10

11

12

13

14

15

16

17

18

19

20

TR P e 2R B SRR 5~15 e TORRGAEKNERE . Wil % & A0S I R 25 A PR 2 !
Jegte FE4E L W kAE F O BXXE RER AR KRR
(7 B AR AR BRI T, EZOK &P ER R R E TR SR DR LR, H 5

266109)
M AR BIEFF LR 4R R B KT 5~15 i FOR RS E KR HiE K
BAE AR, RE 5~15 RS AR AR P 442 3 B ME 5 R KF. 56
W 4 B R FRE 360 R, BENL N6 NMH, HH 6 NMEE, BAES 10 R(ARES &
1/2). T 40 BRAL, (AMENIR INZE A 3 Buo (SRR CSCMIBERITAIR R 4E4E 3 B & &
N0, I ~VIH R, Jrml iR e Al AR B Al 280 0.005(T14H). 0.010 (IIT4H)
0.015 (IVZ1) . 0.020 (V1) F10.025 mg/kg 443K B, (VI4D) RIG AR . WG HN 11
Jio GERE. D N~IVARKLREKE (FBW) 538k 53 5 T 0 4 (P<0.05 5% P<0.01),
M~IVAHFF HIEE (ADG) &35 8k 22 & T X B 41(P<0.05 B P<0.01). 2) FilIG4
()25 A 98 6 5 B (VH) 14 J3 35 Bl 2 2 1 T X R 4H.(P<0.05 B P<0.01), LAIIIZH Y VH & s

e 4 I 7 i 56 3 R B2 (CD) ¥4 il 35 B Y 2 1K T 5% R 4H.(P<0.05 81 P<0.01), PATITZH ) CD
A% F R VH 5 CD 1 AR #4535 5l 2 25 K 15 B 4H.(P<0.05 8% P<0.01), LA
IMIZH1) VH 5 CD It fmoR. 30 R iR InAS ) K 1 4E4E 5 B BE9E U IS B W 1R
AEBEN. B BACTHIX R R b, AR U5 PRS- A 1 AN AR AL 2

FERPKP b, 0K R SRR B B IR R (B s 7B KT b, DU B8 & A0l
BB . bR, GRS BRI 4E AR R B W R 5~15 A R RS IR

Krhfe, SO AE R AEXT 2, DL FBW Ml ADG NiFfabe, i 5~15 E# 1

Yook H #: 2018-03-27

HETH B ZOKE AR R R I 5 (CARS-43-11)

EE I EH(1993-), 5, StMESTEN, WiLetsd, #FFCT7 moAsh e 7 50k eE.
E-mail: 1005719250@qqg.com

SEEEE: EE4E, 2%, iR, E-mail: wangbw@gau.edu.cn
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35

36
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38

39

40

41

42

43

TGN TR 4E AR 2R Bio AR INZK P4 0.012 6~0.013 4 mg/kg .
KW : 4B By Rl KRS MEKE; EM; EREEW

T 7K 5 S816 SCHRFRIRAS: A R
PR Bio e NI A N AR B RKIE e R —, B ZHERER, ik
HIERERES 50 A DNA EV& A E B FARS . Sh=Z 48423 B 7] BE S BHUARI AL
YA DNA & RPEAT, 40 22, LMMERARR, mQstmmen, KAEBELhg
JEEST . AN R B sk Z I RIVRE . ERAR . FTMAER, iEfdEm &
GAENEIYIIHTE N R B RIMES RS, KPR REMAENS S50 BRI, A AL

FAURR e, FFEmsi KA, sifinia i T o= KR, HipiEd

B

(AT 2k B A A5 = 8 IR B P CL R R4 s i RS D TS T ARCK IR A o Dt IR
WEFRLUEAEZR B M IE LR < TR0 A FH AL P PR RE R 2 R 0HE & & SR R A
HER . BYTREER B SEARS G, EANKEAIEN, £8R. HEOBELR
EABRIER TR B ORG IR BRI Wi — MR A N (IF) 454,
UEEZ Bio-IF EE WL I e HULARZIE W I IEFEY, OSSR . FLBR A 5
R M AEAERK R B LHRN B R4EAER. mEELUAELY, R 0.008 mg/kg
YRR Bt R B IR m WS IIRE . BT, 4R Bo 3L T IR T G J7 T 2
AVFZIT, (HRA KW FYEA R B 5 EMEYI R RARIERED, TTHZE WD T KT

