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Xy rOmmRIEF ) akEHEOT TR E L,
WRRRE I L Twa (R, 2013). LA
L, THIZED Lo THRRIKDOWLFIZHET LI A A
KTzhE, EELOBREZIZ TN, TOffDL
L CBEWIR D FFRHME R HEREAL 72 25D BT b (K
J5, 1998 ; HEF S, 2000 : H5, 2015). #H5 (2015)
Fe Y DIZBWTRIEZWR S0 20% (SN T 5 REA
filRlZaAXA, a—vaTI—NETERETEI )X
FrBERRERBT L, g2F (N) HILREHNRX X
DHEADo72b0D FRIX 61%, FEERIX 47%), N &
i, S-HNERERDR (VFA) BE, miEs v
a—2Bkouf ORI EL S 2T, KSR



—fET Xy FBERRTRETEZ 2L 2#HE L.
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X B FHEBAHEIT LR T VDT, BRAFEISRERD 5
(Kwak 5, 2009 : /Ml 5, 1999)o A L —JdKGH
R AT A R L0 —o TH ), BRI
BAC X > CHMY A SN TRBEOWEB 22, 5
W BT A2 05 TE % (Weinberg, 2003 ;
Harjanti &, 2012), #0728, T X% FBEHEKZ Y
A L=V d 52 LI o THRAFNE, W7 &5k
L, =/ %7 7REKF AL —Y (MCS) ##5 L7
vy Y OHEAER AN O KRB EI L ZE NS Z
EIFEE NS,
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NI EDBEREN D NGIET DMAEWES v 7Y
EAHAE S v 2 B o 50 ~ 80% % @ (Stern 5,
2006), KBFREDS V87 AR LTEETHD, L
oo T, REREOHLENIZEIT 5 E O N AH
RUEHNIZBITF B 7NV T = AR 7 3/ BOAH N fimE
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1. EREREWMS KUEH

TR A TR FE Y S BBANT L7255 > CTEFl
L, AFR¥EBWERLZRZOKRE L) 2 TEM
L7zo EBICIIMM Yy Y 6 2F, M1 *%
S5, fk#E 46916 kg) ZMFA L7z, fiRE LTH—
Fx—FTI5AE)—=FHF) =25 ZAOREE, b
TEUI TR EOBEETIRLETIEEGHE (0 ¥
7, R B X OWBRENO MCS (¥ afFYA
L=y, Rot) 2Hni, SNLOHY Y87 8B

FA L=Vl by T OREHH

FOHHT S — Y o v MG R % Table 1 1SR L 72
Table 212X/ F % 7 HRRIZ BT 2 WIRM B O %2
R U720 SRBRICIZEIEIX & MCS #5-IX 0 2 JLBLX % 7%
SE L7z WX IIRIETZE L A F ORI Z 5:
5L, MEEEHZALF 8D 120% & L7 MCS#
LA IR X 00 WG - 0D 20% (A4 9 % il A i
Bz MCS LB L7720 WINORIXIZB T g
BIRAELTHY Lz ERIZIM2IAMO 7 0 24—
IN— B> THEM L 720 14 H BB 6 F 40N o8 5)
R TEYEHRHNCEIE L 228, AWBRERNEE (R
23C, MBEE70%, MHART8:00~22:00) [ZBHL
7THRHr — Y CHEBAFEM L7z BEIZTH 21 (8:
30£20:30) &L, fkAkiZEME Lz 1HBZEIC
REZHE L7,

2. Y2 TIVDOER

FWoFEE 16 HHA 5 5 H S LT N Mz
TV, 4R S LR 2 ERIRILL 720 R L 723
Vol JEGZ RS (AT-S13, Wi o8, #HiE) 2 HnwTiz
i (60C, 48 Rf) L7-f%, EWTHHMAZL, &=
wmEAE L. RWT, B#ss (Cyclotec 1093, Foss,
Sweden) ZHWTHO—FHEmirEL, ¥ FIVIHICZA
NCTHM TR TR L 720 SR 6N BilE 50mL % A
NERANEZRHr — YOIy P LTHRIL 2o R
B2lE L TR LA%, % 50mL %4 > 7V
R L 720 S SIS RAF7) YRz e T %720,
L 2R > TV O—F%EBLA & VKT HERHRL
RO ORY TN E & HITHHTE T -30C THEHIRA L
720

