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Vb, R DAIE I U 3R A AV R DA AL P IR T R Y
. STZEM MgTEREANEE B P IR R, RS
IR T MEAE T B8 AN ARV AL IS A A dR br . SR
FI RS 0B 0 40 =08 B A0 R OS2I R LA S RaE, R
M5 F R MR ISR R R AT . Ft,
ASHIT TR P 25 2k B AL AT AR € SRR TR AP 780
BIRGMF Wb U B MR IR R, ELEENES
FULPA) i i R AL B BRI AR DA - D P53 = PR ot J 42 (46T )
FET- TN -

1 MR5RE

1.1 RS

WA RA LSRR (A% 99%), WAk RAY T
FEHMR AR 37 #0060 B B R A e, EE
Sigma A Al RV R ARAE S, JERt RIS A9
BARBWRAR, =& F 5 (OHra) . FEE (Oira) .
AN rtralD . —sA- 2Bk &Y (O aratD |
TKRERE (rfra) . S (i) . g (4
ety . 2Bk CrpraiD, B 28R A IR A
Eck (B, bilgE kAR A R A A
TIANamp Stool DNA kit ik &, RKARAEMEH (LD
HIRA
1.2 NEE5EE

pH-STAR AUJfifA pH L EMIAY, 1E[E Matthaus 2> 7]
C-LM3B 248 W AW BEE A, ZRAbAROM R 5 TR 5B s
TC-P2A 4= H shill o 8 2243, i A2 W A Ak S 00 1 3%
A F]; RE-52AA e KK %, Ll RAEMAET
Agilent 8 860 S AHEIEAX, I E ZHEAL A F],
1.3 REHE
1.3.1 sh4pikBeikit

ARG TE PN 5 0t I R0 3 R 1T ROMR A R B0 AT
EE 16 RAg RO R AL (27.07+4.82) kg 11 3 H
BRI NRIEFE R E, B ARA, TH- A,
ABREEY . 0T R A H SR pE IR RIRDR, A R 2H R A
B IEAKCE WA 15 A R 20 16 ] VL R Al A A fr Stk L
I 1% WK R, 1AW AR RS R 5 B Rl AR 1) 50 TR
B KRR FHYE ZHANG M (R 5ot g .
5o HATA) H B B AOK, 3R )24 90 d.
1.3.2 Haixf

LG, 28 12h, K16 AR FE, BUg
HHNAY, & 429000, BTHERAES, RANRA
VR, TR A AN R PR AR R (I . SRR R A
10~ 13 iR U 1) 26 0035 fe K UURE & 500 g, F T PR b s 48
P S AR B R EF) 0 5
1.3.3  JMRARSJR &9 m) 2

RGFEEE, EBREE. k. BAAME, REIC
JIMAR T s GRSk E TR AR RR T v R R
5 2 PR R LT AR 2 R AR ) ) v AT I 5
1.3.4 A&Feymz

B e K URE B, SR s &S (073, e 52

J5 45 min 14 °C HEEZ 24 h () pH A 52 (LD . 4
FE (e . BEE (bD {H. AT S
WHREERT R EIL N m (g, BRBEIL N m, (2,
AREBR R T A

FREMRE (%) = (m —my)/m; x 100 (1

x 1 EAERERRERKTE (FHREM

Table 1 Composition and nutrient levels of basal diet (Dry matter
basis)
Rk R E K Hff
Ingredients Content/% Nutrient levels > Value
S ¥ e Metabolic
FK Corn 44.10 energy/(MJ-kg ) 12.20
KRS — .
FRRGAT 7 37.00 HE AT Crude protein/%  15.70
Corn stalk silage
S 41 Soybean meal 15.60 HLFK > Crude ash/% 770
Fi ¥ Limestone 0.90 HEF4E Crude fiber/% 8.00
R EAS 0.20 B AT 4E Neutral 26.50
Calcium hydrogen ’ detergent fibre/% .
. . F2 1 e 47 4 Neutral
FIN
B #: Sodium chloride 0.70 detergent fibre/% 17.40
#1% M Lysine 0.60 5 Calcium/% 2.40
TRk Premix 0.90 J41% Total phosphorus/%  0.55
#r1t Total 100.00 iR Lysine/% 0.60

W D) BT HREEA: 4R A20001U0, 4E4:% D, 60001U, 4R
B, 4 mg, 4i4EK By 10 mg, 4K E 751U, 2 35mg, BRERH 25 mg, HL
B 36 mg, 420 mg: 2) ARBHEATHRAE, HAEMIE.

Note: 1) Per kg premix contained the following: vitamin A 2 000 IU, vitamin D; 6
000 IU, vitamin B, 4 mg, vitamin B¢ 10 mg, vitamin E 75 IU, Fe 35 mg, CuSO, 25
mg, ZnO 36 mg, Mn 20 mg; 2) Metabolic energy was a calculated value, while the
others were measured values.

