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and Methane Emissions of Dorper X Thin-tailed Han Crossbred Growing Ewes
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Abstract: The aim of this study was to investigate the effects of ratios of dietary non-fibrous car-
bohydrate to neutral detergent fiber (NFC/NDF) on the growth performance, nutrient digestibil-
ity and methane (CH,) production of Dorper X Thin-tailed Han crossbred ewes with 48. 0-55 kg of
body weight (BW). Thirty ewes with (48.040.5) kg BW were selected and divided into 3 treat-
ments with 10 sheep in each treatment: NFC/NDF=0. 78 (concentrate/forage=235 : 65, ad libitum),
NFC/NDF=1. 03 (concentrate/forage=50 : 50, feed restriction) and NFC/NDF=2. 17 (concentrate/
forage=65 : 35, feed restriction). The trial lasted for 32 d, including a 17-d adaptation and a 15-d
experimental period. The energy and crude protein intake were same in each treatment. The aver-
age daily weight gain of the treatment of NFC/NDF=0. 78 was taken as the standard for the feed
restriction of the treatment of NFC/NDF=1. 03 and 2. 17. The BW was measured before morning
feed, and feed intake was recorded daily., The CH, production, dietary energy and nutrient
digestibility were determined during experimental period. The results showed that: 1) The feed
conversion efficiency in the NFC/NDF=2, 17 treatment was significantly higher than that in the
NFC/NDF=0. 78 treatment (P<C0. 05), whereas no significant difference was observed between
NFC/NDF=1. 03 treatment and other two treatments (P >0.05). 2) The apparent digestibility
of dry matter, organic matter, gross energy and metabolic rate of gross energy in NFC/NDF =
2.17 treatment were the highest among the 3 treatments (P<C0. 05). The apparent digestibility
of crude protein in NFC/NDF=2, 17 treatment was higher than that in NFC/NDF=0. 78 treat-
ment (P<C0. 05), however, there was no significant difference between NFC/NDF =2, 17 and
NFC/NDF=1. 03 treatments, or between NFC/NDF = 0. 78 and NFC/NDF = 1. 03 treatments
(P>0.05). With the increase of ratio of dietary NFC/NDF, the apparent digestibility of NDF in
NFC/NDF=2. 17 treatment was the highest (P<C0. 05), whereas no significant difference was
observed between NFC/NDF=0. 78 and NFC/NDF=1. 03 treatments (P>0. 05). 3) The CH,
emissions in NFC/NDF=2, 17 treatment was 32.53 L » d" ', which was significantly lower than
that in NFC/NDF=0. 78 (58.03 L.« d!) and NFC/NDF=1. 03 (63. 17 LL » d7!') treatments
(P<C0.05), whereas no significant difference was observed between NFC/NDF=0. 78 and NFC/
NDF=1. 03 treatments (P>>0.05). The similar results were found in CH, emission as a propor-
tion of metabolic weight in the 3 treatments, With the increase of dietary NFC/NDF, the CH,
emission as a proportion of dry matter intake, organic matter intake and digestible organic matter
intake in NFC/NDF=2. 17 treatment was significantly lower than that in NFC/NDF=1. 03 treat-
ment (P<C0.05), whereas no significant difference were observed between NFC/NDF=0. 78 and
other two treatments (P>0. 05). The CH, emission as a proportion of gross energy intake,

digestible energy intake, metabolic energy intake had the similar results. The CH, emission as a
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proportion of NDF intake and digestible NDF intake in NFC/NDF=1. 03 treatment was signifi-
cantly higher than that in the other two treatments (P<C0.05), whereas no significant difference
was observed between NFC/NDF=0. 78 and NFC/NDF=2. 17 treatments (P>>0. 05). The CH,

emission as a proportion of average daily gain and digestible ADF intake were similar among the 3

treatments (P>>0.05). According to the production performance, nutrient digestibility, energy

utilization and CH, production, it will be recommended that NFC/NDF=2. 17 under restriction

feeding would achieve the best carbon-cutting results for Dorper X Thin-tailed Han crossbred ewes

with 48-55 kg of BW.

