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1.1 a5 shY 5l vt

HeFE 29 HE FIHEFEAL . AR EAHLT . AROUE R TR 360 R, RHIBENL 2> e 5 1% 70
HNod, BH6ANEE, BMEL 10 R (A& 1/2) o [ HARETRHMA 7K
P9 16 mg/kg!, REIIMG S ERFTED 5 I~VIADK ST i gL, K25
A0 4. 8. 12, 16 mg/kg, B ZE AT A INIZKF-35 250 mg/kg. 3R 12 . e
3 75 S A K 2R UK G R 72 T & R AR Ak s 100 AR B 2 AT B S R AR, T
Hh 2x10° CFU/g, T E WL R SRS AE Y TR A IR A &1 R0 HARE 9 TR BRIRE (O
RO &8N 98.5%) 5 W E VLB 4838 Vs Inm 43 FR 2 7
1.2 FEahiR

RO E SRS NRC (1994) K& EFRFEERIE, HHAME KT E 1.

K FH S8 A R S A AS R AR KR PR A BN 7.32 mg/kg
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Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

J5 K} Ingredients 4 & Content EHF:/KF Nutrient levels? & Content
K Corn 61.97 RTAE ME/ (MI/kg) 11.29
SH Soybean meal 22.00 HEA R CP 16.00
fi ¥} Fish meal 1.50 H4r4E CF 4.98
YA Wheat middling 4.00 £ Ca 0.70
EXKFEFF Corn straw 8.00 B AP 0.32
R S5 CaHPO, 0.78 £k NaCl 0.38
£ 7 Limestone 0.95 iR Lys 0.82
fr#h NaCl 0.30 RHEBRFHEER Met+Cys  0.53
& TCE Trace elements”  0.20 ER R Met 0.26
%4k Multivitamin" 0.30 HEER Thr 0.58
A1t Total 100.00 i Cu/ (mg/kg) 732

V2 WM E LR NS T AR 4 The multivitamin and trace elements provided the
following per kg of the diet: VA 1 500 mg, VD5 200 IU, VE 12.5 mg, VK; 1.5 mg, VB; 2.2 mg,
VB, 5.0 mg, MR nicotinic acid 65 mg, 7ZER pantothenate 15 mg, VBs2mg, AH)ZE biotin
0.2 mg, M folic acid 0.5 mg, HH#E choline 1 000 mg, Fe 85 mg, Mn 80 mg, Zn 80 mg, I
0.42 mg, Se 0.3 mg, Co 2.5 mg.

PRSI, HAE FRK P AT . Cu was a measured value, while other nutrient levels
were calculated values.
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KA, DUIRED, RS RRD.

1.5 DESRbs LTk

1.5.1 Wik & et g

16 kAR, THERE, SHAFGNERBHLEREEMLN 2 A%, k72 1, BEEEk

B B, AR KIS G RAE T 10% WEERCHEE, BT 4 CUkFhIRAE

B

FFHIEAL F

OB ELF AL BATIERE ., Kt Bk, FEH REE . B8 CRaIG | UL,
B AR -BH (HE) R shlll . BB L 6 3K, R HMIAS-2000 %4
EUZR - # 240 OLYMPUS St W iEi, £ 1010 WIRLEY Bilss TS EmE . Bk
REE WUZEEE, JEFHREmE. WREERE . RO IRE . G (B BB B IR ) o
1.5.2 BB AP e fe s

16 FWAR, ¥RgUL. B)n, BT, SCRIG LS & 50180, WEH
TREMELE T, 40 CAGRE. THEEBEEN, FERMEEHFHEHNEY 1.0 mL
TR =M, IR MR 49.0 mL, IR 1:50 FB, 9R3% 3~5 min, FIMER R
FEHERA T IUZAR R 5 mL 2 K R BRGRE b, FIER IR 3 4R Y 1~2 min, H1A%
107 R, PSR AS M v A IR DR 1 mL AT 9 mL T2 KB FO R R A o,
FH e R 25 5% 1~2 min, I8 107 FBE, MR UGHEAT Bh P AR

G K W 9 2 R R P T A L B R T L L. AR RS IR (BS) B Rk (H

TXEATEREFR) « LR H (MRS)HE 774 (H T ILBRATE R 7)) « B IR EIEINA)RE =4 (H



TRBFEETR , R RFRRI 5 AMRERLE, FABER 2 AEE, K37 CH
SEHEFR 24 h T RVE VIR FLIRAT R AOUBO TR 35 C RS FRET IR 48 h JFdEAT T 1
K, REECEFAIATE 37 CCIREIRGTE 45 h JE AT VR T4
1.5.3  MUIEEEE VEFR AR E

MiEH ALT. AST. LDH FIfs 4 ERale (AKP)WE P & K o ot a2 A 4 TRt 50 B
HEFE R A E
1.6 HdRgiit 550

KH SPSS 17.0 #A4: 8 [K % J5 2 53 1 (one-way  ANOVA)FE /7 i1 [#) LSD %k 47 2 H Lk

o RIS EHR DL bR 227K IR . P<0.05 F1 P<0.01 43 B~ 22 5 B ik 5 2 K F .

