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 E: ARXBREEMTRRRKF WARE(CA) X R FERE R R R & M4 & AR
EBERBA Y, R 12 REARARE T EETOEXELIRFRAMBF M5 Hh 44,
FWM3 R, BT R ARARY SR A0 B 200 (200CA £2) 300 ( 300CA 41) .
400 mg(400CA 41) 5 CA, KA RAAR F M 2 WM g I th i % B B i KRR = Ak 2
RING B R SRS, AR BF:1) 53 Ba4gr 200CA 300CA 400CA 44 F 4 i (DM) . F
Mkt 4 (NDF)  BR M2k % 4F 4 (ADF) %98 B A s & 2 %7 3 (P<0.05), 200CA
300CA ALK G (CP) B E AR GMERF S T B4 (P<0.05),400CA 41 CP 4978 § A
A AR R FAT 2T B (P<0.05), 2) & AZMETX2(712h FA%) pHAKRAEDEY
(MCP) R EH KB % 27 (P>0.05) ., 53 B 2148 200CA  300CA . 400CA #4145 F % (CH, )
BRASF(NH,-N) kB FEAL(P<0.05) , 3) &LLZ R B4 L LR W B BEVAR TR 5+ T
B XER SR BR P R R F £ F(P>0.05),300CA 2169 R BRI B % & F 3 B4 (P<0.05)
PR CA TR R F6998 § A8, 544 7 DM NDF ADF #98 B A 2 4 ff 5 2L B4
REAEBRFTHHEGE BIKCH, F&, ERARBEMET,H T LR PR 300 mg CA B3
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S 33 &

W, Wit AR s kB R R b
(CH,) i B HE i i 19 26% , 8] i 5 45 8 68 4 1
5% ~12% , AB ) 2 3800, 1 L AR 20 9 % 5]
FLRE I A AR AT SRS R I,
BRI AT LR K BE, BRAR CH, 775, F T,
CA 758 gh ¥y 4 7= v i i 133z, i A 5% CA
FE R 3 Wy b I R RITRIF 5 32 B4R op F PR 4R A0
A TERE N P /D LS e AR B RS
EAHE . H I, AR R e e 48k F ik Ak
SEFEARFNR KB CA XA £ RS 77
[R5 B AR B A D R RS R R R, O CA T
PR A 7 e R R B AR R

1 #MRlERZ*E
1.1 R

UG T H] CA W A P2 R A BR A R 2l
K 20% , LR ARAR AR T R R AEBR i
1.2 REEITSRFEE

AR B il e it 12 HRS
R AR AT A (50+2) kg A K AR E
PR I X FEZ AR FAE R 31, 2% NRC
(2007) 47 - 7775 22 0 ) 5 Ak AmD A, 2l Bl S
FRACF DL 1 RHLEE N 70:30, ¥ 12 HIR5 3 bifi
Bl a4 4, 3 5, R m g, Jf B4 1w
Bl AR AR 43 BIES I o (X BR 4 ) (200 (200CA 41) |
300(300CA 41) .400 mg(400CA 41) i) CA, A
15 d, %K 08:00,18:00 £/ M 1 ¥k, H kK,
ke 45 oI e e 4%, W e SR Y R B R
1.3 RBRFEENERREFRYRESMERSYE

P 10 cmx8 ecm (fL#2K 50 pm) JE 4%, Y
SHIER TS, 65 THEF ML 48 h, [ 24 h
JERRE LSk, B A5 4L KRR, 3 40 B 5 HER
FREL S g (K& 2 0.000 1 g) (R HAE & IF o 54 A
e kderh gl 3 MEE, HAEE 2 1T, B
e A4 B AR YOI [R) sE O B 0 e A 98 S
KR [R] S E 0.6 ,12 .24 36 .48 .72 h, K%
72 h J5Je e 4R ARG R 0 F R K gk (4
50 h) , HLEKEG A 65 CRIBLFE L 48 h,
P 24 h, FREE A6 e R4S sk i o8 T
B T i E

Bl DR B SR TR S R AR R

A

BEIAE i o 58 IR ) SO iR (% ) =
[ (B il s FR Y I R -5k
Yy b iZeE R B ) /B A
ZEFRYI S ] X100,
®1 ERARAMREFRKT (RTFEM)

Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i H Items 4 Content

JEl Ingredients

E K Corn 25.00
=t Soybean meal 7.00
HE¥A Cottonseed meal 8.50
T KHEZEHT Corn germ meal 10.50
SKH Rice bran 14.00
#2465 Sunflower leather powder 5.00
1624 BZ Peanut coat 8.00
T KFEFF Corn stalk 17.00
TIRK Premix" 5.00
A1t Total 100.00
#37/KF Nutrient levels”

HLEH BT CP 14.68
MR EE 3.34
HLK ST Ash 7.42
bV 4T 4 NDF 34.41
R VE VR R 4F 4 ADF 15.26
5 Ca 0.62
WP 0.48
R EE ME/(MI/kg) 9.62

1) PR AT 5 A AR 24t Premix provided the fol-
lowing for per kg the diet: Cu 15 mg,Fe 55 mg,Zn 25 mg,
Mn 40 mg,Se 0.3 mg,1 0.5 mg,Co 0.2 mg, VA 20 000 IU,
VD 4 000 IU, VE 40 1IU,

2) AR RE S MR, LAl FR K E o S, ME
was a calculated value, while the other nutrient levels were

measured values.

FIF @rskov 450148 H A H5 BOR R T30

it 8
P=a+b(1-e™),

AP PONTE ¢ I [E]EURE S b 5EE 3R W T Y R
B (%) 50 HRBEM I (%) b F 18
R R 43 (%) 5 ¢ Ry 15 0 I % 0 40 1) I fidk 3 %6
(h™") 5 ¢ S BE i OE 3R W I A% BT Y
Bl (h),

BEDAE it b 38 3R W A 8 AT 5
[&f# % (ED) = a+bxc/(c+k) .
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ook ORE S TCE SR IO A I R 4R
(h™") A Elge k Bk 0.031,
1.4 HANFESEMNERIMNEE XBESH

AL K S % Menke %57 J5 3%, K | DHP -
9162 BUTH L IG FRAH B3 1 S 4% (1% E Harberle 22
H]) TR E ({2 [E Poulten and Graf GmbH) LA M
R FRM o Rl (U Ry IE D4R B K s |) ) A5
B IATIRON R B
1.4.1  RRIKYHERS

W BER A RO E  3) 40 H 5S4 WIAE S T 5
FERb R I o (X IRZH ) 200(200CA 4H) (300
(300CA 41) 400 mg(400CA 41) i CA, 4IRS
WA AR RBEIRY), WEWIARE 0.2 (M=
0.000 1 g) TAAREE S, TR ARIMEL - 3l e
/N (35 mmx75 mm, fLAE K 40 wm, LT —4
WABFFE H ), B O, A 100 mL B 58 3 41 4%
M ,39 TR, &, BAERAE R 6 1 F17,
1.4.2 98 B WCRE

SRR AE 3 H AR MR IE Al R AR A R A R Y
JE WA R A LR, BT 39 T W H G A A R
&
1.4.3 {RHMEFR

V98 S N TRV e B 12 TR AR M R4
KRR, 3B CO, I T RE 1 3k 2 bk
B8], BB IS AR % 30 mL B R, HER
25 A0SR A R 2 R F R 3 M A (R
PN IR TR, AT A ) o DRSO 38 388 v S 4%
WKUKIA 39 C I EFE IR =46 T, B5 5% 48 h,

1.4.4  FEACREE

T3 0.3.6.9.12 .18 .24 36 f148 h B
FEHOF 0 SR S 4 20 B2 AH, 4 32808 3 80 mL i,
RS AW ST, T T CH, W B,
48 hJF A bR B WA KR SR WO 7 B 22 pHL, B J=
PG FRWCE T -20 TR IRAE, T 5E 5 &k
JEIWITR (VFA) (% (NH,-N) Fl MCP ¥
1.4.5 8450 E

F) F M €0 3% 42 ( Agilent 78908, 35 [H ) 1l 5
CH, ¥k J¥ ;2% Wang 55" 1 i, A AH €3
I VFA ¥R JE 1158 TVFA ¥ Ll &% TVFA
LR RIR TR 7 TR IR | S5 IR 1 L 1) J
/N M % S5 5 G-250 1E 45w 771,
ffi FH EE 3 52 MCP i B 5 SR I il B ek 451k
BV R AN L L0 E NH,-N VR
1.5 HIERESSH

