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(LA ER\ BB, KE 1301122 MR 28 TR ARG F L,
2R BT B g R0y A RN W], AR BT 252201 )

H OE. ARBRSARARARS MR FRME T A~7 AR Z LI A KM hiE ANIEAFA
HMARBSHBENTa, B A~T7T ARALRIFHZEL 10 X A28, FASAE
B, HENEE K, sRARRIA AR XA KRR P R e 1x10° CFU/g ¥ R 3F 7047
B, FUXH 7 d, EXH 60 d, LREW. 5RAAR 1) AR R RF AT S L LY
WE FHANE FTURREERHERALEEZH 0 (P>0.05);2) 5 AR K e d R F FaAFE

RBHEBKT FEFEG42(P<0.05), 2 %15

T i IR REE G 4 F(P<0.05), 3 H A&

R F ANIEFREA BF @ (P>0.05);3) BARAMU R FRFANTLZLY A AEHAF
ZHBRABEHW(P>0.05) , 5T EMAZY PUARA I ERAITANSFEE, ZLFH
Fo Adonis TR T, FRAIMERF AR ZLF AM AR M E AR L ZFFA(P>

0.05), T FARFIMERFIAHFAFTARERGZLEPHERREREEZ S ALZLY
A bmE AR,
KW, ZLY R FOHA;AA SR

R E %S S822 SCRRFRIRAD: A

I E W B Y SR DT AR A KR
Tt F RO (R A AL Ak B R AN 7 4
=, B A 0 2 K S BOLAERS 3 A BT B
PER G R (2018 4F h [H S 3HAE %) WoR, A
1998 43| 2016 4%, I8 E E Y F7F£% & M 955.8 J7k
FREe P ZE 259.3 J7 3k, LAY 6.5% A 3 B 75
Wrsds , UCAEk, b A 2 ROME SR A g, B0
FR Rz | TR RIS ) B P A (B 3R 228 &, L5 o7 I
— I % G 3R A, B Ak 35 B ] B
T e P SRR I A 88— (EL TR B i R R P
TR B AL Y PR B R A RS — AT
49 SRR AL 9P 37 1 VS 5 B TR A R, 0 0 Y 1)
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WA B2 o s R R R S M 2 AT
WER K& MoK sm e iz,
2 AR RS R B, AR R AR I 0. 15 % B AR 2
FOAF B AT 328 = A5 e Ak e 00 s AR K
PEfE, RE Y AE L S L W RE & B R S
1x10° CFU/ g b A< 2 AT P AT A 20 b 5T 1S 1Y
AR APERE G BE RS bR, AL 2R ek e B 5T
BRI AR IR 1x10° CFU/g i 5 28 FFT 1 7
WESE S S py RS L, R, AR B TR
TR S 0 b AR ZF AT R R B P AR K MR RE L IV
AR S B TR RE 2 AR M RS2 e, DL Sy AR
ZEAUFT AR B A e g AR S

1 MBE5FZ*
1.1 K EM

TECH0: P 1 A 24 6 AT TR 2 A S = T DA ft
JAEYE W h Ay B M E AR . VR TR KR
FHH ] MRS Hi 32 5314, #% 1x10” CFU/g B n
(SR Rz e 7E D0 IR 25 )

B RE B RLAN FE R
1.2 Wit RAFER

TEHL 4~7 ARG KA B MEE 5P 3 10 Sk, 5F
KA (111.80+15.69) kg, BEHLI N 2 41, 5540 5
ANEE FANER 1k, XTI ) LA R R 3
B 2 AE FERl R rP 7R 1x10° CFU/ g b A4< 4 T
W Wk 7 d, B3 60 d,