Key words: methane; non-fibrous carbohydrate (NFC) /neutral detergent fiber (NDF); produc-

tion performance; nutrient digestibility; sheep
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Tablel Composition and nutrient levels of experimental diets
(air dry basis) %
R LT EERR K AL B Y/
Ui H Ttem PR £ 4 NFC/NDF
0.78 1.03 2.17
J5 Bl Ingredient
¥ Chinese wildrye hay 65.00  50.00 35.00
E K Corn 19.10  32.91 46.69
T H1 Soybean meal 13.00 14.05 15.10
iR & 55 CaHPO, 0. 60 0.55 0.53

£ ¥ Limestone

i NaCl 0.50 0.50  0.50

iVt Premix” 1. 00 1.00  1.00

&1l Total 100. 00 100.00 100. 00
B 32K Nutrient level

+# 5 DM 90.68  90.07 87.58
HHLY OM 91.67  91.59 91.53
HEH CP 8.08 8.60  9.46

fRigaE/(MJ « kg™ ') ME? 8.03 8.02  8.04

MG Wi EE 2.28 2.68  2.74

o PV 2T 4 NDE 45.59  39.65 36.59
5 Ca 1.14 1.17  1.15

WP 0.33 0.39  0.41

A £F 4 PR Rk K T A5 4 NFCY 35.72  40.66  79.33
ki #lH. Concentrate: forage 35:65 50:50 6535

VL ALK S i i R A b SR S T e DR SR AL
VA 15 000 IU, VD 2 200 1U, VE 50 1U, Fe 55 mg,Cu 12. 5 mg,
Mn 47 mg.Zn 24 mg,Se 0.5 mg,1 0.5 mg,Co 0.1 mg,”. {tif
BE AT R AR sl > . B 2R v kAL & 9 = 100—
P e 7 4 - ML 11 5T+ ML D+ MR 23

P The premix provided the following per kg of diets: VA
15 000 1U, VD 2 200 1U, VE 50 IU,Fe 55 mg,Cu 12. 5 mg,
Mn 47 mg, Zn 24 mg, Se 0. 5 mg,1 0. 5 mg, Co 0. 1 mg.

2 ME was calculated values and others were measured val-

ues.”. NFC=100— (NDF + CP + EE + Ash)
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H01.4.7.10.13 KK sh 73 5 4t (3 2 /4t &
H1FDOSERHEA S AURBIAE N & 24 h, B
JE B EH 48 h 9 CH, 1 CO, HEAk & (GGA, Los
Gatos Reserch, California, 3 E) kRS HFE & (FC-
10 &S E X » Sable System Interational, Hender-
son, NV, £ [E) . A5 il E & 48 30 min 3 4
W THERINE I, R GE il g s v CH, /Y
B W E B E] A 2 min, Bl R PR 5 1] I 1R 3000 A
P A B T min, SRS ARUGIE 3 A IR
DRAFE 1) CHL R B4 I W 0 PR 00 2 I ] Sy
2 min, Je A5 ZR G0 R P DU R 1) B0 0 A 4 I
[E] 2 1 min, fJ5 #0000 € 290 3R 52 b i CHL, & &
W 5EBF Bk 2 min, LA oA Sable JF i A 4K 5
FRGE5E A TR 0 I S B, DL PR 3% 22 e
48 h iy CH, Hejk i, H5 &, LLETE ™ i
JE B BB CH, & i 197 S AR S RIS, il
if Sable AR 2 S Y I 5E iy 05 X6 BiE Y 23 3C#F
AT EALG T b, 159 B B HOK 8 E R CH,
Hemcit . A0S 3 1 R ES IF SAR A 5 1 43390 XF
FEHEAT AR 0 S DL VI S 1 P 34 4R A R i
A GHA E TR SR

1.4 MERER

141 KRR TR BT C#HT 1 d A
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J& 2Ry 3 40 0§ i) B o A AR it o LA 23 A A



THI B MR EROK Al & 9 (NFC) 5 o bt ¥ 7 46 ONDF) H XT3 IO R A SR R B S TR A A 7 i 1409

T4 i (dry matter, DM) ., # K 43 (Ash) . HHE A
(crude protein, CP) MR T (EE) & &, ¥ e
21 4 (neutral detergent fiber, NDF) . fa £} & fig
(gross energy,GE) .#£ g (fecal energy, FE) M JR fiE
(urinary energy, UE), DA S 48 # 45 (Ca) Fll#E (P)
B I AR TR AR 2 A B ) e ot o A T AR )
HEAT

JREECUE) : X 3 mL Z24) 25 4k R 49 JR . 3
ZUHAE 3 KB A E mIEAR L IFRE 3~ H
IEAE . 7E 65 “CHEAH AL T 5 H] Parr 6400 %A 5 X i
FASCIN 22+ 75 30 98 48 PR W ) B RE .