EERRAEE R B SRE KR WERKE S ERREHSHRCRNT L TEH. £T

SN

1, ARG I AR PR T I A R K B4R AR 3R B, WFFE O RO A MR REA I TE K A5

AN

Wi, JFFIH 16S rRNA oy 8 S PR AT RS K S g R 45 AT o b, PR B B A 2 BT

ik, BERRYEER B SIEEFSI KR, BHEAHE 5~15 FERIEXT4EA R B

TR, NHNTREE IR EE AR SR KR .

1 MESIHE



1.1 REHE
FERRAAR I BC# LA NRC(1994)01 &8 2 R BN E B S H K i, HAHRIEFRKT IR
1o % H i RBRE (o v A5 R Al AR AN S 4R K Bo. R THZEAEZ Bl (TES

YE| 5B B IR AR D A BYIR S RN 1%,
1 BAFRA R E FRAKT QAT

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %
WiH Items & Content

J5 8 Ingredients

FK Comn 56.80
ZAH Soybean meal 18.00
3K Rapeseed meal 4.00
T KAEFF Corn straw 15.00
TR S R AR ) 2.00
Corn DDGS

HEIR Lys 0.30
HEIR Met 0.16
BERRESS CaHPO, 1.00
¥ Limestone 2.00
frih NaCl 0.24
M EIJEE Trace elements D 0.20
iz (AEYEAR Bi) 0.30
Multivitamin (without

VBip)V

&1t Total 100.00

H777KF Nutrient levels?

RiftE ME/ (MJ/kg) 11.42
HEAR CP 15.82

LY CF 751




50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

£5 Ca 1.08

3 AP 0.33
HAR+FEMAEAR 0.68
Met+Cys

WE Lys 0.91
44 %K B2 VBi2 0.00

VMBI EMEZ AR (AEHER B) N T WA IEM The trace elements and
multivitamin (without VB12) provided the following per kg of the diet: VA 1 500 mg, VD3 200
IU, VE 12.5 mg, VK3 1.5 mg, VB 2.2 mg, VB, 5.0 mg, MR nicotinic acid 65 mg, VBs 2 mg,
AW Z biotin 0.2 mg, 72 pantothenate 15 mg, AHHK choline 1 000 mg, Fe 90 mg, Cu 6 mg,
Mn 85 mg, Zn 85 mg, 10.42mg, Se 0.3 mg, Co 2.5 mg,

YA B NSRIIME, HAhE FRAKF AT AE . VB2 was a measured value, while the
other nutrient levels were calculated values.
12wt

BRIG TG ey [ ZOK &8 7 B R Ak 21 8 i v 2 R M R A B 2 IR A« e R4 4R
FEIRERERALE (P>0.05) #1360 K 4 RIS, BEHL N6 M, 46 MHE
2, BAEF 10 (AF% 1/2) o THINIRA, FERAGIMAELER B KRR (52
MR PR B &N 0, [T~ VI IRIGH, 2 AR AE SRl ke S mt b A i
0.005. 0.010. 0.015. 0.020. 0.025 mg/kg 4E4= 2 B RIS, WIS MM 11 .

1.3 fFREH

o) 7 IR T 4 i 0 R < S s HBEAT I BE AR B K 5 55 T 25, SR P AR ZR B bR e A TR
B, EMIE 24 ho RAIMRIAIRTT A, 2 E BRESU0K. WK 7 a0 R
KH BRI

1.4 FECREE SIRIRIIE



68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

&3

&4

85

86

87

141 FERLREE
fE 15 WK, TIEMRE G & EGRENLIERE 2 RES(AREE Y 1/2), 6 MHIL 72 2, #iF
JiOBCL SO fE IR R T, TERE B EI i, SR BRI R S R E
-80 CUKFEPRAFAFI; RH I 6 A LA RELH A, BTHOL lem M, HAE
HERKIBVER IR, BN 10% F R E el b e, Wi ELEREE T 4 CIkHE,
Rt EH ) Fr o
142 AERVERERIRITHAE

TAFRRIE S W G151 6 h, SR EE R ZNEME, ot #4560 RE it ik S A 5500, i
HARMKEFBW). THHE (ADG) . FHHXEE (ADFD ARIEMN (F/G) .