1.3.5 JERrBR &g &

B i K WLEE B, S IR E MR [ 5 348 BUIR
IR, BEAT S GG, i Rt-2560 f1 95 B4
¥ (100 mx0.25 mm, 0.20 um); FHEFEF: 100 C {4
¥ 1 min, LL10°C/min 1% 180°C, {#%F6 min, LL1°C/min
FH2 200 C, {##F 20 min, LA 4 C/min J+ = 230 'C, %
FF 20.5 min; S (He) #Wii# 1 mL/min, #EFFE 1 pL,
SYUREL 100:1; FRABUET RN A TR R T R4k, 4551
T % e B R Ve THI R 5 0 B R W TR A 1) ¥ 40 B
1.3.6 JZHmien e

¥ H TIANamp Stool DNA kit 2 HUR 5 ¥ o ik 4=
DNA, FIH 1% B3 i s & i H 3k A0 Qubit Il 7E DNA 4f

v SERCPERIMREE . HUFEARTN 1 pg DNA 1E MBI, f#
F NEBNext® Ultra DNA Library Prep Kit for Illumina i
ITCEIR . A Agilent 2 100 A2 420 #r A3k S g i3k
1T RERM, FFEF Q-PCR J5 kXt SCFE ()4 0k FE k4T
SE & B AL R R SRR R A R A R 7E Tlumina
PE150 ~F &5 5 58 5 40 B 7 5= R AL 7
1.3.7 ARA MRS BR &)

SR R {5 B EUR A 7 B e g
2, KH Agilent 8 860 S M (Al e H& & . il
DB-5 £ B (30 mx0.25 mm, 0.25 pm); Jhig
F: 100 C f£%F 0.5 min, PL 8 C/min J & 180 C, f#
¥ 1 min, LL 20 ‘C/min JF % 200 C, 1% 5 min; #S
(He) ¥iti# 1.2 mL/min, HEAEE 1 pL, Zp¥itt 10:1; R
PV AR T RN R NR D R 1) 5
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1.4 BUBLIBS O

IR Excel 2019 AbEEf5, A SPSS 23.0 # £ it
ITHRZE T Z 8 (one-way ANOVA) 437, 4 H
LISF bRt Z R oR, P<0.05 HZERE3%, F GraphPad
Prism 8.0.2 I Rstudio 4.1.3 #2414,

2 GR55H

2.1 WEBNBERERROEN

A 8 A s R A G P LWL, B
ML B A R G T 1 B 40 A 1
AT 20 AT AERS L KA S T, (AR
VR IR R R A R 5 R e U FEAGR R, RS
SR AL A0 2 TS T L T % B AL A (P<0.05).
TR T B A AN IR ORI, R 2 6
%, SUCATIE, TAN S0 BF S E T8 R e 0
R AAVR R A, SR A K LR R R 4 B
HE—SBBRSCR I, RN LR T IR L
TR A R 0 e A7 R AL SRS SR s, 7T B
WL AL S 6 i I L I B 0L 29 e 0 17 43 ) 5340
KRR L NO HIRTARPIAR, K RRIOVR N4 NO B4k,
SRR IR AL S0P A R BRI, W e F IR
OB,

£2 BEMKBEREREOL (-8)

Table 2 Effects of arginine on carcass traits of lambs (n=8)

TH Xt R 21 KR A
Items Control group Arginine group
Hii A 53 2 Carcass weight/kg 25.10+5.03 24.35+3.51
1§t & Net meat weight/kg 13.65+1.93 13.23+1.47
&5 Backfat thickness/mm 6.78+0.50" 6.04+0.75°
IR LAY Loin eye area/cm’ 15.20+2.41 17.15£2.51
J&SE % Dressing percentage/% 48.38+2.36 48.06+3.74
1§t Net meat percentage/% 27.1543.19 26.56+2.23

i AT R AR NS F R E R R (P<0.05), T,
Note: In the same row, values with different small letter superscripts mean
significant difference (P<0.05), the same as below.

2.2 FBEERNEFERRRNFIT

TR B 00 2F A T — AN R,
FEAK . WA pH B %54 FR A8 brod 5 FH R VEAS A
AP, PRI S R R F N R, BLEA
SR pHAHIGE . o 1 D E A S T LA (A&
BHEMIEFRED . —okil, BURM LME 5B 1
a BRI, RAWMGIEELF, PRTEREEY, 23
Bl RS EIRLA T K ULIY LA b7 B T3
2 (P<0.05), afHEZFEm TX A (P<0.05),
WIRS E R i 4 - N B B BURAE A

%3 BEBNSEARENENE (=8)
Table 3  Effects of arginine on meat quality of lambs (n=8)

