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£ AePEROK AL £ %) (NFC) /NDF 5 4 5h BGE£7 78
PR FIEARSCIC R, (5 A & R B, 1% LA
RE A A 1A A1 R e 150000 04 46 AR B P9 A0 )T
NDE/JE 83 78 e 9 HE 77 10 (9 BF 58 R WL AR 18, A
WF5E & 1 R RO & 1 BUK F — B0 &4, AL
RGP =SB 5E  RE NDF/VE #6981 o8 7=
(R, M TTT B 52 ) A NDE/ € ¥ 5 H 6t 7 1 19 AH
KR, VI A A G iR 2%

1 #MR5FZE
1.1 RIiEt

KRN R g T, T 15 AN b B
R NDE/JEHR 439 0.8.0.9.1.0,1.1,1.2.1.3,
1.4.1.5.1.6,1.7.1.8.1.9.2.0 2.2 1 2.3, & kb B
TR R 1 B KO (13.09% ) — 3, BN Ab 3R 5 4
HE, WA SEFRKTEIE L,
1.2 EEREEFRAFERE

T 56 BE I 3 S fd BREOIR O B AF G A ) | 4R
BB RR AR R A K AT B W EL
917 307 3045 4 S 9 BHIR S W, R T T 2 IR
NRC(2001) 143 BE 5 o 5 4 iR 4] 5%, B K
o B (06:00,14.:00 fi1 19.30) i@ M 48 & H
LB 3 W/d, HBREKOK, WA RN . B 1E 4.
30 kg MEA 1.20 kg 2k EKFIT 21.00 kg H ok
11.46 kg,
1.3 kMR BEREE

K ANKOM RFS A & R 48, % RS
JE S35 s R b 250 mL 7= S0, 7R E B (%
BIX SERIE P XG0 SR X)) B HL RN A TR 8 R
FEAFL N, 1S N e A A R R U R BB IR
TAE, IR 2R GE 0
1.4 HNEBEZ MR FF

N T 95 B 2% th i 2 IR Goering %511 () 7 1k 1F
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JRFIEW () 4k 22 78 A CO, SR, B & 2% il
IR 5 o5 AR SR JE R AT
1.5 KINEBERF

RIRAT 1 KB ERFR R 1 ¢ MAREY (T
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BB KRGS E T 30 CRAIR IR it
TTRAN LT 48 h 20k R g, RIS S

1.6 MEIHEIR

1.6.1 =R ENE

THEALA Zhid sk 5% 24 148 h =K B
R A T, B R B A e AR R R, AR
P BEAH SRR R R

V,=V,xP,;x0.068 004 084,
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EE MRS (kPa)

A = AR I R A RO A, B R
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1.6.2 Bk B

K] AL EE B R Pk
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HR A s 2 B 24 A1 48 h iF %8 3SR o R AT
(EH, L) RELEN AR, 37 BV L5
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41 mL, 4 ol 2001,

1.7 BESi+ 4

R BE S5 4 Excel 2010 4 45 b 3 5 | T
SPSS 19.0 %4 ANOVA F2 J3 ¥t 45 05 22 40 0r , 3t
JH Duncan [C 2 #E 77 45 41 (8] £ & b, i 50 45
RSP E bR E 22 £ x . W H] SPSS 19.0 # A
Hh ) R A TR R P 1IR3 4B k) SR AT A G T
M., P<0.05 A E R E, P<0.01 b2 5l
iTEN
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3254 Y/ =S = O 31 &
Ab g 7= W i A T A AL #E (P<0.01) , A
2 HEREHR HhEEFE A8 h B, G NDE/TER K 0.8 [ =

2.1 AR NDF/iE X =S 20 %M

% 2 AT AN R B 48 h 455 , 44 4b B
A FBEVR B | R o o B % 5 B T 7 A 4
., RSNREFE 24 h i GEAR NDE/JERS A 0.8 Y4k
PP SR T A AR B (P<0.01) , H BE ik
JE R B G HAALFE (P<0.01) . FUMEN 1.2 1Y

R S T HAB AL BE (P<0.01) , HIH BE ik i i
FART LA A 1.2 Al Ab B e vk ) ( P<0.05) ,
HW AT HAALFE (P<0.01) . FUMEN 1.2 1Y
A B 0 I T LU R 0.8 A9 AL BE T e 7
H(P<0.05), W& W E 0T b (P<
0.01) .

