _ Ahoor sk St esls

bt w8 Jslomal Jslms o oper &

T4/Y. VA/A AR Ve \WV/YY Ve/te V/As VWY pS
00/+A AJANY Yo/NvY t/t0 TNy YrAY §/8s AO/YA -
R\vA YA/ Ve/0Y Y/As YA - - YVAY g O3k
YY/0¥ £4/4+ Yo/ar Y/4 TV/E A 4/ AY/ pS o g

YIVA Yo/sV YA +/0 Yo/o: YV/As \arat T4/ Tt

(S 4+ 5 oy 93 55 Jglonali b + 5l obas + g ) = Vo0 = (g yud b G a0 S
(Sl + cagb) + gl oslae+ o) - V0t = Olda g S S =

*»
Sy
0
\i" Ot’.wa'Ul " UL«JI “‘ 099
Yyo



S5k 13 Dl e ing Ol pd s e s 5]

(S350 £Y-Y0) b3l (slae o pland S 5 5 (SThss 3lge .Y Jptr

Lo O Tt e oS o s T pS dald (42,3) (dae 5l 5

LV/vE LE/AN LY/A IAVA £Y/00 04/0¢ s
Yo/ Y0 YUY AtYALY T /0 YTV (P
¢ 0/0% 1 Y/EV Y/A0 Y/ Lo s
- - - - Y+ - S
- - - \E - - e

- - Y» - - - LS o o

- AN - - - - T o
Y - - - - - a5 Ok s
Vo V/ee a4 VY V/VE V/AS Slind oS (3
(VA3 \TAR3 /Y VY \VAF3 VY oS Sl S
Y Y Y A A Y b A iS
Y Y - A Y Y el Dby S
A /A aas /00 /Y0 /Y0 orose —dl g3
Y X A /0 7 N0 HCI o3 =)
/Yo AL /Yo /Yo /Yo /Yo F el b i
Yo /Y0 /Yo Yo Yo /Yo e byl
Yoo Yoo Yo Yo Yo Yo o=
shddnles  (Gdae 5l ge

Yao- Y40+ Y40+ Yao- Yao- Yao- (¢ 858 5 G JSAS) pomd i (555
\a \a \4 \4 \4 \4 (Ao 33) s e
+/AO /A0 VAL v/AL +/AO +/AO (Ao 33) oo + (50
AR VN4 VAA AN /14 /Y (0s)3) cp3d
/90 /90 /90 NG /40 /40 (Lo 35) S
/8Y /EY Vi ey /8Y /80 (Lo 33) oy LB e
DAY /o /o DAY DAY DAY (43) s
oYY aas VY oYY oYY oYY (o 3) S
VAV % /NS VAV VAV VAV (Ao3) il
\EVauy Y+/0A Ye/v0 YY/AY O YY/Y. - (do o) azalis L 8L L

£5 s lr doly VYot ler doly 500 ol Wiy il sa 25 Slae 13 p Sk 4 53 e oS 7 g3 sl 5,50 S %
N0 ol o e VYV (STl Al o e YA 0 M) 08 oo ¥V (el p S a0 VLS 0 S Jea Vi S 0 S b0 sl p S s
A0 (MnO) 58s 4S5 oo Q4/T 00 (o SIS )3 0 5 o) Jald (koo slgn IS oS 05 oo W 5 st 05 Jon VY cmeS okt ¢ S e
L oS e W (ot k) s 08 o /Y ((SUS0)) s Mg £ 8 s V2 (FeS0) oaT Sl g p 8 s 00 (ZDO) (555 AT p S e

.J;_l,lsb._.\sfjfdl._.a Yo ,(v._.-.lS i)

Jordly s b plae jlie 3 oS 5 el (Germany 63 5 5ad 0339 w.'.jj <L RNA (gslulas sk
SUEDNA e Cgr 0 sl sdijle oS50 Gene olss olastl oS 5l eslical LRNA 5 4
ReverseTranscription <5 ;I ladiss mRNA Fermentas, St. Leon-Rot, ) Jet RNA purification kit

