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Effects of crystal-bundles disaggregated palygorskite
on growth performance, intestinal morphology
and digestive function of broilers

XU Huan, YUE Dongqing, TAN Zichao ,DENG Xianle ,SUN Xiaowei,
WEN Chao,CHEN Yueping,ZHOU Yanmin "

(College of Animal Science and Technology , Nanjing Agricultural University , Nanjing 210014, China)

Abstract : [ Objectives ] The purpose of this study was to investigate the effects of crystal-bundles disaggregated palygorskite on growth
performance , intestinal morphology and digestive function of broilers. [ Methods] A total of 320 one-day old male Arbor Acres( AA)
broilers with similar body weight were randomly divided into 5 groups with 8 replicates per group and 8 chickens per pen. Chicks in the
5 treatments were given a basal diet( control group) ,and the basal diet supplemented with 1% conventional palygorskite ( C-Pal ) and
crystal-bundles disaggregated palygorskite (CD-Pal) at levels of 0.25%,0.5% ,and 1% for 42 days,respectively. At 21 and 42 days of
age,one broiler with close to average body weight was selected and slaughtered for sampling in each replicate. [ Results ] Compared with
the control group,the supplementation of 0.5% CD-Pal could significantly decrease the feed to gain ratio of broilers from 22 to 42 days
and 1 to 42 days(P<0.05). The supplementation of 0.5% and 1% CD-Pal significantly increased apparent utilization of dry matter and
organic matter of broilers during 40 to 42 days when compared with the control group(P<0.05). Compared with the control group and
C-Pal group,dietary supplementation with 0.5% CD-Pal significantly increased villus height in jejunum and ileum and the ratio of
villus height to crypt depth in ileum of broilers at 21 days of age(P<0.05) ;and it also significantly increased villus height in the ileum
of broilers at 42 days of age(P<0.05) ;1% CD-Pal could significantly increase villus height in the ileum of broilers at 21 days of age
and the ratio of villus height to crypt depth in the duodenum and ileum of broilers at 42 days of age (P<0.05). 0.5% CD-Pal
significantly increased amylase activities in jejunal chyme of broilers at 21 days of age and 1% CD-Pal could significantly increase

sucrase activities of jejunum mucosa of broilers at 21 days of age(P<0.05). Compared with the control group or C-Pal group,1% CD-
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Pal could significantly increase mRNA expression levels of CATI and GLUT2 in jejunal mucosa of broilers at 42 days of age( P<0.05) ;
0.5% CD-Pal could significantly increase mRNA expression levels of B’AT in jejunal mucosa of broilers at 42 days of age(P<0.05).
[ Conclusions ] Dietary crystal-bundles disaggregated palygorskite supplementation could improve intestinal morphology, increase the
activity of digestive enzymes and the expression of genes related to intestinal nutrient transporters, thereby improving the utilization of
nutrients and improving the production performance of broilers. In addition, dietary supplementation with 0.5% crystal-bundles
disaggregated palygorskite was the best.
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1.1 Rt

B BT FH 5 R0 1M Y B8 47 ((conventional palygorskite, C-Pal ) FI % 5 92 f# 25 M1 ™ 4% 4 (crystal-bundles
disaggregated palygorskite ,CD-Pal ) Ff i3 BTG REZE B A R BRA B4R ML, C-Pal B RER M FE A I T 6y
WA, CD-Pal B C-Pal 383k U™ 4 1 RO B8 T 2 Ab B il A5
1.2 Wit 5RFEE

TEHR 320 H 1 H BT AH T Al Rl 1 22 4 g I PR AR B ML AR 5 40, A 8 AN EE , B EE 8 H
X, Xof PR Am] A TRD AR 1o 28 Tl MR AR A AR v 43 S S I BT 1 73 850k 1% C-Pal J2 0.25% ,0.5% F1 1%
CD-Pal RIS AR B0 42 d,1~21 d BRI, 22 ~ 42 d D93 a3, 2% 4 4 P im MRS A [w) o
A3ECH A AR B B ES HRE, SERB AR S I KB B IR EE)NRC(1994) . FERIAR ML A S 5 77
KU 1, B E] PIAS F HR & ANIOK SR IR R VR SO KA R bR (TR R T A 7
1.3 HmXE&E

