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Abstract: This experiment compared the nutritional value of forages conventionally fed to yaks in Sichuan. Oat
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(Avena sativa) hay, oat silage and Sichuan pasture were analyzed for their nutritional value and in vitro gas
production. An in vivo digestion experiment was conducted in Hongyuan, Sichuan Province. Maiwa male yaks (n=
9) with an initial body weight of 150410 kg were randomly divided into 3 treatment groups with 3 yaks in each
group. It was found that: 1) The crude protein (CP) content of pasture was significantly higher than that in oat
silage and oat hay (P<C0.05). The neutral detergent fiber (NDF) and acid detergent fiber (ADF) content of pasture
was significantly lower than that in oat silage (P<C0.05). 2) The non-protein nitrogen content in oat silage was
significantly higher than that in oat hay and pasture (P<C0.05). The rapidly degraded protein, moderately degraded
protein and slowly degraded protein contents in pasture were the highest and the unavailable protein content was the
lowest. The unavailable fiber content in oat silage was significantly higher than that in pasture and oat hay (P<C
0.05), while the slowly degraded fiber and non-structural carbohydrate contents were significantly lower than those
in pasture and oat hay (P<C0.05). 3) The NDF and CP digestibility of pasture were significantly higher than those
of oat hay and oat silage (P<C0.05). The ADF digestibility of pasture was significantly higher than that of oat silage
(P<C0.05) , but did not differ significantly from that of oat hay (P>>0.05). 4) The NH.-N concentration in the
rumen fluid of yaks in the pasture treatment group was significantly higher than in animals fed oat silage and oat hay
(P<<C0.05), and the micro crude protein yield was significantly higher in the pasture diet than that in the oat hay diet
but did not differ significantly from that in the oat silage diet. Oat hay had the highest total volatile fatty acid yield. 5)
The gas production of animals fed pasture was significantly higher than that of animals fed oat silage (P<C0.05).
Overall, rumen fermentation results reflected the predictions from diet component analysis using the cornell net
carbohydrate and protein system (CNCPS) and in vitro gas production results were basically consistent with the
results of nutrient digestibility and rumen metabolites determined by the yak in vivo digestion test. These results
indicate that it is feasible to evaluate the nutritional value of yak roughage using the CNCPS and in vitro gas
production methods. The nutritional values of the three forages were: pasture™>oat hay>oat silage.

Key words: cornell net carbohydrate and protein system; in vitro gas production; yak nutrition
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FWCE], 7 o oK i B 5 KR BOR 1Y 0 47 Fh Oy T B 4 08 5T (E Lymus nutans) , 2020 4F 9— 10 A WCH], 7= #2105t B o
T R WS RO s RS WO A R D TE ARG I R A T AR 2 AR SR O A R ORI B W . A
ST IR B OR TR T 5 (VLB 523, S B 6 Sk R 31 AT (9 BCBOHE 2F IR AMKE 35 T2 B Menke 251 5 B LI .
1.2 Ikt

1.2.1 FEFENTHEAR S 9 Sk g ORI B 47 F 3R E AR T (1504 10 kg) B A FE 4 ik 56 sh 4, 1L 5k
FHE R R BEL BT LS 3R B 3, A H A 1 k4. 55 1AL IR MR M 75 T 50, 56 2 4 )RR
SRR 58 SR e 22 . Bk RGN AT AT REMNENMFEER (3 m® k), 8K 08:00
FI16:00 w0, A pR A ROk, B 15 d, 1B 7 d.

1.2.2 &A= B SR B R, B R H T 5 (2020 4 9— 10 H /R CE], T kL) KSR PR
(20204F 9—10 A Wekl) 5 7 7 4 (2020 4F 9— 10 A WD il X HE, 3 0. 425 mm i, BRI 500 mg 7F R 41 %
PR, B2 30 P47, IRl 3 1 B CRIV R 88 B RN 15 32 OB IR )R R = S 1 .

1.3 MEIHARLE Fix

1.3.1 WIS 0 MR A At BT B ) e J5i et A 0 B AR ) 5 4 5 (dry matter, DM) MK 43 (crude
ash, Ash) 85 B85 o R BT AR B30 26 A R 40 BT (DT autosampler, f8 FE 4% 05 482 7)) I 2 ML & A (crude
protein, CP) & &t 52k AW H 2l 2 AL (SOX416 , 75 [& 4% i K82 5] 22 B8 W5 (ether extract, EE) & & , PR UE U
£ 4t (neutral detergent fiber, NDF) | & ¥ ¥k i 2T 4 (acid detergent fiber, ADF) % 3R 5K 0 9 (1) J7 35 I FT 12
ESRrIE R B T Qe /NI Y ES DR E G