F2BR 20 H H o &G, RAERG 3 B L 076 ke
B — BRI OV 3 — B RIe:, NFMOO,
BEILE HE) 2HvCE—BNARRY 50mL 2

Table 1. Crude protein and Neutral detergent fiber (NDF) of the diets

Crude protein NDF

(%DM ?) (%DM %)
Mixed hay 12.4 62.4
Concentrate feed 15.2 30.6
Mushroom compost silage 9.7 522

* DM: dry matter

Table 2. Composition of mushroom compost

Materials (%)
Corn cob meal 31
Rice bran 30
Beat flour 9
Cottonseed hull

Wheat bran 19
Dried soybean curd residue 3

Fossil shell
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MW TE—-BNRR LR L05HEL (4T, 8,000 [z / 45,
105°0#), %, £—BNT7T Yy E=TIREZH
ET A7, LiEo—#% 0INEB T2 /AL, 5%
DOE—HNFRE & BT E T-30C THHRMFL
72

3. FITRFREER

FER21 HH® 9 : 30 £ TIZ v ¥ ol il $HF IR 12 13
ANBEFIMA A 7T —T VEEA L7z, MEEEFER ko 72
O, WHE38% 7T VWS N T ABHThHT—T VA
R 72 L7z 12:00 13 A B AT K ISR L 72 [U-°C)
ZFVa—2A 29 umol/kg"™ BEO[I-PClu 4 ¥ 72u
mol/kg™® #7543 74V rva vy LTEA
AT =TV BHEA L. TO%, BHIZERKRY T
(Bio-Minipump, AC-2120, 7 b —, #3%) % T [U-"C]
ryva—zxk[1PCluA ¥y rEFNFN29, 7.2 umol/
kg"™/h T 4 BEHIC D72 O i IE A L7z M i~
2N YALERL 2SR Vv, T A Y b= T EARNS
12mL, 7EABIME 2 REfIE0 5 4 R E T3040 2812
6mL §TOWIMH 7 7 —T V2 SERIL 720 FRECL 721
MWITE BT~ VUL 2w ICB Lok L, &
YT TR RBRIZE L (4T, 8,000 [HHE /4, 10
) L% ol Uiz MR RGN F 2 — 7128
LCoHHrE ©-30C THIlMRAFE L7z BT — 7 IVITFER
T HRISHER 2 CHLY AR L 72,

4. ShFE

ikl FEB IR NI V77—V 312 X 5 HB) 5 3%
i (Tecator Digestor System, Foss Teactor, Sweden) &
HE)Z 2 HE 2 (Kjeltec 2300, Foss Teactor, Sweden)
TR L7z, filpbhrd 75— = Mk (NDF) 1
Van Soest 5 (1991) OF AL BT 74/3—F + v 7 (Fiber-
Cap 2021, Foss Analytical, Sweden) #HWTHIEL 7.
AREBCRELZRFP T AT I M >, REE,
FHUF, CRFVUFUTHY, ZTORBH/ITE—HN
MAEMBEBERETH L, ZNHOT ) ARHEOIRPHEM:
% Chen & Gomes (1992) OH LA >THIET S
L2y, TESHALE ~OMAWRE N R EEEE L7

MCS it 3 X 0% — BN O pH 1d pH A — ¥ —
(F-51, SEBs8EHT, HUH) 2 H W CillE L7ze MCS O
FLERIEFE X Taylor (1996) )ik, fEZEMEiEILREsF
(VBN) i1 Dhaouadi & (2007) @ FEIZ L7255
TMEL. HE—HNT7 v EZTEERI N7/ —
NVikE AW TllE L7z (Weatherburn, 1967). #—H
W VFA IREIZE—-HNEWE REREA LR, T A

ru=< 27971 — (580, Hewlett Packard, USA)
ZHWTHE L7z MAEHERET I/ MRB X OIRFREE
ZEHB T I Bokrds (JLC500/V, HAE, R
3 TG L7z, MAEFLERREIIHRE (74
IF - LA, WA Fy 2 A, Ha0) 12X 5 HBHTE
i@ (TBA40FR, HEXTFA ANV AT LXK, Hit) &
JAWTHIE L7zo I4E NEFA SR IR % v Cilll
s L7z (NEFA C-7 A b, HOGHMZE, KB 14 [U-
PClrva—aAxx v v F A v M, Fujita & (2006)
7% Tserng & Kalhan (1983) & h#Ez= 815 L 72 712
o TR Z TV, HAZ U~ b2 57 4 —HEHH
A (QP-2010, JEE#AERT, Ri#ER) ZH W THlE L 72,
M7V T — AEEIE TV T — A+ F ¥ ¥ —¥i: (Hug-
gett & Nixon, 1957) ZHWTHllE L7z M%E a-7 F
AV 7a s (aKIC) #EPB LV a{l-"CKIC -
¥ »F A ¥ & Rocchiccioli 5 (1981) # X UF Calder
& Smith (1988) DO HFEIZ L7228 TRILELZ 1T\, &
A7 uax b7 T 74 —HEGHENE BTl L7z,
5. §tEFH&E
AR N R m R P ICPEt S - 7)) ARG
7*5 Chen 5 (1990) B & OF Chen & Gomes (1992) @
B oz L7,

