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(229+1.2kg)120 A, HRFEKREARL RN R 44, HFHASAEZLE, AL 6 RF, 55 E K (Zea mays) #
AF(CS ), E KM (CCHR), RIEH % (SHU) 424 ¥ (Brassica napus) ##F (RS 40) 4E A L4 R B, FAn b4 A
20%, 4 HIIL—8, FAH 7d, ERBT0d. ERXPLEREEMREABFREZRFHRENIREFEF, N
EmERTE. BR AN AR R X IEAT., LR E SR, 1)SH &A= RS ¥ 8 § F R 88 A= % K81 49 rb )
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BEAe S HMARFRG, SMBE ARMMEER; 4MXBFALRERN., MAFEN ., BRENFRFETENE
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RS 41 (P<0.05); RS A4 4AFH AR+ 2 FKF 24 34 (P<0.05), 3)SHAMA ¥ % R 4o 4e fig B B (PUFA) 4
FTEESHTCSH(P<0.05), HWMEHE£ZFREFE (P>005). FFAFd, TRTORLSKTLERTABBX, R
BB AP LB, AR T M A, & TARA A SRR,
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muscle fatty acids in finishing Hu lambs

DONG Chunxiao', LYU Jiaying', NIU Xiaolin', MA Wanhao', LI Fei', LI Fadi"’
(1. State Key Laboratory of Grassland Agro-ecosystems / Key Laboratory of Grassland Livestock Industry Innovation, Ministry of
Agriculture and Rural Affairs / College of Pastoral Agriculture Science and Technology, Lanzhou University,
Lanzhou 730020, Gansu, China; 2. Engineering Laboratory of Mutton Sheep Breeding and
Reproduction Biotechnology in Gansu Province, Minqgin 733300, Gansu, China)

Abstract: The objective of the present study was to evaluate the effects of dietary roughage sources on the rumen microflora
and muscle fatty acids in finishing Hu lambs. According to the principle of similar weight, 120 male Hu lambs (22.9 +
1.2 kg) of age 60 days were randomly divided into four groups (each comprising of five fences of six lambs). Four dietary

roughage sources of corn stalk (CS), corn cob (CC), sunflower seed hull (SH) and rapeseed straw (RS) were fed to the four
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groups. For all the four groups, the proportion of roughage was 20%, and the ingredient concentration was the same. The
period of the pre-test was seven days, while the period of the formal test was 70 days. At the end of the trial period, from
each fence, three sheep of average weight were selected for slaughter. The rumen fermentation, rumen flora structure, and
muscle fatty acid-related indicators were determined. The results showed that: 1) the ratio of valerate and isovalerate in the
rumen of the SH and RS groups was significantly higher than that of the CS and CC groups (P < 0.05). The proportion of
acetate in the CC group was significantly higher than that in the CS and the RS groups (P < 0.05). 2) The abundance and
diversity of the rumen bacterial community in the RS group were the highest, and the similarity of the rumen flora among
each group was low. Firmicutes, Bacteroidetes, Spirochaetaes, and Fibrobacteres were the dominant bacteria in the rumen of
all the four groups of sheep. The relative abundance of Firmicutes in the RS group was significantly higher than that in the
CC group (P < 0.05). The relative abundance of the Spirochaetae in the CC group was significantly higher than that in the SH
and RS groups (P < 0.05). The relative abundance of Fibrobacteres in the RS group was significantly lower than the other
three groups (P < 0.05). 3) The content of polyunsaturated fatty acids in the SH group was significantly higher than that in
the CS group (P < 0.05), and the difference between the other groups was not significant (P > 0.05). The results showed that
corn cob diet changes the rumen fermentation process of lambs and increases the proportion of acetate in the rumen. This is

beneficial for the proliferation of cellulolytic bacteria and is also suitable as a source of roughage for Hu sheep.
Keywords: roughage source; finishing Hu lamb; rumen fermentation; rumen flora; muscle fatty acid