*x2

A 4R NDF/E # X =S 28

Table 2 Effects of dietary neutral detergent fiber to starch ratio on gas production

Kb FH Treatments

WA
Items 1 2 3 4 5 6 7
NDE/##) NDF/starch 0.8 0.9 1.0 1.1 1.2 1.3 1.4
24 h A 146.36 132.38 113.19 121.92 129.17 105.17 129.83
Gas production at 24 h/(mL/g) +2.28% +3.85%  +1.58™ *£5.49%  £0.70™ 2,26 £0.76™
24 h F ik
eI ) 179.63 204.15 240.40 222.58 199.06 271.38  225.37
Methane concentration 0.15" 1755 +2.01" 1.93%  +0.99% 0.48"  +0.50"
+ + + + + + =+
at 24 h/(mg/L) - - - - - - -
24 h HlgE st
T ) 18.68 19.11 19.40 19.63 18.31 20.77 20.85
Methane production 0.13" 0.12" 0.10" 0.03" 0.01M" 0.04"" 0.02""
; +0. +0. +0. ; +0. +0. +0. +0.
at 24 h/(mL/m*)
48 h =R it 157.41 135.14 140.53 130.48 152.12 142.97 134.97
Gas production at 48 h/(mL/g) +0.35™ +4.90™  +£1.34% £0.41%  £1.17% £0.12%  £0.24™
=7 i
48 h eV L ) 186.99 227.82 220.42 241.90 192.56 231.86  247.48
Methane concentration 0.38%" 5349 £3.15% 0.14% 0,948 0459  =0.11™
+ + + + + + +
at 48 h/(mg/L) - - - - - - -
48 h F e &
P i 21.03 21.71 21.90 22.43 20.85 23.68 23.92
Methane production M . Lk - Mo i n
y £0.01 +0.11 +0.01 £0.068  £0.01 £0.06 £0.01
at 48 h/(mL/m”)
W[ Ab P Treatments P
ltems 8 9 10 11 12 13 14 15 P-value
NDE/ ¥}
1.5 1.6 1.7 1.8 1.9 2.0 2.2 2.3
NDEFE/starch
24 h o = N
G Fnd“f, 112.43 105.17 109.36 105.29 81.31 95.11 91.85 78.99 0.01
as production Dd Ee DEde Ee Ge Ff Ff e <V
at 24 h/(mL/g) £0.18 *2.26 £0.25 £0.42 £0.18 £0.45 £0.11 +0.44
ez e [
24 h LA ) 268.01 319.58  287.08  306.12 393.53 353.43 366.79  436.58
Methane concentration 051" +0.245 +1.00° +0.57" +0.82% v 71> +3.97Ce +0.72% <0.01
+
at 24 h/(mg/L) - - - - - - - -
24 h Hl e st
M thwﬁzf i 21.46 22.74 22.40 22.94 22.87 23.82 23.30 24.95 0.01
ethane production . <0.
P £0.01°  £0.05%  £0.09" £0.04”"  £0.07"*  £0.01"  x0.10°  x0.08™

at 24 h/(mL/m*)
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2E5% 2
Wi H AbF Treatments Pt
Items 8 9 10 11 12 13 14 15 P-value
S e 2L
48 h) Li. 120.68 122.80 115.11 114.59 85.71 105.17 97.22 80.33
Gas production <0.01