MAE7rVva—2B Lo s v AAHNERE (TR)
RIS Y EH L7z (Wolfe, 1984) .

TR (mmol/kg"”/h) = Ix (1/E-1)

ZIT, IRUSCI AV a—2d s iE[1C a g vy
TE A B [mmol/kg®™/h], E \Z Il [U-PC] 7 v 3 — 2
I v F X [atom%excess] B\ E a [1-°CIKIC
T) v F A (atomBexcess) Thbo

6. HEtnE

WFHILPEIX SAS @ MIXED procedure (2 & ) Ffi L
72 (SAS, 1996), MLPEIX B X NEERIHZ N & 35—
TCRCE BT 24TV, P< 005Dk ZICHEEAEH) &
Al L7z F72, HRNELDODH 57— 7 TN B &
O & 22 & 9 2 RSEIAE O Z 5Ll 4 i &2 17 -
2o BEEND 725 DIFE 512 Tukey-Kramer ® %
BEHBREZTo7 P<005DE XICHEED ) LA
L7z

B R

MCS OZEEENE, 7V —2BX OV 227K 58
filiz Table 31277 L7z MCS ® pH X552 TH Y, FLEE
B L OFEREIEFE L 1.55%, 1.05%, VBN/TN 13 13% T -



720 7V —=2HEICLBEFHIT80 M, VAITEIZL ST
HIZTLHTH o0 EBRICHHA LY YV 6HDOHI B 1
SHIEAES- L 72 MCS @ 50% ~ 72% Z#RAEL, o 15X
MCS ZZE AERE L B0 723, RO O 4 BUIFEER
Mz@ L TRGREEREZREL. T2 T, AERTE
MCS 23 & A EREL Lo 2B O# R 2 HIBR L 720
by Vo HEARE, NH#NE X NHLROMRZ
Table 4 1278 L7zo REIIMLBX E 1T L A EEILL
oz NEIGE, WHLNE, NRFEBLION

Table 3. Fermentation characteristics of mushroom compost
silage (MCS)

Item Value
Moisture (%) 59.9
pH 552
Lactic acid (% FM?) 1.55
Acetate (% FM) 1.05
Propionate (% FM) 0.02
Butyrate (% FM) nd‘
VBN® (% total N) 13
Flieg point 80
V-score 71

*FM: fresh matter
> VBN: volatile basic nitrogen
“nd: not detected

Table 4. Effects of feeding mushroom compost silage (MCS) on
body weight change, nitrogen (N) balance in sheep”.

Items Treatment” SEM  P-value
Control MCS
diet diet
Sheep 6 5
Body weight change (kg/day)  0.04 0.03 0.04 0.17
N intake (g/kg"”’/day) 1.09 099 0.02  <0.01
N in feces (g/kg""*/day) 0.32 0.36  0.01 0.08
N in urine (g/kg"”*/day) 0.42 0.41  0.01 0.92
Digestible N (g/kg"”*/day) 0.78 0.62 0.03  <0.01
N retention (g/kg"”/day) 0.34 022  0.02 0.04
N digestibility (%) 71 64 1 <0.01
*Values represent the means and standard error of the mean
(SEM).

> Treatment: Control diet, mixed hay and concentrate (at ratio
of 5:5) and MCS diet, mixed hay, concentrate and MCS (at ra-
tio of 5:3:2)
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Fig. 1: Time course changes of ruminal characteristics in sheep fed
the Control diet ( ll ) and the MCS diet ( 4 ). Control diet, mixed
hay and concentrate (at ratio of 5:5) and MCS diet, mixed hay, con-
centrate and mushroom compost silage (at ratio of 5:3:2). Values are
expressed as mean+SEM for n=6. Different letters (a, b) indicate sig-
nificant difference (P < 0.05) among times before and after feeding.

