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W E: ARBSEMAARP AN SRR TN A EBRTAFTABEMARAFARN Y w. L7 36
R 5 B F A, RBREADL RN AL TR (C, 0 g/d) « BRBAKF TRmaL (L, 0.66 g/d)
FejMEARAmm (H, 133 g/d) , BHANEL, BAEL3 REF, T30 OB M RFUAENETHL
R REFEEDNFFBBAEANEYHESR (n=4) . 525 HAB RN KEKCHUBZHMm (X
M, P<0.01) ; AmZRBRTHEEEHELEBERATFZEFRS (2K, P=0.05) , 2t ARETH. &
B A TER A JE R (P>0.05) 5 5 C 2i480k, L 5 H B FAARKREN B FHK (K, P<0.05;
ZR, P>0.05 ;s LAZFRBEANEZUTRAEANEGSZTEZSHTC A (=K, P=0.05) ; ZRARNK
MAARERE OB NS EA SRS, EIHBARAT -2 ¥R, LABE AR SWARERN
(49.5%) ; HABAFEI (51.4%) BEH LA CH (=K, P=0.05) ; HAMEFTEAKEER S (KK,
P>0.05; =&, P>0.05) , M LAMERRKEFERZ S (=K, P<0.01); 5 Catak, LAHIHEATEE (=
K, P<0.05) A XK@ BEEENM (=K, P<0.05) . T, AmEZRABRTRAELZFBELE, XL
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DAN IR B R BRI 2R, MR B A= 8 BT S s o
T B A B SR R REALE o

| HE5RE

L1 R BT B A 5 d BT TE NS T =675 25 36
H, WRIEARE. AR SHRESET RN, Rz
BRI AR FBEN L AR (C, 0 g/d) + (K5
RN (L, 0.66 g/d) FiE#lEEINHE (H, 1.33 g/d) ,
B 4 NEE, B0NEE 3 REE. BEERAIE,
FRIA 3 K, BHRE: &5 dEMIRERIRG,
T 10 B FHEER RS, (AR R R R &
B R, RIS EMRE 6K 780 mL/ K (RIS
NEARIU R EERE) , AEHFFaRHRIE R R
£, RILBERE/D 30 mL/ HAE 210 mL/ HIE, 4%
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FEiAMR R AR AR E A 30 HRWT il . S BRIEHRAE 70 mL
REUD, TERRER B R 2R 1R

L 30 HIRWr 4 K, RIEFEERENEEH
REESNEEN 1 RERFHTESE. EREMEE
RO REE | m® A4 R AR, TR IEAE 30% (1)
BRI . JHE NEYRBORET -20°C, AT
MRS EEZE, B—o R T -80°C, FTHEEL
DNA, TR S A 1.

£1 RAM. FARBEEEFES %
TiH fRFLB FER® Fh
TH5 93.2 91.4 92.9
HLEE H T 23.9 17.4 8.49
HLAR Iy 13.1 6.7 31.8
KUKy 6.07 7.30 5.99
5 0.85 1.21 0.24
Wk 0.61 0.59 0.10

e OFF R SRR E IR A8 R S QIR AL: TR N RR . R
FRFFHI . BRIREES . A8 BEh. PR, BRIk, BRRREE. BRRREE. iR,
AR WEHIN . GAER A/ 4ERE. AR D,
1.2 A5 HR R R BRI JFek GiEF
FERAPHEAIR AT FISERA R, HEFREILE 1.
1.3 e abr fe 71
131 RBEAHAE FRE AR RS K (50%.
70%- 80%- 95%. 100% iF9¥5/ii/K 30 min, 100% {E5iE
Wik 15 min) , Bi/KfR2R4EEREE —HIREH 2 h A
BEREIHE, YIRR S pm BRIV, ST ORORKE - (R ik
e BREE (Leica, EED TG FENLE 10 4
HLRIHIET , {5 FH Motic Image Plus 2.0 Zf4: (&[], HED
MIE TR B LA B
132 B kKBS HEEMRDIER (VFA) « RHAS
FEEE LN E R S N VEA JREE . BXZY 2 g BE NE
P)E T 10 mL JC0H PBS HE 21704, 13 000xg 4°C
20 15 min, BUEJER, £ 1 mL VFA FEF AR 20 uL
85%~90% IEMERR, # IR F R FFIEFHRE O, BB,
KHASHEGRE (GC-8A; HEEAHF, H#b, HA) WE
ZFR BRI TERIVIKEE, HERERA 2 pL, &8 /i
M2 IR 2 260°C, FER A 220°C, #FHS hEaig M.
B (NH&-N) IRE: B2 g BENEWET
10 mL JoF PBS HHEEIF R, HUS mL T 3 500~
4 000 r/min B0 10 min, B¢ 75, R S2E5% Y 50k,
i SV E bRt FBAROGUE 700 nm 5%
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PEF E95H NH,-N KR,