A o R AL R
Items Control group Arginine group
PHas min 6.79+0.08 6.71+0.07
pHan 5.91£0.13 5.74+0.17
FEEL 33.61+1.84° 31.4240.95°
AN 19.02+0.23° 19.60+0.57*
Wb 4.25+0.58" 3.68+0.46"
FRE K Cooking loss/% 24.09+2.10 22.68+3.07
811J] /7 Shear force/N 71.41+5.14° 63.86+4.45°

I8 FEE BN DR o A o B B o RURFAE RN E DE
TALE RN BV, BRIE T B A 0 4 52 SRR
RPN AR b, R R R BT U 0 {H KT 0
#H (P<0.05), UEHITIRHAN e RS RIR I T = W IOIUE
%55 MADEIRA % ot su 45 R — 25, ERRAME 1%
FRIRIE i T A FE AR S B AT 132 B o AL E
Wk T 2R 2, ORI AR R MR G2
RS B ARG WL BRI AR
RO o, WUARE B S PR AU O T AL
CR4E LR, LB R . SUN 2527 SR, 1)
FRAN TEHE IR AR 7 500 LA 4 AR AR i A, 32
w A CT A ITA B JULEF4ERI LS, T e T
PRI . BEAh, ZRAEA AL SR 5 7K fE 77 ) EE 22
FRAREY, AR 00 4 R RS R R AL 1 AR AR R R AR
(P>0.05), i W TR b 78 4% 2 AT BE A B T 62D 2 1A

IR MR o
2.3 RN RFEERARAIRNT
J 2 B4 i 3 TR 01 2L Rl % 55 8 52 5 i PR A R 3

SRR 40 F 8 WU DT ER HO 2 W4k 4.
*4 BREREBEMNEFERKABEHRERINE (1=8)

Table 4 Effects of arginine on fatty acid composition in
longissimus dorsi muscle of lambs (#=8)

HFR pop;ieei:| A
Items Control group/% Arginine group/%

C10:0 %4 Capric acid 0.14+0.03 0.12+0.04

C12:0 A Lauric acid 0.15+0.04 0.11£0.03

C14:0 P 5 7% /% Myristic acid 2.11£0.47 1.90+0.40

C15:0 +Fi4EHR Pentadecanoic acid 0.35+0.06" 0.25+0.02°

C16:0 KA Palmitic acid 23.97+1.58 23.34+1.67

C17:0 +-t%i % Heptadecanoic acid 1.2240.14* 1.010.10°

C18:0 f# /2 Stearic acid 14.92+1.21 15.18+0.79

C20:0 #£4: 1 Arachidic acid 0.13+0.04 0.14+0.02

TR R SFA 42.89+2.72 42.15+1.81

Cl14:1 S5t BR Myristic acid 0.17+0.04 0.14+0.03

C16:1 KEAJHR Palmitoleic acid 2.06+0.30 1.98+0.32

C17:1 LB R Heptadecenoic acid 1.37£0.21* 1.01£0.11°

C18:1 n-9c jHM Oleic acid 39.67£1.50 40.52+1.46

C24:1 —+ VYRR Tetracosenoic acid 0.31+0.06° 0.53+0.10"

FNHLRTIR DR MUFA 43.59+1.51 44.18+1.52

C18:2 n-6 LML Linoleic acid 10.53+0.90 10.18+0.46

C18:3 n-6 y- B % Gamma linolenic acid ~ 0.21+0.03 0.18+0.02

C18:3 n-3 a-TE IR Alpha linolenic acid ~ 0.46+0.07° 0.55+0.07*

C20:2 f84= )78 Eicosadienoic acid 0.51+0.06 0.49+0.07

C20:3 n-6 14£ =R Eicosatrienoic acid 0.23+0.08 0.1840.03

C20:4 n-6 £ VU MR Arachidonic acid 2.84+0.33 2.98+0.28
C20:5 n-3 — R

Eicosapema—;ﬁﬁiﬁ? dﬂ"z 0.52+0.07 0.55+0.08

€22:6 n-3 —F IR 0.24+0.05 0.29+0.04"

Docosahexaenoic acid

Z ARG G PUFA 15.54+0.73 15.30+0.72

n-6 ZAEANNENER n-6 PUFA 13.81+0.79 13.21+0.67

n-3 ZAMFI G IR n-3 PUFA 1.22+0.15° 1.40£0.15"

Z ARG TR/ MR AR R PUFA/SFA  0.36+0.03 0.35+0.03

n-6/n-3 LAMANGNIIR n-6/n-3 PUFA  11.51£1.94° 9.55+1.15"

M 4750, BERRA+THKR (C15:00. +tk
g (C17:0) A+-LRIGIR (C17:1) BIAHXT & 2 B E K
TR (P<0.05). Hr, C15:0 f1 C17:0 J& T 7 £t
REWiTR, 1ERZAZNMAF P& ERIK, 20/ T 1% f
2%, AHFFLR, IR A SUEE SFA WRE S
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1T 7003 PR 97 RO I A5 9076 100 X S22 47 AR OG0, L o
T FH A BB g 0 R 1T A 72 A R B2 i B LB A B
AT AR . ARIE S, FERRA T DU (C24:1)
AR & B TR (P<0.05) . C24:1 N Frfh4
P, & —FhAE K i A 0 B S B A FH () MUFA,
A DUME N K e fa b, HARERM RS #EEid
1277 IEGE KM T4 5 s B AR 2 Th gD