UE =i 7 JR W 08 48 0 e (8 — U8 4R AEE s W b g
(CH,-E,k]) = F e HE i it (1) <39, 54 kJ « L0 5 %,
WHe (ME, k]) = @ fig (GE) — 2 8 (FE) — JR &
(UE) — B L fE (CH,-ED .

1.5 HESITHH

Kot R ] Excel 2007 47 8] 20 & 3, R A SAS

9.4 G ANOVA JEA7 8080 b S7 v L I 251 A

T EFER L, 25 BF 0 Duncan’s i 7 £ &
LA, DL P<<0. 05 2 25 5 g 25 0 H W ofE

2 & R
2.1 {ARARE NFC/NDF Lt 63 B RS B L&
FHEKERRANELENZMm

2 MO TE] A AR A B2 X 48 ~55 kg FHFEZR R
B RMERERI R, T, 3 2R A Wl BRI
SEOAR RN P 2 H 3G O W 22 & (P>0. 05),
NFC/NDF=0. 78 2 ¥ i R 2 (2 264.90 g « d° D)
i 2% & F NFC/NDF=1. 03 41(1 528.60 g » d"')H
NFC/NDF=2. 17 41 (1 444. 40 g » d" ') (P<C0. 05),
Je W2 ] T4 iR 2 G B 3 25 5% (P>>0. 05), [
i, NFC/NDF=0. 78 21 ) 1 Bk Ak 30 2 50 {E (15. 65)
i3 ¥ F NFC/NDF = 2. 17 24 (9. 81, P<<0. 05),
NFC/NDF=1. 03 2} i ] b} % Ak 3 2 5015 (13. 33) &
HoAh P20 JC ik 3 25 55 (P =>0.05),

%2 HB#RZAE NFC/NDF Lk %t 48~55 kg # B S B ¥ £ K aE 20
Table 2 The effect of different ratios of dietary NFC/NDF on growth performance of Dorper X Thin-tailed Han crossbred ewes

with 48-55 kg of body weight

£ e PETk AK b B9/ P TR IR £ 4 NFC/NDF P (i

i H Ttem SEM

0.78 1.03 2.17 P value
ik JE %0 No. of lambs 5 5 5
WK / kg Initial BW 49.18 50. 34 50. 60 0.55 0.616
25K /kg Final BW 55. 83 55.56 56. 93 0.32 0.281
SFHHME /(g d ) ADG 154. 69 134. 95 147.19 7.93 0.631
FTYFRER/(gd ') DMI 2 264, 90° 1528.60" 1 444. 40" 10. 02 0.006 1
TR LR F/G 15. 65 13.33% 9.81" 1.01 0. 087

AN TR HORRAL BRE | (645 A [6) /N5 5 R 3R 22 S B35 (P<<0. 05) . T K Al

In the same row, values with different small letter superscripts mean significant difference among different diet treatments (P<C

0.05), the same as below

K4

2.2 {A4RAE NFC/NDF Lt 3 & i st 4 5
FEFYRRIENLENZIE

TR ] NFC/NDF H 5 %} #H 2€ 2458 F1 AR Bk
FEFYRRMMBE R0 W E 3. 3T,
A L 2 LT fb 2 B Bt AR R o NFC/NDEF e 3] 1)
T B2 T (P<<0. 05), NFC/NDF=2.17 41
FHAR 1 2 0T 1L % B 2 = T NFC/NDF=0. 78 44
(P<<0.05), Fi#% 5 NFC/NDF=1. 03 #H . i %
Z5(P>0.05), %4, NFC/NDF = 2. 17 4 ¥y

NDF Wi b % 8 3% 5 T NFC/NDF=0. 78 41 Al
NFC/NDF=1. 03 41 (P<C0. 05), J5 Wi 41 [&] JC 2. &
#Z5(P>0.05),
2.3 fA#RAE NFC/NDF bt i3t & B #g st T35 5
FHERFHE M