AR HTIAYEE 19~21 RAGHIRYEE 40~42 RIFREAINM M FE AR, I8P 4A [T, AR My
B, WEAEE Tkl 1 SRR AT 0 ARG EIE R SR A B HEZS 24 he 405 T4 19 KFIES 40 X 0800 FFHi6
e 42 A A R Ty 3K A3 R PR AR A ] BT e A5 M B A 3 HORR . 2RAT 3 d iR,
IEHAI SR R B AR Rk RRDRL g BRSO |, SRR AR S e e R e sk, IE SR
HYZEERE SN 10% BRI T A, & T =20 CORFAIRAT . 200l Tilg s 21 RS 42 RO NEAERE
HRBEE | R A TR (0 (e B Y S8 5, el F TR BCR ML R AR LR T 10 mL B0, 4 °C 4 000
remin” B0 10 min S0 IS 2265, -20 COAERAM, FRRIDFRE I, B+ 38 2= il i , e s
B 2 em, FIAEBER K e NS VIR TN 4% (R0 Z2 R W IR WO IR E . I Be & g T 8.0
B AT -20 CHRAM, RGBT G s i B 58 RSO T R S VRS D, BT -80 CIRAT .
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Table 1 Compositions and nutrient levels of the basal diet( air-dry basis) %
JERHH Y Ingredients composition 1~21d 22~42d 357K Nutrient level? 1~21d 22~42d
K Corn 56.30 61.10 fRIHHHE Metabolizable energy® 12.55 13.08
EM Soybean meal 32.25 25.50 FEEH Crude protein 21.66 19.90
FRFEHH Corn gluten meal 3.30 4.60 5 Calcium 1.04 0.94
KIZiH Soybean oil 3.10 4.10 F W Available phosphorus 0.45 0.42
£1#5 Limestone 1.30 1.20 HHETR Lysine 1.17 1.04
R EES Dicalcium phosphate 2.00 1.80 AR Methionine 0.50 0.43
L& L-lysine 0.29 0.30 EEIR+- WAz Methionine+cysteine 0.86 0.77
DL~ % DL-methionine 0.16 0.10
SALHH NaCl 0.30 0.30
TR Premix! 1.00 1.00
£i1 Total 100.00 100.00

TE: 1) BURE N A T sefm i gt . 44 3 A, 10 000 IU; 4E4E % D, ,3 500 TU; 4E2E K E,35 mg; 4E4: K K, 4 mg; iR 4 mg; XA 8 mg; 4
H£# By,,0.04 mg; MR, 60 mg; AR, 600 mg;iZ BREG, 15 mg; MESEEL,S me; £ EK ,0.04 mg; MER,2 mg;4k,80 mg; 4,8 mg;%f, 100 mg;
£E£,80 mg;MH,0.7 mg;fi,0.3 mg, 2) EFKFRITEAM, 3) BRI MI kg™ .

Note: 1) The premix provided the following per kg of diets:vitamin A, 10 000 IU ;vitamin D5 ,3 500 IU ;vitamin E,35 mg;menadione 4 mg;thiamin,

4 mg;riboflavin,8 mg;vitamin B, ,0.04 mg;nicotinamide,60 mg;choline chloride,600 mg;D-calcium pantothenate, 15 mg; pyridoxine - HCI,
5 mg;biotin,0.04 mg;folic acid,2 mg;Fe,80 mg;Cu,8 mg;Mn, 100 mg;Zn,80 mg;1,0.7 mg;Se,0.3 mg. 2) Nutrient levels are calculated
values. 3) The unit of metabolic energy is MJ-kg™'.
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FIRIE L (F/G)
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FELRR D 5 2k (A 0« AR HR— 2 S T P R S 2k AR TG AR I DR AR R , i A JE K ik, 7E &[G 4R
B Ak D B RO N BRERES RS 25 LA WL, ML T AR AR B U i O SRR D
1.43 INGRSEN KEE T2 RE R BALUR R HE Y@ A B R E 6 R4 T, e
J# ECLIPSE 80i 1F &t (U5 U 5 20 5 B PR s VR B BOF- I (TR 90 B & B (VH) (BRsS R B2 (CD) P 2
WE =/ RS TRE (VH/CD) A,
1.4.4 FFEEWLEE SHIFREL0.15 ¢ + ZHE M FNZs I 0 B8 (BRI 4 FR BT i SRR 129 By Ll ATV
f A FRER K FEAT 403 4 °C .3 500 remin” B0 10 min J5 A58 EIH L R0 G0 £ BE LI P 60 B
HHE(A080-2-2) JEKIEE(CO16-1-1) FISRHIE (A054-2-1) T , LA K R 3 W ) REME I ( A082-
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145 ZTHFEEFVRESHEHEXER mRNA RixKFE  FHEEER PCR(qPCR) B E 25 7 %
B M L CATT B’AT EAAT3 PepT1 SGLTI .GLUT2 .FATP4 mRNA AH%}26ik/KF . {# ] RNAex Pro
RNA $2 50U 20 23 I BB 20 ZURE i, 4% I8 Steady Pure 38 F % RNA $2BGR) £ U8B B2 B RNA #% 1R
Evo M-MLV RT-PCR 71 & 156 B 345 5. RNA G5B ¢DNA R A SYBR Green Pro Tag HS TR qPCR
WA & IVIHEIT qPCR, LA &30 T R R R A TREA BR A F] L FHICIEH Y qPCR 519751 I
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X BRI L R B E N 1,



TR, A6 < R Ut 2 M1 P A 0 PR 2 A R Ml IR S AL DT RE A S 617

F2 LW PCR WIS FE 5

Table 2 Primer sequences for real-time quantitative PCR

FEH Genes X 5%"5 GenBank 1D 51¥)F %1 Primer sequence(5'—3") FEIRKEE/bp  Product size