Corresponding author: LI Fei E-mail: Ifei@lzu.edu.cn

KIES iz M AEACAR AR R AR &£
BT R, B E & R 60%~80%". i
L RE Hh () 25 2 S0 ot 4 9 1S A AR W R S R R T
P AR R MR BT IR (volatile fatty acids, VFA), N3l
VIWLRTE Sh ik ae &, 7] 1R 9 WL AR 1 B 3 5
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1.2 kg f4d B 2E A 6 N 4, AR 44 B A I
JR N BEHL > R 4 4, B4 5 ML, B 6 J
oo 4R 5 2 4 ) A W DL R OK R AT (corn stalk,
CS). KKt (corn cob, CC). ¥ 1t #f 5% (sunflower
seed hull, SH) 1 i % F% #1 (rapeseed straw, RS) 1F 4
R A A mfk — SRR HORR, R R EC 45 B 5 3 R
20%, BRI HRRAC 77 K8 37 Ay R 1 BT A
1.2 AFER

WIS HT, X AT A 2F R TR ook gy, I
WA AT AR AR RS 77d, T
7d, BRI 70d. & H T 08:00 F116:00 4]l % 46
TR, KEHLEL A 80 1 20, BT N E MR A MK,

1.3 H&EXE
WRIGE NG, BN EFEAE RIS T

WEMI AT ES, 60X, ZEa24n, %
K 2h i, BB KSONESE . B R R E
SOk, B E WA 2 4y, 3SR 50 mL A7
B, 20 C W HRAE, HTHRIGMAEY DNA; #
FlRANEYH ARSI, WHEBEWE T
20 mL % A7, -20 CRAE, AT VFA [0
SE o U A R KB 1A 2 B A TS B K LR
i 200 g 4, ETEEE, 20 C IR, H TR
JIE 7 IR P 42 I
1.4 NEIFRRTF A
1.4.1 J8 B VFA [ 52

% I8 Liang 2" 1977 VA 32 U8 B W VFA, FI
S A (Thermo Scientific, TRACE 1300, Milan, Italy)
W HaE. WEktF: @i+ N DB-FFAP

*1 HREH REFKTE (ARE)

Table 1 Formula and nutritional value of diets (per feed basis)

4873 Group
i H Item
Cs cc SH RS
YR 5 Dietary formula
T KFEFF Corn stalk (CS) 20 0 0 0
FE K Corn cob (CC) 0 20 0 0
FELEHT 5% Sunflower seed hull (SH) 0 0 20 0
A FT Rape straw (RS) 0 0 0 20
EK Corn 40 40 40 40
HE A B 7k} Protein supplement 39 39 39 39
TV Kl Premix 1 1 1 1
B F/KF Nutritional level
T#))5i Dry matter (DM)/% 90.82 90.89 90.01 90.99
HHAR Organic matter (OM)/% 91.61 93.23 92.97 91.44
FL&E A Crude protein (CP)/% 17.11 17.04 17.12 18.15
TR MEBE T 4E Acid detergent fiber (ADF)/% 16.09 14.40 18.27 16.51
FR I MRS T 4E Neutral detergent fiber (NDF)/% 29.10 28.32 28.65 27.92
C16:0/(mg'g ) 3.13 2.60 2.89 2.50
cis-C18:1n-9/(mg-g ') 2.05 1.63 2.53 1.37
cis—lOc,trans—l5C18:1/(mg-g71) 1.17 1.21 1.42 1.64
C18:2n-6/(mg-g ') 1.66 2.61 4.44 1.65

TR 4 E ZTOREHE: 9:69.63 mgkg s #1741 mgkg s 5237 mgkg s #E55mgkg s 0.67 mg'kg s fi0.3; 4503 mgkg s 4iEEA
2500 [U; 4E4E3KE 23 IU. CS: THRAEHF; CC, TR SH, ZE1EFF 5, RS, MHZERFF . TH.