% 4 WA AR NFC/NDF L i) %t 75 5 39 At
FEH AL F1AUHRE Fae A i 52w . BE & ) MR
NFC/NDF H A i 4% i, 3 A~ b 3 20 v 2 g 58 W 3
R AR (1 4 % (P<<0. 05) s NFC/NDF=2. 17 4 H Lt fig
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Table 3 The effect of different ratios of dietary NFC/NDF on apparent digestibility of dietary nutrients of Dorper X Thin-tailed
Han crossbred ewes with 48-55 kg of body weight
e 2F e LR K L& ¥/ oV BE VR 47 48 NFC/NDF P
i H Ttem SEM
0.78 1.03 2.17 P value
T# 5 DM
K/ (ge+d") Intake 1 649. 40 1.351.20 1 245. 80 99. 45 0. 204
ZEHEM R/ (g« d') Feces output 741.08° 538. 62" 409. 14" 51. 89 0.011
M ILH/ % Apparent digestibility 54, 87¢ 59.97" 67.01° 1.65 0.000 4
ALY OM
FfRE/(g+d ) Intake 1497. 80 1 225.00 1125.30 86.11 0.196
FeHEM & /(g + d°') Feces output 679.03° 494, 06" 381. 30¢ 47,19 0.014
FWI L3/ % Apparent digestibility 54, 48¢ 59.55" 65. 97 1.56 0. 000 4
HL&H A Bt CP
KR /(g d ") Intake 146. 95 129.03 125.58 7.73 0.525
ZeHEM /(g » d°!) Feces output 73.02¢ 57.36% 50. 45" 4. 47 0.096
FMMWIL#/ % Apparent digestibility 50. 32" 55. 19 59.72¢ 1.64 0. 045
Mk e % 4T 4k NDF
FERE/(g-d ") Intake 829. 30° 594. 80" 520. 50" 55. 36 0. 039
ZEHEMAR /(g + d') Feces output 499, 04* 307. 64 262. 38" 38.22 0. 020
TN ILZ/ % Apparent digestibility 39. 95" 37.78 49. 31° 2.06 0.031

i Z LT NFC/NDF=0. 78 #i 1 NFC/NDF=1. 03
4 (P<C0.05), J5 P 41 [|] ¢ Wb 3 22 % (P=>0.05);
NFC/NDF=0. 78 4 1) S Re 8 A i AL e 8 A it
bo iy 2 2t F NFC/NDF = 1. 03 41 fil NFC/NDF =
2. 174 (P<C0. 05) , Je P[] JC I 35 22 5 (P =>0. 05)

NDF=2. 17 £ (P<<0. 05) ,NFC/NDF=1. 03 4 5
L EPIA S LB #2255 (P >0.05); MAE £ MY
b2 S fig A 5 34 Bl 1) B NFC/NDEF L 3] 1) 7
P T 2 TF i (P<<0. 05) 571 3 /> &k B 4 Ta] A bR g
B 7 #2 NFC/NDF L i 5 T+ 5 0l Ot 2 2% 2% fk

NFC/NDF=0. 78  AiUiH L e IR A & i & = T NFC/ (P >0.05),
%4 AMAE NFC/NDF LL I3 48~55 kg #H ER X B ¥4 2R A2

Table 4 The effect of different ratios of dietary NFC/NDF on energy metabolism of Dorper X Thin-tailed Han crossbred ewes with

48-55 kg of body weight

L7 4E PR K AL E W/ i BE R 47 48 NFC/NDF P {i
Tt H Ttem SEM

0.78 1.03 2.17 P value

BRI AR/ (M] - dHGEI 32.55° 25.53" 22. 86" 1. 44 0. 003
#fE/(MJ - d ') FE 15. 70 10. 37" 7.78¢ 1.03 <<0.000 1

JREE/(M] « d° ') UE 0.48 0. 36 0.47 0. 07 0. 747

WAk AEHE AR/ (MJ » d°) DE intake 31.48° 21,79 18. 95" 2.29 0. 045

Rifem AR/ (M] » d ') ME intake 26.27¢ 17.73 16.71° 1.88 0. 055

HehE/(MJ - d°1) CH,-E 2.29° 2.50° 1.29" 0.21 0.026
MRE Y Ak 26/ % Apparent digestibility of GE 51.54°¢ 59. 42" 65. 83 1.44 <20. 000 1
BRE R 2 /% Metabolic rate of GE 43.55° 48.16" 58.19° 1.88 <0.01
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2.4 f(AMRARE NFC/NDF L B3 & R EAAt B2 &
FHEHME MR