1.3.2 CNCPS/r#r FiR 1 1 U R it & (acid detergent lignin, ADL) & P Uk % AN % 8 H (acid detergent fiber
insoluble protein, ADFIP) 1 ¥ & A 7 % H (neutral detergent fiber insoluble protein, NDFIP) & & 4l 12 2 ]
Van Soest™' 4 7575 , R FHBT AL 15 307 28 1105 20 B A0 (60 A I e 2 W) T 7 5 R = Gl SR VL AN 8 L B M 2R 1
J2 53 B (DT autosampler, 72 [ 4% i 47 23 w1 ) il 22 9E 2 11 Al (non-protein nitrogen, PA) & & 5 >R H & S W2 /K i —
AR b 3 i # (starch) it o 45 4120 TH A SRR Sniffen 25 Tk (% 1)

#£1 CNCPSANITEAR

Table 1 CNCPS component calculation formula

i H Ttem 143 38 Formulate
SRk LA ) Carbohydrate (CHO, % DM) 100—CP(%DM) —EE(%DM) — Ash( % DM)
A A] F] FH£F 4k Unavailable fiber (CC, % CHO) 100X [NDF(%DM) X 0.01 X ADL(%NDF) X 2.4]/CHO(%DM)
Al F) FH 4T 4k Available fiber (CB2, % CHO) 100X [NDF(%DM)—NDFIP(%CP) X 0.01X CP(%DM)—NDF(%

DM) X 0.01 X ADF(%NDF) X 2.4]/CHO(%DM)
Ik 45 ¥4 #8571 A ¥ Non-structural carbohydrates (NSC, % CHO)  100—CB2(%CHO)—CC(%CHO)

FE M FLE 5 Starch and pectin (CB1, %CHO) Starch( %NSC) X [100—CB2( % CHO) — CC( % CHO) ]/100

B2 Saccharides (CA, %CHO) [100—Starch( %NSC)]x[100— CB2(%CHO)—CC(%CHO)]/100
4k % 11 & Non-protein nitrogen (PA, %CP) PA(%SOLP) X 0.01XSOLP(%CP)

LI [ fi7 2 1 IR Rapidly degraded protein (PB1, %CP) SOLP(%CP)—PA(%CP)

ok [ fi# 2K 11 5 Moderately degraded protein (PB2, %CP) 100—PA(%CP)—PB1(%CP)—PB3(%CP)—PC(%CP)

18 3 [ 7 2 (H i Slowly degraded protein (PB3, % CP) NDFIP( %CP)—ADFIP(%CP)

N ] [ 2 11 R Unavailable protein (PC, %CP) ADFIP(%CP)

1.3.3 JEARANHE L5 RS S5 AT 3 d, BF K 10:00 2 18:00 2R 4 Ir A7 124 55 48 4 5 6 7 285, g g 3k ok
££ 100 g, I n 15 mL 10%6 BB AR 81 4, 3 d S 45 30 , 5 TR — SR 4 2 1 25 METR 5 B LI 180 ¢ F — 20 CIR £
[ BF FH O 43752 OR 4 3 d A, 15 K 1 kg, TR A 350, R R AN JK 43 (acid insoluble ash, ATA) YA I 2 % 43 2 WL
AL, 2 BRI 9 Y J7 ik b AT ATA B9 5E .
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B R M (%)= 100 X[1 —(AIAR/AIAM )X(nM/nR ) |

K ATAR R AIAM 53 50 32 7R il BRI 2 TR RN I8 K 43 % o s nR il nM 43 30 327 fi) B R 26 rhiz 3% 40 3 ik

SR A 5 28 pH 31 (P302, A BHUER AU A FRZA 7DD 2 pH ;2 B 52 2845 A L 6 100 5 NH-N 75 8
K H Agilent 6890N S AH (235 A3 (32 [ ) I % #5 A& 1 Bg Wi R (volatile fatty acids, VFA) i o
1.3.4 HEA4MA =R RAMAE S B Menke % 0 7 SRR TMEVR . 8 B BORE T H ATLE %, &
B 6 3k 1 T AH T (0 CHCHE 2 0 SR SE R S R 11 1 1 1 1R T S U2 TC B 40 A ik DB B € 28 T BT 14 15 A
HL, R B R R AR DR A TV A L S B0 AT AR AR AR 5N TR 12 2(v: o) IR A FRIL500 mg 1E
SR AN K BE ) T AR B AT A 0P A S0 mL I B IR AW, BB S 8 T 39 CHEE R IR A b B R B oo
2.4.6.8.12.18.24 .36 .48 .60.72 h, B 1 5 2 DL 3 B0 0 5% .
1.4 HFEHRITE5 >