MAEMER: Y2 g WENEWET 10mL L
B PBS FETZEIF S, B8 mL, 4°C 20 000xg Ei0»
20 min, F BiE. RAEESTE, DIEELE RNA VEN PR
i (SR AN YEYEEE T (Beckman, DU 640) Il
£ 260 nm R EH NAEDEO S E.
1.3.3 B E AN 2Rk
1.3.3.1 DNA £ 2 I8 Gagen %5 " 19 Bk J5 73 #2 HY
DNA. ffrf5 DNA #5  Qubit2.0 (Invitrogen ) Jll5E K FE o
1.3.3.2 4F 16S rRNA FEK 74 #E  16S rRNA FL A 7
G145 341F/806R 1815 17" [k 5'-ACTCCTA
CGGGRSGCAGCAG-3; i 4 5'-GGACTACVVGGGTA
TCTAATC-3'. AX B NARWEAR, E@H5 1T
LRSI BEALER D 8 R BRI AL 1 F SR,
Barcoded-tag, J£/i% Barcoded fli&r5 4. PCR 2 ij 2614
95°C #4514 5 min; 95°C 48 40's, 55°C 12k 40 s,
72°C ZEA# 1 min, 3£ 30 fEFR; 72°C 4Eff 7 min.
1.3.3.3 Illumina HiSeq /5 2 FALELIE > FT  lumina-
HiSeq 7 M B8 53 W7 Z4E L g9 A= Rt A BR A F
SERL. TG B e A EdESFE: (PANDAseq )
i (RSP IEALT 20 1Y reads, B reads
SN B A S o 3 Y reads) 52l Clean reads; %
F Usearch #XEFZE 97% FRUE R BT DIN R & K
oMM E] OTU; X4 NFE 5L Y Reads AT FEALIH
SEALFR, HERBOERIAY OTU F31; % Qiime # {4t
Alpha ZFEMETEEOTE R EhZE, RIBMRHI &R &
HE24G M Qiime BRI HTlSE 5 9 OTU H 433l
FEHY 1 2% Read 1ENREEFFI, 4 RDP 4, Kz
FFEIS 168 BRI, WHE4 OTU TP,
25, RIEMGA OTU HFFIM4%E, 5% OTU £
R, mIGRIEZ OTU EERH#TFENHT. WMED
ZITEF OTU TG MMM E D 3 HEEP I,
1.4 80F 4T Fl SAS 8.0 Se itk BB AT s IR R
FEGNT, ERZWARARRAYZERNIER (4%
e =), ESEEE A Duncan's fEZ EH. DL
P<0.01 ForA%EFHEE, P<0.05 ERANEFTE,
L 0.05<P <0.10 FoREFHEH .

2ERE5H

2.1 I BN T E R S USRI N RIE 1 A]
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WL, BRI ERR A DI FREE IAKE. |
# 2 L, B ILAREN S A BRI R i g
., BHAECHEHHAKRTENFE (L&, P<0.01) ;
N iR r] R FLSK SRR A Y e Sy, (B 3 AR
BEZES (i, P>0.05) .