5 M AR A W] NFC/NDF Lt 1] % & 5 #1
FE 2L F1ACEEE W 4 7= i 1 5% i . NFC/NDF =
2. 17T AW B H HEik 4 32.53 L« d ' EML T
NFC/NDF=0. 78 ZH 1] 58. 03 L + d~' #il NFC/NDF=
1.03 4H[Y 63.17 L« d ' (P<C0. 05), J7 M4 £H [a] {1y FfI
Pt HHERCR TE B % 25 5 (P >0. 05), BAi AR gk &
) e H HE i EAA A R B A2 L A . NFC/NDF =
2. 17 21 BT BOR B A Y Y  HE a L BR A
B R 1 1 F e HE Tk it R AT AL A ALY R B
Y P e i W E T NFC/NDF = 1. 03 4

(P<<0.05),NFC/NDF=0. 78 ZA iy Lk I #5455 %
AP A E ' TC B 3 25 R (P>>0. 05) 5 BAf LBk
A i 0 H B B HE R i L B0 9 Al e B A B Y TP b g
HE AR A A AR R HR A 7 1 e B HE i LA A
[F A8 4k # A . NFC/NDF=1. 03 2H 1y 57 vh M
TR ET 2 SR 1 8 100 H e A o R0 B T 9 A v o O
24k ny W e HE i R S T NFC/NDF =
0.78 44 Fl NFC/NDF=2. 17 44 (P<C0. 05) . J5 Pi 4
B JC i & 22 5% (P>>0.05), H4h, ¥ H 3 & Ay H
Jot HE 5t TR T Ak R M Pk A AT A SR £ R 1 H e
HECERAE 3 AL FRZH 2 8] TG i 3 2% 5 (P=>0. 05),,

R 5 {AMAE NFC/NDF LL B3t 48~55 kg it B B RAEHHMEN 2N

Table 5 The effect of different ratios of dietary NFC/NDF on methane emissions of Dorper X Thin-tailed Han crossbred ewes with

48-55 kg of body weight

e etk Kb B9/ PR IR £ 4 NFC/NDF Pl
i H Ttem SEM
0.78 1.03 2.17 P value
e B HECR /(L d7') CH, emission daily 58. 03 63.17¢ 32.53" 5.41 0.026
P AR AR A R e HHE R/ ) ,
i, - 3.18¢ 3.39° 1.73" 0. 29 0.023
(L kg ™) CH,/BW"7
PR H 3 ) R e HE R/
0.07 0.12 0.02 0.03 0.512
(L+g ' CH,/ADG
PR P BRI e HE s/ , ,
31,49 44, 44° 25. 84" 3.37 0.051
(L + kg ')CH, /DM intake
P A AL SR £ 1 R e HE R/ , ,
34, 68" 49.01° 28. 61" 3.71 0.052
(L » kg ')CH,/OM intake
BRAT M VA A R B e 0 R B HE R/ '
62. 63" 100, 95° 61. 86" 7.77 0. 044
(L + g '")CH,/NDF intake
PR TR P Y VAR AT 2 SR B i A Y o i/
128. 64" 252. 05 172.75% 20.72 0.027
(L + kg ')CH,/ADF intake
PR AT A FLA R B 0 R B HE S/ ( (
64, 83" 81.18° 43. 56" 6.42 0.036
(L« kg7')CH, /Digestible OM intake
B ] Ak b v VAR AT A R B Y B R/ '
157. 73" 231. 20° 115. 16" 18. 57 0.015
(L « kg~') CH, /Digestible NDF intake
B ] R VT AT 4R B Y H B kR
526. 00 562. 00 674. 20 73.09 0.729
(L « kg™!') CH, /Digestible ADF intake
PR R BEEEA B B BE REHE I =/ , , .
7.04% 9. 87" 5.57" 0.75 0. 044
(MJ « MJ ') CH,-E/GE intake
PR T AR BRI A B Y H e BE HE ik / , ,
7.55% 11.72° 6. 76" 0.96 0.061
(M] » MJ ") CH,-E/DE intake
PR AR RE R A B2 A9 Y BE RE HE =/ ' '
9,07® 14. 83* 7. 66" 1.38 0.063

(MJ » MJ™") CH,-E/ME intake
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3.1 {A#ARE NFC/NDF bt B3 & B Bt B &
FEFEREN M