2 R

2.1 A TR S IR B 2E AR B RS 2 I 95 B A K R

HiZ& 2 ATRUE W, TT~VI4 (RiEFRFERmAD THhAREmEREEa T 14
(P<0.0D) , PR EREEZERT 14 (P<0.05 , ZHEMRIKEZE T 14 (P<0.01) ;
. V. VIAZ eSS w14 (P<0.05) o II~VI4 R ZEMFFERMA 2
B2 R E I HEEEEMBRIL T REZE R (P>0.05) ; TATHRERERERTV
VI (P<0.05) o IZH CRESINGR, SURRINAS SR AT B 723 I 956 e JE AN SRR LU A 6t 3%
mT T (P<0.0D) , ks iREREERT T4 (P<0.0D) . VI5 T4 GREMKF—
HO ZRWE, VIATHAERE. WHEEEEMBR L S8l 25T 14 (P<0.05 5
P<0.01) .

A LS5 SR B, A B AT B FOR R R B R AR A TR R
SN o

R 2 AR ANIIRS, B 2F AT B X e RS B B S



morphology of Wulong geese

Table 2 Effects of diet with low copper level and adding Bacillus subtilis on jejunal villus

415 BEwE Ji B JE JE B s iR SR
Groups Villus height/um Intestinal wall Crypt depth/um V/C
thickness/pm
I 911.67+£39.43% 205.00+18.00* 196.67+8.50° 4.64+0.40°
I 1102.00+36.86° 232.00+£12.77" 164.67+15.31° 6.72+0.45°
il 1090.33+42.59° 243.00+15.10° 171.33+8.39% 6.38+0.50°
v 1077.33+50.08° 235.33+17.79% 162.33+14.50* 6.67+0.59°
\Y% 1119.33+40.70° 238.33+18.18° 166.00+£12.29° 6.77+0.58°
VI 1049.67+74.80° 245.00+£19.67° 169.33+8.39° 6.20+0.20°
PE
0.003 0.124 0.033 0.001

P-value

[F) 51 80405 )8 R A [N 5 - BR RS - BER R 72 R A B35 (P>0.05), AN FRERORZE R
3 (P<0.05), MHA/NG FRERIR 2 F R 2 (P<0.01). FEF,

In the same column, values with the same small or no letter superscripts mean no significant
difference (P>0.05), while with adjacent small letter superscripts mean significant difference
(P<0.05), and with alternate small letter superscripts mean significant difference (P<0.01). The
same as below.

HE 1 TE S, [ AR EE KRS HiEoE, BB [~VIH %A
WA A EBRKHRBEIIET, BEBK. SHEERZER AR,

PAESS RGN, MiFF AR R oIS E ik E , NG ss i Ae i ohfg . VI

H51TH CGREIKF—80D ZEE, VIHT BAEEMGEEE ST 1 4.
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Figl Tissue slice of jejunal villus of Wulong geese at 16 weeks of age (10x10 times)

2.2 AR G RR AN IR B 2 AT B X e R B S A 0 R R 45 A R R T

H 3 WA, [~VIA CREZEMAFERINAD Bl K w S il w8+ 1

H (P<0.01) , ElAUEHEHESZES T 14H (P<0.05) , EMABHERENRESES T

[ H (P<0.01) o II~VIZH CREFZEAAT IR INALD 8 B K WA v 2o Bt 8 7 I ok -1- 48 n 2



STt m R AR S, B ST AR B R AN I AT S I £ T e g AL CRESINE

A INAS B ZF AT D B R R R T T4 (P<0.01) , B WS  FI ALK

HHEHBESESREEST 1 4H (P<0.05 5, P<0.01) . VIS I H HEINKE—80D 204

B

i, VIZHE R EEER R ECT T 4H (P<0.01) , B i XUBoH B A FLIR A B 20

ZEitkEEET 14 (P<0.05 8 P<0.01) .