Ff Ff Gg Gg Jj Hh Ii Kk
at 48 h/(mL/g) +0.64 +0.75 +0.11 +0.61 +0.42 +0.76 +0.77 +0.90

e P
48 h FEEREL . 285.73 303.67 334.63 332.42 482.37 386.27 424.35 521.65
Methane concentration 1 290 s 61" 0,575 0.69% 0.28% 119" 0.52C 462 <0.01
+ + + + + + + +
at 48 h/(mg/L) o o o o o o o o

48 h H e~ &
PR . 24.44 25.88 27.14 27.02 29.30 28.37 28.56 29.94
Methane production Fe Ef De De Bb cd ce a <0.01
3 +0.01"* +0.01 +0.08 +0.01 +0.18 +0.07 +0.11 +0.01
at 48 h/(mL/m”)

R T RS R AR ARG R R OR 22 53 35 (P<0.05) , AN AR E 78 3Ron 22 5 35 (P<0.01) |, AR [l sl 0 7R i 22
SABE(P>0.05), FER,

Values in the same row with different small letter superscripts mean significant difference ( P<0.05), and with different cap-
ital letter superscripts mean significant difference ( P<0.01), while with the same or no letter superscripts mean no significant
difference ( P>0.05). The same as below.

2.2 (A NDF/iE M3t =S S8 EXES 7 55 24 F148 h I Beifk & K 24 F1 48 h ke r= B 2 1)
H 2 3 AT I H NDF/JE Ry 5 R A R liE 24 BEIEMEKLR(P<0.01),
Fi148 h PR EAFAEN B3 UM L6 R (P<0.01) ,
%3 (I NDF/EMM =S SHMAEES#

Table 3 Correlation analysis of dietary neutral detergent fiber to starch ratio on gas production parameters

S . Pl 117
Items P-value Regression equation
IAH NDF/VEW 5 24 h F2 K &2

R VERYS 24 h PR . 15 <0.01  0.781 y=-36.068x,+165.218
Dietary NDF/starch (y) and gas production at 24 h (x, ,mL/g)

[AH NDF/JE#; 5 48 h F= R &

Ak TER5 48 h T . 15 <0.01  0.824 y=-44.538x,+189.75
Dietary NDF/starch (y) and gas production at 48 h (x,,mL/g)

=t yoz o\ 3

(it NDF/ -5 24 h HEEHKE

ﬂf& TER 5 R oz e & ' 15 <0.01 0.869 y=152.85x,+53.6
Dietary NDF/starch (y) and methane concentration at 24 h (x,,mg/L)

TR NDF/JEM 5 48 h H be ik i

Lﬂ.*a VER) 5 PSR . 15 <0.01 0.847 y=205.51x,—-2.997
Dietary NDF/starch (y) and methane concentration at 48 h (x,,mg/L)

k=1 NS 74N =N

it NDF/ 5 24 h H

"R NDE/GER) 5 24 b it e it _ \ 15 <0.01  0.903 y=4.126x,+15.158
Dietary NDF/starch (y) and methane production at 24 h (x,,mL/m") '

k=1 Vs 7AN SE=N

(K NDF/JEAS 5 48 h B kg )™

e 15 <0.01 0.923 y=6.468x,+15.29

Dietary NDF/starch (y) and methane production at 48 h ( x,,mL/m’)

23 24748 h HIR =2 FE R NDF/ig 8 3f &8 9 2 oo bl 5 £ A DL & 48 h W1 ¢ 7~ &
EEBESHHEXES T (y,,mL/m*) fats NDE/JEM (v,) 5 kS
FIHT SPSS 19.0 Zeit r trik b p etk mle B (BRIUG BiR RS8N, 75 5 48 h PR
(B k) 4 b, 4 3 & S 24 h B GE 7 | BRI b — R LA ) 2 TR
(y,,mL/m*) X} 24 h j= S 68 H Be vk BE R0 e 7 H1 3% 4 A WL, 24 h H 6 7= 1 5 1A B NDF/3E #y
i TYH A% (DMD) . pH A& A (NH,-N) . EREEFEMHILKER(P<0.01), 50/ NKE W
MAYEH(MCP) (LR NIR VTR SR LTERR FIEMHXILER (P<0.05), 48 h i ™5 24 h
iR (TVFA) (FLRR WK BE & 4. TR/ TNR i e NDE/  Hbir= it 48 h H e vk i AR B IEA R R (P<
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0.01) ., T NDE/VEH S5 48 h ke = B B &
IEAISEIR R (P<0.01) , 5 NH,-N ¥ & 20 3