H 388 5 R A 3R 2 VAN B W AR 7 I fE 1Y
FEEIE bR . AR5, BEE R NFC/NDF L i 1
ThiE s 3 A b B2 B fR)R AL R R I T 2
5t RO [A T DL o s . ARBIESE b iR
55 Zh W AE A i SR B A PR ] ) R R R R R AT
AR NFC/NDF 7K P AN [6] . {5 38 2 34 5 R &K
e A5 3 4 0 IR AR — B, 38 B 4 (R H 4
FLRFEEZSWMHEHM, i NFC/NDF=2. 17 41y
T b i Ak R ) B T NFC/NDF=0. 78 41, 1l i} B
NFC/NDF=2. 17 21y H 78 32 Z ik py & 5 sh ¥ 5
PR i o Y BRI Kk RE. 5
Hb KETE TR S A A | T R A, 48 ~55 kg B 4
PR L IR ) M RN BB B R, B SR T R B
Wik T E R bR . b, AR B P, 3 B R RS
FARF BRI S S R R E SR T 4
RKs R 4T B O AP T AR T 4 LAl
3.2 {A¥A[E NFC/NDF tL I3 S B st B4 &
FREMEFVRR BN G

YR A 0 2 ek v T 9 AR CRT R D 93240 10 35 1 L
A B AR 5 S, A R D R E TR A
HMEZE L. Ley W RER &S BT £
U1, S W) b SRR DL B ™ e TR R A L. AR
AR e PR e R AN AN B UE 1T qRT-PCR 2 2
G, 55T W PSR LU = 1 P 38 AN [R] S 06 3 B 1) R 1
A B Oy A R AE 25 R R B BV AT 4 T IR B
NN R Y N SRR N R R A= B T
FATR 22 R TR SO B R 98 B 5 TR UK IS B 1 5k
BHYURERZ. B . % . BhET . Bk,
T Ae A D X R E T Z 0 E SR A
HEMEYRER TRRME R R R, BB 25 W
RWEW)E TR R AR, Ak S R, AR A
Y 22 S 23 5 | 4 A 5 18 TCAE 0 DX 3 RN R AR Y
BUAE DL B2 5 A5 B iR i NFC/NDF
T+ T4 5 A HLY B8 (S NDF 9 36 0
AL 0 3G, 3 A b P20 rp 25 W S PR Y
SR — 3. WK AG W I A K B R A L
A K R RE R R R R B RN, g
BHERNT 80 56 A5 A9 i 2 L o (R B BR R R
7E BRI MR 22 AR AT T ) #5 D1 &L Ccopies « mL ' B

WO BERS R B2 5 T B AR BT LUGR R NFC ok B A 1
AR T R A sh Yy E AR S R R R X 2R
R AT A3 i 2 15U R LA ik D by 000 A R T B
FERAR IO DA 4 = B2k 0 1) K I R 6, A
PR 1L RE B R R AT TR i R AR 0 5 b
AE 12 FOUL I A6 22 B 1] #e NEFC/NDF LY f5i] £ 385 i ifii
DERBSOER, NG —T5 R, SR NDF
i B I ST R BB 0 A A A AR il R 4
et ety TR B A B I 4 A A E A T Ak
TE R AR M T ) K R U A ) AR
FHER] 250K 5 96 1 R IR B 1 I M1 3 i ) M 7
W ST AL SR 0 T R T AR ) A R A R R
Fofr R B BB o AT A A B0 8L U e B I A )
RE B 75 2 D09 T B0 R R AR BRI A i
I B2 588 8 R 1 BT A 3R 0 RE B R Ak R A5
Bers BAFTE A G C R .
3.3 {AMA[E NFC/NDF bk Bl B At B &
FRIEFENHN

RAHYRERERE R R EZRRZ
— W AR R O PRz N T S e e Y
Ty F e ARG BT A R R R
PR il 55 82 20, Bl ) R NFC/NDF & & (9 I+ i
WRFETYRCRERMB 1649 R 1245 g d ' M
F e HERC B 58, 03 B2 32.53 L« d7 'L B T 9
Bk & R R W ke R i Bl ol 31 49 R R
25.84 Lo« kg ' TAMLTESRE T A B LT 4E O3 A T L TE
B oo i R A B A W B AR, L Methanobrevibacter
o FE RS 7 8 T BE 0 R W I8 A Ao A D TR R
Az A i TR ORI A0 U S H A i AR A Bk
A . SR D BRAR TR S R T A
7 B R RS ) AL 17 o DT 9 20 1 FR 58 18 A iR L
5 Ramin Ml Huhtanen™® |4 5% 38 %120 {0 #lF 57 45 3R
—%. R4z B EA - ERENERE. REH
FROHEN BRI ARTE TR B e R e T
TdCAE Wy AV T IRE 8] 36 T RGBS AR DG 7 i EL s
R AR PR A W) R W 7 AR 2 5 T AL
A B 3G I e T B b A R B P B
AT $ e 1 H e A R 4 X 7