*»
Sy
0
Veue Ot’....:u. Y UL«JI Yy 099
vl



Sk 39, 50 Gewss Mg g (GAhe 3 g JUsl 5 5855 o3 Oly 5 Ady 5 Shes p STy Sk ol g5 ‘5L&Q|JM£;)§‘U

b8 sl g

3 43> (GraphPad Software Inc., CA, United States)
Osa30 31 baesls ab EF o e A
s Sl el Sepla a5 bl eslinad Sy -5 0l
A2y se 05 Ol Ol 5o plE dis g oy 5 5 anb
5 Shes 4 by je slaosls d anslio t Oga30 5l eslizad b
Je a5, b () a5e3) SAS (bl 5 Sl eslizal L
033l b aepSile 5 a8 (1) e sl oses Sl
L aglie Sl (glatals L
Yi=p+Ti+e; (Y
Sl T eoltalin i Sbe ot calasly ol s oS
o) 3Tl e e il 4 b ye 050)

&;M..u‘ (u:'“h )‘ eLJ,..Z‘ )‘v\i‘

o g b
(8) s 53 53 Shas Slio 5 b3l slasles
Ay O3 GaalBl it Sl edd el QLA
Osds 2 5 o S (sl olE Glaer 4 b
el Oad s dals gliE 6 4 ol Bl b iy
RS ('-l)j O3k 5 b s (P<i/i0) s
L She bds ol ik 5 O O3 Sl
A b eks oS Gle (slas o (P<v/v0) s OLS
O3 Sl Bl 51 08K, s Shes 1 gols om0
50k Bl e Sl ) (P<ie) il o
sdias |5 gladsly e oo e ol o DS S
5 bl slge 53 OIS Ly 5 O3 sl slae i
s el ol pltl ps il oSS glasl oL

QIAGEN, Exiqon, Vedbaek, ) cDNA synthesis kit
Real-Time (sls /Sl cl?u.‘ A eslaisl (Denmark
$lp olant! gls ST 5l eslizel L PCR(QPCR)
A dodr) ad el [A] Jlisyge glal) 51 S e
Db slacd, GPCR Sy LS cons | plaiens
Lds qPCR sty syly CDNA - wsal 31 eddag
Tl o) 4sed 8 MRNA liis oS (8510l
soee b akol gl o alie 5 b Sl (05 0L
Sk asle house keeping 03 G 5l ol 5l
Sas i sla i i
Gbes, S 3 gPCR iSly 5l ol sdalcss
el bl alis 2SS el 5 25 S bl sialas

cM‘.}\ ).} Q)}.qﬁ

(eppendorf) PCR o> &S L qPCR (gla 2S5
Voo le e a bl Salr s 000 A el
S CDNA - 2l S Sl S s S
& ¢(Forward Primer) o> S5kT )5 S
solazl (Revers Primer) 8, S5l 25 S
s S Vo 5 DEPC Ol oy S cis 35 ,a
Qiagen, Exiqon, Vedbaek, ) Quanti FastTM SYBR
A el IS aw b sty s .l 4 (Denmark
Sl 5l eslizal b 03 Oly 51 Jols slaesls
5 (Ve ) 2 5 kel glslses J 50 5 5 Excel
DY) s w5 Jtls J S 05 S Ol ey Bractin

AACt = (V aayl,
(Ct mean target gene - Ct mean B.Actin) — (Ct mean
control gene - Ct mean .Actin)

GraphPad Prism8 | osliz.l L (CT) ax > bl

e;‘.t'&.ab)‘,» QSL“J"‘.‘J-} 9 Lo olakin ¥ Jj-b'

Gene Forward Primer Reverse Primer Product length
PepTI ACTGTCAATCCAATCCTG GACAGTCACGTTCTGAAGA 282
SGLTI CATCTTCCGAGATGCTGTCA CAGGTATCCGCACATCACAC 169
GLUT2 CCGCAGAAGGTGATAGAAGC ACACAGTGGGGTCCTCAAAG 181
MuC2 TCACCCTGCATGGATACTTGCTCA TGTCCATCTGCCTGAATCACAGGT 228
SB-Actin CTGTGTTCCCATCTATCGT TCTTCTCTCTGTTGGCTTTG 270

»
»
Sy lis
”»

\i" Ot....:\.?l" UL«JI “‘a)}.:

vYyv



S5k 13 Dl e ing Ol pd s e s 5]

(;j})i\' \Su_i_a')uﬁ)‘,j’ 693 JS): éﬁ;duby :)ﬂn&xul}l.w o,‘ﬁ.\ 6@&‘)%&}3}%@@&'% k3 J"v\-’

e Jds o (p5) w355 055 Sl (05) il by Syt o /sles

YAtk ox/0® AP aals
VAl £1/4° AV oS
e P £4/8% ax/® Fl xS
Wy P g4\ A% s
Vath o\ a0\ JUpH g
14 P AV et pkS L gonr
VY 24\ av/a® A S e s
Vet Yv/o! Voo ® T e
Y/00" YA/l WA A+ g e
v/gst ga/0r° Ve oA Lody Ok s
Y/oA oy /ov ® av/g0” 5+ 5 Ok