K Excel 2010 XF 32 56 %5 45 1 17 40 25 & B
SRJG 8 SPSS 23.0 Bk k47 5 K &K Jr 22 /0 #r
(one-way ANOVA ) #ll Duncan K5 £ & L, I
HEATZANE R R B1H 73 B, P<0.05 2 22 5 1 3%
0.05<P<0.10 A ##

2 H#RE55WH
2.1 FIMAEKER CA X DM B B4 iEn
A

2 2 7] %1, 200CA .300CA 41 DM 1Y% H %
fiff AR S I ) i 35 W 3 v TR IR (P<0.05)
200CA 300CA 400CA ZH DM 4 PR 33 [ fift 38 43 M
Je A AR R i o ) Wl 3 R T IR AL (P<0.05)

xR2 FMAREKER CA X DM JE S B 24514 5 220

Table 2 Effects of different supplemental levels of CA on DM rumen degradation characteristics of diets

2% Groups P {H P-value
i
X R SEM Ab B 2tk ~K
Items 200CA 300CA 400CA
Control Treatment Linear Quadratic
DM J& E F&§# % DM rumen degradation rate/%
6h 33.53" 39.13° 40.19* 39.80" 0.80 <0.001 <0.001 <0.001
12 h 40.04°¢ 48.96" 47.61° 45.19° 0.91 <0.001 0.014 <0.001
24 h 52.19¢ 55.40° 58.67" 51.78° 0.76 <0.001 0.478 0.003
36 h 58.07° 64.04" 64.38" 62.72° 0.78 0.002 0.007 <0.001
48 h 66.38° 69.42*" 70.17* 68.48™ 0.53 0.041 0.062 0.017
72 h 72.13° 76.85* 77.26° 75.59° 0.59 <0.001 0.008 <0.001




2768 I 7 NS S 33 &
2E5% 2
#H %) Groups P {H P-value
WA
Xt 1R SEM Rt 4t K
Items 200CA 300CA 400CA _ _
Control Treatment Linear Quadratic

DM J% 1 [%£# 240 DM rumen degradation parameters
a/ % 25.08° 33.20° 32.57° 33.35" 0.98 <0.001 <0.001 <0.001
b/ % 55.23% 52.71% 51.23° 58.78" 0.90 0.008 0.489 0.007
c¢/h™ 0.03" 0.03" 0.03* 0.02° 0.01 0.001 0.041 0.027
ED/% 50.89° 56.33" 56.99° 54.92° 0.68 <0.001 0.005 <0.001

a: PROEE AR TR0 ;b o 05 R B0 o o M8 T R A 10 0 P R i ED - A AR AR R, 3R 3 R 4 IR 5
R Bl I A T - Bk AR [R) 7 B 3R R 22 5 R 3 (P>0.05) R [FFRE R /R 25 57 i 3% (P<0.05) . NI,

a. rapidly degraded fraction; b: slowly degraded fraction; c: the rate of slowly degraded fraction; ED. effective degradation

rate. The same as Table 3, Table 4 and Table 5.

In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while with

different letter superscripts mean significant difference ( P<0.05). The same as below.

2.2 HMARKER CA X CP BB FEAIFER
A

2% 3 A[ 1, 7E 6 ~72 h,200CA .300CA 4 CP
R B PR I TR IR ZH (P<0.05) 5 7E 24 ~
72 h,400CA 41 CP [ R i 5 il 2R T X R4 ( P<
0.05) ,400CA 4 it CP [ TR 5 [ i 3505 43 18 1

S 3 B N AL I A 0 0 ) o i ol R 38 I I T
REH(P<0.05), 200CA F1 300CA 4114 CP %%
BAEMMKMAELE T4 (P<0.05), 1M
400CA 41 CP J& B A S5 fife 2 ) 8 35 A% T X i 4
(P<0.05),

R3 FMAEKER CA X CPJE B A HMZIN

Table 3  Effects of different supplemental levels of CA on CP rumen degradation characteristics of diets