L4
1R 200 pm, IS S0 %

B EEALTH

HA

22 MINRERN L FRE KBS0 EN Bk 2 A
W, AR E SIERERIRR (TVFA) /KRR
FiRE (2R, P=0.05) , [HARKAZFB. AERFT
iz (Y EEREL B (P>0.05) o 5 C @AREL, L5 H 4
e H NH,-N WK B ZE PRI (L1, P<0.05; IR,
P>0.05) , 4y BIFEAL 43.0% F136.7%, H L 41%F
HENEYPRAEMEARERES T CA (2,
P=0.05) .
2.3 WIS 3 E T AR 2 RE I () 2 i)

K2 ANMEEBRMNEFEBELRERABSHNZIN

piBL] PH

BIgE| TRtz

C#H L#H HHA At W
JEILLKE um 534b 733" 968°  66.7  0.009 0.857
9 FLk SERE um 249 346 371 25.1  0.064 0.422
TVFA,mmol/L 471" 11.0° 8.04® 1.16 0.110 0.050
ZIR % 50.8 56.6 586  3.00 0.182 0.675
R % 477  41.8 397 291  0.165 0.663
T % 1.55 1.63 1.68 0.168 0.663 0.940
NH;-N,mg/L 8.58" 4.89° 543" 0.730 0.047 0.091
WUEMERA mg/mL 17.4° 23.4° 18.0°  0.79  0.458 0.011
e FATEARE PR AR PR R R 22 B (P<0.05) , MR FREsIE 7B oR 25 57

AWFE (P>0.05) . F#H
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2.3.1 WAEMZ ST THUFSIEHE. ik, TR
JRHEATE] 566 213 FKALH RS, “FEEAFEN 47 184
ok (£4 391 5%) . LIRIF 343 > OTU, “FEEIFEM
148 > (£22 1) o FESNRREHRZRANIA] 2 FT7R, Good's
coverage 7F 0.99 DL I, ik, Ai5E 2R B REWS 4k
Tiff I AT = T 5 Tt W 2L

200

C
L
H
150
.
3 —
2 100 ’
/
s i/
'UI
£
5 50
=1
=]
0
0 5000 10000 15000 20000 25000 30000 35000

reads

E2 EEAFWME 16SIRNA REF IR FHME

&3 AL, 3 HEFRE NAW OTU M4k
Shannon FEXURT Simpson 152 RAR T E (P>0.05) .

FHE 3 BT, 3 40 OTU #03t 4 164 4>, C. L1
H 2 A OTU 050825 24, 29, 43 4.

B3 RFEEMEEAEEZMIMAR OTU fY Venn £47
2.3.2 PROIBEERN R B A 2K R N R B 4

®3 97% BEMEKE TR EFEENSHMEREY

Ab 7R o P e

e Frifiis

C4H L4 H 4l 2tk —k
OTU % 14915 150£19 144+36 12.7 0.809 0.828
Chao 1 $8%¢ 182+15 19015 170+27 10.1 0.495 0.366
Shannon $§ %% 4.35+0.18 4.44%0.60 4.51+0.51 0.234 0.640 0.975
Simpson f§ %% 0.91+0.02 0.91+0.04 0.91+0.04 0.017 0.756 0.820
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W REER (B4, BENMEFEHTERER
[7] (Firmicutes) « W FF B[] (Bacteroidetes) . H %k
B17] (Actinobacteria) F1ZZJE [ ] (Proteobacteria)
PURZE, 3 MO E NI R GFEER (R4,
L 2B N2 IR ERE ] (49.5%) , H IS
7] (51.4%) BEET L. C4 (K, P=0.05) .

100 = = — —_
= Other
w Fusobacteria
8(H Other
mm Fusobacteria
ET wm Verrucomicrobia
ﬂ?:f mmm Spirochacates
i 40l S?'nerglstetes
= mm Fibrobacter
*= 20l - Prot.eobacten.a
Actinobacteria
Bacteroidetes
ol Firmicutes

C-1C-2C3C4L-11L-2L-3L4H-1H-2H-3H4
EFHEFFWI] (Fibrobacter? .
FEMHT] (Verrucomicrobia) .