T 2 2 43 O S AL 5 e 7 ] 19 OC &R
ZHARED 2B A R AR LR X Bk
IKAG G Wy i NS AL 2 U S AR S S M fE
5 MR B R AT A 3 ) 2 i B B S e AR )
Az AN Py o0 ER R o e e pH O
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ot B AR T 6. 0 LATF 9 pH %5 R R0 1 378 2
S5 L AR FR o B B0 BN TR T A
T BE A B AR B — ) AR OR i S
W 7E R G ST T H OB [R) M Yk % £F 4 (NDEF)
XS 50 kg MR Y AR J4 A A 0 E T b HE LAY
S, 25 SRR WL BE S H O b NDF &% & 19 3 Jin
(27.03%~51. 830, T ¥ i S ik, Ho i n W 4k A
ML R e HE ik o o 35 2 159 (37, 83~148.80 L« kg 1),
TR IR AR 5 AR R AL A F R A B T R A
FEIA X /N FE 2 Z 58 0 2 1 Y e B HE R B A H O
NDF/NFC 7K - i 284k » 24 H #2 NDF/NFC 4 3. 02 fif
AP bR R 42. 10 Lo d " BEEm THR
NDF/NFC 4 1. 04 iy HERCE (35.98 L« d ). 54
TR LR —8, A b, Bl A R NFC v B /) Tt
s BB E B R 25 4 T B B R A A L b
HEl i (81, 18~43.56 L« kg ') AT {4k v M vk 74
2 Ak 0 H B HE TR (231.20~115.16 L« kg ) ¥ i
AR 24 H OB NFC/NDF Sy 0. 78 B} 48 2 9 B 4z
Hegci A 58.03 Lo« d7', 2 3 % T H i NFC/NDF
2,17 BHERCRE (32,53 Lo d71), £ F 3e gl
A5 A, 7 e R O B0 S R B BRI I
BE AR N DA B 5 1 4 TR IR D 1) B3 o 3 S i 3 OE
FHIE, BT LA T NDF & & 8 & i, ol 7= A 5 2 1
FE o 7 2000 T I 65 P B K AR A 0 A 14 2 o
THEE pH R 40 53 f T AL, 3R DR 2 o TR Y
G | I Rk L v | W S R Al = e
PERR KL B W B S5 M PR AL & 90 & AT T 2 i RE it
Yo, mT B R I A e ke B L oo g
) B Ak SRR Y B LR S R M e
5 2 v TN IR L A8 T e B T R BRI AR L B
I Jot 77 B ) R R

4 &

4.1 FEFXYH G E — BRI T X AR 2 1 R
NFEC/NDF % 2. 17 {4 #%8 NFC/NDF 4 0. 78 FlI
1. 03 fy f ARl A s A 38 i A K PR B AR AT

4.2 FEFXYH M E BN T X E R 2 BRI
T NFC/NDF & 2. 17 f AR i, H H R+ 9 5 .
A B A5 T 53 11 22 00T bR KRR LT kR 1
eI

4.3 FEFXyH M E AT X E R 2 BRI
fAWE NFC/NDF Sk 2. 17 (45 8 ik, 2 e H ik
St B A A o HE R SR T R B R

PR ot HE ik et 5057 AT K AT AL PR o HE Tkt R R
AR A B 10 P e B HE il 2 L SR T AR BB B A 2 A I
St e HE ik i Bz A AR e 48 A 1 Y T e g HE Tl i AE
3 A b FZ A R R AR .

4.4 ZREAEKMERE IR A B IR B3R S f
fE B AR B F e HE BIOK S X BRI A S8 2 AL B
PR 4R W NFC/NDF Sy 2. 17 (%) 4] B 2 5t 43 1 B Ui
HEH it o
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