205 Groups P {f P-value

Wi H
| X i SEM Ll 2 —R
tems 200CA 300CA 400CA , ,

Control Treatment Linear Quadratic
CP ¥ H B f# % CP rumen degradation rate/%
6h 34.51 36.19 37.12 34.45 0.37 0.061 0.152 0.046
12 h 43.57" 46.52* 46.08" 43.15" 0.52 0.021 0.899 0.007
24 h 54.26" 62.75° 60.95* 49.17¢ 1.44 <0.001 0.498 <0.001
36 h 66.14° 72.15° 71.83° 59.21°¢ 1.45 <0.001 0.290 <0.001
48 h 74.85° 79.42° 78.20° 68.47° 1.18 <0.001 0.166 <0.001
72 h 82.07° 87.08° 86.60" 74.75¢ 1.32 <0.001 0.182 0.001
CP J% 5 [/ %L CP rumen degradation parameters
/% 24.88° 23.58° 25.35° 29.21° 0.60 <0.001 0.014 <0.001
b/% 70.10° 70.61° 69.35" 64.57° 0.82 0.014 0.027 0.005
c¢/h™ 0.025° 0.033" 0.031* 0.018° 0.012 <0.001 0.355 <0.001
ED/% 55.65" 59.24° 59.85" 52.57¢ 0.82 <0.001 0.538 <0.001

23 AmMAEKFEM CA 3t NDF & B b f#
M

i 2 4 "] 1, 7E 6 ~ 72 h, 200CA . 300CA .
400CA 41 NDF [ 5 B A% 2 = T4 IR ( P<

0.05) , [A] i) NDF [7)pR s R figf 8 53 S 97 1 A 35 R fi
Al 1 i TR B4 ( P<0.05) , H DL 400CA 41
1, {35 200CA . 300CA HE R AN EE(P>
0.05) .
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F4 HMAREKTFER CA Xt NDF & B M E R EH R0

Table 4 Effects of different supplemental levels of CA on NDF rumen degradation characteristics of diets

2051 Groups P {H P-value
WiH
SEM ib ¥R 2 /¢
Items CON 200CA 300CA 400CA
Treat Linear Quadratic
NDF % & [%f# % NDF rumen degradation rate/%
6 h 26.02°¢ 31.76° 32.38% 34.08* 0.83 <0.001 <0.001 <0.001
12 h 31.42° 36.13° 38.43° 38.29* 0.77 <0.001 <0.001 <0.001
24 h 34.57° 42.55" 42.62° 43.88" 1.00 <0.001 <0.001 <0.001
36 h 40.79° 46.77" 45.89" 47.33" 0.73 <0.001 <0.001 <0.001
48 h 46.89" 49.33" 49.93° 49.93* 0.43 0.018 0.002 0.005
72 h 50.22° 56.61" 56.72° 57.37° 0.79 <0.001 <0.001 <0.001
NDF J& B [%f# 2% NDF rumen degradation parameters
a/% 22.61° 28.29" 30.35% 31.52° 0.94 <0.001 <0.001 <0.001
b/ % 39.07 38.38 40.97 40.82 0.99 0.776 0.444 0.698
c¢/h™! 0.017 0.019 0.014 0.015 0.001 0.191 0.116 0.224
ED/ % 36.59" 42.51° 43.08" 44.15* 0.79 <0.001 <0.001 <0.001

24 A®MAREKFER CA 3t ADF E B b ##
514 B R M
25 A A, 7F 6 ~ 72 h, 200CA . 300CA

400CA 4 ADF (1) 75 8 B i 235 10 35 & T B4
(P<0.05) , [FIE ADF [P B g5 o 5988 1 A 2L
ok i 2l 1) 1 25 8 T X R 2 (P<0.05)

x5 HMAREKFER CA Xt ADF &5 BEFRHFENIN

Table 5 Effects of different supplemental levels of CA on ADF rumen degradation characteristics of diets