CATI XM_046908303. 1 CTCTTCTGCCCCTTCTTCCT/TGAGCATCCAGACTGCAAAC 102

BOAT XM_040663289.2 TATCCTGGCTGGGTCTATGC/AGGCCTGTACGATCCCTTCT 125

EAAT3 XM_046936555.1 ACCCTTTTGCCTTGGAAACT/TTGAGATGTTTGCGTGAAG 122

PepT1 XM_046906441.1 CCCCTGAGGAGGATCACTGTT/CAAAAGAGCAGCAGCAACGA 66

SGLTI XM_046928028.1 GCTTCACTCTTTGCCAGTAACA/CATTCCATTCATACCCTCCAAT 100

GLUT2 NM_207178.2 TCCTGCTAAGTGATCCGATGC/CCCTTCCAACCCAAACCA 105

FATP4 XM_046929199.1 ACAGTCGTCATCCGCAAGAAGTTC/GCCGCTCCACCTCCTGGTAG 136
B-actin NM_205518.2 TATGTGCAAGGCCGGTTTC/TGTCTTTCTGGCCCATACCAA 110

H: CATI Bl M R FE R 5 128 2R 1 LA Cationic amino acid transporter 1 gene; BYAT: BY & 3k R #5358 # /K 3L K B amino acid transporter
gene ; EAAT3 ; MR IR B Ak 3 F A Excitatory amino acid transporter 3 gene ; PepT1 INIRER B AR 1 R Peptide transporter 1
gene; SGLT1 AR T A A a8 A 1 K2 Sodium glucose cotransporter 1 gene; GLUT2 . Ty AL 5 A W G s 2K 2 B Glucose
transporter 2 gene; FATP4 . Jg i FRF% 12 244 4 F£H Fatty acid transporter 4 gene ;B-actin : -3 #E 3£ F Beta-actin gene.

1.5 HEREITS5 5
i Excel 2016 244X Fr A BUE F-A 700 A5 e 1AV 45 S0 FH S Y (. AR iR (2 +SE) 2, i
SPSS 26.0 A4 %t BB 4T 5K 2R U7 2243 B Duncan’s 52 1 TL#L

2 HR5HH

2.1 HRFRMEMOER (CD-Pal) Xt BB 4K IEEE IR NE
HH 2% 3 A0 5% BR L AR LE , WS I 0.5% CD-Pal {2 25 PR AR S 22 ~42 d Al 1~42 d WS F/G(P<
0.05), 5 C-Pal ZiAH L, AN[EI/KF CD-Pal XF RS BW ADG  ADFI 1 F/G TG i # 52 Wi ( P>0.05) ; C-Pal
4122~42 d Fl 1~42 d IS F/G B E KT X HRAL(P<0.05) o AS[A) 28700 U] My s 4 6 21 142 d ARG 1Y
BW {5545 B B2 () ADG (ADFT LA KA Be T A F/G ¥ J0 &5 (P>0.05) .
*®3 EBERMEEMNOER(CD-Pal) 3 ABE KA1
Table 3 Effects of crystal-bundles disaggregated palygorskite( CD-Pal) on growth performance of broilers

i)/ d X AL 19%C-Pal 41 CD-Pal 4 CD-Pal group
Ui H Items . .
Time Control group 1%C-Pal group 0.25% 0.5% 1%
/g 1 44.13+0.35 44.25+0.41 44.00+0.27 44.38+0.38 44.63+0.26
Body weight 21 874.44+11.20 852.36+10.43 836.53+15.00 866.67+10.68 869.72+10.63
(BW) 42 2703.28+29.88 2 788.50+35.39 2 731.90+33.87 2 788.71+48.52 2 784.33+23.05
FHHRER/ (g-d") 1~21 53.07+1.41 49.59+1.13 51.30+1.57 51.52+0.59 52.63+0.53
Average daily feed intake 22~42 157.11+2.48 152.08+3.18 156.59+1.68 148.87+2.13 154.60+3.00
( ADFI) 1~42 105.09+1.56 100.84+1.55 103.94+1.39 100.19+1.27 103.61+1.51
S HIEE/ (g-d) 1~21 39.54+0.54 38.48+0.49 37.74+0.71 39.16+0.51 39.29+0.51
Average daily gain 22~42 87.09+5.13 91.47+5.46 90.52+3.74 91.53+6.34 91.17+2.62
(ADG) 1~42 63.31+0.71 64.98+0.96 64.00£0.81 65.34+1.15 65.23+0.55
B L 1~21 1.34+0.02 1.29+0.04 1.37+0.06 1.32+0.02 1.34+0.01
Feed to gain ratio 22~42 1.81£0.06* 1.67£0.04" 1.74£0.03 1.63+0.04" 1.70+0.04™
(F/G) 1~42 1.66+0.04* 1.55+0.02" 1.63+0.03® 1.53+0.03" 1.59+0.03*

{E:1) C-Pal: WL AT ; CD-Pal 48 SR 8§ I e 7 2) AT X9 {ER AR [l 3 B R 22 57 .35 (P<0.05) o Tl
Note: 1) C-Pal ; Conventional palygorskite ; CD-Pal ; Crystal-bundles disaggregated palygorskite. 2) Means not sharing the same superscript in each
row are significantly different ( P<0.05). The same below.