WH PUFA Z N ZhREMESR IR, NMUEA) 2
EVIHEAER, ERAFTEZ N RESE ) (C=C), F#i%HA
= A R . ASHF 7T KB, #5445 2 18] n-6 PUFA
X ERELEEEZER (P>0.05), HEZARY o-TFk
g (C18:3 n-3). 1+ ZWk/N/MR (DHA, C22:6 n-3)
1 n=3 PUFA FIAH X & 235 8% & T R4 (P<0.05) .
o- 0 FRIS AT i X210 n-3 PUFA A 75 e, o)LLt
— R L DRI A 2 N B B LA R (EPA,
C20:5n-3) HI DHA. AHFFARI, 75351 R B amir
FEFFB6 0 7 AL K% n—3 PUFA HIELG], f04% EPA Al
DHAPY, K %% n—3 PUFA. EPA Il DHA 7& i [y > IfiL 5
TR AR RN 98 RE 5295 LA B 8 RE 5 T HL A 3 K AR F D,
MeAh, WEZE. TSR 28 XU 5T 3 B e g 17 1R SR AL T
B o-YURRER KT 5 R g 2R RO A <P, i 1-
S W3- (3R EPY . PUFA/SFA Hll n-6/n-3 PUFA EL{HIE
WG SR VP AL R D 0B IR A, AR EAREE KT
B i KM n-6/n-3 PUFA I ELAE (P<0.05), FWIS R
RN TR A N R AR, X5 GUO %M [ 7t
g
2.4 HBEERWEEESARNEI

KRR B AN o-2 AT e L3R 5, i
Shannon 5%, Simpson 5#(# Chaol 8%} B &F M=
5 (P>0.05), R L B FHAET a-2 M.
FIF 48452 HT1 (principal co-ordinates analysis, PCoA)
FHEFE & 2 4E )R F (non-metric multidimensional scaling,
NMDS) 7r#r BB -2 #EtE (B 1), PCoA 4r#rH,
Xt HEAARLG, R ERAFE A L B wAE o E S
NMDS 73 #r45 R B R AR A e 3. UL Eair i
TN B R AP — B E R, SR E RN+
e AR TR AN B 4L AR

x5 REBRMNBFEERE o ZHMERNEE (1=6)

Table 5 Effects of arginine on rumen bacterial a-diversity in

lambs (n=6)
TiH X 2H FE R UL
Items Control group Arginine group
Shannon #5#{ Shannon index 8.36+0.80 8.28+0.58
Simpson 54 Simpson index 0.99+0.01 0.99+0.01

Chaol 5% Chaol index 7 840.77+538.78 7759.47+215.78

B0 M Je B A B AE 1R JE K B RV 2L
I 2a Al A1, 11K B, AL IR ERER ]
(Firmicutes) « #A#F % '] (Bacteroidetes) H175 5 ]
(Proteobacteria) , 5 B [ TAHXT F ) 60% LA L, X5
SRR E S, I 2o WAL KT R, PR E AR
BN EHIRIKE B (Prevotella) « LM B &

(Bacteroides) ~ W W J& ( Clostridium) « 7 # & J&

(Alistipes) FNA M JE (Selenomona) , 151 J&+H
Xt 25% BA 1o 1B 2¢ S8R U2 R B A 1 1AL R R
T LG (F/B) AHECT X B2 B35 PRI (P<0.05) o Tl
N IE, F/B WAE & 5 5l ke W 5 Bss &1k

(irritable bowel syndrome, IBS) & 40, JE LR K
A EEREE F/B ELE MR NG, Rk, SRR
WPIAT R T8, B ERERE TR, RS
T AR P47 NI R AR E T IS, D I A< I 0 DR

. B 5} #E 4 Control group
S A 5% 4 Arginine group
)

o

3 )

O

&

N /

K /

% [

1%

=

T( I

# 02

—0.4 -0.2 0 0.2
FALFREST 1 PC1(48.53%)
a. EABR BT
a. Principal co-ordinates analysis(PCoA)

A 2 4l U2 NMDS2
[=)

-03 -02 -0.1 0 01 02
AR 2 4 R %1 NMDS1
b. ARRE B2 4E RUE b
b. Non-metric multidimensional scaling(NMDS )analysis

B 1 AREATG G H mid f- 2 A a (n=6)
Fig.1 Effects of arginine on rumen bacterial S-diversity
in lambs (n=6)