143 i HZ9) e J5 i

KO AR AL BATIBE. Kk, Bk, BH. B, G, P MR-
(HE) %, A 7. B4R 6 SRALWI R, 16 10x10 55088 Nl &2 kB
B (VH) . FE®EE (CD) « VH 5 CD i ELE(V/C).
1.44 EWHWAEY S DNARHRE

XHRRANFE SR EAT BB 52, SR RARAE AR A PR B (R HE R 4 DNA R G 52 B E
A ) DNA.
1.4.5  H Wi 5 DNA R 52 &R0 40 5 A6

DNA % & DNA 2 0057 E, DNA 4% H OD2so/ODaso #E1T IR, AT 0.8%
ST H I FRVK AL DNA v BOR A

1.4.6 PCRY 1} 40 16S rDNA 4347



88

&9

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

A 16S IRNA(V3+V4A) XI5 ¥): 5-ACTCCTACGGGAGGCAGCA-3' (L3 514) ;
5'-GGACTACHVGGGTWTCTAAT-3' CT 511D o # &AL Il PCR K HIFEFF I T: 95 °C
TiAEPE 5 min, 95 CAME30s, 50 CiBK30s, 72 CLEfH 40s, 325 PMFIH.

1.5 ¥dEgit 504

M SPSS 17.0 #ffrhr GLM REFP AT ERUN 0 Hr, PR ANOVA 27 #idls #h A7 77 %
SN, APTEREZE SR, B LSD VAHHMTAMM Z EILEL, L P<0.05 1E N2 5 B2 M)
Wibsit . FIRMFFIBEAT R, RIGEIESKEIT (OTU) , JET OTU 4 #rgi &, e
FEEANFIOKT LT 00T, SR SREREN . B B R B2 .

2 R4
2.1 TR YR 2 B VS DK R RS AR KM BB Y 2 e

FHEZ 2 BTSN, VAR INAS R KT 4E 2R R B XS FBW F1 ADG A i 2 5211(P<0.05)
o, T~V FBW i3 Bk 2 35 5 15 B4 (P<0.05 B P<0.01), TII~IVZ ADG &3
B 35 = T 0B 4 (P<0.05 B P<0.01). 1T ~VIZLf) ADFI A1 F/G 5 % HE4H 2 7 K B %

(P>0.05) . V. VIZL#5) FBW. ADG. ADFI fil F/G ¥R & %% (P>0.05) , Biged
% B B IN7K T B 0.020 mg/kg #0F) 0.025 mg/kg i, % FBW. ADG. ADFI 1l F/G ¥J7&
WEFEW (P>0.05) .

¥ FBW (Yesw) « ADG(Yanc)Z il 54E4E 5 B ININZK (O #EAT Ik R4, #E57
MR 7 R

Yrew=3 887.357+29 202.381X-1 160 476.19E-4X2(R?=0.544, Pq<0.001);

Yapa=33.729+315.57X-11 761.255X3(R*=0.443, P<0.001).

H EREE RS W R 4EAE R B iK1 0.012 6 mg/kg i FBW K, ¥
JKF 0.013 4 mg/kg B ADG #z Ko MERE R AR, I 5~15 JEIWE Tole #E e b 4k

A2 B i INZKF4 0.012 6~0.013 4 mg/kg.