205 Groups P {H P-value
5 H
payist SEM LB Lt —&
Items 200CA 300CA 400CA
Control Treatment Linear Quadratic
ADF Ji H [%f# % ADF rumen degradation rate/%
6h 22.78" 26.65° 30.88" 28.26" 0.78 <0.001 <0.001 <0.001
12 h 26.02¢ 30.74° 34.49° 33.17* 0.88 <0.001 <0.001 <0.001
24 h 31.24° 33.93" 38.89° 39.35 0.97 <0.001 <0.001 <0.001
36 h 35.54°¢ 38.20° 41.76" 43.04* 0.84 <0.001 <0.001 <0.001
48 h 38.86° 41.81° 46.79" 46.63" 0.91 <0.001 <0.001 <0.001
72 h 43.98¢ 47.40° 51.52° 54.29* 1.08 <0.001 <0.001 <0.001
ADF J& & [%f# 2% ADF rumen degradation parameters
/% 19.34¢ 24.51° 28.32* 24.35° 0.86 <0.001 <0.001 <0.001
b/ % 34.68° 41.12° 38.47" 43.28" 1.21 0.048 0.017 0.061
c¢/h™ 0.018 0.012 0.014 0.015 0.001 0.143 0.279 0.068
ED/% 31.82°¢ 35.66" 39.70° 39.25" 0.85 <0.001 <0.001 <0.001

25 HMARBEKFEH CAMEIZBEFSKEL
=1

H1%E 6 Al FER SN e el g v 7 U B R
PR Ao T 189 2 T 0T, 25 2L A A [ i) e 19 7 X

BB EES (P>0.05) (HTE 16~48 h, =&
Bfi CA VR IIKF (34 A 5 2 R MK ( P<0.05) 5[4
B #(0.05<P<0.10) ,
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Table 6 Effects of different supplemental levels of CA on in vitro fermentation gas production mL

S W Al 2051 Groups P {H P-value
Fermentation Xif B SEM Kb R 28 M e/ ¢
. 200CA 300CA 400CA
time/h Control Treatment Linear Quadratic
2 10.00 9.13 8.63 8.81 0.32 0.430 0.064 0.180
4 17.50 16.50 16.34 15.69 0.40 0.461 0.115 0.296
6 23.25 22.00 21.63 21.88 0.53 0.711 0.224 0.456
8 26.75 25.29 24.81 25.75 0.59 0.696 0.342 0.502
12 32.25 31.14 30.63 30.00 0.58 0.578 0.150 0.361
16 39.81 37.29 36.13 35.13 0.80 0.171 0.025 0.086
20 44.19 41.79 40.94 39.88 0.81 0.270 0.049 0.149
24, 48.56 46.07 45.19 44.50 0.85 0.346 0.069 0.193
36 61.19 58.43 56.94 57.06 0.92 0.319 0.068 0.180
48 70.94 68.57 66.38 66.07 0.98 0.258 0.045 0.138

2.6 FHMARKER CAMEIIMNEEEEES W
=AU

H 2 7 LB, BN A K SFE B CA X & T il
pH L & M (P>0.05) 5 KB NH,-N ik &
Bt CA 8 I 7K S B 186 T 52 2 A — vk il 8 R AR

(P<0.05), H 4 CA b ¥ & A% T X B2
(P<0.05) , KW+ MCP ¥ 441 2 [0 G it %
Z5(P>0.05) ;CH, ¥ BER CA ¥ K 1434 fin
St al Tl LR (P<0.05), H 300CA .
400CA 21 2 F (LT X B4 ( P<0.05) ,

£7 RMREATH CA MAIMEE % EES B

Table 7 Effects of different supplemental levels of CA on in vitro rumen fermentation parameters

20 %) Groups P {H P-value
i H
it SEM b 2tk —K
Items 200CA 300CA 400CA , ,
Control Treatment  Linear  Quadratic

pH 6.54 6.54 6.56 0.01 0.585 0.284 0.374
A% NH,-N/(mg/dL) 11.89° 10.80° 9.79° 9.19¢ 0.21 <0.001  <0.001  <0.001
W B 11 MCP/ (mg/dL) 2.02 2.07 2.22 0.10 0.434 0.273 0.535
H %t CH,/ % 31.87° 29.46™ 26.22™ 24.31° 0.91 0.009 0.001 0.003