Table 5. Effects of feeding mushroom compost silage (MCS) on urinary purine derivative, excretion and microbial nitrogen (N) supply in sheep®

Items Treatment” SEM P-value
Control diet MCS diet

Sheep 6 5

Allantoin (mmol/kg®”/d) 0.39 0.36 0.02 0.35
Uric acid (mmol/kg"”/d) 0.06 0.05 0.005 0.10
Xanthine +Hypoxanthine (mmol/kg""*/d) 0.07 0.08 0.005 0.23
Total PD ¢ excretion (mmol/kg""*/d) 0.52 0.49 0.02 0.49
microbial N supply (gN/kg"”*/d) 0.45 0.42 0.02 0.50
The ratio of microbial N supply to digestible N (%) 58 67 3 0.02

*Values represent the means and standard error of the mean (SEM).
" Treatment: Control diet, mixed hay and concentrate (at ratio of 5:5) and MCS diet, mixed hay, concentrate and MCS (at ratio of 5:3:2)

“PD: purine derivative
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RAFMOMEIZETRT L2 (P<005). 5H—HNEIRE
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WRE N s &3 SR A R Ao 720 WAL N &I
Table 6. Effects of feeding mushroom compost silage (MCS) on

plasma free amino acids, lactic acid, ammonia, urea and non-esterified
fatty acids (NEFA) concentrations at the pre-infusion period in sheep®.

Ttems Treatment” SEM P-value
Control 1 diet
diet

Sheep 5 6

Amino acids (umol/L)
Threonine 183 134 22 0.06
Valine 188 176 19 0.17
Methionine 16 16 2 0.98
Isoleucine 74 70 7 0.24
Leucine 100 91 10 0.12
Phenylalanine 44 39 4 0.18
Histidine 78 67 8 0.34
Lysine 93 92 15 0.46
Serine 123 125 14 0.73
Asparagine 44 38 5 0.06
Glutamic acid 57 56 5 0.87
Glutamine 366 376 36 0.86
Glycine 622 637 61 0.92
Alanine 217 213 24 0.76
Tyrosine 61 51 6 0.10
Tryptophan 23 26 3 0.56
Arginine 137 144 14 0.88
Proline 68 91 17 0.54

Lactic acid (mmol/L) 0.79 0.96 0.1 0.57

Ammonia (umol/L) 93.8 106.7 3.5 0.14

Urea (mmol/L) 5.4 5.5 0.1 0.81

NEFA (mEq/L) 0.09 0.13 0.01 0.02

*Values represent the means and standard error of the mean (SEM).
® Treatment: Control diet, mixed hay and concentrate (at ratio of 5:5)
and MCS diet, mixed hay, concentrate and MCS (at ratio of 5:3:2).

x5 % MR RE N S = o &1 MCS #5-X 252 -
72 (P=002),

[ A7 70 3 A B SE BB AR A 12 B30 ) 2 A e e 7 3
R, LR, 7EZT, IRFEPB LV NEFA %L Table
6 1R U720 E L RColsEs7 3 /B, L
TYEST B L ORI TSRS E A e o T L
% NEFA BRI IEIX L ) MCS G- XA o7z (P
= 0.02), M4 7 NV a— R, o -KICIEES X U7 )L a—
A, 04T AGHEIREDOE R % Table 7 12/R L7z, I%E
FIVa—R, q-KICEE, Zva—asloaf A
IOl B VL R RS A e D o 72,

z =

RIEBRTH V72 MCS I[CEEER I S e h o 7225,
BRIR B SGED S N7z ZFD720, 2HHIZ MCS DR
Holedhdb LN, LaL, o4 FIERMN %
WU TREDRD SNedoiziz80, TR R
ICholeE2z5N5,

KREWAG SR O 20% 12243 5 A FE 2 MCS T
B L 72 MCS #5- X Tld N {H LML > 720 N {HLE
N EIRESEMT 5 IR 22 2 epiis s
TWwb (Sano 5, 2004), MCS Efe& ikl & i LT
My o GEEIMMEL, MCS#5 X0 N B
WX XD Ao EASNHLRICREZ RITL L
Eibhb, 72, MCSHGR O NHLE (64%) X
RO L) X 5 rBEWIR & #G5 L2 lG OfER (47%:
#5, 2015) L TEWEEZ R L.