FH Excel #3545 B4l 2 )5, R SPSS 23. 0 % 84 47 5L 2 5 224381, P<<0. 05 Fom 22 57 3%
2 RS54
21 #2ETFHE FEERESRAKEFTARS S TRESN

HIHEENTY RS EEES T RAKE(R2), B E M FME T H(P<0.05); KAKECPF RiH,
A () CP & it i 3 & T T 5 (P<<0. 05) 5 R AR R A K 43 % o b 35 I8 T e 22 T RE RN I 42 (P<<
0.05);EE NDF \ADF & &t , FF 047 i 2 = T R AR R, RAR M B I 38 1 T e A T 5 (P<<0. 05) 5 1M i Ve 22 1Yy
Ca i i 35 IK T3 22 T 5 KSR 4R B (P<<0. 05) , P f i i 35 o T e 32 T RN R SRR (P<<0. 05) o

K2 3WHRATFAEMEAFTS (THHRERM)

Table 2 Conventional nutrients of 3 kinds of forage grass (dry matter basis)

T H % = Content (%) P 1 15 P{H

Item M T H Oathay  FHWHEE Oat silage  KIRHH Pasture SEM P value
T+ )5 Dry matter (DM) 97.06a 96. 15b 95. 04c 0.06 <20. 001
HLIR 5 Crude ash (Ash) 5.41b 7.74a 5.11c 0.01 <20. 001
HMLIE W5 Ether extract (EE) 1. 33¢c 2.57a 2.08b 0.04 <<0. 001
# % H Crude protein (CP) 5.45¢ 6.37b 9. 05a 0.05 <<0.001
P Pk U £F 4 Neutral detergent fiber (NDF) 58. 49¢ 70. 36a 60. 87b 0.51 <0.001
Ji% 1 Pk % £F 4k Acid detergent fiber (ADF) 31.17¢ 39. 36a 33.57b 0.32 <<0.001
45 Ca 0.52a 0.37b 0.57a 0.02 <<0.001
WP 0.13b 0.21a 0.08b 0.02 0. 009

SEM: Standard error mean. [R47 A8 [A] E5} 7R 22 5 . 3% (P<<0. 05) , T [ Different letters in the same row mean significant differences (P<<0.05), the

same below.

2.2 EETFHE Fk i R R4 o RACE W LB 5

M CNCPS F543 Miok B (3 3) , 75 0 M2 1) R 1 e A A 0 2% AR 2 11 28066 v~ JH Al o9 8l ] 5, {0 22 O 3
(P>>0.05) ; 7 W7 e 22 (1 P i M 26 11 0 3 o M6 22 T RE R R AR R0 (P<<0. 05) , {A 6 22 1 H0 R K AR 30T ] 25 5 R
W (P>0.05); KRR VEN & & 5L 225 AR E(P>0.05), HARE & & THE + 5 (P<<0.05) ;7
2 T P DR ANV B LRI R P R ANV B 1 i S T IV M LR SR R (P<<0. 05) 6

WA TR DK EY & e (R4, HHCA S & B EHR T RAKHME NHAELZ (P<0.05), Yl #H %
TR B KA A ) v K 22 Bk DR B i 0 4, DA R i A SR T, T AR S R LA 4R I BB R R AR CB1
T T R PR R (P<T0. 05) , 156 B K 8K A0 AR LY G Al 79 50 T 5 D R AR G 5 T P HEAZ 1 CC 5 i
ey, HOCA S 5 B, 156 B JH: o 02 3 e fige RS T ) P 20 55 2 i S B w08 18 Ak W A R T L 00 20 3R W 9 T ke
& MRS LR -
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®3 3WMARAHK CNCPSAS
Table 3 CNCPS components of the 3 kinds of roughage for yak

IiH Mk T HE T KARHH P iR P{H
Item Oat hay Oat silage Pasture SEM P value
PR 1 Pk % K T % Acid detergent lignin (ADL, % NDF) 6.22a 7.27a 6. 95a 0.32 0.206
4E & 11 4 None-protein nitrogen (PA, %SP) 40. 46a 82.34a 39. 68a 16.55 0.261
W] ¥ % % F Soluble protein (SP, % CP) 6.95b 36.17a 10. 71b 3.24 0.014
rpPE Yk % R 5 3 (M Neutral detergent fiber insoluble protein (NDFIP, % CP) 51.70a 32.76¢ 43.27b 1.32 0.005
P8 VE VR VA AN 5 2 Acid detergent fiber insoluble protein (ADFIP, % CP) 34.40a 24.76b 20. 37¢ 0.55 0.001
E B3 Starch (% NSC) 56.42b 76.30a 76.51a 3.86 0.054