/oA VoY \AY SEM
AR e AR p-value

Slodaalls Ml o 5T S Ilad 5 1 (5l me D
(P<ero) il 238 gl L ey
ap e Jgime 1SS ol slag 3T oS bl
Ol hies engy o bl aegse 5 lad S5 L
23 e ol e (B s Sl GBS gl
Sl ] Lgdor Cpme dr gl e pe
PR R R I R R e
A deds LSS s bepl B s«
s o S Sl el 5 WOl s O 8
Shols slae o (53l e [VE 5 V)] dias e 0L 1,
2B s See  o L b glam 5T L ool
Sl Lo b ol md 5 Olin 5 o ann
i e st b Jobe o)lps S Wsa
o Sl 6%&)37 oz 31 SGLL eng, 3L oslps o

IYY] MJL;G olis b L;?)LASA CJ‘JJ OJM.”))J 9039, )‘

AP</040) sl I3 gms O g g 55 Sglie g o b o Kl ol ta-d

LKl 51kl las SEM

ke slpe bl BT 655 Ws aen

5 pedS) Gdae e 5 (sl (S5 0)
Ll 3 5 258 A B S5 R Ol 4 (i
Loy Solg 5o s 2,8 e 1B el e e Sl
sk gl e VY 5 V] sl e Jo (5 e
5 Siaske Gkl S Lol boeds oS
SRS L ol b lSlol s
plaa (sdne 3l 3Ll 5 anin Sy (55,015
T s N s e
Sl rSaS sas Sl Jas Jred o Do e
Sl Olpe 5 bl 5 558 0 Dl edn LB 2
IYY 5V O] das e Lialsil Loyl ol s 1y sdie sl e
oo k) sl b L lel slasls

ek gy

(Er oo 3 oIS e SERY

g P R A 1 W P LG PR

Shles

\i" Ot....:\.?l" UL«JI “‘a)}.:

YYA



Sk 39, 50 Gewss Mg g (GAhe 3 g JUsl 5 5855 o3 Oly 5 Ady 5 Shes p STy Sk ol g5 ‘_;L&ob.l.cn‘,g;);‘b‘

b8 sl g

L PepTl O35 Oby (p 5 rm oSk 0355 3l et JW&H 5o
ol 4 by i ga YAY 5 YAY X slie
Ol (n3pS sbines ARbs g7 5 04 @ s
Y Y] o ol bedd oS glaos S 4 by 0
W mshae bl e il foSe il S3
Ol el 5 s b ok o)l laclihay S
Cite G 5l Sl oSl el Ol pnSbe ls e
b s S 58 055 5l by JWazl s 5o uﬂﬂw
e 3 s kS D3 Selol (ol 4 il e
Syse s Ol Sl O« plde slae o <=.x.§
Lo ale glao o nl (g5l oo 5 2505 5525 anlllas
D3 GO Ol Hle (28 5 s 4 e 5]
A
035 3 Sl slp ol LSSy Sl
SSEh 5 e Sospe ) b anws gl UL
boessy S3b anwg pde ol gladsds sl sl
o SR [VE] 555 0 OF pod 5 135 o Sy i
sl bl b lanalds 8 glashda s S e
s oode S b Ve 5 YV ey, ol adbe 3 eng,
Obs 5 [V T ooy by 5t slad sk Sl (gdie 5l 5o Sl
L8 5 0] sl s U ke sl sl slad)
Sletd oleny o3y ke olendSKnd Ol
O 3 e I sle sy 5 iy 3L bl
JEl s 330 03 Oly CodS 5 oSy Sos laes
03 5 ladty sl sladeal SIS dlesr I (gdie 3150
S Sl ol ol Olgea (e M5 55 g
S ITY 5 Ve U] wil e Sge ens) il Lide
20T 36 5 e slse ose,e 5 5 s Ayl b
o gl 5l gdne slge JEEI L s e SlalS 0Ly kS
Oly cWlazt 31 S lodss plubid JalS | 5ba o33,