Lk 5 L2, R R A T A5 0 P R A BRS04, 004 5 e

B, et 2R T A T T AR T P R RS AL R A BN

R 3 AR GRS B2 AT TN T e RS W i 2 0 T R 45 A P S D

Table 3 Effects of diet with low copper level and adding Bacillus subtilis on microbial

community structure in cecum of Wulong geese lg (CFU/g)
2H 51 PN LT KA B FLRHFT
Groups Escherichia coli Bifidobacterium Lactobacillus
I 6.76+0.37° 5.01+0.32% 4.26+0.35%
1 5.06+0.63* 5.88+0.32° 5.87+0.35°
il 4.80+0.48" 5.92+0.24° 5.79+0.43°
v 4.93+£0.45° 5.94+0.35° 5.97+0.54°
\ 4.96+0.63" 5.95+0.24° 5.63+0.40°
VI 4.76+0.58" 6.02+0.23" 5.30+0.48°
P{H P-value 0.004 0.016 0.004

2.3 AR G KR VAN IS B 2 A AT TR R 0 3R L 375 Pl O 1 R

R4 TULER, VAHIE ALT dEHEEMKT 1 4 (P<0.05) , VAINJE AST #1 LDH

WHEEERT T4H (P<0.05) . II~VIZAH (MEZERFERMA G AST 1 ALT vE 1S

Bt TR R R KT (B i RSB B RR TR % T4l CRESIR, CGRIRS #2585



[ HEE%E, IMiE ALT. AST. LDH s, EHERAEZE (P>0.05) . VI5 TH GFHHE
IAKSE—30 Z M, 1iE ALT. AST. LDH W&HEK, HERAREE (P>0.05) .

PALS5 R, IS ALT. AST. LDH & PEREARE B JE N, AR IK-F o 2 i KR 2
L REE P, AR TS B R, SEUFNE. B IES  H BL, B ALT. AST.
LDH K3 ML o PR VRIS B 25 PR B AT BT A v ] S A 0 B LA a4 B2

IVAIME AKP #EHEEZERET 14 (P<0.05) 5 II~VI4H CREZERAF@aRmal ik
AKP PR B8 AR b R A K (R 4 e R e T R B s, VARSI E. 514
Pedse, TN ORI, SO RS B2 28 A D % AKP G TEREAC, H2 74 53 (P>0.05) .
VIS TH CREIKTE—80 ZIaE, Mg AKP WS, EERAEE (P>0.05) .

LB S5 R, TR o VSRS B 28 PR B A0 254 B SRS LA R A RO FE

gE LSRRI, RSHUAIIE ALT. AST. LDH. AKP it 358 1638 B ~F- 17 5 ),
RV 7K i 2 S G A 2 A Ll Vi 1 R A SR AT, 72385 1 250 mg/kg il B 2 fLAF 1 A1 8 mg/kg
ISR, HUARAL T S HAd B PR ES

A IR DR RIS B2 AT B RS TR L Tl V£ S
Table 4 Effects of diet with low copper level and adding Bacillus subtilis on serum enzyme

activities of Wulong geese

) B = PR FLER i S R ERTA
Groups ALT/ (U/L) AST/ (U/L) LDH/ (U/L) AKP/(4: [KHA7/dL)
I 17.06+3.08% 25.31+4.37" 185.85+20.61™ 73.93+11.43"

11 20.34+3.11° 31.28+4.85° 206.87+20.73° 42.28+8.80°
il 13.71£2.78% 22.73+3.63% 173.86+20.88° 56.81+11.84
I\Y 11.44+2.21° 18.35+4.33%® 150.88+20.22% 98.18+9.44¢



Vv 12.40+2.72% 17.55+4.08" 139.78+19.24% 91.53+11.74%

VI 12.70+2.31%® 18.38+3.73% 157.03+19.11%° 84.47+10.51°%
Pl 0.013 0.011 0.015 <0.001
P-value
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3.1 AR TR AN IR 2 AR R R TR R i TE KB T A R

PR i AT B 8 TR JEE 7 ) 2 S R/ o T A TR S E R A L A 7 AR I T R A, 45K
B AN, 5 i R BE R R A A A S RN, I 55 P B AR R D RE 5
BUAT B R B R, s b A e 2 ss, Bess i Ak, e mE/ s
TR ALY e, 2 /0 M v A M AT K E 1 58 o fi 286 R 5 4 5035 A E FE 3R, TR S IN 500 mg/kg
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P T T A F) SR R 2 30, A e 28 L 81 T LS AT T A R BB B e LA A K
FEI N KA AL I N KRR BT . O ORI, PO TR h R DR B 24 7 A R
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Wl A XL/ s 55 B 2 A0 A T A I 280
3.3 A CDRR VA DA B 2 PR B 0 368 I 5 Tl v 1 e S

ALT. AST RFYhNEENEEREEN, | 2ZAAE TR -GN, Hh
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e T R I SRS, R b R KT S 88 0 PR TR TR, T A 52 5
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R SRR B 2 A 2 R AR, ISR REIREE . 4RI RE AR, — 0
T, AMEBGRINEES A A B B R E RHINA N IREE AN, SR E TR R A AU
Ol 5y — T hT,  FEARRR RO N IR ET G2 3 Sh ML P R 1 2T