R4 RIBEBCNCPSHEMTENBKUEMASSE
Table 4 Carbohydrate content calculated based on CNCPS components

i H 1 Content IRGIRES Py

Item Mk T Oat hay IR Oat silage  KIRMH Pasture  SEM - P value
BRIk AL A ) Carbohydrates (CHO, % DM) 87.78a 83. 34b 83.81b 0.12  <€0.001
B2 Saccharides (CA, %CHO) 15.97a 4. 44b 7.61b 1.11 0.011
WY FILHL B Starch and pectin (CB1, % CHO) 20. 84b 14. 24b 24.71a 1.62 0. 044
A[ F I £F 4 Available fiber (CB2, %CHO) 53. 29 15. 24b 55.63a 1.22 0. 008
R ] F T £F 4 Unavailable fiber (CC, %CHO) 9.91b 16. 24a 12.06b 0.52 0.017
AR5 H PE B /K £ A9 Non-structural carbohydrates (NSC, % CHO) 36. 81a 17. 24c 32.32b 0.85 0.001

2.3 RETHE FREREIFRAKIEGZR O RILESH

T HERZ () PA F i 0 35 0 T e T 5O KRR (P<<0. 05) ,fHH PB1.PB2 . PB3 & & E HoAth Wi A 4 /N (3£
5), RWITEF WM v A8 0 1 AR X A8 TT LR P 3 St AR /b AR HUORE 19 PB PB3 & it e HLPC &
R /b T R AR R LR 1 i BN TR A TR PC E s, R AR TR AR Z
FE R T AU LA 9 i

£5 MEFECNCPSANTHEHMEORASSE

Table 5 Protein content calculated based on CNCPS components

I H &1 Content (% CP) b i P{E

Ttem M T Oathay  FHIWHEE Oat silage  KRIRBUE Pasture SEM P value
4k 4 11 & Non-protein nitrogen (PA) 6.95b 36.17a 10.71b 3.24 0.014
Lk B i 2 1 BT Rapidly degraded protein (PB1) 10. 63a 7.70a 16. 23a 3.23 0.307
o1 [ £ 4K 11 5 Moderately degraded protein (PB2) 30. 73a 23.39b 29. 80ab 1.45 0.067
5 8 [ ff% 3 141 X Slowly degraded protein (PB3) 17.31a 7.80b 22.91a 1.71 0.019
R [ figt 2 7 Bt Unavailable protein (PC) 34.40a 24.76b 20. 37¢ 0.55 0.001

24 BETE ALBEFRAKLEGR S AN/ E

T HE 2 45 AL R IE AR AR (6 6) , KARMH 19 NDF L ADF (CP i Ak R 5 & , Horf NDF (CP A9 4 16 % 12 3 5
T e T REANE Il (P<<0.05) , ADF Bl Ab R 5k TR 25 A B#E (P>0.05) H 5% & T L (P<
0.05) ; #e & T R DM OM {H 46 % .3 5 T R AR BH A I atie 42 (P<<0. 05) .
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F6 IMEAEMARSRWHEUE
Table 6 Apparent nutrient digestibility of 3 kinds of forage
Wi H FR5r FE WL AL R Apparent nutrient digestibility ( %) b1 Py
Item T H Oat hay B Oat silage  KIRPUH Pasture SEM P value
T+ )5 Dry matter 77.54a 58. 05¢ 76.14b 0.03 <20.01
A HLY Organic matter 78. 34a 58.32¢ 76. 85b 0.12 <20.01
Pk A 4E Neutral detergent fiber 76. 46b 66.67¢c 79. 34a 0.39 <0.01
1R 11 Pk 7 £ 4 Acid detergent fiber 73.73a 61.66b 76.11a 0.72 <0.01
KL 1 Crude protein 56. 39b 39.29¢ 68.92a 1.30 0.001

2.5

BRETFE FEEERRAKENGE T EHAK

FH 28 7 AT, e 2 T B ARG B4 & P B 7 R (total volatile fatty acid, TVFA) fl £ B2 & & & & @/ T KR M
(P<<0.05) ;e T RO S T R & i B 35 (0T KRR, S iR o 1 (i 35 (IR 7 7 U e 2 A R AR (P<<0. 05) 5K
SR T IR & i 2 | T e, B W B IR T TR (P<C0. 05) 5 7 I e Y NHL-N & i i 20T R AR M
OH T TR (P<T0. 05) 5 32 + 5 A9 4 ) 85 A (microbial crude protein, MCP) & i g 35 I T 5 It i

F TSRO (P<C0. 05)