2.2 HERFREEMLOESR(CD-Pal) Xt WGEFY FRAF AR

5% 4 AT, ST BRLEAR LG, R0 0.5% F1 1% CD-Pal 32 5 N XS 40 ~ 42 d AT 8 A ALY
B ZEUA 3 (P<0.05) 5 C-Pal 75 B 3E 48 55 A X 40 ~ 42 d )k v T 9 5 FUE I 9 26 WA T % (P<
0.05) . INASRIZEAIM Y B X RS 19 ~21 d Gl ke i s 2 4 SRR A 2R (T4 5 A LY ML E R
FELNG T ) S AXG 40 ~42 d Fa) R Hof 2 F DRI i 9 2 00 SR TG . 352 i ( P>0.05)
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* 4 CD-Pal X ABEFYRERNF ARBZ N

Table 4 Effects of CD-Pal on apparent nutrient utilization of broilers %
A al/d WiH X HR 2 1%C-Pal 2 CD-Pal 41 CD-Pal group
Time Ttem Control group 1%C-Pal group 0.25% 0.5% 1%

19~21 T Dry matter 72.18+2.44 74.09+2.09 71.61+1.26 74.53+0.48 77.17+1.44
HHLW Organic matter 70.67+£2.02 72.68+1.18 70.53+1.42 73.74£0.76 76.61+1.25
ML Crude protein 49.32+1.58 53.08+3.68 51.58+2.27 55.67+2.06 55.80+3.16
FIE N Ether extract 65.22+3.15 66.19+1.93 63.19+£2.92 67.55+£3.61 72.57+£1.68

40~42 4 5 Dry matter 67.33+£1.66° 73.05+1.92% 69.93+0.36" 76.14+1.06* 71.94£1.45%
AL Organic matter 64.55+1.74¢ 71.56+2.05% 68.42+0.70™ 75.38+1.11° 70.55+1.73*
A Crude protein 49.94+2.74 54.97+3.66 52.36+1.64 60.90+1.52 53.16+3.05
HMLIG W Ether extract 64.07+£2.52 72.82+4.33 67.57+3.39 76.46+1.78 71.64+3.52

2.3 HERERMEMNER (CD-Pal) X A G ERS SRR

HH 2% 5 T SXFRRZHAR LE , %S 0.25%CD-Pal 3825 21 d BFAXS T =48 VH.CD Hl VH/CD(P<
0.05) , &A%l VH F1 VH/CD( P<0.05) ;0.5%CD-Pal . & #2755 21 d B/ Mg VH 255 €D A K+ —
18 as i VH/CD(P<0.05) ;1%CD-Pal i F 425 W 21 d /Mg VH 817 CD DL R+ 48 fn=s i VH/
CD(P<0.05) ., 5 C-Pal i#[1,0.25%CD-Pal i 5 21 d R+ 481 VH(P<0.05) , BEAKZS g Al =]
% VH DL J=3 1 CD(P<0.05) 50.5%CD-Pal i #4215 21 d BRI A G VH DL Rl VH/CD (P<
0.05) , &A%+ —45/% VH F1 VH/CD( P<0.05) ;19%CD-Pal . &34 hn1-+ 485 [F i VH/CD LA K23 g i 7]
% VH(P<0.05) ., C-Pal #5011 21 d WA+ —48% VH.CD . VH/CD #1235 i VH A K [0l CD 3% & T % R
2H(P<0.05) . FHNAFEZER M YA X 21 d W23 VH/CD J6 5500 (P>0.05) .

#z 5 CD-Pal X178 21 B ERSEHNER
Table 5 Effects of CD-Pal on intestinal morphology of broilers at 21 days

TiH X} IR 2H 19%C-Pal 4 CD-Pal 41 CD-Pal group
Item Control group 1%C-Pal group 0.25% 0.5% 1%
+=48% Duodenum
S BT/ wm Villus height( VH) 1234911071 1545.57+£19.52> 1 622.00+12.69°  1398.95+11.22° 1 560.83+10.63"
s R/ um Crypt depth(CD) 175.24+2.66° 186.02+3.07% 192.23+1.54° 184.42+14.47"  178.81+2.79"
VH/CD 7.06+0.15¢ 8.32+0.10" 8.44+0.06* 7.61£0.19¢ 8.74+0.13°
=3 W Jejunum
S BT EE/ wm Villus height(VH) 907.20+11.84% 1 009.72+13.76¢ 911.99+11.74* 1 161.60+7.40* 1 048.67+10.38"
B BT IR EE/um Crypt depth(CD) 141.55+4.98" 152.06+3.60* 137.56+3.45¢ 160.82+2.76" 152.57+3.13%
VH/CD 6.47+0.27 6.67+0.17 6.66+0.19 7.24+0.15 6.89+0.12
% Neum
5B %/um Villus height(VH) 672.33+9.08° 673.91+7.24° 638.12+4.56" 792.73+3.65° 764.87+6.19"
[ B E / um Crypt depth (CD) 138.69+1.67° 145.14+1.53 140.60+2.51 141.56+2.09" 147.53+0.99*
VH/CD 4.85+0.07° 4.64+0.08 4.55+0.08¢ 5.61+0.08" 5.18+0.07"

FH % 6 AT S5 BRZLAH L, U8 0.25% CD-Pal 35 A% 42 d XS A ARG VH DL Rl CD(P<
0.05) ;1% 1%CD-Pal 4H[Fi% CD #,0.5% 5 1% CD-Pal 427 42 d WXzl MlEim VH DL & VH/CD
(P<0.05), 5 C-Pal 41t ,0.5%CD-Pal ‘& #4255 H % VH Fl CD(P<0.05) , 0.25%CD-Pal 4% VH
0.25%CD-Pal 2023 F1[E i VH/CD #1235 CD . [0 VH LUK 19%CD-Pal 410117 CD ¥ T E4H ( P<0.05) .