LYt die 3l g0 eiasJlasl O
S | 5° D

Sk o)l g3 Sl ha g S it bl 50 g
\Ab? a.\m.”)}l JQ-JJ C,.:JL&% 2

(fug}:ﬁ}ﬁfﬁéfﬂ):bb)

5L ol il s
YOA/LY T/QA < el
V4 /YY 6/44° S
YTo/Y £/4 > Al xS
VAN Yy e
Y TVEA Y/v o A
\Y£/4) £/A e PS e
\aVVe £/49 ¢ el S s
IRAAR O/AN® TR o
\OY/VY O/AV® AR e
\Va/0) 8/ of wds Oad s
WYV g7 o e
VE/AN VIAY SEM
ad AR p-value

AP<4/+40) ol I3 e 855w B 55 Sogliin g - b la Kol g5 a-d

kS Wil Sk o)l slobkas S aba

Slaesr > €dyy O3k 57 5 @t e pAS s
bl s MUC2 5 SGLTI 3 ol Sl Sel olde
e oS 3 L sl L b 035 JeSe L
(P<e/00) dd odalis Oly (2ol 31 cpl o o yow 5 p S
kS Glaes S s 3 GLUT2 05 0y () s 5e)
225 P<e/e0) 3L il  ege S s
Ao Lot oSl lans S 5wty 05k s 058
Ol ()l 5e0) 13 K edalin 05 0pl O 55 G
syl nll bl Glaes S les s PepTl O
w3 b ok oS iilol slae s imen () s 5ed)
Sl oS (P</20) Kn g PepTl O3 Ol Ll 4 o6
st o 5 w3l b e (3l oo e 30 5
ik e e g oL a3, Sl S8 sl dae el
05 ol Oy (i GLUTZ 05 Ol 3550 03 e

S 05350 53 25 (YN0) a8 g Jlad 0 by 0

Shles

\2" Ot....:\.?l" UL«JI “‘a)}.:

¥Ya



S5k 13 Dl e ing Ol pd s e s 5]

SGLT1
o
¥
Ve
\
o
I3 Fl S e mF s pAS e 4 pAS e e b Dahew Sak
el =51 B !
= zs ®SGLT1
GLUT2
v -
Yo -
¥
.o
\
co
s S E S R 2 Rt S B P PRVEP PR A
il e P AT i ety
2 2
=, . mGLUT2
Peptl
.
Hak
v sk
P
v 4 wx
o P
o
45
v ]
- s
Vo #
)
oA
O e A S e £ 0 s g e+ B e Ok Ok
o2 A wrdy mpltaniy
B s MPept]
MucC2
B
ro . *ix
-
Y0
Y *F . * E Ex3
1o
\
o

pE sl paf = At A ey 4 A g @ et R e O3k Ss
A el e
"z BMUC2

Bt g S S 035 51 (ghha 300 S Jgie 51835 Ol 2 (I sbo o515 S ot g S ik e D31 aglie ) s gad

(K9 o A ls gmn g bl L5 51 (P <r/v0) 3 (P<+/+0)

*»
Sy
0
\f," bl:...d'\il " ejul "\"e)‘ga
g



Sk 39, 50 Gewss Mg g (GAhe 3 g JUsl 5 5855 o3 Oly 5 Ady 5 Shes p STy Sk ol g5 ‘_;L&ob.l.cn‘,g;);‘b‘

b8 sl g

slge oz Sl slse Hse gl lp oA o sl
G 4y o Sl JWE1 Jogd 5 b 5 0
WY 53 Sogots e )b 1y ey, ol gad sl
V,Mn;,,uuugiwwﬁs;suﬁ@w)y
Gl olie Jlasl clole hls Coew &Y 5 sy
5 oM Jold ciliue Jalse [IV] L2L e lse odr
5 Sy o) ple e SlS S
2B il sladed 3 g0aS (arali 8 slat Sl L
doxr Sl e plend SO S Shy X w
5 e a3 Salg 3 ek O (Sl 5 6000l S
=l baly cpl 53 0 5 Y] s e i ) ol 33
S Slasles 05,8 oS ol OLE b aallies I Jol>
O3k 5 L el oo g s (S g s
L &S Loy MUC2 0 Ol Lalpl & 56 ‘m-j
S P o o Mo 05 cpl Ol RIS
035y sy duld Bde UGB ps 5 L e e se
s She oS sls Ol anllas ol a3l e IS U
Sloer U o 258 Glaerr SIS oK
Dok lns sl L sl wle L li
5 Sl SIS s 5 Shes 55 O il e
slge Jml b e e lals 0L 5 gdre slpe Dl