B4 BEAFDEASER

TLFEWI] (Synergistetes) . SAE[] (Spirochaeates) .
HHF# ] (Fusobacteria) . HAll (Other)

4 RFEBATYHREDIKE G0.1%) HBMFE

A 3 P1H

SgE| R

CH L4 H4A gtk Tk
JERETE ] 452 495 322 6.71  0.202 0.220
T 430" 29.8° 514"  6.44 0381 0.050
LT 7.13 12.80  9.09 3.74  0.721 0.329
BT 3.92 095 265 121 0.544 0.221
YR 1.10 038 0.7 0.67  0.404 0.713
HAFE] 0.17  0.05  0.07 0.05 0.174 0.253

M S alAL RAWUEERICEE. KRR
%ﬁ\mﬁﬁﬁﬁﬁﬁﬁﬁﬁ%%%%ﬁ,ﬂﬁﬁﬁﬂ

B HHSRE . HARWEERREERS, 15 41.4%;
5 @Mtt, LAVETEE ( —%, P<0.05) .

JREE (R, P<0.05) FIEREREEZEHN (Z
W, P<0.0D) ; WREEHEZRPEINmELR, HAE
C 5 H HKTEKF (L, P<0.05) . &HAKK
AR ICEE. WAFEE. FEFEE. NMIEE. BE
K& PR E RSN S e LB EES (P>0.05) .

33 i
FaH LA 25 TTRE LK, Al R R
TR 6~7 5, M B IR H b SR E NS
%%ﬁﬁ%ﬁmﬁaiﬁﬁ%%% IR R S -2
iz M, AR E Lk A RO (RETEED
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5 RFEENBYPRMEMBKE >0.1%) HMFE

Ah R i PE

i H o
C#4l L4 H4 LS 27— ¢

R
XU T i 0.04° 233" 151" 0.614 0.125 0.049
WkEEAREC R 6.76  9.76  7.20  3.122 0.923  0.485
PFFE ]

WHEKRRHEE 245 194° 414" 589  0.073 0.093

PIF T E 0.77 045 071 0.317 0.880 0.474
LRHERT T

2T R 1.10 038 027 0326 0.106 0.457
JEEETA ]

INFTJE 7.87 440  7.21 2998 0.879 0.414

Jo R 2,50 431 397 3455 0.770 0.803

i ) 1.83° 513 046" 1.024 0369 0.011

W& 435" 171" 0.004° 1.232 0.034 0.764

BEFR A IE 1.87 177 1.02  1.492 0.697 0.864

LR ER T T 1.24° 233" 0.70°  0.219 0.113 0.0007

AHMEE 096 225  0.61  0.627 0.702  0.090
FIEMFREE 088 0.76  0.70  0.301 0.683 0.941

K Jm 0.16 005 099 0479 0252 0.393
HHR 0.49 043 024 0.196 0.389 0.794
AT

BEIRNER  0.55  0.33  0.05  0.260 0.207 0.921
HARWI]
HEE AT T R 0.15 0.04 0.07 0.044 0268 0.238

Sk ER S L B IR ", TR S A P o R A e
FEA ) VEA ZRIBUE B FLL A B EZER . KiF
RER, NISEERRBARN 2R m%ﬁT%%fﬁw
AN, (HATEE NN TVFA IREE, ERER
s BRI B LA B 14 %%ﬁ—ﬁo%aM%
b0 TVFA EZRRASF kR & (123 g/d vs131 g/d
vs 95.2 g/d, AREFRHIE) WA HEX. H—JjmH, L
HAEFHMETRE S WERS C AL D3RS 47.4%
H138.6% CRAFEIE) , RIFRINE Bl ] (Lt
LFEHENEEE RS, BT ERRIL.