& 6 CD-Pal 3 A8 42 Hid fpiE AL MM 220
Table 6 Effects of CD-Pal on intestinal morphology of broilers at 42 days

WiH XF 2 1%C-Pal 41 CD-Pal 4 CD-Pal group
Item Control group 1%C-Pal group 0.25% 0.5% 1%
I — 4885 Duodenum
S B FEEE/ wm Villus height( VH) 1 527.92+8.91 1517.41+8.61 1 528.29+12.11 1 533.60+9.01 1 497.92+5.25
[E s PR J% /um Crypt depth( CD) 148.57+6.14 145.07+3.33 144.55+4.59 145.69+2.30 137.87+3.91
VH/CD 10.45+1.67 10.50+0.82 10.64+0.83 10.55+0.57 10.92+0.86
2 Jejunum
2§ E 7%/ um Villus height(VH) 1 161.59+9.20¢ 1425.64+21.11* 1108.95+11.48" 1 338.85£19.50"> 1 376.61+20.60"
s BEEE/ um Crypt depth(CD) 133.09£2.32% 142.21£2.95* 128.02+3.85" 137.81+3.54% 143.13+4.86°
VH/CD 8.74+0.18" 10.05+0.21° 8.71+0.26" 9.74+0.19* 9.67+0.24"
B % Tleum
455/ wm Villus height( VH) 854.64+7.78° 903.05+11.78" 831.88+5.52¢ 1 034.11+7.19* 886.98+4.11"
[ R )%/ um Crypt depth( CD) 134.74+2.97° 124.13+1.91" 121.46+2.07" 138.95+2.72° 121.46+2.88"

VH/CD 6.36x0.14" 7.32+0.09° 6.86x0.12" 7.33+0.13* 7.32+0.19*
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C-Pal 4 42 d WA= g FIEl s VH FI VH/CD 3 5 TX BRZH (P<0.05) o S IIAS [ B MM 4 % 42 d
XY+ 48 VH .CD I VH/CD JC .3 501 ( P>0.05) .
2.4 HRRMEMONER (CD-Pal) Xt 7478 3718 2 B 4L B & 1 8 20

FHER 7 AT S50 BRZAR L, S 0.5%CD-Pal 2 & 8E 5 21 d RIXSZS I B BEVEM B R i e 42 d A
X525 iy B BE R ER U BTG P ( P<0.05) . 5 C-Pal 414H L ,0.25%CD-Pal 41 21 F142 d XS5 7 B BENR Wi B
PE 2 PRI (P<0.05) ,0.5%CD-Pal 41 21 d RS2 [ £ BEVE K Bl 7 1 b 25 4 155 ( P<0.05) ; C-Pal 7R I 42
i 21 F1 42 d XS ZS i B BEAR TR M (P<0.05) o IRANAS[EIZEBI M A 0 21 42 d XS 48

PETF AL (21 d PRS2 [ £ BE DR P A B 42 o X8 2 T B B R A9 I 1 G W 353 ( P>0.05)
7 CD-Pal X 7507 it A B L ESTE M A0

Table 7 Effects of CD-Pal on the digestive enzyme activity in the intestinal chyme of broilers

il /d i Yo} HAZH 19%C-Pal 41 CD-Pal 41 CD-Pal group
Time Ttems Control group  1%C-Pal group 0.25% 0.5% 1%
21 + =38 Duodenum
FEMYEHEE/ (U-mg™") Amylase activity 8.71+0.59 10.30+0.55 9.98+0.31 8.87+0.30 9.06+0.58
BE WG/ (U-mg™" ) Lipase activity 9.75+0.84 10.96+0.56 10.70+0.64 9.42+1.10 10.88+1.13
JHEEE i/ (U-g™" ) Trypsin activity 1.26+0.07 1.57+0.12 1.59+0.17 1.330.13 1.3420.14
ZE 1 Jejunum
TEMEEIEPE/ (U -mg™" ) Amylase activity 12.61+1.13" 11.88+1.40"  14.37£1.03"  17.51x1.56*  11.74+0.93"
BE WG 1/ (U mg™" ) Lipase activity 33.52+3.56" 48.55+£5.30°  31.2942.71"  47.79+3.09°  38.93+5.29%
JHREE FIBEG T/ (U-g™!) Trypsin activity 5.26+0.39 5.25+0.29 5.86+0.14 5.85+0.33 5.02+0.26
42 - — 48 %% Duodenum
TERY B/ (U-mg™") Amylase activity 11.01+1.41 12.34+2.02 12.76+1.65 13.03+0.83 12.93+1.52
REWiBEE 1/ (U-mg™" ) Lipase activity 28.16+2.96 33.23+4.69  44.42+7.67 42.75+4.79 46.33+6.94
JHEEE S T/ (U-g™") Trypsin activity 3.13+0.34 4.48+0.39 3.58+0.47 3.71+0.24 3.68+0.37
2 Jejunum
TER BT/ (U mg™!) Amylase activity 24.78+4.33 29.98+3.21 35.69+5.56 37.89+4.70 32.87+4.30
BNFBEEPE/ (U-mg™" ) Lipase activity 109.18+5.51%  147.44+10.50* 100.12+4.54°  130.30+10.32" 135.43+19.95"
JHEER F RGP/ (U - g™") Trypsin activity 10.75+0.77" 11.69+0.29"  13.92+0.96*  13.30+0.91*°  11.72+0.63™