P EB T WAL A R K R R E R
B 2 d 4L im) 2 S 20 e B mr Jn, AHEGXS HRZE, R
AR EE . ARSREE. Z8IedE (Treponema)
e B ERE J& (Ruminococcus) W)AH X =E [ 28 B8
(P<0.05). HREE. AL REEMEEREEYS
IR e AR 5P AR B A A Y R AN R R
Rer A CIRA TR, A2 B IEdimw, it S5 H AR
A EAER, fERAEIREE AR Tl s B oCE B AE
Flo SUEESURHL, AEZ BRI 78 301 T 4R 1 AE Mg AL JiE
JEETIEME, XSRS RA . 5 EEKE 2R
W T R e w, @l A2 PR AR
Vit 1 > 21 o 25 g P S R A0 PR BE R () A e 2 . SRR
AR Mok, BIRTERE SR 0T RS A AN A Y B
AR, WA, (MR E BRI T 4R AT Y
ZIAE ). ZHANG SRR R, SE4% R D REIR
FREHAME, ®mFEFALFERF CL7:0 1 EHLH] R = FEK,
KE ARG R — 8 AW TG KM Z RS T TR
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N J& (Butyrivibrio) < BN EJE (Parabacteroides)
ISR B B (Succiniclasticum) F1H 4355 M & 8
(Methanobrevibacter) WX FE (P<0.05). fERE B,
THRINE BN C18:2 n-6 F1 C18:3 n-3 | Z Hu £ &k
C18:0, AFIT PUFA fEH LU IUIAR . VALF4E T IRINA
(Butyrivibrio fibrisolvens) F1 Butyrivibrio proteoclasticus
BT TRINEE, CHIENE25 CI18 AMAMRITRE
PR B o TEETAET TRINEE C18:2 n-6 AL cis-9,
trans-11 C18:2, #H— AN A trans-11 C18:1; Butyrivibrio
proteoclasticus tEEM TG — P hiREELZANEMH, ¥ trans
C18:1 18 J5i  C18:0. WL 4k, Butyrivibrio proteoclasticus
JEFFIF EPA FI DHA #HAT AP EA . 8% i 72 v
I A A A, AR AR (cis-9, trans-11 C18:2)

100 HAhOthers
W EEE ] Tenericutes
FH#EE ] Ascomycota
§ 075 W 4T 44T 5 1 I Fibrobacteres
s L] ] JHZETH ] Actinobacteria
f_( % 5 M Euryarchacota %
= 050 SRR BT I Spirochactes £
gz [ % E [ IProteobacteria B
o U B "1 Bacteroidetes
& 0.25 . [ /5555 Firmicutes
0

RURICHIER FE MR AL
Control group Arginine group
a. [ 1K1
a. Phylum level

Relative abundance

A trans-11 C18:1 7E N R RIEEEAE . 18] 2¢ 7047
TP APEE K ZE 1R 22 S, AH BRI, KSR A R A
B A X 3 B Y BRAR, L Butyrivibrio proteoclasticus
2 AL (P<0.05), BEWIHE 2 @ o B B A A w
MR, b TEAR KA, HiH SR E—F,
fERRITRRA e A4, IS 2 1) PUFA A
TR bl = W B k=1 7D S 3w L G O 1 4
TEIRFENSNE AL, (et AN PR R . e RAT
R 2R B PR R R, T RUR 2T 4R 3R O
BRI 7 AR IR U R EL T B A A R, R = O
AT, KRS 7 H AT R FE, X5
N FEEE AT, BV B K RS 28 R R 6 PR AT AR A2
o 5 R R T i T

1.00 HAth Others
KU B & Bifidobacterium
FLER A B )& Lactobacillus
% Wi [C 14 & Roseburia
0.75 I8 B AT B 8 Ruminobacter
G B 50 )& Oscillibacter
BB TR & Treponema
0.50 LEYENT B B Fibrobacter
T BRI I Butyrivibrio
W AT B R Eubacterium
f R HARE B & Succiniclasticum
Bt AT 16 JE Methanobrevibacter
J81 H BR 1 J& Ruminococcus
H ¥ 51l i & Selenomonas

0.25

o FIHE R Alistipes
R % ?LM& W15 )& Clostridium
Control group Arginine group W FF 14 )& Bacteroides
b. JE 7K TR UK IS B 8 Prevotella

b. Genus level

35X i ZH Control group 95% EIFIX (1] PiH
. B 5 % % 4H Arginine group  95% confidence interval P-value
X HEZH op——]e
Control grou, R
group ¢ % FA 52 46 AT 18 J& Methanobrevibacter | E_‘ o4 0.048
Arginine group - TR YN & Butyrivibrio @ o 10.047
0 03 06 09 12 A 14 & Parabacteroides FL‘ i o {0.043
. JEERET I AUAT B 1T LA .
¢. Firmicutes/Bacteroidetes(F/B)ratio T BRI L 14 )@ Succiniclasticum -F 00.047
0.08 ® %f i 4H Control group R Clostridium 'E_( ° 10046
° ok A 534 i H
3 006l . B % 2H Arginine group VLA T Treponema % ° : 10.045
nE |
= g H
W2 o4 — H IV 1 J& Selenomonas -n o 40.037
= e H
g2 3t s =
= 002 u I8 5 BR B J& Ruminococcus -a_{ ° 10.018
& . . : . R
) ) 0 1 2 -0.8 -04 0 0.4
0 e

B fibrisolvens B.proteoclasticus
e. PRV 22 5 (Butyrivibrio)&)

e. Differences at species level(Butyrivibrio genus)

e FRREREE (P<0.05),
Note: * means significant difference (P<0.05).