FRKHR (P<0.01)

R4 24 h BREFE 48 h BIE~EFER NDF/ g X 4 B S HEXES N
Table 4 Correlation analysis of methane production of 24 and 48 h and dietary NDF to

starch ratio on fermentation parameters

i H P i

2
Items " P-value R

Fermentation parameters in vitro

[ 5 75 A

Regression equation

AN RS

24 h e &

Methane production at 24 h (y,)
48 h Fe " i1t

Methane production at 48 h (y,)
TR #R NDF/ &4}

Dietary NDF/starch (y,)

15 <0.01  0.942

15 <0.01  0.982

15 <0.01  0.975

A # NDF/TE# (x,) .
R/ NR (x,)
24 h HBEr=H (x,) |
48 h FBEHRE (x,) |
48 h Fe= & (x;) |
NH,-N ¥ ¥ (x,)

y,=13.008+3.445x, +1.520x,

¥, =1.692+0.905x,+0.013x,

¥, =1.813+0.09x,-0.206x,

3 i
3.1 AR NDF/iEMX & =S SHHEm
FERRAE R — AR A R WU AT R AR B T
HEAEbR, R TR B E Y Sh ) SR
FERENZ /DR T MR ATEAE RN, BES
T AR AT B IO 8 i R R R OE AR G TR B R
P PR R G T T A e AR R
TRARLIR 5 10 X A T 7 AR Y T R R R A O
[F] AR A T Y 3 B 7 SOk TR i K b & 4, HL
FEARE SR, EH TR T oKk &9, 1
RE WG & iD= S SRS, W T R AE
RBERFAS=S g AT X 10 R ]
PR G SRR AT AR O A A, B R R
SHEARTEEREEHLER, mas
WEFE R I, K FEFF 35 A E g T 50 P TR
AP (NDS) it 5 BB E M4 KBS
A AN RN R NDS R AR 25 R T R K AR A
SRS AR ) B STk, T R AR A
ZORWMAEY A K EHBEMLEAE, AR, X
VBRI Ve B R AR AR AR E B R
Coblentz 2" BF 58 % M | 7 /K F NDF {&4) 12 24 |
36 F148 h RB= S5 5 NDF KPR ALK R
AR A% 21 7 S A Bl 3 S I TA) A A 4 T G
VLIPS H gl R 3 B s AT IR W, RSN & R
DIEH AT, K NDE/JER 5 24 F148 hy= < i
R A DCOC R LR AT e 2 Bl 1R M NDE/
TEA N, 5 e e K A& ) O B s b
B LR B A W A K B 5% B R U, S T S BOH