2.5 HRERMEMOESR (CD-Pal) X} QB 7 E R E — HEEEE R

HH 2% 8 A4 . 5% BRZH AN C-Pal ZHAHLL , 78N 19%CD-Pal 7] 5B 425 21 d ARSI Bh RS2 208 I 1k
TSNS [ S AR [ Y oy
X 21 F142 d ARG AR WA I R M |23 o R I RN T R T B S (P>0.05)

(P<0.05) ;C-Pal 41 42 d RS i RE A ZE0H B 15 1 0 35 = T X

%X 8 CD-Pal X3t B RFEFIE — HEEEE

fR4H (P<0.05)

A=

IR

Table 8 Effects of CD-Pal on intestinal mucosal disaccharidase activity of broilers

T/ d 1 Ao AL 19C-Pal 41 CD-Pal 41 CD-Pal group
Time Items Control group  1%C-Pal group 0.25% 0.5% 1%
21 + =48 % Duodenum
HEHBEGPE/ (U-mg™" ) Maltase activity 42.76+2.00 42.60+1.38 44.80+1.99 41.37+1.80 39.64+1.95
2 RS/ (U-mg™!) Sucrase activity 25.00+3.65 21.09+1.51 29.72+4.17 23.91+3.46 21.42+2.53
25 Jejunum
WERERE IS E/ (U mg™" ) Maltase activity 78.48+6.10 72.96+3.42 66.08+5.53 89.54+7.04 80.53+8.94
2 EWEREE %/ (U mg™") Sucrase activity 31.45+2.59%  31.08+4.49™  27.78+2.91°  45.27+7.03"  47.49+6.23°
42 + =38 Duodenum
HEBHEFGPE/ (U-mg™! ) Maltase activity 33.69+2.61 33.45+1.39 35.76+3.47 31.76+0.83 33.31+1.68
F ZEBREEIE T/ (U mg™" ) Sucrase activity 36.36+5.19 42.60+7.63 36.47+3.67 35.75+4.23 36.76+6.22
2 Jejunum
HEBERHT 1/ (U-mg™") Maltase activity 54.14+4.96 56.36+6.41 60.71+5.12 59.82+4.20 57.43+4.45
FZEREREG P/ (U-mg™") Sucrase activity 38.24+1.47"  50.49+2.95*  39.89+3.24"  41.83+3.47"  42.61x2.66%

2.6 H@EFMBEMOER(CD-Pal) X ABEFEFHIEE FYREFZHME mRNA RiEKFHHI

% 9 AT SXF MRLHAR LG, 30 0.25% F1 1% CD-Pal B #3875 21 d WASZS B ALK B’AT mRNA %
KK (P<0.05) ,1%CD-Pal W E$E 5 42 d WA AR T GLUT2 mRNA Fi57KF(P<0.05) , 5 C-Pal
AR L, AN[FZKF- CD-Pal #0842 5 21 d XSZS A E T BAT mRNA Rik /K- (P<0.05) ,0.5%CD-Pal
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T E R 42 d WSS IR B°AT mRNA F3A/KF(P<0.05) ,1%CD-Pal #2542 d A2 fg 2 5
CATI 1 GLUT2 mRNA #£3EKF-(P<0.05) . HANAEZEBM R A% 21 d A= R CATI i
GLUT2 mRNA FKik/KF-LL K 21 T 42 d RG2S I R EAAT3  PepT1 SGLT1 Fl FATP4 mRNA 3ik/K-F-
TJo i 520 (P>0.05) .
%9 CD-Pal WABTFHFIEE FYREEHAEERE mRNA RiBKFHZ0E
Table 9 Effects of CD-Pal on mRNA relative expression levels of nutrient

transporters gene in jejunal mucosa of broilers

il /d SR % AL 19C-Pal 41 CD-Pal ] CD-Pal group

Time Gene Control group 1%C-Pal group 0.25% 0.5% 1%

21 CATI 1.00+0.11 1.2120.18 1.28+0.16 0.94+0.12 1.13x0.18
BPAT 1.00+0.05" 0.93+0.07° 1.42+0.14* 1.35£0.12% 1.39+0.21°
EAAT3 1.00+0.11 1.1920.15 1.23+0.20 1.02£0.18 1.09£0.07
PepTl 1.00+0.05 1.55+0.28 1.16+0.20 0.84+0.12 1.29+0.18
GLUT2 1.00+0.08 1.560.18 1.33x0.15 1.3920.17 1.47+0.20
SGLTI 1.00+0.08 1.52+0.13 1.52£0.20 1.39+0.14 1.30£0.10
FATP4 1.00+0.05 1.0720.19 0.90+0.13 1.02+0.12 0.9420.16