Mineral and vitamin premix: Fe, 69.63 mg-kg 1; Cu, 7.41 mg-kg 1; Mn, 23.7 mg-kg l; Zn, 55 mg-kg 1; I, 0.67 mg-kg 1; Co, 0.3; VA, 2500 IU; and VE,
2 3 IU. CS, corn stalk; CC, corn cob; SH, sunflower seed hull; RS, rapeseed straw; similarly for the following tables and figures.

http://cykx.1zu.edu.cn



F 11 HERE A

R R UEE RS B AT 2980 18 A 0 DX 2R S UL A g 07 2 4L o ) 52

2929

BN (R, BEREE N 1L, N 50 01, i
BERAS W 28 45 FE 3808 240 T, AR W E A 35
mL'min |, 2% K 350 mL-min ', S (N, i
%920 mL-min ', %% E AL 25 Comin | 58
2R FE 50 °C F = #) 190 °C R B 2 min, B
10 °C-min”' f7HEHE H THE E] 200 C £ 5 min, #%
JE L 10 °Comin ' FIFHEE T F] 220 °C {4 5 min.
1.42 [HZEY) DNA K3 EUA 43 #T

{§ F§ EZNA Stool DNA i 7fll & (Omega Bio-tek,
Norcross, GA, USA) #& HU il 248 7 3 K 26 DNA,  J5 1%
P, FHERF S HR5% M E Y DNA
FE i i Mlumina Hiseq 2500 “F & #E47 0 F 20 Hr (71
B AR AR AR, L5,
1.4.3 LA 07 R 1 B B B 40 BT

JUL PR b 5[] 52 36 =5 5 1) A R T IR L G 2
*E#), SCIENTZ-10ND, i) Jii7K, 2% i)'
M 7 vk SR B UL AR B R, I S AH 5 3% (Thermo
Scientific, TRACE 1300, Milan, Italy) #ll & & & . I 5E
%M il MR HP-88 B (il i, MRt E
N luL, 2MRECAS0 1, BEREORE N 240 C, K
WA N 250 'C, E/AFEN 40 mLomin |, S
2N 400 mL-min ', A (N, HiZEHN 20 mL-min
WG FE R 50 'C, 4+ 4 min, BHJS LA 13 °C-min'
(3 B 45 175 °C 4855 27 min, LA 3 Comin ' 1

B EFF A 215 °C 485 27 mino. 37 bR UE g i R
SEWEAE ST Sigma AR, LB ER FHER(E N
P FRIEAT E BT .
1.5 BIELE RS H5E

{8 F Excel 2013 % ¥ %] 45 % #% , K A SPSS
18.0 G 1t 43 # A AT 1 K 3= 77 2 23 #T (ANOVO),
) % 20 1) 22 S5 () 35 M, R F Duncan WL AT 2
HLE. KPP P<00SHRGEREREE, P>
0.05 BraiREZRAEE.

2 gER

21 AEMAEEARKERRLCEFERAFEES
VFA &=

AN TRDHH PRDR R IR 1 H R AR 2 0 B OISR B
SMAE R AR TR (total volatile fatty acid, TVFA) ¥ &
AEAS VEA LLI 52 an e 2 fr b1l . CC 41 TVFA
W T RS 4 (P <0.05); CC 2 Z W2 i Eb 41
BEET CSAMRS Y (P<0.05), JamdlnER
ANEE (P>0.05), HIk3HLMRELEYEES
F SH 4 (P < 0.05); RS 4174 R i) tL ] B & K T H
i 340 (P <0.05); RS ZFR/INMREF =T CS4l
A SH 21 (P <0.05); RS 5% TERIM LK R # & T
CS A M SH 4 (P<0.05), JFmAnzZRNEE P>

*2 FREMEERSKIENBEHMFREE VFA LIRS IE

Table 2 Effect of roughage sources on rumen VFA proportion of finishing Hu lamb

ALFE Treatment
JE#5 Parameter FrifEiR SEM P
CS CcC SH RS

SR R P T R
TVFA/(mmol~L71) 18.11ab 22.73a 19.55ab 15.29b 1.01 0.008
LR Acetate/% 61.72b 65.45a 55.25¢ 59.59b 0.93 <0.001
TN FR Propionate/% 24.98a 24.03a 23.15a 19.52b 0.71 0.019
LRI TR