27 HAMARKER CAXFEINEE X B R
VFA 28 B, 1) % M

FH 3% 8 AT, TEAR AN A e e v, 45 2H K e TR
W TVFA W L % 2% % (P>0.05) , HIR N A [H
K CA X5 TR S IR S 3G IR 1Y) L ) G b 5
IR (P>0.05) , KB VFA H,300CA 41 ZFR I
L 5] %5 ok HE 2L W 25 B AR ( P<0.05) TR iR 14 L 151 Bt
CA I 17 35 52 4 Pk A — kit 38 n (P<
0.05), 300CA . 400CA #H i} & 15 T ¥ B4 (P <
0.05) ;300CA 400CA 4 T PR 1Y b ] 55 X FB 4l A3
HINB#FE(0.05<P<0.10) , H. T R L) bt 5
CA I 18 35 i 52 e Pk A — kot 38 hn (P<

0.05) ; ZFR/TNIRBE CA ¥R I K S 48 i £ 2k B
T AR (P <0.05), H 200CA . 300CA .

400CA 2 . E (X T X 4] ( P<0.05) ,

RIS 1 S

3.1 FMARKFER CAXHEARE FWRES M
R4S R R0

CA J&— Pl B 28 e AR RS 350, s AR rb 35
WY CA RERSBICGE R H N3 5E . Macheboeuf
SIS W, CA IR 1 R EE S HL
TR ), ARk B /) CA BT 8 #2088 B & B, MRk
SR AN K B 00 25 R WA R W A A 5 Y
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MR BE T AT AT CUH 5 9 1 I, TN 0 v TR BE Y
WEERERS TVFA ¥R 2R T B, 8 B &k B2 2040
il o ARDRR R A SR AR B R AR e Sk T
D REECRE B T AL A FE ) ME 2 B B SR R AR S R W)
J5 0 3 Wy LA ) P R R Y T 48 FR1 . Tekippe
LR AR R R R CA JE 5 T i AR B NDF
AT AL, An 2 HFSE R B R R BRI CA ]
PEREE SR R B I R AR R Yang S50V 4G
WA E e A8 A I R AR DR R S A [
K CA G R R, 25 N AR # VR IR 2 1) CA X
AW 5T 2R B 1 1) 52 W 45 /0, B AT LR iy X 4
HRHE IR T A T AR T PR A5 A I S T
FRES N RAE T T A I AR A AR R A RS S
KPR H T NH,-N A9k B KR R CP YR

Rl & AR, A g rh, & CA S I 4H ) A
DM NDF J ADF 1) B A &% B fiff 58 b 35 5 T X
HEZH  200CA .300CA 4 CP 1Y% A 5 b it R &
EE TR T 400CA 4 CP 1Y ¥R B A % i
R FEACT X AL X UEI T3S 1Y CA Al LU &
TR R SR AR B W R AR AT DR
AR R AR T AR R A XRS5 CA Y
NI BEAR OG . 5 3% ) o 3 i 32 1 4 1w WT g
HRGE Y CA it Hmiem TR EME |
TR, 2 TR B Thae A ¢, [, AR R
W, CA BESS I8 298 B IR B 38 v i D
FLA R A 0K R T R A S Y L Rk, 7
PR SRR AR A in— 2 K -1 CA B, CP I B A
R it AT, 1 2 A/ N 1 2 1 T e 15

K8 FMAREKFH CA XEIMNEB XEER VFA A RIS

Table 8 Effects of different supplemental levels of CA on in vitro rumen fermentation fluid VFA composition

215! Groups P {H P-value
i H . .
Items CON 200CA 300CA 400CA SEM AbE gﬂt —& ,
Treat Linear  Quadratic