WS S iR 3R 8 F 2018 4F 10 H 10 H &
2018 4F 12 A 10 H ILZRA Wk i A p] 2L R B I %
HHo#E T, ALK 10.00 Fl 1630 &4 1
U, S ML R RD TR IS I i [ 5 S W) 4 R
1) 1.3% MLEEEA HR B, A R OK, KR e
R R I B SR K W 1, MR SR, s
KN B #E B B (CP) 8.75%, # i i ( EE)
1.17% , 8 L% (OM) 90.03% , T Pk ¥k 1% & 4
(NDF) 72.75% , FR 1 Ve U £F 4k ( ADF ) 54.63% , £5
(Ca)1.26% ,W5(P)0.17% , AL HE 7.61 MI/kg[ 1
fLBETHE S 1B NRC(2007) ' By 3 me8i ]

®1 BRAFERERREFKTE (KT EAH)

Table 1 Composition and nutrient levels of the concentrate supplement ( air-dry basis) %
kL ot EHRAF ekt
Ingredients Content Nutrient levels® Content
EA Corn 46 T4 DM 92.57
K] Soybean meal 10 HHYLY oM 83.84
H ¥R Cottonseed meal 10 HEEH T CP 21.54
FEAE K Peanut meal 11 KL EE 1.72
T KR ZE Corn germ 4 PEPE AT 4 NDF 45.98
T K & H AT %4 DDGS 10 W M VU 27 4t ADF 8.28
£ ¥} Limestone 4 5 Ca 1.12
iRkl Premix" 5 BBk TP 0.67
A1 Total 100 HifLBE DE/(MJ/kg) 12.90

1) T wHiRE &4 One kilogram of premix contained the following: MgO 0.076 g,ZnSO, - H,0 0.036 g,MnSO, - H,0
0.043 g,FeSO, - H,0 0.053 g,NaSeO, 0.031 g, VA 484 TU, VD, 496.8 TU, VE 0.828 IU, VK, 0.23 mg, VB, 0.092 mg, VB,
0.69 mg,VB,, 0.001 38 mg, ' f® folic acid 0.023 mg, & niacin 1.62 mg, 7 iR calcium pantothenate 1.15 mg, CaHPO,

5.17 g,CaCO, 4.57 g,

2) T RE iR, HoAy A SE{E . DE was a calculated value, while the others were measured values.

1.3 HmXE

RIS A5 K, fR )RR B 3l , S0 Dk R i
10 mL, 3 500 xg .4 C &[> 10 min, Ui 4 Il 7,
—-20 CHAF, HF )5 22 10035 A 5 38 A5 1 I 2 . 3k
5 50 K, E HRENEY 5 ¢ HT A
A DNA A4 B, 50 A 5 iy A 78 35 s K&

7 Hp [ A B2 B v 7 B 5 B g A T
1.4 IEHEBONERFE
1.4.1  ARMERERIE

RIGE 1.15.30 .45 .60 K2 PR &3P ik
1A OF 14 H 89 & (average daily gain, ADG) Fll
ST (total weight gain, TWG) , %:F 3 d Xf 453k
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LPoRg Rk b e FREL )R Y 45 B B R B R AT
18R, TR 0 5A0  1 R) Sk O R T R
& i (dry matter intake , DMI) B} & [ ( feed/ gain ,
F/G),
1.4.2  FRDHEE SRR D e

KLY T4 5 (DM) 2 5 R ] GB/T 6435—
2014 J7 %00 5E s BLE H S 5 2 18 GB/T 6432—
2018 SR HIHIL G E ZIE N A2 5 MG D7 3% 7 2 I GB/T
6433—2006 K ]2 A 46 75 0 a2 5 v % Bk ik £F 4k
IR M R & 41 4 % i 2 ] GB/T 20806—2006 K
FHYE G (Van Soest) £F4E 43 M i 0 5 55 % i = R
GB/T 6436—2018 X 1 £ ¢ WU Z R (EDTA) 2%
B E TR D E s 9k A 2 ) GB/T 6437—2018 %
FHAUBR R i L (0 500 5
1.4.3 I35 A4 F8 bR 2 PHam