. 2.47b 2.77ab 2.40b 2.98a 0.08 0.044
Acetate/Propionate
5% T BR Isobutyrate/% 2.72b 1.52¢ 3.49b 4.69a 0.29 <0.001
T2 Butyrate/% 6.08bc 5.24c¢ 9.20a 8.27ab 0.57 0.033
¢ IR R Isovalerate/% 3.50c 1.72d 6.23b 7.58a 0.56 <0.001
JZ 8 Valerate/% 1.15b 0.87b 1.90a 1.84a 0.11 <0.001

AT ARG T RER R BR ] 22 7 R 3FH (P < 0.05); FRIF .

Different lowercase letters within the same row indicate significant difference between different treatments at the 0.05 level; similarly for the following

tables.
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0.05), HIL3 AR TR EZEST cC4P<
0.05); SH 4 TERMLLGIEE =T cS M cCc 4 (P<
0.05), RS T MBI EF & T CC4 (P <0.05);
RS 4 57 1% 8 1 b9 f &, CS 21 57 IR 11 B 481 o
i, 4% 5% 8% (P<0.05); SHZ MRS 4%
FR 1) He 91 2 2 = T CS 4Lf1 CC 4 (P < 0.05); HAth
1) 2 FAE 2 (P> 0.05).
22 AEMAARNKERRLEFERAFEES
pEXyEZEL:

TE 97% ML EAKF T, &Aoo 2 M

B (K 3). #id Ilumina Hiseq /= i@ &= W /7 15
i, RS W98 B A=Y DNA 751 1) 3 SR AE 5
JG (operational taxonomic unit, OTU) £t H . #M £ &
FE4E 4L Chaol 1 Ace 3443 iy T HoAth 3 2H (P < 0.05);
CS AW £ ¥ M 8 2L Simpson .3 = T SH 41 (P <
0.05); SH 41 #1 RS 21 ¥ # £ % % 45 %4 Shannon &
E T CS AL CC 4l (P <0.05); HAthalln 2 %A
&3 (P> 0.05). 1M B % kAL KR 2 T (principal
coordinates analysis, PCoA) 45 R &7~ (K 1), %5
L1298 B T R 2 R I AR AL B

®3 AEMARRRENBEAFBEMEY o ZHMEHFM

Table 3 Effect of roughage sources on alpha diversity of the rumen microbes in finishing Hu lamb

4% Parameter Ab# Treatment R »
CS cC SH RS SEM

73 eRAME 5 CHH Operational taxonomic unit 640.400b 613.800b 604.000b 721.000a 14.380  0.005

YIS E TR 4L Ace index 709.179b 687.612b 658.263b 783.081a 15016  0.010

VP = FEFE 4L Chaol index 722.884b 708.071b 665.878b 803.469a 16.041  0.009

AR FE L Simpson index 0.037a 0.034ab 0.022b 0.029ab 0.002  0.027

4 $5 40 Shannon index 4.278b 4.313b 4.705a 4.674a 0.065  0.013

PCOA-PC1 vs PC2 % & F CC 4l (P<0.05); CSZLA CC YL

s T ) L FO X o B 5 % 8 T RS 41 (P < 0.05), CC 4LIZ e

- ot RS B DA R A B S BT SHALA RS 41 (P <

N ) 0.05); RS 212681 5 27 4 4F 1 1] AT % 2 8 235

§ . ) T HAh 3 4 (P<0.05); HABAMERAEE P>
2 ° . 0.05).