EILSEUE I o)

—5iS Olsts 5 Ol Kkass 5l Colem Gk
5 ol Sl oser el o5l 5 el Sislee
Sl s S Gk gl sl b sl

33,5

Bbe (ool
31 5y OB Ny 35 Lo 5 il 5l S e

Sely sk olps ot s S m sl L0530

53 S8 Al g sl se slasiasdlasl oS1 5 )53l
Bl ol s el SOOL ey, ek lalis
53 SGLTT 35 a5 b gy o MRNA = glacs 2538 S5l e
o553 Gl el e DAT a5l e dsha ol
4 by MRNA mlaw (2150 5 diy slaedins Ui
laedasdlizl WV o] codl sds 5158 MUC2 0
AU o b g 03y 2 baday 5 el sladl
Ol 5 DS 5 (K55 bl il il Jul e
9 DS ey Sl s 5 AL et (Sl s
SIVI AL e S oo mhaw 5 o (5 LaeS
sbobdas s L gleeds olss [4
Liy Pl 5 b el ST s Jlome lazalis 2
% el 03 e S e 5 ey, SBL

25 oS

S5t
o Ay sl Olss ps Sl LB sbels s S
3 S Y ey, S b s s gl
[\-\ 9 Yi] 3)\3 AJ)J JJ\} LSLAJ}LA @M J.Q.F«
dj UL;J V-:JG'J ‘da.wbw e.,\,.LJSJ

Q‘y Jj} )‘ 09 Jéjj )‘ 6Juu b\ja LSLAeMJJUJJ‘

ol eles
23 i gy ol ol Sl lad sl G 4 o S 5
ol o 8 5 Al 58 e S gy ol aibe
Sl B e 5 g A8 Glls slae e SRl
Glo e &S ol us MUC2 0 Ol il 3l
Loy Jsh olps glaslda s SL b gLl olde
GRIPL S KA e @85 RIS Cel a3
OBl Eslslse cpl sl (S oD O e mhan
L Gomge e &5 GRIBl 5 e Age 05 Ok
SLAD oo, pidg Slr 55 s uemes [VV]
Jlie 3 eap, b habbws dex I e Sl

wdaall ) oiSan Glaw Bl 5 sdee (Sl o geS

Shles

\2" Ot....:\.?l" UL«JI “‘a)}.:

Yy



10.

11.

S5k 13 Dl e ing Ol pd s e s 5]

Brenes AM, Smith W G and Marquardt RR
(1993,) Effect of enzyme supplementation on
the performance and digestive tract size of
broiler chickens fed wheat and barley based
diets. Poultry Science, 72: 1731-1739.

Chen H, Pan Y, Wong EA and Webb Jr KE
(2005) Dietary protein level and stage of
development effect expression of an intestine
peptide transporter (cPepT1) in chickens.
Journal of Nutrition, 135: 193-198.

Cowieson A, Acamovic T and Bedford M
(2004) The effects of phytase and phytic acid
on the loss of endogenous amino acids and
minerals from broiler chickens. British Poultry
Science, 45(1): 101-108.

Ferraris RP (2001) Dietary and developmental
regulation of intestinal sugar transport.
Biochemical Journal, 360(2): 265-276.

Finnie S, Bettge A and Morris C (2006)
Influence of cultivar and environment on water
soluble and water insoluble arabinoxylans in
soft wheat. Cereal Chemistry, 83(6): 617-623.
Garcia M, Lazaro R, Latorre MA, Gracia MI
and Mateos GG (2008) Influence of enzyme
supplementation and heat processing of barley
on digestive traits and productive performance
of broilers. Poultry Science, 87: 940-948.
Gilbert E, Wong E and Webb K (2008) Board-
invited review: peptide absorption and utilization:
implications for animal nutrition and health.
Journal of Animal Science, 86(9): 2135-2155.
Gilbert ER, Li H, Emerson DA, Webb Jr KE
and Wong EA (2007) Development regulation
of nutrient transporter and enzyme mRNA
abundance in the small intestine of broilers.
Poultry Science, 86: 1739-1753.

Gilbert, E.R., H. Li, D.A, Emerson, K.E. Webb
Jr, and Wong EA (2008) Dietary protein
quality and feed restriction influence
abundance of nutrient transporter mRNA in the
small intestine of broiler chicks. Journal of
Nutrition, 138: 262-271.