1L ¥ 5 = fig ( triglyceride , TG) . & AH [& i
(total cholesterol, TC) . /5 % i g & 1 AH [# B ( high
density lipoprotein cholesterol, HDL-C ) | ik % J& g
5 1 AH [& B (low density lipoprotein cholesterol,
LDL-C) . % % #¥ ( glucose, GLU) | J& & (urea, U-
REA) . & M (total proteins, TP) | FH & 1 ( albu-
min, ALB) 7 & M N2 iR 2 3t 7% % Wi (alanine ami-
notransferase , ALT) K ['] & & R & 3& 7 % il (as-
pertate aminotransferase, AST) | FL . JIit &0 i (lactic
dehydrogenase , LDH ) F158 P % 2 [if§ ( alkaline phos-
phatase , ALP) 7§ #4: ) {#i F§ Beckman AU 480 4= [
B EAR S BT AN E R &R I T b A bR A
BHHEA R A 7, BRE A (globulin, GLOB) 7 & %
M TP 5 ALB & &M 22 EE /R, MLTE PR E A
A (immunoglobulin A | IgA) e EKHE H G (immu-

noglobulin G,IgG) FlfREEREE H M (immunoglobu-
lin M, IgM ) & & ¥ fif 1] B Bt % W B O
(ELISA) 351 & ( b i g e A= W) B BAT BR 2 WD)
ME
1.4.4 144 5 DNA (4L

H M N A Y) i H Fast DNA spin kit for feces i
R & [ 2t (dbat) A WRHECA IR A 7] ] 347 3Ak
Py DNA 425, $2HUS 19 DNA 3% 230 50 i R 2
U2 w8 ] MiSeq I 7 F- £ 368 4 1/ 2 N 20 B9 168
rRNA V3~ V4 XFEF7I)F
1.5 HiESH

1256 K5 P 4 F Excel 2013 %% B J5 5% ] SPSS
22.0 BAF AR SLFEA ¢ K5 (independent-samples ¢
test) HEATIME MY 22 PRS0, DL P<0.05 27 1
Fo WA P45 8 5 Flash v1.3.0 8 AF RS
WA i 3751, R JH Prinseq-lite 0.19.5 K 4 A% 45 Jit
AR, 4 B] 97 % AH PR K 3 51 SR S A 4
2K *JC ( operational taxonomic units, OTU) , OTU
KR B 3 A 4 Uclust v1.1.579, % /il RDP
classifier 8 {47 ¥l 4r 2&, L QIIME 1.9.0
A R HEAT o Z2RE R 2 L AR AR A AT
(PCoA) 1 Adonis 43#7"

2 H#R595W
2.1 AMAMBKRFAFENBREPERKMERE
=AU

W 2 Fros , X B R 2156 15,30 .45 Al
60 KARTE I B E2F (P>0.05) , % BE 4 ik 56
MR EIE P HE TY R E R AR E L
WG 3 25 7 (P>0.05)

R2 ARSI FAFENREPERERIME

Table 2 Effects of dietary Bacillus licheniformis on growth performance of black donkeys

WiH PO A P
Items Control group Experimental group SEM P-value
WIEE Tnitial body weight/kg 113.40 110.20 10.46 0.76
%5 15 KK Body weight on day 15/kg 113.70 111.20 10.35 0.81
%5 30 KIKHE Body weight on day 30/kg 119.80 117.90 10.38 0.85
% 45 R{KTE Body weight on day 45/kg 124.70 120.60 10.84 0.71
%5 60 KA Body weight on day 60/kg 130.20 124.30 12.82 0.65
RIS E TWG/kg 16.80 14.10 4.36 0.55
S HEE ADG/(g/d) 270.96 227.42 70.35 0.55
TR & DML/ (kg/d) 2.82 2.59 0.12 0.11
BHE L F/G 10.83 13.27 2.67 0.38
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22 RAMAMBRFAFENBEEFDFEL
EiL oA

R 3 FR, R4 R IS ALB & & B35 &
TEE 4 (P<0.05) , X B 41 134 56 40 /% 1 3 TP
H GLOB & TG . # 22 57 (P>0.05) . XJ 4 Al
R 40 1Y D AH OC F5 AR (I ALP | ALT , AST,