s Ll ’ 76 J8 KT Gt Hofal e 5 1% LA E

g J& (£ 5) Son, RSUMERE Prevotella 1 f14H %t

§ 20 N FEEZERT SH4A (P<0.05); CC 4 Treponema_2

0 10 o 10 20 30 (ORI B 3% T SH ALRT RS 4L (P < 0.05), CS

PCl1-percent variation explained 29.41%

1 AEVELR R RIR A F 8 B #5% PCoA SR E
Figure 1 PCoA analysis of the rumen community in Hu lamb
following disposition to different forms of roughage

¥ OTU WA R 7 5 5 Bk 25 W) 2 25 Hos 12 gk 47
b xS AT 43 2R AS OTU X R P Fh 4 K45 ., b
Guit 5 K B RE S VR ARk . FETTKF Bt
Ee ) o5 7 B S B 1% LA B T, SRk 4
Frol, SAb )RR TTAMBATE T NS R &E
BB ] RS AL E0 B JEBE B ] B AE X 3= B2

HIEZE ST RS (P<0.05); CC 4 Ruminococcus 1
A X =E 2% T SH 41 R RS 4 (P < 0.05);
RS 4  Christensenellaceae R-7.
NK4A4214 1 Candidatus _Saccharimonas [JAH X} 3 FE 15
BEE T CCH (P<0.05); RS 4 Fibrobacter fIAHXY
F R EMT HAh 3 40 (P <0.05); SH 4 Bacterium
AR 2R B2 T RS 41 (P<0.05); CC 4 Olsenella
Ry % 3 B % & T RS 4 (P < 0.05): CS 411 CC
“H Roseburia W1 FH X} 4 FE 8 3 /& T RS 41 (P < 0.05);
Ho A 41 7] 2 2 AN 5 3 (P> 0.05).

Ruminococcaceae
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*4 HEANKECSERAFEEDEER] FENFEE > 1%) KEHFME

Table 4 Effect of roughage sources on the main phyla (relative abundance of > 1%) of rumen microbial in finishing Hu lamb

%

Kb Treatment
I"] Phylum FrifEi% SEM P
CS CC SH RS
JEEETH ] Firmicutes 45.87ab 43.32b 48.24ab 53.14a 1.49 0.020
KT ] Bacteroidetes 33.88 34.11 35.39 33.59 1.34 0.694
Firmicute:Bacteroidetes 1.37 1.30 1.46 1.65 0.09 0.549
2iE B ] Spirochaetae 10.16ab 14.13a 7.46bc 2.97¢ 1.24 0.003
FRLETE ] Actinobacteria 1.59 229 221 1.81 0.26 0.424
2F4EFT B 1] Fibrobacteres 2.33a 2.44a 3.53a 0.52b 0.33 0.004
EER ] Tenericutes 1.04 1.19 1.33 2.00 0.23 0.196
A5 ] Proteobacteria 3.92 1.82 0.69 4.05 0.65 0.089

x5 HARNKENERHFREEPEERRE EXNFEE > 1%) KFHEIE

Table S Effect of roughage sources on the main genus (relative abundance of > 1%) of rumen microbial in finishing Hu lamb

%

ALFE Treatment

J& Genus PR SEM P
CS CcC SH RS
Prevotella_1 17.03ab 15.02ab 11.63b 18.16a 1.02 0.036
Treponema_2 9.82ab 13.96a 7.32bc 2.77¢c 1.26 0.007
Ruminococcaceae UCG-014 8.36 8.98 4.96 6.37 0.99 0.174
Rumen_bacterium 4.62 3.23 6.90 4.91 0.78 0.146
Saccharofermentans 6.53 4.98 3.97 3.54 0.80 0.255
Prevotella_7 3.72 5.31 4.49 3.27 0.89 0.496
Ruminococcus_1 3.96ab 7.50a 2.86b 1.83b 0.75 0.005
Rikenellaceae_RC9 3.27 3.06 4.93 3.76 0.59 0.340
Christensenellaceae R-7 2.25ab 1.29b 5.06ab 5.82a 0.73 0.023
Lachnospiraceae NK3420 3.32 2.00 3.05 2.48 0.48 0.415
Fibrobacter 2.33a 2.44a 3.53a 0.52b 0.33 0.004
Ruminococcaceae NK4A4214 1.60ab 1.00b 2.43ab 3.22a 0.35 0.026
Succiniclasticum 1.86 1.68 1.85 2.63 0.40 0.475
Bacterium 1.28ab 1.89ab 3.10a 1.07b 0.32 0.026
Eubacterium 2.15 1.99 0.65 1.02 0.28 0.078
Olsenella 1.31ab 1.90a 1.15ab 0.83b 0.17 0.027
Roseburia 1.69a 1.59a 0.90ab 0.59b 0.18 0.021
Candidatus Saccharimonas 1.04ab 0.31b 0.78ab 1.58a 0.19 0.015
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FERERI & =