111 2 TDRAYEE R B S INIKTX TR RE A R 5

112 Table 2 Effects of vitamin Bi2 supplemental level on growth performance of Wulong geese
ZH%] Groups P18 P-value
TiH Y48 #
44 FK B s —K
Items I II I IV \% VI % SEM
Vitamin B> Linear = Quadratic
ZORRE
3865.3*  4025.0° 411084 4018.2° 3984.5* 3914.8%® 16.591 <0.01 <0.01 <0.05
FBW/g
-5 H 3
S 33.872 3439  36.57¢ 35.49¢ 35.14°b¢ 34.40% 0.200 <0.01 <0.01 <0.05
ADG/g
SFIH K
aE 226.1 2243 238.3 222.7 234 233.7 2.000 0.13 0.19 0.94
ADFl/g
BIE L 6.60 6.52 6.52 6.28 6.66 6.81 0.065 0.25 0.54 <0.05
F/G
113 [E47 %04 8 bl [R] /N5 7 BEERJE 7 BER IR 22 3 AN 2.3 (P>0.05), AHAR/INE T BER R 72 7

114 B3#(P<0.05), MEVNG FEERIRZ FIR T (P<0.01). £ 3 [,

115 In the same row, values with the same small or no letter superscripts mean no significant
116  difference (P>0.05), while with adjacent small letter superscripts mean significant difference
117 (P<0.05), and with alternate small letter superscripts mean extremely significant difference
118  (P<0.01). The same as Table 3.

119 2.2 TRPYEAER B WA TR RS2 M R 25 (15

120 221 FARPYEER B IR RS E i VHL CD J V/C 52

121 M2 3 "5, BEHEAEAER Bo i K-FITHE, 2 VH 23075 R IRR&ES, H
122 IAIAR VH #2582 5 TR 4(P<0.01), V. VAIVIAL VH &2 & 106 B 41(P<0.05),

123 DAIZAM VH B 20 CD BRI, H5 00410 CD PR T ifdl, 14l
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124 55FRRALN 2 Ik B B K (P<0.05),  TH~VIZL 556 BRZH 1) 22 704 Bk 2 3 /K SF(P<0.01),
125 DAIIZHR) CD &A% 2 VIC TSR A, (BRI V/C 155 35 i 1 2 KT
126 HR4L(P<0.05 3¢ P<0.01), A DAL V/C K. XKW, TR R i B KT it 4 A 5
127 BumeWed# i i mKaE .
128 R 3 GRRPEAER Bo INKCEX RIS I VHL CD #1 V/C 1540
129 Table 3 Effects of vitamin B2 supplemental level on VH, CD and V/C in jejunum of Wulong geese
3| Groups P14 P-value
TiH ¥ bR kR 4EER B
2t =K
Items 1 I I v \Y VI SEM Vitamin
Linear  Quadratic
Biz
WS
682.14¢ 705.00? 709.172 691.37° 689.06° 687.69° 241 <0.01 <0.05 <0.01
VH/um
Bt g PR BE
141.96° 133.98° 125.954 127.1¢4 126.34 132.01¢¢ 1.48 <0.01 <0.01 <0.01
CD/um
RS
LggEix
4.834 5.26% 5.68¢ 5.440 5.41° 5.10¢ 0.07 <0.01 <0.05 <0.01
Eia]ER
V/C
130 222 FHHREBHLD A
131 HE 1 ATUE , AR VH B SR8, H CD Bug. AR VH
132 = HARPECESE, CD B0k, RV PR INE B I 4EE 2 B W TR RS T B A
133 AR .
134
135
136
137

138
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158
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160
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I 4 Group 1 T4 Group II 44 Group 1T

V4 Group V ) VIZH Group VI

(o) 7E ANl D

IVéroup J -

Fig.1 Jejunal tissue sections of geese (100X )

2.3 TR 4R R B WS INAKSTRS FO I T ) B A 45 A 1 R
23.1 oZFEMEIREUMT

AARIGHE S 7 3L 3R 13 960 455 %f Reads, Wi Reads HfEz. I IEfEIL/=4: 640 817 %
Clean tags, “T-HRAMFER ™4 80 038 4% Clean tags. o 2 FEVE LI ZAE S R0 =F B K 2 HE
Moo HIS4 o 2RSSR (R4 WLUEH, 1411 OTU. ACE #5%(. Chaol 1§
B, KRB AR E RS T HAL S 41, V41 Shannon $5#(5/)N, Simpson
fefluRm, R VARBE Z MRS, MEAECHRIIS . SR OTU Ml 7R 1
B TH (coverage) BIKT 0.996, L/nPEA RN HAIOMERIR o, iR 45 R,