Gilbert ER, Li H, Emmerson DA, Webb Jr KE
and Wong EA (2010) Dietary protein
composition influences abundance of peptide and
amino acid transporter messenger ribonucleic
acid in the small intestine of 2 lines of broiler
chicks. Poultry Science, 89: 1663-1676.

Iji P, Saki A and Tivey D (2001) Body and
intestinal growth of broiler chicks on a
commercial starter diet. 2. Development and
characteristics of intestinal enzymes. British
Poultry Science, 42(4): 514-522.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Shles

\2" bt...g\.?l" UL«JI “‘a)}.:

Yy

oslawl 8590 Rl

Kies A, Van Hemert K and Sauer W (2001)
Effect of phytase on protein and amino acid
digestibility and energy utilisation. World's
Poultry Science Journal, 57(2): 109-126.

Livak KJ and Schmittgen TD (2001) Analysis
of relative gene expression data using real-time
quantitative PCR and the 2-AACt  method.
Journal of Methods, 25: 402-408, Elsevier
Science (USA).

Mirzaie S, Zaghari M, Aminzadeh S, Shivazad
M and Mateos GG (2012) Effect of wheat
inclusion and xylanase supplementation of the
diet on productive performance, nutrient
retention and endogenous intestinal enzyme
activity of laying hens. Poultry Science, 91:
413-425.

Montagné¢ L, Piel C and Lalles JP (2004)
Effect of diet on mucin kinetics and
composition: nutrition and health implications.
Nutrition Reviews, 62(3): 105-114.

Moran Jr ET (2007) Nutrition of the
developing embryo and hatchling. Poultry
Science, 86(5): 1043-1049.

Mott CR, Siegel PB, Webb Jr KE and Wong
EA (2008) Gene expression of transporters in
the small intestine of chickens from lines
divergently selected for high or low Junvenile
body weight. Poultry Science, 87: 2215-2224.
Noy Y and Sklan D (1996) Uptake capacity in
vitro for glucose and methionine and in situ for
oleic acid in the proximal small intestine of
posthatch chicks. Poultry Science, 75(8):998-1002.
Ravindran V, Selle P and Bryden W (1999)
Effects of  phytase supplementation,
individually and in combination, with
glycanase, on the nutritive value of wheat and
barley. Poultry Science, 78(11): 1588-1595.
Sales NMR, Peletgrini PB and Goersch MC
(2014) Nutrigenomicd: definitions and advances
of this new science. Journal of Nutrition and
Metabolism. Volume 2014, Article ID 202759, 6
http://dx.doi.org/10.1155/2014/202759.

Silva S and Smithard R (2002) Effect of
enzyme supplementation of a rye-based diet on
xylanase activity in the small intestine of
broilers, on intestinal crypt cell proliferation
and on nutrient digestibility and growth
performance of the birds. British Poultry
Science, 43(2): 274-282.

Smirnov A, Sklan D and Uni Z (2004) Mucin
dynamics in the chick small intestine are
altered by starvation. The Journal of
Nnutrition, 134(4): 736-742.



Sk 39, 50 Gewss Mg g (GAhe 3 g JUsl 5 5855 o3 Oly 5 Ady 5 Shes p STy Sk ol g5 ‘_;L&ob.l.cn‘,g;);‘b‘
S s

23. Sun X, McElroy A, Novak C, Wong E, Remus J, Blacksburg, Virginia.

Stevens A and Pierson W (2007) Effect of corn
broiler

24.

Tako E, Ferket P and Uni Z (2004) Effects of

and enzyme supplementation on in ovo feeding of carbohydrates and beta-
performance, gastrointestinal enzymes activity, hydroxy-beta-methylbutyrate on the
nutrient retention, intestinal mucin, and jejunal development of chicken intestine. Poultry

gene expression. Dissertation submitted to the
Virginia Polytechnic Institute and state university
in partial fulfillment of the requirements for the
degree of Doctor of Philosophy. Animal and
Poultry Department of Virginia Polytechnic
Institute and State University, November 19.

Shles

25.

Science, 83(12): 2023-2028.

Tanabe H, Sugiyama K, Matsuda T, Kiriyama
S and Morita T (2005) Small intestine mucins
are secreted in proportion to the setting volume
in water if dietary indigestible components in
rats. Journal of Nutrition, 135: 2431-2437.

\2" Ot....:\.?l" UL«JI “‘a)}.:

Yy