72 5 L fsl

Relative abundance/% Different proportion/%
d. JEAKPAH A 2 5

d. Differences at genus level

B2 ARG FE E mAAE AR R (n=6)
Fig.2 Effects of arginine on rumen bacterial community composition in lambs (n=6)

PR T T AL TR 8 AN ) E AR, R
O R BE TR LRI S R . SR 6 WA, M ERA TR
&= R TXIRA (P<0.05). THRZHE L
M E R ORI, FEE MR E AL LB, i
JgeE MBE R AER-1 (GLP-1) 73l s b AR 1S GE )

Wi 52 A&-y (peroxisome proliferator-activated receptor-y,
PPAR-y) 38 B% T 45 2 AL i 1125 g o A QAR O 3 T
FIEW T 5 WIS R IR D7 AR 0% 1 4N B
xR AT S ARV IR R BEAT TSR, AR L
3. TREREE. ARMEE (Lactobacillus) FIE
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HEkE B 2R IEMX (P<0.05), ARRREESZ
PR A0 e IR B 3 IEAH G (P<0.05) o« IXRWIMR I . FL
FAT W R EEREM AR AT eSS T B AR
PEFERAE AR ITR (I RE . M TR R AR S B R A T 4
FHER S R, MR RN A LR T RSN,
B ERE E A TR, LR AR p 4 RS Sl
gig . TRINERES TREELEEZ MK (P<
0.05), X5 TRRINGE ™A T RS RMR, &)
RER BN T BRI & B AR 18 2 A T IR w1 3k R A 10
iR, T RRINE F I FRARA SR T IR B AR KT

*o6 MHMEBRMNEFBEBELMERRSENTZE (n=6)

Table 6 Effects of arginine on rumen volatile fatty acid contents in

lambs (1n=6)
S gE| X R AL RN
Items Control group/(mmol-L™") Arginine group/(mmol-L™")
L Acetic acid 36.94+4.37 42.38+5.52
VIR Propionic acid 17.14+4.85 21.85+4.84
T Butyric acid 8.77+2.71° 12.41+2.73
52T Isobutyric acid 2.83+0.57 3.14£0.71
JXR Valeric acid 3.63+1.02 4.16+0.90
SRR Isovaleric acid 3.23+0.85 3.96£0.92
LEESEES 3

Correlation coefficient

R

Clostridium
TERINE &
Butyrivibrio
W
Prevotella

Lactobacillus

AT )

Parabacteroides

IR TR

Treponema

Il B
Ruminococcus

R o)

Selenomonas

FEBRIR 4

Succiniclasticum

0.6

0.4

102

W SRREREE (P0.05), **RREFNEE (P<0.01), FFE.
Note: * means significant difference (P<0.05), ** means extremely significant
difference (P<0.01), the same as below.

B3 Y ml 5L RSN EAR K AR
Fig.3 Heat map of correlation between rumen bacteria and
volatile fatty acids

2.5 JEBYMES BRI KT ST

M E gl A2 S8 SFA TE R AW AT IR &R,
BRAR 40 B Sk RO = A R ) R LR AR, TR
Bt — DR A A A 5 P AR S R, DL #
Xof i T R R (R i o A6 22 T T T P AT A R AT
TR 4 SRR R A AR S E A, B 4 ATRLE