TR T A INAN TR ZK ST B4R 3R B RENS U TR RS B B R ) 2 BE AN 22 A 12
K4 oM
Table 4 o diversity indices
41 51 MfE ACE4E#(  Chaol 8%  Simpson #8%k Shannon 5%k BR

Groups s Simpson Simpson Simpson index Shannon index Coverage



G index index

0
OTU
No.
[ 994 1024.1 1063.6 0.021 5.06 0.997 2
I 930 1013.1 1022.2 0.050 441 0.996 9
il 1067 11223 1135.9 0.018 5.18 0.997 2
1Y 934 982.3 1001.2 0.022 5.00 0.997 6
\ 807 880.9 900.0 0.058 4.29 0.9973
VI 1034 1095.0 1105.8 0.029 4.94 0.997 1

164 232 Wfh RFR b

165 Yk EA 2 I S 1 REAECE SRR BRI AT R M Bk R . I 2 WA, 2004
166 TR, WHERNABERN, kUi LI E R, U R R A
167 AECERIEINTT RGN, T 2R ARG 0B — 5 BT, PR e A 2 BERE A S 1 I RF 8
168 SEFEFAHRNSLE R, BAEMABENGN, MRS I, RTINS
169 WIFEZEIRD, ERIM&E TS, SaRiE TR, ERGERR AR 7 4

170 0 DAHEAT B R 44T .
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":g 100 —_ :
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= a7
£ T
g - j
T LT
£ | I
E ! ToT
z ! 1 1
L i
80 AL | l l l . G +
L 1
L, "
70 | ' |
0 2 4 [ 8 10
Samples numbers
171 K2 JmK-F Rl R A A
172 Fig.2 Cumulative curve chart of species in genus level

173 233 FARHT(PCoA)

174 K 3 OREET B 2R HTR R 4 FEERSRERE, EA] R 5 F THEZ 1) PCoA B, AAFR
175 B EREEGET RS, AR R, T 45 VIR ARbREE B i, i) AU R, T 41
176 5 VAP oL, W ZF MO EREIREN], R 44 R B I IKSF 5

177 HRRGE WA U =2 T .

178
PCoA - PC1 vs PC2
0.1
Fas
X
(=
~
4
3,
'é 0.0 :
- o
g, ” A 72
£ + 73
& al ™4
E
= & Z5
5 v 6
2
&0 -
ol
@]
=%
<
0.1 0.0 0.1 02
179 PC1-Percent variation explained 33.88 %

180 Z1: 1#H; 72: 1#4H; 73: 1H; z4: VH; z5: VAH; z6: VIH. FHEIE.


Jjy
横坐标添加：样本量，纵坐标添加：抽样物种数目 



181 Z1:group 1;Z2:group 1I;Z3: group III; Z4: group IV; Z5: group V; Z6: group VI. The same as below.
182 K3 PCoA K

183 Fig.3 PCoA chart

184 2.5 MRARBESHT

185 B 4 SR IR TR YE AR 3 B N INZK TS TR RS B W B A A K T ARG = B (R i o 7EAH
186 MM 97%HIMKF R, Zalit B AR AN IR 2, H A B 24 (Bacteroidia)
187  FIHR B 4 (Clostridia). 8-2F ¥ 1% 44 (Deltaproteobacteria) A F E AL FE E A . X TR REE g+ HE
188 RIS MIARABENIAT AN LLER, S5 WK 5. mFRATH1, VIZ A ST 1 49 AR X = 5 B e
189 N 53.40%, &3t EE T HALLL(P<0.05 5L P<0.01); V4L 4R B 44 A X =5 FE e v
190 N 27.60%, 35 ERH S E T HAR 41(P<0.05 B P<0.01); V4 8-28 J 18 40 B AH X = FiF B
191 &, N 19.80%, 2R EE T HABLL(P<0.05 8¢ P<0.01); Melainabacteria £E 1141 AH %t
192 FEE&EE, N6.14%; MPATHEN (Deferribacteres) 7E [ HF AN FEEEE, N 12.45%.
193 AT, AR RIS IR IR 4R AR 3 B A RS R W B R AN KT ARG = BE R A T AR AL,
194 HAREN. RN BT ENZWIHE, SRR FE KW 4EE & B ity
195 OB ORI E IS RN K AR FE R