Jed B R B NH,-N 298 A RO 2 R
ZA RSN & O R EE Y, R bR E
MAEMERMAEDEANFEFEE. —BELT,
A H NH-N ACE 23— MBS PR A, (B2 e E
NH,-NIRE R RS, FEAIEAEE O R
FEA R FEE X NH,-N BRI LR I8 B A= 0 Ak
A E I EE . AR, IRINsE R 7] DR

FOaH Lk



Z151#d « Nutrition and Feedstuffs

ot

B H NH,-N IREE, HWIEE MEDE QS &, Hln]
REMIE R 2 R IR e N — M AR nT LR R H N E B
DRI, it s e B BN & 72 R,
I B R A /IO, BRI S &
B &R, FonlEd NERE & OB RIE

J‘X_

w

B TR EE R R ] (35%~80%) FHHULFT B
171 (17%~60%) Fapk "™ A Ge R BE R I TR B
TR TFRE A FE R EE, SATARNIIR
RN —. TERREBRZEE NP EERS
WEE ", ZEEESHE FE SR EERTED
JR B T BB B R R e Y, e HAE
WREEAY B S KB A TE. b, HEIRIREE
ANIBUBAT B R AR B A2 R BRI EIR A, Aifn
LA FRREBEEER HHDERRK, XRS5
I EREREREMAREY, BRAEARRE i
WEIRIREEFE MR T B S AR, B
KRR E ANLE A RE i — BT, EREREE T R
P B R ER B 298 B R S $E VFA (19 E ZRIR
GIFFR LI, 68 A 004 B b R AR IS B A ER B
NCIMB41125 BETSHE =LA (0 A R RE, IR B N
TERIREE . RS ERFLSEEAEE, RRIKE R
B NCIMB41125 G218 i (2 £ B RO, s A =
IRICR (et S L E B Wik, BERKREREE
MR £ RGN B A B T R R E . JEIE
JBE AR LR AL &R B, K&
ZIERANBREARR . IR R A2l w] DI & 1)
FE, BESHERMEERELN, FERHER#—

B
485

AIRIG A, ERR S R R U A SR R T AT
FEEFNZ MR A 0, (R DSR2 (AR
BRI B B A R B R SE G , MifusEma
FEE R, HEDIASER S TVFA & &, FRIKNH-N JKEE,
RS EARE, (RERENES, BB,

=S FRTRINELL 0.66 g/d SR FE AT E.
&3k
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phaera elsdenii NCIMB 41125 dosing on rumen development,

Effects of Leucine Addition on Rumen Development and Rumen Bacterial Communities of Early Weaned Hu
Lambs

SUN Shi-jie, WANG Chong, MAO Hui-ling

(College of Animal Science and Technology, Zhejiang A & F University, Zhejiang Lin'an 311300, China)

Abstract: This study was conducted to investigate the effects of leucine addition on the rumen development and rumen
bacterial communities of early weaned Hu lambs. Thirty-six healthy male Hu lambs at 5 d of age were assigned to three
leucine addition treatments: control (C, 0 g/d), low addition level (L, 0.66 g/d), and high addition level (H, 1.33 g/d), with
4 replicates in each treatment. After weaned at 30d, one lamb was randomly selected from each replicate and slaughtered to
collect samples of ruminal content and tissue (n=4). The results showed as follows: as compared to C group, lambs in H group
had longer rumen papillae (linear, P<0.01). Addition of leucine increased volatile fatty acid concentrate (quadratic, P=0.05),
but had no effect on the molar proportion of acetate, propionate or butyrate (P>0.05). Rumen NH3-N was decreased by
leucine addition (linear, P<0.05; quadratic, P>0.05), while microbial protein was higher in L group than in C group (quadratic,
P=0.05). Addition of leucine had no effect on rumen bacterial species richness or diversity index, but could affect the bacterial
communities. At the phylum level, the abundance of Firmicutes was richer in L group (49.5%), while the abundance of
Bacteroidetes in H group was higher (51.4%) than the other two groups (quadratic, P=0.05). At the genus level, Prevotella was
richer in H group than in L group (linear, P>0.05; quadratic, P>0.05). As compared to the C group, Bifidobacterium (quadratic,
P<0.05), Megasphaera (quadratic, P<0.01), and Mitsuokella (quadratic, P<0.05) were increased significantly in L group. These
results indicate that addition of leucine could improve the rumen development and change the communities of rumen bacterial.
Keywords: Leucine; Early weaned; Hu lambs; Rumen development; Rumen bacterial
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