LDH {if ¥ ) F1 g W 48 85 A 5¢ 48 4% (1L ¥ TG,
HDL-C LDL-C . TC &) ¥ & %5 (P>0.05) ,
IRIGLHAY LT GLU 1 UREA & HE 8%t IR 40 A Fr %
& (HEREE R (P>0.05), RK24H A LT 1gG &
B E TR (P<0.05) % IR FHATOZH (0 1M
IgA 1 1gM &0 #2255 (P>0.05) ,

R 3 GAMRRMHARSF AT EX R EPMEELIERFT

Table 4 Effects of dietary Bacillus licheniformis on serum biochemical indexes of black donkeys

s X B 21 N | SEM PA
Items Control group Experimental group P-value
B GLU/(mmol/L) 2.90 2.36 0.54 0.34
JR % UREA/(mmol/L) 8.29 7.83 1.02 0.66
B MW ER B ALP/(U/L) 288.16 235.47 51.27 0.33
MNHERAIL B ALT/(U/L) 7.15 5.21 1.21 0.14
KITE&BARBAIFERE AST/(U/L) 262.48 226.88 32.17 0.30
FLW i &M LDH/ (U/L) 376.12 303.46 47.61 0.16
Hih =g TG/ (mmol/L) 0.39 0.34 0.09 0.60
15 % 18 1§ % [ H [ % HDL-C/ ( mmol/L) 0.72 0.74 0.04 0.66
1% 2% B5 2 (1 E [# % LDL-C/( mmol/L) 0.23 0.21 0.02 0.39
BEAHEEE TC/ (mmol/L) 1.63 1.61 0.09 0.83
MBI TP/(g/L) 57.66 53.95 3.06 0.26
HEH ALB/(g/L) 22.61 19.91 1.01 0.02
BRE 1 GLOB/(g/L) 35.05 34.05 3.15 0.75
S FREH A IgA/(mg/mL) 5.24 6.06 2.05 0.70
RERRE I G [gG/(mg/mL) 7.78 11.08 0.52 0.01
HPE R 9 M IgM/ ( mg/mL) 0.71 0.96 0.29 0.42

23 ARAMBKRFAFENEEFEREE
EZ=Rk3: kA

N 4 Fr %, xk IR 28 I 50 20 10 7 6 R AR
Bim T 0,995, vl BIN ¥ UR R 98, 45 o] 2 8
99.5% VL LR FFAL A, 190 4 1Y 75 4% ( Shannon)

=73 2% ( Simpson ) 45 8034 i T X B4 (H 22 5 01
B3 (P>0.05) . XML Chaol FI ACE #5403
E TR, (122 57 R 8E (P>0.05) , XKW
AR I A 2F FHT 8 % DB B M S R
ZREPETE R,

x4 ARFMBERFAFEXNZBEFEHNBTYEE o SHEEHZMN

Table 4 Effects of dietary Bacillus licheniformis on bacteria o diversity in rectum contents of black donkeys

WU H Xf HRZH A4 SEM PH
Items Control group Experimental group P-value
P W 4850 Coverage index 0.995 0.995 0.01 0.67
F T8 %4 Shannon index 6.62 7.56 0.87 0.33
S ARFE L Simpson index 0.91 0.97 0.04 0.23
Chaol 484X Chaol index 1318.33 1 293.23 109.11 0.82
ACE #8#( ACE index 1 353.46 1311.71 109.45 0.71




2 RIS RN A E AT BRI 4~ 7 AR R BY AR R PERE L A= A8 b Lo 1003

TR I AR ZE A X BB EM Y AEEZ WA Y E M E E &5 36.46% ~
H T TAKCEAI T R RS AN 1 RS, 2 A 48.45% 3 3 W AR TR I b AR 2 A AT T 4 v TR
XPERERC R BUHT 3 PPN T 140 BN EBE B 1] 4 B BYARUAT B R R R M TR X R B, PTRE & 0
FRRTTMASTE R, Hd A R TR ISR s A 2,
WELTE A 1T AFRT = B B S 8 T 0 HRA i X B v 2