AKP &R e RIS ARG, T DA AL LT I A I BERR TR A 7K AR SR, AR BTG
DUBEER R LA E, B I BRALAR AR . 38 RS PSIRF TUR I, 705 L35 AKP HIAB K
A0 L e B R 10 8 B T 3 24 BRI AR R AR UROE, BRI 15~30 mg/kg (14
T DA s R AL v AKP (35 1. 28 P o5 PR Je s, ke o R0 B P T 8 T LA i
JEThEE, EREE MG+ AKP 76T,

ARG LG R KB, & ALT. AST. LDH. AKP %8 053E & Vg5, 4t
R HR S LR R . ARV AR IN 250 mg/kg A ZEAUAT B AN 8 me/kg HARITE LR
% ALT. AST. LDH. AKP it T i A s g HORA, AR T 4Rk, HAa

SRAGHLAAE TR AITE A -

4 # w

@ B 2F fFT PR RS IR BERE i T8 R B R R B YA, A R X RS T R B &
ElZip eyl id el A

@ b E AT S H I B 05 IR NS ALT. AST. LDH i&PE, $EILTE AKP iF k.

@ FHEZF AT R SRS IIE R T AEY RS ) LiE ALT. AST. LDH. AKP %1%
TR B AT R AR

@ 3 10775 S VA A& BEF AL, PRI 250 mg/kg AEFLZEAIFF AT 8 mg/kg 4T,

B b T B AR i FREOIRES

EE PN
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Effects of Diet with Low Copper Level and Adding Bacillus subtilis on Intestinal Development,
Microbial Community Structure and Serum Enzyme Activity of Wulong Geese Aged from 5 to 16
Weeks

ZHANG Mingai YANG Wenjiao ZHANG Zenan WANG Baowei~ SHI Xueping YUE

Bin GE Wenhua ZHENG Huiwen
(Nutrition and Feed Laboratory of China Agriculture Research System Qingdao, Institute of High
Quality Waterfowl, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: This experiment aimed to investigate the effects of diet with low copper level and
adding Bacillus subtilis on intestinal development, microbial community structure and serum
enzyme activity of Wulong geese aged from 5 to 16 weeks. A total of 360 twenty-nine-day-old
Wulong geese were randomly divided into six groups with 6 replicates in each group and 10 geese
in each replicate (half male and half female). Group I was the most suitable copper adding
group (the copper added level was 16 mgkg and without Bacillus subtilis), and groups II to VI
were Bacillus subtilis adding groups, the Bacillus subtilis added level was all 250 mg/kg, and the
copper added levels were 0, 4, 8, 12 and 16 mg/kg, respectively. The trial period was 12 weeks.
The results showed as follows :1) the villus height and ratio of villus height to crypt depth (V/C)
in jejunum of groups II to VI were significantly higher than those of group I (P<0.01), and
the crypt depth in jejunum was significantly lower than that of group 1 (P<0.05 or P<0.01); the
intestinal wall thickness in jejunum of group III, V and VI was significantly higher than that
of group I (P<0.05). There were no significant differences on villus height, intestinal wall
thickness and V/C in jejunum among groups II to VI (£>0.05); the crypt depth in jejunum of
group II was significantly lower than that of groups V and VI (P<0.05). 2) The number of
Escherichia coli in cecum of groups II to VI was significantly lower than that of group I
(P<0.01), and the number of Bifidobacterium and Lactobacillus in cecum was significantly higher
than that of group I (P<0.05 or P<0.01). There were no significant differences on the number of
Escherichia coli, Bifidobacterium and Lactobacillus in cecum among groups I to VI (P>0.05).
3) The serum alanine aminotransferase (ALT) activity of group IV was significantly lower than
that of group 1 (P<0.05), the activities of aspartate aminotransferase (AST) and lactate
dehydrogenase (LDH) in serum of group V were significantly lower than those of group I
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(P<0.05); the activities of ALT, AST and LDH in serum of group II had no significant difference
compared with those in group [ (P>0.05). The serum alkaline phosphatase (AKP) activity of
group IV was significantly higher than that of group I (P<0.05), the serum AKP activity of
group II was significantly lower than that of group I (P<0.05). In conclusion, diet with low
copper level and adding Bacillus subtilis can promote the intestinal development, and optimize the
microbial community structure of Wulong geese; copper had less influence on intestinal
development and microbial community structure of geese. The suitable adding level of Bacillus

subtilis and copper can maintain the health of the body, and mutual has synergistic effect.

Key words: copper; Bacillus subtilis; geese; intestinal development; microbial community

structure; enzyme activity
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