RT IMAENEBEEBESY

Table 7 Rumen degradation parameters of the 3 kinds of forages

i 5 e T At HIHeE KR bRt 1 P{E
Item Oat hay Oat silage Pasture SEM P value
S R VENR TR Total volatile fatty acids (TVFA, mmol: L") 61.78a 48. 80ab 45. 24b 4.53 0. 090
Z 1% Acetic acid (mmol-L ") 46. 32a 36. 23ab 32.55b 3.60 0. 081
2 Propionic acid (mmol-L ") 9.82a 8.29a 7.13a 0.79 0.130
ST 12 Isobutyric acid (mmol-L ") 0.42b 0. 65ab 0.81a 0.10 0.079
T & Butyric acid (mmol-L ") 4. 55a 2.65¢ 3. 46b 0.16 <20.010
S %2 Tsovaleric acid (mmol-L™") 0. 48b 0.81a 1.07a 0.09 0. 009
J% % Valeric acid (mmol-1 ") 0.19a 0.17a 0.23a 0.02 0.120
HAEENH,-N (mg-dLL ) 1.35¢ 6. 36b 9.23a 0.42 <20.010
A B # 11 Microbial crude protein (MCP, g+L ") 0.78b 1. 86a 1. 80a 0.20 0.015
2.6 HAETE FEKEDR KK GBI F A 140 [ —e—#% ¥ 4 Oathay P-0.002°
2120 | —=— R M Pasture P=0.006*
EEgla E P P=0.010*
‘ ) . S100 | A e 3 It Oat silage
21 A e E I )Y A R T (R 1) o I g
=
A2 B 7 B B AT R TR K AR (P 2
(=9
0.05). M THAKAKPE 18 h ZHI» it LA & 40
PG 18 hZ )5 BT i 42 /2 36 h = 20
Lo ,

=S8, 36 hZJa A Tl & LTt
2.7 RETHE FreErf R RAMLEGKRIERY
TR Ve i 4 1

3 PR BEAR A NDFD ADFD Fé i R Fil pH JC B 3%
225 (P>>0.05,3 8) s (H W #He 27 iy A& 41 T ¥y ot b fi
K (dry matter digestibility, DMD) i 35k T % T 2
R SRR (P<0. 05) 6

2 4 6 8 12 18 24 36 48 72
I /8] Time (h)

E1 3#MAEEMRBEEN~SE

Fig. 1
period
*; P<<0.05.

Gas production of three roughages at different time
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F8 3IFRAIERMRIMNEREZF pH
Table 8 In vitro digestibility and pH of 3 kinds of forage

T H Mk TH HIHeE RIRHF LIR{PN P

Item Oat hay Oat silage Pasture SEM P value
) T B A% % Dry matter digestibility (DMD, %) 55.49a 44. 54h 50. 48a 1.22 0.018
rfUVE R 95 4T 4 9% % 2% Neutral detergent fiber digestibility (NDFD, %) 47.15a 40. 21a 43. 96a 1.94 0.180
P 1 1 T4 2F 4 [ 1% % Acid detergent fiber digestibility (ADFD, %) 39.48a 31.55a 36.01a 2.32 0.182
pH 6.59% 6. 46a 6.92a 0.21 0. 330

3 iFit
3.1 BETE Fle&if R R TR HE

FLARDRE 00 38 55 A0 (B0 2 0 Bk 2 B0 ) H R B R A0S B . A b #E 2 T HAY NDF VADF 43 51
58.49% .31.17% , 5 5 0 Al 5 0F 5% FF AL W A9 3144 8 5 A9 NDF ADF 5 5 52300 5 2 6 75 45 0] H i JH He 27 0 it
FEFRMEN T, KM EE SR 1. 3%, 85 5 0. 452, B & i 0. 11 % , A 86 B FH g 22 1+ 3 & i 5 oMl E.
HCP &R 4. 475 WgAR T HE 2 T8, v] g2 bR Ml sl s e 381 09 S ) o 38

NDF \ADF £ B 4 5 Wi 1] 55/ 38 DM RFE AR B oR &t AW b 75 0 M2 0 KL 2F 4 % & 1o 35 v Tl
FH(P<0.01) , ADF 5 i 5 53 42 25105t HOl v 350 60 3 I e 22 0 Jo A9 B 95 AR AT, NDF 25 f i 8 T oK i ik 9%
TR IV 22 NDF & i, CP &t WK T 1 8 1 58 O 5 e 22 B 3R M (6 b i 9 o 9 00 T A 2% o8 D 401X 5 I
BEAR R L, o3 e 22 R B A e, e O B 2 A AR A L R AR R AR