100 w EEE ] Firmicutes

&0 w BFLE ] Proteobacteria

60 m AT ] Bacteroidetes

wJEHE ] Actinobacteria
40

" ZHE4k[] Spirochaetes

FHXFEE
Relative abundance/%

20 e .
“EREEFE T Tenericutes

= Al Others

I 12 I3 T4 I5 11 12 I3 14 15

11,712, 13, T4, 15X BAMs AERE, T1, 12 03, T4, 0I5 MLBHW 5 EE, B2 FH,
I1, T2, I3, 14and I5 were 5 replicates in the control group, 111, 12, 13, 14 and I[ 5 were 5 replicates in the

experimental group. The same as Fig.2.

1 IKFEHEREE

Fig.1 Relative abundance at phylum level

TRRAS I A ZF AT WX R B Y B ey AT RER AT 42 B IR, 15 34.35% ~ 48.12%, 2
SR KV AR R R S e A A 2 s 0 BRAE 2 A AR A R i A A B S ) A S AT T
HRVSIE BT R w2 AN EE L, A R SRR REEER R H RYEER R

» AT H R w RIS AT R w IR R
Acinetobacter Solibacillus Streptococcus
'*{%E@%E o = T B R = R4 E R B R AL
Unidentified Clostridiales Bitidobacterium Unidentified Ruminococcaceae
= BRI i R ® Anaerovorax u R B e TR R
Succinivibrio Unidentified Spirochaetaceae
"REEMHEHE w R R 3 AT B Agathobacter P
Umdentlﬁed_Bacteroidales Lysinibacillus
® Candidatus_Soleaferrea i E ) = Hote
Campylobacter Others
100
S 80
M g
<
#HE 60
&2
Tz
= L
Q —_—
0

Il I2 I3 I4 I5 I 2 13 4 s

2 BAKTEHEMFE

Fig.2 Relative abundance at genus level

WK 3 iz, PCoA s, 2 AN AR ARl AH i 2 fi AR (P=0.078) , 3% B 4R K U8 i 3t A< 25 78
B77.75% W As B g R L 45 A I’ BT R Bl Adonis AT VR B I N AW A0 TR ZH G 35 S
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AR A A AR I 1x10° CFU/g $ 4K 2 £
R RBEPAERMEREFLTREEEWN, X5
WL A= A T 0 L A I AT 4 R O R — 3K
JE P AT AR AR 50 SR A IR g b T4 T R E P
FEF I, RERAL, BT LB, % N2 38
Y8 =W B AL R A BRAR T, BARIR IR R sh i
KB ARG S FH 1 7 S R R, X s i
AR PERERE R R LR AT A AR IS B 5T 45
R AREIF SR TR EY, 354 B A3 K F
T EEYG R, A T AT 5 R IR A O AE LAY A A K 1
AE , {H X — MM 75 i — 20 B S g ik

AR IR H LT 1eG SR B E ST
XFHRAL X SRR Y Blzey 551 fE HoAhsh ¥ I
AR IR ZE R — 2, 1eG 295 1M 1 S BEER 2 1 B &
W 75% , AR E EENPUR R EN, Ko e
AT AR G D RE A i 55 1 3 — 48 A 9 T AT
Sh Hb AR 2 AR TR G B B S Y B R B 2
EHL,

B A K5 UE B 38 0 25 A= 1 0T LA 3h
i T TR 4 % AR i T R AR o
REPHMAEY KT T REHEH RS Liu
2 L2017 Op 36 (i rpy () R 20 45 SR 26, H Liu 25120
5T & B, 240 0 s 7K 7 B AR 3k 43 5l e S
S [F J& . Sporobacter FI% MR eI JE | X 5 AL 56 4%
FIEA—F, JRA AR Liv 40558 R 00 2
Heth 28, SA I E RENNEDA A
— 225, BLAN, B TR R R B AR Y 4 X
o ok A= W A s R i T AR IR R A A B
AR R AT A 2 AT D R A R TR R 3 6 A R