100%

— T = mm = B Unknown
B8 N |
- . . | Others
80% _— B Alphaproteobacteria
Synergistia
g & Mollicutes
g 60% o
.é Erysipelotrichia
=1
0 Negativicutes
£ 40% |
o) Deferribacteres
~
B Melainabacteria
20% -| Deltaproteobacteria
B Clostridia
0% J Bacteroidia
Z1 72 73 74 I35 Z6
196 Sample
: 3 : AW ia: - HEA; Synergisia: .7 H4N; Mullicutes:
197 Unknown: AH15; Others: HAth; Alphaproteobacteria: a-2FJE

198 FMEE 4 ; Erysipelotrichia: FFEE22B#4M; Deferribacteres: MiZkFFE4X; Deltaproteobacteria: 8-Z5 M 4 ;

199  Clostridia: #RE4; Bacteroidia: FIFTFE N,

200 Bl 4 AR AR E

201 Fig.4 Distribution histogram of species in class level

202 RS HHEKPARIEARR

203 Table 5 Relative abundances of dominant microorganisms in class level of each group %

Wi H Ttem H3 Groups P1{H P-value




BfEbrER  4EER

&tk —./¢
I 1I il I\Y A% VI SEM B2
Linear Quadratic
VB2
Bacteroidia 48.17° 39.70¢ 48.07° 42.20¢° 46.90° 53.402 1.09 <0.01 <0.05 <0.01
Clostridia 26.00° 27.30° 25.20¢ 27.60* 20.40¢° 22.50¢ 0.63 <0.01 <0.01 <0.01
Deltaproteo
12.00¢¢ 12.60° 11.60¢ 15.20° 19.80° 9.70¢ 0.79 <0.01 <0.01 <0.01
bacteria
Melainabact
2.40¢ 0.20f 6.14* 5.70° 3.00¢ 3.80° 0.49 <0.01 <0.01 <0.01
eria
Deferribacte
0.02¢ 12.452 0.414 1.02° 0.81¢ 0.03¢ 1.09 <0.01 <0.01 <0.01
res
204 Bacteroidia: #L #F # 24X ; Clostridia: #& & 49 ; Deltaproteobacteria: &-48 2 & 44 ;
205  Deferribacteres: kA E#4H.
206 Kl 5 TR B ARAE L 3R B WS INZKCF 0 88 5 1 B RERL AP AR 2 FE RS2 . FEREKF
207 b, FEXEE RS BT E B (Bacteroidaceae) JEMEFF (Ruminococcaceae) « it il i
208 £l (Desulfovibrionaceae) o Xf T X#EH My HEZ AT 5 MIPLA BRI T AL LU, 25 R IR 6.
209  EERATSN, VAU E RN FEE N 31.12%, 511 TTAVIA Z 7 AR #P>0.05), B3
210 B SEE T HABAL(P<0.05 5% P<0.01); TITALHFe i RN 2 B i, N 17.60%, 35
211 =T IT4(P<0.05); VA Bt sl B RN B i m, N 19.78%, BRI 35 & T HAth 41
212 (P<0.05 5% P<0.01); [ #HEEIRIKERL (Prevotellaceae) AN FE & H, N 7.43%, &
213 Em T IAIVAP<0.05); VA A A A1 2 (unknown-bacterium) I AH X 4 fe s, A 7.33%,
214 SIMHZERARZE (P>0.05) , &3 BNEE & T HARAP<0.05 5 P<0.01). AT, fARH
215 WINAFEZKCFRI4EA 2R Bio i T RS E s R AP AR 32 B A AR T AR A, FEA AT i A
216 FEIE AR BE I B A 3K BB T I I AN [RIZK P B 442 3R B BERE R TR
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225
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B B RERL KT AR X

9 7] — — — —
ik g " Ui
- [ [ Others
80% - . | - - B W Clostridiales_vadinBB60_group
B .
— - | I 0 Porphyromonadaceae
s . . . M Lachnospiraceae
0,
g hq == i —
.§ . Bacteroidales S24-7 group
=
-5 - B Rikenellaceae
>
‘= 40% )
© [ bacterium
=1
W Prevotellaceae
20% - Desulfovibrionaceae
B Ruminococcaceae
0% Bacteroidaceae