BRI S R — B TR G R 0 0 e & . SR AR A e R
FRMERE S ARRMARAMECP TR ER THRETHSHFME, LEARS TYEK9.05%,
Bb e 22 R 3.60%0, b T e &2 i 2. 68%0 . m A S i GH L T M A S A 08 I 4R CP & B ol 3. 68 %~
19.21%", H k& H B M A KSR 4 B NDF & 4 60. 25% , ADF } 32.6% ,EE K 2. 2% %, A W 5% 45 5 5 H
AR o
3.2 RETFTE FRkif R R4 E GRS WA H L

CNCPS ¥ e} v 50 228 J2 90 T 43 b W0 K2, VAR P9 5 4 20 FRR K A6 & 90 41 4, SO 2 13 I 20 40 40 5500 3 43
JC T I RN AS T R A 4 ik K A 0 4 SR T R R B K AR AR AT R R K AR S o AR R B K AE S
W) 7E ) 1A D1 T A I S D0 K A TE TR A A0 D9 3R B 5 R A 1 43 Bk Sk R 25 4 1 5 K 4k & ) (non-
structural carbohydrates, NSC) , ¥ 5 40 il BE 45 & KN 25 55 B B 1 70 355 20 FR R 25 #9 P 8% 7K 1k & 9 (structural
carbohydrates, SC). CNCPS 4 Z 4 i /K Ak & W) 76 95 8 P 10 B fige 30 30 3L 00 S R 3 — 202 T 9k sh i
Ay I — AR E IRy o o BT 2> 40 R CA CHRUE B A 3840 ), A0 35 22 AT MLIR AN 2 0, 608 B b &
i TG 5 CB L (v 3o 8 i 38 ), A 358 D A R SR 5 CB2 (M 3ok o A 358 43 ) , A0 5 ml R Y 4 % 5 CC O T RS 430
AL RE RS A, LR 2 1 AR NBETE B R . A sh D B AR R OK AL S L B A R R T
T KAk A 00 66 it o BARHE 9R T a8 3k TG S A B RN B 40 CO, .CHL R VEA(Z R (TN . T IR %) . 1k4h,
FEAE I VEA Y [R5l 75 i 72 2L 2 45 e ) 7= 4, 7= A 1 AT P a6 2k A A7 R FE AN o 44 28 1T

3 B B ik K AL A ) ok 83, 3490 ~87. 78 % , Hoh NSC & w17, 24 % ~36. 81 %, 2 B 3 Bl 4] L (1) i 7K
G FELLSC WTE AFTE , SC A o i 5002, fe AW il 2 W At o VE AL, I 4 8h 0 T 5 RE B 119 70 %0 ~80 %
AR T 0 o A RIS T e 4 T 709 CA (CB2 NSC f5e i, 2300 A1 1 v 26 1 T 410 (1 e 22 1 75 v (1 5 e, 3 1 e
2 TR K AL A b AR G5 A PR B K A A 8 A, T AR R A A AL R IR . SK—A
SN R[] K 43 1 75 I3 22 A B 5T R AR K A3 B T IV HERE CB2 S ik 70. 37%0, CC & 17. 42% , AR
B WA i 5 2 M L R (L HE S T RO R AR B S 2 M LR AR, 26 ] R I e P R i CHO RR BT R
FH CHO & 555, e LAYIR A L 3 mT RE I DR A 747 U 08 22 W 0 e A FF 5 e 22, S i bE oK AL & 9 & B s, 1
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BRI S A Al R R K AL A8 CC & v . RARBCH (9 CB1 M CB2 & i A s, U W L 5 S by L SR e A ] ) P et
Yy 40 it BE | S TR b R AR KB B
3.3 RATE FRELRRAKLZG R RASH L

Y 2 R (0 B i R CNCPS ¥ 8 A R 4173 0 M PACIEE A PB(EEAH) PCORATHIFHE) . PA N
PR 8 fifp 2 11, E IR b T M Bk 20 % s PB X5 A PB, JPB, PB,; PB, A i [ A 2 1 PB, O 8 G B R AR L
T PR R I GRME AV T 52 i PB, O 5 40 i BE 25 45 00 R 1 T, S R A v PR VR ARV A L (EL/IN R 4 R LA B R M Dk
VIR O3 1 | W f S BE AR s PC NS AT B A 26 1, S RE B sh W AL % B 3 i 1R A b