s, R E YU S e R A (R AR R R e, T
TR IH B 5 n-3 PUFA. C22:6 n-3 [ C24:1 28 F 1AH%
(P<0.05), 5 SFA 2 & FIEMHX (P<0.05), k3
ik, TERINEELME P EENEIE, WA
GIEA-4E T BR9INE «  Butyrivibrio proteoclasticus) 1334
MR, EmERREMNEE. BT TI]RIK
wEAL, WHEIKICHE. W E A B R B A
b bt ) — 5 B N0, IR IR 8 5 n-3 PUFA
5B F E ML (P<0.05), 5 n-6 PUFA f1 C18:2 n-6
HEEZEAMHG (P<0.05 . AR, HEHEKKEE
5 PUFA ZEBEIEM%, 5 SFA & BAMEN, X
RE N IR IR R B R AR R R o H 2
YEF, N UFA M4 AR HERT A, MR R 5 SFA £
BEMMK (P<0.05), HMEKEES C18:0 REEFIE
G (P<0.05), 3753k — B HF 503 W A 5 8 5 e I 1R
SHHR R, ARHERS C18:3 n-3. C18:1 & MUFA
EEFEEMX (P<0.05), X5 im0 im0t 4 7
—3, MABERKMARIEES C18:2 n-6 EFAMK. X
FE RN FLERAT B 8 RE 8 C18:2 n-6 FHIHL A cis-9, trans-
11 C18:2, #— BE AL H =4 C18:1 EL 41 34 .
AW RIS N FLRR AT B & Re 3 £ FLH cis-9, trans-
11 C18:2 HEM™, WhEER NZHEE L GREN C18:2 n-
6 AL EYE. Bl #JE S C18:1 F1 MUFA & 3%
k5% (P<0.05), 5 C15:0 R BF EMH*X (P<0.05).
LR S I 7 IR T I RORT B R AR S R, 2 S EUE R
MBS A R AU o DA T S 1 1 e 5
B EE R REE, A1 LLsAE UFA E Lt
2, S0 PUFA KHS R YEARMR R, BT
I8 B A T S LA AR T RR DUAR Ab, RR AR M AE DGR R
ERE R R PR B EEEH. Bk, 45
FUA] LAZE A IX P F BE 3k — 25 ¥2 4 52 UL 1A g 17 R AR
(PSS

TEOEE O LR
Butyrivibrio. Lactabgcl'zélgs
n=3 PUFAQ ™/ /L \\\ - T Degree
A cis:l § o0
MUFA XN
\ / | AN \\\> C15:0 3.5
~N v
C18:2n-6@_ /' X, \ NN 7 |
\ l \///\ ~N\ . 1.0
N AN VY ?/</ 2411
SFA’ \\\\ A ] // \\ //\/\\\\\\ TR Degree
NN AL S i @
n=6 PUFA.\\\\ b \\Z / 77 \\ N Selenomonas @3
83 3@ \%‘\ /K / /] AN .WHHE @1
CI8B:3 3@ 7\ \( N 7 \ Ruminobacter )
! /} N A A @C22:6 13 2% ZRelation
W V7 X HA )& iEPositive
Clostridium . X \} ® Eubacterium _ fiNeati
BT B V4 Y N R 1 Negtive
Parabacte{rggei% i N | Prevotella
HEMNEE 530 K
Ruminococcus ﬁlr%ig};ﬁﬁ Roseburia

e WEAESERREEEHEK (P0.05), K6 HELRREE A%
(P<0.05); Ze2K AR RMERIBRET ;19 RO D MBUE R AR A

ESAEJiMs 8

Note: The yellow solid line indicates a significant positive correlation (P<0.05),

and the gray dashed line indicates a significant negative correlation (P<0.05).

The thickness of the lines represents the strength of the correlation. The node

size and color shade represent the number of related objects.

4 78 H w508 B ARAB Xt W 4
Fig.4 Network diagram of correlation between rumen bacteria and
fatty acid composition
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2.6 PERAERYAARNS A SRR XM S

JUL AT g 7 TR i A WS 97 A0 B A9 VP47 DA 5 B 1 —
ANFREER R, B 5 NG TR RS A 5T 48 A 1] [ R 9%
PERE, BERTCUE M, FEIER S P T (A7 — E 1)
KEME. 4EBE RKIFER SFA 2 C16:0 F1 C18:0,
{H AT 5543 1 KB C16:0 F1 C18:0 X P55 /N . 1M
KB SFA (C10~Cl16) MAM MR LA, LS5 L8
BEIEM* (P<0.05), 5 RE8ENMHE (P<0.05).
GBI, LA b4 SFA 48 2 IEM Y, xEA
WEALEE RAHIT . £ MUFA w1, C24:1 1 C17:1 X A
MRS M i ok, Hoh €241 5 & B Bk BB fud ok
(P<0.05), 5 a8 FIEMK (P<0.05) . pHy, 5
C22:6 n-3 1 C18:3 n-3 £ B FH F ML (P<0.05), X5
DUAN %5010 [ 50 Mr 45 S — 5. b4k, n-3 PUFA 5 LAN
B R EE AR (P05, 58 BEIEME
(P<0.05), ANALA T n-3 PUFA ()& B354 A BT o
FRPOEFEREE. UL Eg R, R MER 2 2088
FRANFIREBE (I REMA, 45 Sl 2 P R0 pH 1

EESEEY

Correlation coefficient
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Fig.5 Heat map of correlation between fatty acid composition
and meat quality
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Effects of arginine on carcass traits, meat quality characteristics and
rumen bacterial composition of lambs

KANG Letian'?, WANG Weihao'?, LIU Ting"?, ZHANG Taiwu"?, ZHAO Xin'?, ZHAI Maoqin'?,
LI Jun®, JIN Ye'?, DUAN Yan'?*