71 72 VA] 74 75 76
Sample

Unknown: AZXIH; Others: HAth; Porphyromonadaceae: 45 ¥ & #%l; Lachnospiraceac: TMZHER

Bacteroidales S24-7 group: #IAFH H S24-7 41; Rikenellaceae: FEHFEAL: unknow-bacterium: 7 %15 2

Prevotellaceae: I 51K [GH #l; Desulfovibrionaceae: It I i £} ; Ruminococcaceae: JEff i £ ; Bacteroidaceae:

WL

K5 REACHRR o A HEAR

Fig.5 Distribution histogram of species in family level
K6 BB B AR E

Table 6 Relative abundances of dominant microorganisms in family level of each group %

TiH Items

3 Groups P14 P-value
PR
BIEFRE R 21t )/
I 1I I v \Y VI Bi2
SEM Linear Quadratic

VB2




Bacteroidac

cac

Ruminococc

aceae

Desulfovibri

onaceaec

Prevotellace

ac

Unknow-ba

cterium

25.80° 28.123 29.923 17.50¢ 31.12* 30.17% 11.79 <0.01 0.06
15.69% 12.20° 17.60* 13.61 13.75%® 13.70% 0.53 <0.05 <0.05
12.07% 12.62% 11.62% 15.29° 19.78 9.76° 0.85 <0.01 0.100
7.432 4.08° 4.98%® 4.06° 5.19% 5.32® 0.39 0.113 0.26
6.28° 0.74¢ 7.16® 7.332 3.75¢ 4.23be 0.60 <0.01 <0.01

<0.01

<0.01

<0.01

<0.05

<0.01

228

229

230
231
232
233
234
235
236
237
238
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249 Fig.6  Distribution histogram of species in genus level
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251 Table 7 Relative abundances of dominant microorganisms in genus level of each group %

H3 Groups P1H P-value
e R
TiH Items BIEARAE R etk Ik
I II I v \% VI B
SEM Linear Quadratic
VB2
Bacteroides 25.57° 27.12% 29.92: 17.50¢ 31.12° 30.17 11.51 <0.01 <0.01 <0.01
Unknow-bact
18.97° 10.82¢ 18.72° 27.49* 12.50b¢ 13.44¢ 1.37 <0.01 <0.05 <0.01

erium
Desulfovibrio 11.96% 12.59b¢ 11.55b 15.26° 19.75° 9.70¢ 0.85 <0.01 0.10 <0.01
Alistipes 2.45° 2.05° 3.47® 4.70° 2.55% 4.39® 0.31 <0.05 <0.05 0.57
Mucispirillum 0.20° 12.45* 0.41° 1.02° 0.81° 1.09° 0.60 <0.01 <0.01 <0.01
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Effects of Vitamin B1> Supplemental Level on Growth Performance, Intestinal Development and
Microflora Structure in Cecum of Wulong Geese Aged from 5 to 15 Weeks
LONG Jianhua WANG Baowei® KONG Min ZHANG Ming’ai YUE Bin GE Wenhua
KE Changjiao DIAO Cuiping SUN Lingling
(National Aquatic Industry Technology System, Research Center of Quality Waterfowl, Qingdao
Agricultural University, Qingdao 266109, China)
Abstract: This experiment was conducted to investigate the effects of vitamin bi> supplemental
level on growth performance, intestinal development and microflora structure in cecum of Wulong
geese aged from 5 to 15 weeks, aimed to explore the optimum supplemental level of vitamin B2
in diets of Wulong geese aged from 5 to 15 weeks. A total of 360 Wulong geese at the end of 4
weeks of age were selected and randomly divided into 6 groups with 6 replicates in each group
and 10 geese in each replicate (half males and half females). Group 1 was the control group,
and geese in the control group were fed a basal diet without vitamin B> (measured vitamin B>
content was 0 in the basal diet); groups Il to VI was the test groups, and geese in the test
groups were fed the basal diet supplemented with 0.005 (group II), 0.010 (group III), 0.015
(group IV), 0.020 (group V) and 0.025 mg/kg vitamin B, (group VI), respectively. The trial
period was 11 weeks. The results showed as follows: 1) the final body weight (FBW) of groups
II to IV was significantly or extremely significantly higher than that of control group (P<0.05 or
P<0.01), and the average daily gain (ADG) of groups III to IV was significantly or extremely
significantly higher than that of control group (P<0.05 or P<0.01). 2) The villus height (VH) of
test groups was significantly or extremely significantly higher than that of control group (P<0.05
or P<0.01), and the highest value was found in group III. The crypt depth of test groups was
significantly or extremely significantly lower than that of control group (P<0.05 or P<0.01), and
the lowest value was found in group III. The ratio of VH to CD (V/C) of test groups was
significantly or extremely significantly higher than that of control group (P<0.05 or P<0.01), and