HRRE AR (14 K BT e IR L T
PIE A S, X A A1 F A0 B A R YR E R R T
BLE 7, X BRE 2 AN 52 1 EL N R Sl AT B T AR
Xt ERER S, HAS ST i s T 51 & s B R 1
KA RIS IR A R BRI 33 0 T
R T A 2 FRAT B AT A — AR R b M T AR
Ao X B W) B Sl W A R B KRR
ANBIFT B AR G S B R 3 2 A6 B TR A
TESEZRFEAT, 7 B Ay LASE A4 A 5% o 1 i 14 B 5 9%
I -5 Sl ) g A e T R G R A o e A 2 7
FRER R R 1 SOURT 3 1D AR A = B, SUUFT 3 1 A9 20 B8
E S R PR K 2 R A T, AT i
2R W LA R 1 B A i R R
ACFMAT IR B EUEREBY E M EY A
1%, Zhou %51 F1 Wang % 1 M S W 5T 3 K
B, i A= AT A S 00 Xk /0N i T R 45 A 2 1 5 )
FORIET K, Xl eSS 5 H R a3 W) ik iy
B Mg a5t 5 5 R RE Y H A K

4 £ it

T RS N M A 25 A TR ok B E S R R
A R RN S 3 e R B P W A 2, (H
BETREY M 1gG 15, R AR
Y2 TF O ST T AR X S R 0 Sl 6 i e
A BURAER
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Effects of Dietary Bacillus licheniformis on Growth Performance,
Serum Biochemical Indexes and Rectum Content Bacteria
Diversity of Black Donkeys Aged from 4 to 7 Months

SI Huazhe' FENG Peixiang® WANG Zhuo' NAN Weixiao' JIN Chunai' JIANG Guimiao®
ZHAO Fuwei® LI Guangyu' LIU Hanlu'"
(1. Institute of Special Animal and Plant Sciences, Chinese Academy of Agricultural Sciences, Changchun 130112, China;

2. National Engineering Research Center for Gelatin-Based Traditional Chinese Medicine ,
Dong-E-E-Jiao Co., Ltd., Dong’ e 252201, China)

Abstract; The aim of this study was to investigate the effects of dietary Bacillus licheniformis on growth per-
formance, serum biochemical indexes and rectum content bacteria diversity of black donkeys aged from 4 to 7
months. Ten healthy black donkeys aged from 4 to 7 months were selected and randomly divided into 2 groups
with 5 replicates per group and 1 donkey per replicate. Donkeys in the control group were fed a basal diet, and
others in the experimental group were fed the basal diet supplemented with 1x10° CFU/g Bacillus lichenifor-
mis. The pre-experimental period lasted for 7 days, and the experimental period lasted for 60 days. The results
showed as follows: compared to the control group, 1) dietary Bacillus licheniformis had no significant effects
on the total weight gain, average daily gain, dry matter intake and feed to gain ratio of black donkeys ( P>
0.05) ; 2) dietary Bacillus licheniformis significantly increased the serum albumin content ( P<0.05) , signifi-
cantly increased the serum immunoglobulin G content ( P<0.05) , but had no significant effects on other serum
biochemical indexes (P>0.05); 3) dietary Bacillus licheniformis had no significant effects on the bacteria a
diversity in rectum contents of black donkeys ( P>0.05) , and increased the relative abundance of Bacteroidetes
and Spirochaetes in rectum contents ( P <0.05). Principal coordinate analysis and Adonis analysis results
showed that dietary Bacillus licheniformis had no significant effects on the bacteria composition in rectum con-
tents of black donkeys. In conclusion, dietary Bacillus licheniformis do not significantly improve the growth
performance of black donkeys, and also do not affect the rectal bacterial composition of black donkeys. [ Chi-
nese Journal of Animal Nutrition, 2021, 33(2) :999-1007 |
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