(1. College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. Integrative Research Base of Beef and Lamb Processing Technology, Ministry of Agriculture and Rural Affairs, Hohhot 010018, China;
3. Inner Mongolia Sunite Right Banner Rongyu Modern Ecological Animal Husbandry Co., Ltd, Sunite Right Banner 011200, China)

Abstract: Rumen bacteria can play an important role in the fatty acid deposition in the skeletal muscle of lambs. This study
aims to explore the effects of arginine on carcass traits, meat quality, and rumen bacterial composition of lambs. The
relationship between rumen bacteria and fatty acid deposition was also determined using metagenomic and gas
chromatographs. Among them, metagenomic technology was used to analyze the changes in rumen bacteria after arginine
supplementation in lambs. The gas chromatograph was to identify the fatty acid profile in the sheep muscle. The correlation
between ruminal bacteria and muscle fatty acids was established after the experiment. Sixteen healthy lambs (three months old)
with similar body weight were randomly divided into the control group (basal diet) and the arginine group (basal diet + 1%
arginine). The feeding trial lasted for 90 days. The carcass traits were determined to calculate the related indexes after
slaughter. Rumen contents were frozen and stored in liquid nitrogen at -80 °C for metagenomic analysis of rumen bacteria and
volatile fatty acids. Samples were collected from the left longissimus dorsi muscle of the carcass, one part of which was used to
determine meat quality, and another part was stored at -20 “C for the fatty acid composition. The results showed that there was
a significant decrease in the backfat thickness of lambs in arginine (P<0.05), the lightness (L*), yellow (b*), and shear force of
longissimus dorsi muscle (P<0.05), whereas, the redness (a*) value significantly increased (P<0.05), compared with the control
group. Dietary arginine supplementation improved the color and tenderness of meat, indicating a positive effect on meat
quality. The contents of pentadecanoic acid, heptadecanoic acid, and heptadecenoic acid in the arginine group were
significantly lower than those in the control group (P<0.05). By contrast, the contents of tetracosenoic acid, a-linolenic acid,
docosahexaenoic acid, and n-3 polyunsaturated fatty acids (PUFA) in the arginine group were significantly higher than those in
the control group (P<0.05). The n-6/n-3 PUFA ratio in the arginine group decreased significantly (P<0.05). As such, the
arginine enhanced the nutritional value of mutton more conducive to human health. Metagenomic analysis showed that the
supplementation with arginine significantly increased the abundance of Clostridium, Selenomona, Ruminococcus, and
Treponema in rumen (P<0.05). The abundance of Butyrivibrio, Parabacteroides, Succiniclasticum, Methanobrevibacter, and
Butyrivibrio proteoclasticus decreased significantly (P<0.05). In addition, the content of butyric acid increased significantly
(P<0.05) in the rumen of the arginine group. Dietary supplementation with arginine relatively affected the rumen bacterial
community of lambs for the composition of bacterial metabolites. Arginine supplementation promoted the fermentation and
degradation of rumen cellulose in lambs. Some key bacteria were significantly correlated with the fatty acid composition,
among which Butyrivibrio shared a significant negative correlation with n-3 PUFA (P<0.05), while a significant positive
correlation with the saturated fatty acids (P<0.05). Therefore, the rumen bacteria greatly contributed to the hydrogenation of
fatty acids. In short, the abundance of hydrogenating bacteria was dominated in the presence of biohydrogenation, leading to
the deposition of fatty acids in muscle. In addition, the correlation analysis between fatty acids and meat quality found that the
content of fatty acids had a greater impact on the meat color and pH value. In summary, the arginine reduced the abundance of
hydrogenating bacteria in the rumen and the occurrence of hydrogenation, thus promoting the deposition of beneficial fatty
acids in meat for the high meat quality of lambs. These findings can also provide new nutritional intervention strategies for the
high quality of mutton.

Keywords: meat; quality control; arginine; fatty acid profile; rumen biohydrogenation; sheep



	0 引　言
	1 材料与方法
	1.1 材料与试剂
	1.2 仪器与设备
	1.3 试验方法
	1.3.1 动物试验设计
	1.3.2 样品采集
	1.3.3 胴体品质的测定
	1.3.4 肉品质的测定
	1.3.5 脂肪酸的测定
	1.3.6 瘤胃细菌的测定
	1.3.7 挥发性脂肪酸的测定

	1.4 数据处理与分析

	2 结果与分析
	2.1 精氨酸对绵羊胴体品质的影响
	2.2 精氨酸对绵羊肉品质的影响
	2.3 精氨酸对绵羊脂肪酸组成的影响
	2.4 精氨酸对绵羊瘤胃细菌的影响
	2.5 瘤胃细菌与脂肪酸组成的相关性分析
	2.6 脂肪酸组成与肉品质的相关性分析

	3 结　论
	参考文献