N [ A 28 B AR 1 B 2H 40 22 AR KL 3R A B AY PA (Y% SP) & i 40.46%~82.34% ,SP( % CP) &t l
6.95%~36.17% , LB BCR P R AR AN 2 PA X 5 R g™ FREPVIREMNE L TR EK
(Zea mays) #&FF SP B AJE PA M85 R — 2, A b 22 T 5000 PA S I, PB, & & de i L 3X 500 7 77 58 1 o
FE— B0 1 H PC 75 dk e 1 LA g il D) 458 B EC P S e e 2 1 D P RE R R R S R R . PARJER
2 Z) Y ARG 0 EUUR L AFJR B2 B 2 5l o b 7 I b A AR R A W S RO TR SR PAY S AR I
T I Y PA & i s H PB1.PB2 . PB3 & it e fIl, vT BB IR N AE S IR BE N | A W) K I8 Al 2 B R e i ol
EE A EE A L. KRR B (4 (PBL.PB3) e i PC e/, PC g M DL A 38 43, L% 2
ADFIP (152 W) , 78 1 55 o 1%y 55 85 /0 B g, ik 28 B R 9K A0RE J2 06 00 % MELARDRE | L R AR A 7= it B AIR L™ Hh N AR
SE , ME LATE RASEAE 37 B rh R LR
3. BRETE FEREFRRKER> HHFGILEMRE

J2 24 8 W X A Ak 0 0 Ak S8 A7 Z2 i R B S, G Gl AR R R D A5 B B IR R D R R O e R AR
EFEIE7/ bR SN SRS SR T B =R e W Y G P S RIS ERY R W A R SRtz NS S b S | & S TR IE S
G546 PEBR K £ & % (NDF L ADF #l ADL) L f3i] & B ) Rk 76 90 B b B A 2218 3L R BE R, (T AL R IR . 2248
JEUUI E (M T R NDF M AL R 79. 35% , ADF AL % 77. 41 % 5 Al g vp e 42 1 FO 5 45 SR NDF i 1k
H76.46% , ADF 462 73. 73% , 5 Z AH L W& AIK 5 T 000 A5 55 J€ F b K AR 40 R NDF L ADF .OM . CP {4 k. % 43
3R 69.10% . 67.56% .72.66% .61. 9300, A 5 th K AKX 5 Y NDF L ADF .OM , CP {1 3 43 5l 2y 79. 34 %%
76.11% .76.85% .68.92% , 55 Z AH LS =5, HE W7 AT BRI T A 25 5 it B AN [ T B, L I F 0 R B
i 35 T I # NDF Ik 61. 32% , H44 5 ADF W4k 2 58%0 o AR 56 15 =2 AH LUl 22 {8 O =5 , T g J2& A
TR Y IE AL AR ) X R LB 52 8, T AR 38 43 I T A R 08 (H R TS SR AR T 36 22 T ORI R SR RS NDF #1 ADF (197
b3,
3.5 RETHE FREEFRRKIEE T AB LM E2FHR

B K AL B W %2 % 77 A B4 % VE B 7 1R (volatile fatty acids, VFA) EEALHE LR IR A T 12, KX 4 3 ) #2
BEZ R R R A P M TR SR PR I R e, B TR N R R . YRR AR WE S A Y T
PRy, 90 E T IR U AT O ML SR A T 2 A R i . A b R AR ORE A TVFA MRy 45. 24 mmol L7,
G T R 4 R Y v 2 B M MO A IR AR TVEA (51, 58~62. 02 mmol- L"), #E 3 AT A 2 B S K 4R B 5 v
CHO & &8 /0 AT RE 2 S Wb 22 55 2 3.

Je8 P A NHL-N 2 I 4598 B U 0 & i A 4 2 R Y BRI TR 28 98 B W NHL-NIE 8 i B — A 1~
76 mg-dL ARk R E P R IE LI NH-N WK EE 4 6. 3~27. 5 mg-dL ' A5 b 35 I 16 42 1K 4R MR 19 NHL-N
R E TR I ELY B 22 P T A T Y NHL-IN Ve B 7E TE L P, R D ) MR S S R R K R 1 R A R R L
A AR W) B R T RE R TR R R T R AE A . Cardozo 858 E 2 RSN R B CA & i e 23 410 i
B A 1 B A T B A NHL-N VR B2 A 36 v M 2 1 90 1 NHL-N R RS BRI, mT R PR Ry e 22 TR 3 0y
S AR IF H CHO H CA B 43 55 oAt 3 A0 45 A BE 3 0, 8O NH-NOR B2 AR, A B 3R 0], ik i 2
JEAE N I 2 3 ) B RIR, H S NN 2R3 AU NH,-N B i e SRR U KSR 4
H(9.23mg-dL ") HF MR (6. 36 mg-dLL™") ML T H (1. 35 mg-dL.™") , S5 A) CPKFE—F, AR CP
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AR E I TR E A I & SR T B R &3S & (ammonia nitrogen, NH.-N) , — #8450 8% G 4= 9 Bl FH A& %
MCP, 15 4 3 9598 A lic. N Bt g8 i NHL-N B 5 MCP 43 0% DA 56 A3 op , e 22+ 551 MCP %
AR, 5 NH-N W B2 B — B0k, 5009 18] 0 21 22 1 55 (9 48 4 N BEAR 4 b R NH,-N & B MCP .
3.6 ®RATH FEEEZPRRKFNERD ML 7 AR X R