iﬁ%‘gjﬁ(ﬂﬁﬁml/u 71.31 71.96 76.18 73.36 0.99 0.317 0.230 0.439
TR Acetate/ % 54.38° 52.55% 50.36° 51.58" 0.43 0.003 0.002 0.003
NFR Propionate/% 24.03° 25.31%° 26.65° 25.53% 0.32 0.023 0.018 0.023
S TR Isobutyrate/ % 2.40 2.34 2.37 2.41 0.04 0.932 0.983 0.805
TB2 Butyrate/% 11.41 12.11 13.01 12.72 0.23 0.050 0.010 0.032
SRR Tsovalerate/ % 3.66 3.63 3.62 3.60 0.06 0.987 0.710 0.934
JLIR Valerate/ % 4.12 4.06 4.00 4.15 0.07 0.881 0.972 0.793
Z.TR/ VIR Acetate/propionate 2.27° 2.08° 1.91° 2.02° 0.04 0.002 0.001 0.002
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FERE, SR BRI 57.2% F1 51.2% IR H
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TE AR IR DL Bk B A R 5 I &2 i, 5
Ah 98 E i 40 v T AR A NH,-N & L MCP, [
R B b NH,-N VR B SR, A il e 45 SR 3R B,
WA FEZK B CA X & B -F MCP ¥ % G . 3%
M, PRI, CA BE AR NH,-N ik B2 i T
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BT B P I NG B oW s o N [ BN I 2R IS
VFA W& B J b= A AN TRl s i, AR 0 25 2R 3%
B ISR [R) K () CA X & B2 TVFA ¥R D)
KT R SR G R H ) G 2 3% 5% Wi, ] fiE J2:
i T A BT R B CA 4l 58I (20% A2 47 )
NSNS A AR T TS CA {75 &
PRV PP TR ) S 2 R, TR/ TR TR L R AR,
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Effects of Different Supplemental Levels of Cinnamaldehyde on Ruminal
Degradation Characteristics of Dietary Nutrients and Rumen
Fermentation Parameters in Vitro for Meat Sheep

CUI Qiao' HAO Xiaoyan' ZHANG Hongxiang® CHEN Yanhua® XIANG Binwei'
ZHANG Wenjia' ZHANG Chunxiang' ZHANG Jianxin'"

(1. College of Animal Science, Shanxi Agricultural University, Taigu 030801, China; 2. Xianghe Lingshang
Agriculture and Animal Husbandry Development Co. , Ltd. of Shanxi, Youyu 037200, China; 3. Anhong
Testing Technology Co., Ltd. of Shanxi, Taiyuan 030000, China; 4. Animal
Husbandry Bureau of Youyu County, Youyu 037200, China)

Abstract.; This experiment was conducted to investigate the effects of different supplemental levels of cinnam-
aldehyde (CA) on rumen degradation characteristics of dietary nutrients and rumen fermentation parameters in
vitro for sheep. Twelve adult DorperxHan hybrid wethers sheep with permanent ruminal fistula were randomly
divided into four groups with 3 sheep per group. CA with the supplemental levels of 0 ( control group), 200
(200CA group), 300 (300CA group) and 400 mg/kg (400CA group) were added into a basal diet, respec-
tively. Nylon-bag method was used to determine the rumen degradation rates of dietary nutrients, and in vitro
gas production method was used to determine the in vitro rumen fermentation parameters. The results showed as
follows: 1) compared with the control group, the rumen effective degradation rates of dry matter (DM) , neu-
tral detergent fiber (NDF) and acid detergent fiber ( ADF) in 200CA, 300CA and 400CA groups were signif-
icantly increased ( P<0.05). The rumen effective degradation rate of crude protein ( CP) in 200CA and
300CA groups were significantly increased ( P<0.05), and that in 400CA group was significantly decreased
compared with the control group ( P<0.05). 2) There were no significant differences in total gas production
(72 gas production) , pH and microbial protein (MCP) concentration were found among groups ( P>0.05).
Compared with the control group, the methane ( CH,) and ammonia nitrogen ( NH,-N) concentrations in
200CA, 300CA and 400CA groups were significantly decreased ( P<0.05). 3) There were no significant
differences in the concentration of total volatile fatty acids and the proportions of butyrate, isobutyrate, valerate
and isovalerate ( P>0.05) , but the proportion of propionate in 300CA group was significantly increased com-
pared with the control group (P<0.05). To sum up, CA has regulatory effect on the rumen fermentation of
meat sheep, it can improve the rumen effective degradation rates of DM, NDF and ADF, increase the retention
rate of nitrogen in rumen, and reduce the methane production. The optimal supplemental level of CA is
300 mg/kg diet under the condition of this experiment.|[ Chinese Journal of Animal Nutrition , 2021, 33(5) .
2765-2775]

Key words; cinnamaldehyde; in vitro rumen fermentation technology ; nylon-bag technique; effective degrada-
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