A ff iR AR NDF LGB 38 g B G, X 5 R P
ER et S
3.2 (AR NDF/E # Xt B 6T ik BE A0 7= 2 R 52 i
i e B LW 2 —., K439 H ik
JHRAR A JBE e ] ML /K S R4 R AL B, R
wAKAL A ISR SR AR, VR T A 4 G
B HE R 2 TR KR A 3 T B —
I o AR R 3R A 5 T e HE R A 5 R AT 4
B B, T NDF | B2 P Ve i 41 4 ( ADF) & i 55 H
BEHECE B2 B EMH R HEAR S S
R e HE o 2 B 2 TR DG OC R AR D % it 5
BEHRiCE C R A W3, FIHA IS R & T R
JIg i NDF il ADF & i 5 H g 8 57 1) £ 7T ] I A
IR A 2 1 PR o Aok 000 %) o 1, X 5 B o 2
PR TR E R WELF e ) AR Z2 T Il A AR Y D)
A e 98 R 1) A T RE B2 2 B E SR )
FEEVER i v Y e vik B A T RE A2 2 FP R
IR ) 6 R AR 45 3 560 4 AR 3R K O —
5, TN )R £ Ak ) 0T B R S e e A B
B E , Bougouin 55" BT F B, v B M ) AR A
e i el S R s A S S e i G S R B R
TEIR R A iy ek A2 . A 50 1A B NDF/UE By
55 24 F0 48 h 1Y H e Tk B2 A e 7 i SR A I 3 OE
MIEER IZAE R T # L E RS LS
BV AR A LT A R —B, JRIRATREE 2 A
D517 < 1) R Je HE 307 e R e K AR B 0 5 TR Bl
NDF HCAE 48 5, V8 8 EUAE I RRAIG, 15 95 IS 90 4 T8
A R Ak s . 2) B NDF (B B9 32 w5, ] ol e
9o B LSRR AR D R AR R T G T A R
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TR AR A, TR L RE 2 3 Ao A (E] ST Y U
B B A, A O AR e R TR R R
FRVRE TN 7 B TRT B 22 1, DT A5 B0 e 7 i A
Tt

3.3 24 #0148 h Bk = = Fn{A 1R NDF/iE # Xt
EESHNEXES

Je ' NH,-N J& Ao 8 5 AR N IR &
R AR IR I 2 i MCP Y 32 8
JEORE AR g Hp pl 2R P 1A S BT R A A R
NDF/JEH 5 NH,-N ¥ & 5 B & A L R, X
SRR T A RS0, BRUR AT A B R
NDF/JE #3135 I, 40 i1 7 504 9 09 6 4 DO 5
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Abstract: This experiment was conducted to study the effects of dietary neutral detergent fiber to starch ratio
( NDFE/starch) on rumen methane production using in vitro gas production technique. The single factor experi-
ment was screened for the optimal NDF/starch. The NDF/starch in 15 treatments were 0.8, 0.9, 1.0, 1.1,
1.2,1.3,1.4,1.5,1.6,1.7,1.8, 1.9, 2.0, 2.2 and 2.3, with 5 replicates in each treatment, respectively.
In vitro gas production method was performed to analyze gas production, methane concentration and methane
production at 24 and 48 h. The results showed as follows: 1) the gas production of dietary NDF/starch be-
tween 0.8 and 1.2 was higher, methane production was lower. The methane yield of dietary NDF/starch of 1.2
was the lowest. 2) Dietary NDF and starch at different ratios had significant effects on gas production, methane
concentration and methane production ( P<0.05 or P<0.01). 3) The linear regression analysis showed that sig-
nificantly positive relationships were found between dietary NDF/starch and the methane concentration and pro-
duction at 24 and 48 h ( P<0.01), and significantly negative relationships were found between dietary NDF/
starch and the gas production at 24 and 48 h (P<0.01). 4) The linear regression analysis showed that signifi-
cantly positive relationships was found between the methane production at 24 h and acetic acid/propionic acid
(P<0.05). It was showed that significantly positive relationships were found between the methane production
at 24 and 48 h, the methane concentration at 48 h. Significantly negative relationships were found between diet-
ary NDF/starch and ammonia nitrogen (NH,-N) concentration ( P<0.01). The methane production at 24 and
48 h, dietary NDF/starch were strongly related to parameters in vitro, regression coefficients were 0.942,
0.982 and 0.975, respectively. It is concluded that dietary NDF/starch between 0.8 and 1.2 can promote meth-
ane emission reduction, and the effect is the best when dietary NDF/starch is 1.2 under the present experimen-
tal conditions. The high regression coefficients indicate that in vitro methane production can be predicted merely
based dietary NDF/starch. [ Chinese Journal of Animal Nutrition, 2019, 31(7) :3251-3259 ]
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