A I b, A Ak PR A 7 S R T T TR] A A R TR, HR e R E S CP 2 EAC, S NDF it i
ERMIC . RARBCER) CP & & & T HAWIFAE , B NDF & &AL, T8 H = S8 i 09 R 5 i I 42
19 CP &% & fe Ik, NDF & & g 3Fp fn] L e e ik, P BB S BUH - R e fil . AN Z 2RI R m . 170 W)
VORI o L R AR A R R R R A2 ] NSC SRR W E R B2, T NSC 5HLE A
Z 6] LE B I, R A B, ez, R A TG, BB L ARDRE o NSC 5 B 3G I, i A A T 0
AR, RARBCE B - R B & m T WA 206 3FA B iy & IR 40 70 i 5 CNCPS 43 45 5, RIR B HE
NSC &t 5 CP W Ll = T8 e, 55 /0 W% s 45 R — 28
3.7 RATHE FRELZRRAKEZGERDMASEMREL pHAW X R AR

T 53 B i % (dry matter digestibility, DMD) 7F — & F2 & A3 1798 B oA 9 6 kL % AL B8 71, DMD i
e U8 R B AR O R R B R RSO R . B AR KT v E X TR AR R R AT T O R A R 0
R, TR X R AR BORE Y DMD R 47. 37 %6 ~71. 56 % , A I 55 1 DMD R 2 ph i BIMIRAR UK #6232 T30 R SRk
BLOTFIHEAZ UGB AE 3R B b e 2 T RUR R BRI A R IR 2 DMID B R AT R A 55 AR
0 L 1 7 2 PR S AR 0 R 56 3 ) 5 AT I AN [ 7 A 22 5

NDFD J2 i & L 1) b} Fe i R 19 B 2898 8 . NDF R 2GR R4 R MR B 2R 55, Hoh K BT RO BE#
Y, 0 H 22 FEAR NDF 7258 B A L% . AR dh 22 T %09 NDFD M ADFD Jy 38 i) 55 v e il . 5
LR A o0 ik 56 BT I 6 A2 T R NDF VADF (ADL & & — 20, W55 BF5 2R, #4519 ADFD
46. 35% , AR IG 45 0 5 AR LU ARG, 0 28 #EI0 J2 PR S 40 b 2 S F0OQ) R A [+

Jei ' pH (B2 A 1R 1 PN PR B 7 R RN G A ) X DR T AR R Y AR A, T 2R e A ) AR
Yy A BLIR ™ A W B HE IR B R pH e e G AR S R N R AR AR R I, RS S B
TR Wi T REAIR, A BT 32 S, BE 2 A R MR PR 8 T R0 5 (W] A, ARl & 8 7 A 9 R AN R B 78 4 R, BRURTE
T E RS RUR B RN R WESE RN A A TR E U AR B O RDRL S8 0 A R pH R 5. 5~7. 5, R4
FEGEIR R 6. 46~6. 92, 7 & HodE T A 0 B, w8 B A 36 BT SR T 4% 3 b ) 2290 R RS A R TR B N PR R R R
SE L IR DL A W4 ol B AR AR B . A E ISR B pH MRS B K B K AL & W 1 B8 A KT B 2k
A AR IS b, 5 e L W5 pH S A%, 4 DU 2 iy 755 4Dkl b B 2 Wik /K AL & 0 & i B0, s it A A phe
b o3 ik Ry 4 MR AR DT IR L 1 pHBRA

4 it

D) H IR 3 AT v, RARICEL CP & i fie i, HLEF AR G55 /0, AR 5 75 M 22 i F NDF L ADF e , CP
B AR A R BT 2E o DRI, 3 e R R (B el IR A3 0] D AR R > e TR > IR

2)CNCPS 20 4343 B AR S0 72 AR5 v, RARBORE A 1 o & v, PA R LR LR 70 & i 0, PC & & /b
e TR CHO M CA & B iy s M2 TR R 5 KA 2 5 A K H L b PA S &= &, 5 E 5
fiK,NSC & itb , SCEH R L , = AR Rl Pt 3 i) B0 8 35 M0 (8 @ AR SRR O KR > i TR >
8653

3) RAR I Rl TVEA =R, NH,-N & iy, FL A 908 7= s T 86 22 1 B I A0 A R

4) A T AT R K I S 805 IR A B SRR I A R B AR W) A, R WA SN AR AT DL T A AR R R R
A

=y
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