42 CATI 1.00+0.09" 0.830.11" 0.64+0.13" 0.87+0.14" 1.44+0.16
BOAT 1.00£0.09* 0.86+0.08" 0.83+0.11" 1.30+0.15° 0.83+0.13"
EAAT3 1.00+0.08 1.07£0.15 0.92+0.14 1.01£0.17 1.29+0.12
PepTl 1.00+0.13 0.72+0.06 0.83+0.09 0.73+0.04 1.03x0.14
GLUT2 1.00+0.10" 1.18+0.10" 0.78+0.06° 1.05+0.13% 1.56+0.17*
SGLTI 1.00+0.06 1.02+0.09 0.97+0.08 0.95+0.07 1.09+0.21
FATP4 1.00+0.10 0.87+0.04 0.90+0.11 1.0420.15 0.92+0.15

3 WiSs®

3.1 H#HERMBEMOEAABERKEENIE

A R AERESZ VT 3 W) 7251 20 55 A0 R 1) SR BEFE AR, A T 8 o 117 e A BB A 38 sh i A KM RE . Tang
e (24 o WA A7 T R T VR N TP R A 5 R B, 1 800 mg - kg™ F4 VAR Ik i Vi S 4R v DT AT 1 ST 24 H 1
i, A ESE R, R A kRO A A B — o R RN IE R 34 O OB
e, Zhang %0 BF 58 20, FEGARL R RN 5101520 g-kg ™ AU 4% A7 24 BE 8 i PR XSS £ SR £ AP35 H
W R KPR, AR R RN 0.5%CD-Pal Fl 1.0%C-Pal .35 FEA% 1 PS5 3 Fn 4 3 i k)
G, AT BEE T M A ELA R L T AR LA B AR R A W R A R AT AR TE S AT DA £ g
A IAE SH 32, 80 6 RS R Ak T 110 457 B ), 38 a5 40 5 T A Tt 1 VE P s [0 12 S0 AR 785 3% 0 o ) T
e > AEARTRIS Y, 0.5% fif B 1™ b %ok PRI XS YD A6 K M RE TG S 3 R i, 45 1 R A5 ) [ g 45 2R
AR—, HJ R AT i S5 4008 22 S R A R BR 85 A 56, AL, Chen 2610 & B, AT 0.5% 1 19% % BRI (Y 8 A
FEARERE M IS A4 KM BE , Cheng 4550 ARSI T2 MIZE R, B Rl 2 S S IR vl 8 5 1M1 o 11
Jo R LA B AR 1 R AR R A AR A G, Du UV BIRSE R B, 5 R R R 4 U1 A A L
T SRR A Ak BERL I T A A S 5 8 1 PR RS P DB AL 3R s s ALK 85 3 00 O 1 T A i, T 264
Fits SR 0 AL L 1) 1T Ay A H A ) B T 5 Bk AR 1 T e AR, B A T AAR IR R TR
1 0.5% ) CD-Pal iK% T ¥ 1% C-Pal BIVER] . T Cheng 255 BIF5E & BL, AN 20 g- kg™ M1 B A7 248
B LG, PR ARDAR HR a0 ™ A e 2 7 40 BRI R M i
3.2 HHERMBEMOEAXT RIS E RS LSHARNE

[ 2 ST A ) BRI ORI R R T UK, O A T S I R
FEor Bl AR HEE TR T L BRESUREE BRI N b R AN Y AR T, AR B R B S TR
JEE 1) LU AR AT A ST e/ N 45 ) A T 25 AR AR ROGE 38 3R 0 B i TR AR R R 0 L 3 4 LA 1 20k i T 286
LA s CE I ARSI TIRE L AR, GBI C-Pal i6 & CD-Pal ¥4 BEHE i A XS fig 18
SRS RS AR L, MR AL, X5 Chen 2517 YT TS5 R —5, THiE 45 F A T B
S FH TR AR 0 ™ A3 A IO 5 0 P 28 P i A T S, 0/ I 385 5 6 i 8BS 1 L, A5 T A el e 2
PR SEHENE . Zhang S5 0 2 B, U N0 £y RERG AT 25 o A0 101 i OO 06 w80 B8 o T ™ b T
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W H [ B Y S T AR AR DR R D A E A SR R e 2 T I R A AR T
b Bz A A B TR AR R IR, 0.5% F 19 M1 R A N4 A 2RO T 0.25% L, i i
TRAASINF IR RESE 2T K H A 2= DIRE S HAE AR . 8B AR5 R, CD-Pal 2035 1Y
B B T C-Pal , 3 1] RE5 1 A R 85 1M1 ™ e A EL AT B SR A0 AR 22 T REAT 56, Du 250 B
G R PR SRS A %) T ™ A A A M T T 2 B RGO B 1T P AR
33 EERMEEMOERRASEL IR

B IR TR FH 22 A 2 PR X DR v 2% 8 35 o T A IS R ) 1 — A B S bR, AN,
IR T el 0 B TR PR RS R e T A R R AT AL B R LA FH R, 5 Chen 261 255 —3, Zhou
A0 G TR SN T A A AR v A RS X KR R i R P T SRR R Ly U RS RO ST RS
BT RULER, R AT RE R M e A S TE Y, R Y Ee R AR I R AT R RE K T &
BEAI B BE (A5 BEAE 20 W) 1 1 V9 U 3 3 AR 9% 4% B I [ AR T A R T i 3 X o R 0 B 78 43 IR
W BREEY B ST B, BRI T A B T T A T T BE R BRAY R UE S T BE B HE A R D%, 1
Ty B B8 HhE SR S T AR AR ELVE R ) AT e SR A AR, AR BRI 0.5% CD-Pal
HIVE FIRCRAE TH I 19%C-Pal , 5 B0 B9 A= W15 ShREA 56