the highest value was found in group III. 3) Diet supplemented with different levels of vitamin
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Bi2 could change the relative abundances of dominant microorganisms in class, family and genus
levels. In the class level, Clostridia Bacteroides and Deltaproteobacteria had obvious changes; in
the family level, Bacteroidaceae, Ruminococcaceae and Desulfovibrionaceae had obvious changes;
in the genus level, Bacteroides and Desulfovibrio had obvious changes. In conclusion, the
optimum supplemental level of vitamin Bys in diets can improve the growth performance and
change the relative abundance of dominant microorganisms in cecum of Wulong geese aged from
5 to 15 weeks. It is recommended that the supplemental level of vitamin Bi; in the diet of Wulong
geese aged from 5 to 15 weeks is 0.0126 to 0.0134 mg/kg with the FBW and ADG as evaluation
indices.

Key words: vitamin Biz; Wulong geese; growth performance; intestinal development; cecum;

microflora structure



	1.1  试验材料
	基础饲粮的配制以NRC(1994)[6]家禽营养需要为主要参考依据，其组成及营养水平见表1。采用高效
	表1  基础饲粮组成及营养水平（风干基础）
	Table 1  Composition and nutrient levels of the ba
	试验用鹅由国家水禽产业技术体系育种基地高密银河润雁鹅业有限公司提供。选择初始平均体重差异不显著（P＞
	1.3  饲养管理
	饲养试验结束后停饲6 h，然后逐只空腹称重，统计各组试验鹅的体重和增重情况，计算终末体重(FBW)、
	1.5  数据统计与分析
	利用SPSS 17.0软件中GLM程序进行主效应分析，再用ANOVA程序对数据进行方差分析，存在显著
	2  结果与分析
	2.1  饲粮中维生素B12添加水平对五龙鹅生长性能的影响
	将FBW（YFBW）、ADG(YADG)分别与维生素B12添加水平(X)进行二次曲线拟合，建立的回归
	YFBW=3 887.357+29 202.381X-1 160 476.19E-4X2(R2=0.
	YADG=33.729+315.57X-11 761.255X2(R2=0.443，PQ<0.001
	2.2  饲粮中维生素B12添加水平对五龙鹅空肠黏膜形态的影响
	2.2.1  饲粮中维生素B12添加水平对五龙鹅空肠VH、CD及V/C的影响
	表3  饲粮中维生素B12添加水平对五龙鹅空肠VH、CD和V/C的影响
	2.2.2  空肠绒毛组织切片
	2.3  饲粮中维生素B12添加水平对五龙鹅盲肠菌群结构的影响
	2.3.1  α多样性指数分析
	本试验样品测序共获得960 455对Reads，双端 Reads拼接、过滤后共产生640 817条C
	2.3.2  物种累积曲线分析
	2.3.3  主坐标分析(PCoA)
	图3为基于β多样性分析得到的4种距离矩阵，使用R语言工具绘制的PCoA图。坐标图上距离越近的样品，相
	2.5  优势菌群分析
	3  讨  论
	3.1   饲粮中维生素B12添加水平对鹅生长性能的影响 
	3.2  饲粮中维生素B12添加水平对鹅肠道发育的影响
	3.3  饲粮中维生素B12添加水平鹅盲肠菌群结构的影响
	4  结  论