31 AREMEERKIENHRLIEX B RBEE

A 5] HH FRDRE SR U 1Y) H AR T B RE W = L P IR
TR & B (R 6) on, SH AW ENLAH C10:0
AT C22:1n-9 (1) & & & 3% = T CC 4 (P <0.05); SH
2H C18:2n-6 & =AM Z ANEFAEHITER (polyunsaturated
fatty acid, PUFA) ) & & . % & T CS 41 (P < 0.05);
HoAth 20 8] 2 AN B3 (P> 0.05).

Fo HIARKRENBEBFENAERHEKSE

B VFA K320

A4SV B WY KPR 77 AR K& VFA, fig
RN E SR A A B OR g R R B et ARRF R
4 AR SER B I TVFA WREEVE N 15.29 ~
22.73mmol-L s &R ExEs LI (Foeniculum
vulgare) i F1 4y 1] 8L >k i W 453 1) 58.99~ 62.69

a0 EAL

Table 6 Effect of roughage sources on muscle fatty acids quantity in finishing Hu lamb

mg'g
Ab¥E Treatment
HE W2 Fatty acids PriEiR SEM P
CS CC SH RS
C10:0 0.12ab 0.11b 0.16a 0.14ab 0.01 0.032
C12:0 0.50 0.51 0.47 0.44 0.02 0.259
iso-C14:0 0.23 0.24 0.22 0.20 0.01 0.308
C14:0 222 223 2.62 2.96 0.17 0.168
C16:0 22.36 22.60 22.84 26.06 1.29 0.377
anteiso-C17:0 2.86 3.10 2.96 3.40 0.18 0.359
C17:0 1.31 1.23 1.16 1.45 0.08 0.241
is0-C18:0 0.13 0.14 0.16 0.18 0.02 0.426
C17:1 0.77 0.76 0.71 0.83 0.04 0.396
C18:0 12.14 12.08 11.85 14.19 0.62 0.243
cis-13c,trans-14C18:1 0.13 0.13 0.13 0.11 0.01 0.204
C18:1n-9 2.69 3.21 3.53 3.61 0.20 0.139
cis-C18:1n-9 36.68 38.91 35.38 39.21 1.98 0.554
cis-10c,trans-15C18:1 1.67 1.76 1.53 1.71 0.07 0.337
cis-9,trans-13CLA 0.14 0.13 0.15 0.15 0.01 0.405
cis-9,trans-12CLA 0.14 0.12 0.14 0.14 0.01 0.380
cis-12,trans-9CLA 0.09 0.09 0.12 0.10 0.01 0.141
C18:2n-6 7.40b 8.31ab 9.62a 8.71ab 0.33 0.025
C22:1n-9 4.11ab 3.67b 4.66a 4.16ab 0.15 0.026
AN iR SFA 41.87 4227 42.46 49.01 227 0.330
FA ARG TR MUFA 46.04 48.43 45.93 49.63 2.29 0.622
Z AR IR PUFA 7.77b 8.67ab  10.04a 9.10ab 0.33 0.010
ILHE IR CLA 0.37 0.36 0.42 0.39 0.02 0.415
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mmol-L ', UL 59k 25 4558 4 70%~ 80% 1
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