THACBES E S PR IR0 WAL R R VI OG , Xia 25 AR 98 R WA R rh S N 0 P RES 4R &
ST ALEETE PE , B B R IR, Chen 28 USVRIFSR S B, VS JINTUD ™ 4 A 1 1ol PRI XS 2 i £ B P 14 JB 2
BRI T BTG 1 Du 250 78 RS TR AR S 19 A8 AoRs e 11 A o I 25 4R v 07 B vl %) g 2 1 TS
P A BN A B T 21 d RS B BE R K NS DT RS M DL 42 d XSS IR
JGE T A i Tl R R T TR R v ) R I B AR 1 R R R R R S T Ak 1Y) 43 0 R PR AZ 3 pH
TEFEM TR VR IR TS B R A T A T JEL R T A A A R v e T T R
pH (EFTESF2E 8, M1 A v 3 ) 4 D B8 —F 7 28 I T 1) A T RS ok, 8104 Ak s il A FH, 14
T AT 500 , DT IO 5 M T T P T A 40 A ot SRR S S 4 T T e e L R T RE K, FL T T
Kk, REfE 5 APV T T 4 A i, DI EL A T 0 B ac e g Y IR B LR O TR I R
HAEPFITARGE ) TR AT AR TR - R I B E R A, (AR T2 pH AR R 2 AR
R ATEYE, H Qiao % ZE EEXSARIRL K Zhang 45 ) 7 PR RS U ArLAE b S 0 141 B 4 38 e IR i B
JEE T A T P TG J 3 R ), X AT BB M1 R A B TS I i L SRS R R R 2R G

K& Wil i WG 32 RE AR AN 2 2R, R ORI T s B A 0 i b AN, b
it T LA fe Al e S R A R Ak B REEE RN AR T L AIRIS R VRN T AR s i B IR A 2
B E  3X 5 Zhou 25U AURF T4 R —2, T RESE i T ML AT A B VE R FRAE TR P R R 4
TR 2 LRI T v A S0 TR T T A B R ) RAIE T i 3 R, NI IR o OBE R A A, 5K K
BRI A RE A B2 2 PR XS 25 1 60 RO T s 1, LIRS M B 7 T A A S KT A B i g e, A< i g rh
% B o KT B4 T ™ A VA T (19 ARSI ) 8 5 22 2 06 T A R I i

GAHERR /NIRRT R 105 R e 12 R AR 3L (R 2 5 LA 38 1 T K Ak B P RIR 28 AW R e i
AR IE 5 RIS E Y WIS CATL A& Na™ IR v Bt 2 L R % 42 AR 5 1 28 A B
=z —, & LR & RIS 5512 1 I BB 5518 304 B AT /N b —2 5 (0 & BG4 18 1 34k | e 12
AP E LR ; EAAT3 R E MR 12 84, EEHE - RAMRA KL ER ; PepTl J&H K12
FI, BEREH AL T A /INIKES 32 S8 1 Rz 4l 9 s SCGLTT EE i e s b Rz ANk %, 5 D-1 45k
F D—FZUBE R WCA G ; GLUT2 A T 1 B 4 R 5L AN B, 17 55 St e i, 7 255 L () 2 15 80 2 i ) I i
T2 S FATP4 &3l W) i 3 v e — 77 76 A B 07 TR 5 38 3 1k, 2 181 42 i 3 W82 A A oy i 17 R 22 9 42 A
T R R BRI IR T AN S M A REAS B NS A ) CATI mRNA ik &, 325 iy 3 i
Bl 2 B R 1 MR RE 7 AR v, S0 T R B R T IR CATI B°AT Fll GLUT2 mRNA ik
KA, LD R AT BRI 0 T ™ B A BEAS G BB T A T A T 45 40 52 3 A i L i A e A o R
FiR AT AR 512 R s 4 SR RSN 91 ™ Wy L oo M b e S R R A A A R T i e, 5 Bk
IR A BB = PR XS XS AR B 14 TSR AE AILA B R FH SR AR L ARS8 v, 3% m T ™ A o I A X
TR OB AR R 3R AR 2 I | X SRR 18 AR SRR B R A — B, AT R MY e AR R T
BT S SE R A, (ER AR AR A rp 2 Ho R R g, S BRI AR IEE A B S BAh, B SR
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Y JBUIEG e FE g A A 2 S ML T R AR R B 8 A g s T 1 A T R o
TEX AR E SR B AL , G aE TN T E SR SO BE SN, LR T i AR IR s A F R R
M EE FR i B

L LTI R AR P ISR St SRS S 11 T R A BE RS AR R A XS A IR R, B HUmE B AS , 1R mi il
TH ARG 1 LK T o M — BB 035 1, 412 13 S M0 T8 57 03 12 B A S 2R D mRINA A 7K F- , 1 8 A X
XFE TR R R A, BB AR I RE . LABS AN 0.5% 1 SR it B I e A RCR ARG , ELOG T R A
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