REBRTIZE—H K VFA, FEBB X0 7a s v
P FE X R RIS S 2 o 72 A, MCS#5-X D8 —
B NBRERIR L I IR & DA 572, B PI2BWTH
BhoMBEETH 5L, FHE VFAREIC
WEE G2 0, BEROFESEML, RO GX
KTF35ZEHEINTWS (Martinez &, 2010)o
RGBT L7z MCS @ NDF &®IZR & fE & 0 &
Motz iz®, BB NEEERRE DMK - 72 W REMEAYE 2

Table 7. Effects of feeding mushroom compost silage (MCS) on plasma glucose and leucine kinetics in sheep®.

Items Treatment” SEM P-value
Control diet MCS diet

Sheep 6 5

Glucose Concentration (mmol/L) 3.53 3.44 0.03 0.28

GIuTR (mmol/kg""*/h) 1.36 1.35 0.14 0.93

0-KIC® Concentration (umol/L) 17.8 18.7 0.64 0.49

LeuTR (umol/kg®”/h) 423 353 22 0.14

*Values represent the means and standard error of the mean (SEM).

" Treatment: Control diet, mixed hay and concentrate (at ratio of 5:5) and MCS diet, mixed hay, concentrate and MCS (at ratio of 5:3:2)

¢ o-KIC=0-Ketoisocaproate
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LEE-HHNT Y EZTIREICHEEZ KITT, Chen
5 (2010) W& SICBWTH Y v 8 B 5 RA NS
LEHE—HNT VEZTIRENPENT S E2HMEL
720 AWFZETIE MCS #5- X o N I I RIX & ) 4
Ldroleds, B£—BNT VB TR FEREICE)
Mo720 MCS DM Z v X7 OB 4 L —Y DFE
M CRTF N &R Eh, REE-TInS
PEHNICHALTT I VBT Y E=T7 T THHE
NT7:0 R EN Lo T TRENEZ S b,
B — H P pH I3 60 ~ 70 O#PHTH V) (Astuti

5, 2014), £—HN VFAREB LU T vy E=7EE
WEEPR BN EZR R o722 85, MCS & 20% O180#:
FKTHIUIHIRIX & FAFEOE—FNBIEEREEHT 2 D
DEEZ BN,

MCS #5- X O] 4L N 52130 B X & bk L Tk -
72bOD, TEHHAENOBAYRE N 55 13 R H
2D, WAL N3 2 FEHLE A ) E N
et O F A IE MCS G- R 825 72— BN
HEWRES Vo HERIIME O AV F =L LT
DI AR & N PR & 7% % 55— B NG L 4
YR OBITHEINDL (BARS, 1990 ; Bach 5,
2005)c WA L—VRBEDTH LAEFE-HHNTT
oY F UEBICAEI I NS & L B2 (Charmley, 2001),
MCS H13k D N L&A AW RE N A BRI a A
ENLREEH L, 5D S, FEHGGRED
20% % MCS TRELTHE-HICAKSICTANVT -
IUNEIHAG SN THAEWRESY P N7 B GRS
720, MEEN RBIID o725 00, THHEILE
NOAE N GRS N EZ b5,

v DITREZIRGR O 20% (2R 4T B BLA R R
MCS TR L CH MALEMET I VBIEEIXITILALR
R T oz, Y VICBWTINHERET 3 Mk
Ry VS 2 BB BICIIEALHES R VI L
DHEEENTBY (Sano &, 2004), AWFFEDOHE RIS
DPEDORERE —FH LT 5D, M4 NEFA 13 MCS
WG XX X ) B2 o 7225, WD IEFE ORI
Thotze L7zAoT, RERTHRE LZLHEXIZEW
Te Y VO ANF—EIEIZIRITROB) B 259TH# T %
BEOIANVTE A RICH> T ko7l E2 5
s,

P50 (2015) IZREZRE G- O 20% O BLA R %
FRUWHBOT 7 £ 7 rBERIK TR L2k %2 ey VIS
HBLCb#¥Erva— 2B LA ¥ Rz
ZALL w2 L2 L, MCS & w7z RERIZB W

FA L=Vl by T OREHH

THIRIZFROFER IR DNz HEKE BT 514
7V 3 — AR B0 VX VPR B VT A AR O i
g (Fa vt CEg BENET I 8, ALER) fUhE
DR Z1F % (Ortigues-Mary 5, 2003) o IfiLifg 77V 2 —
ADHSRPE L 2 28— BN 7Ot L, SRR
W7 3 Wb L ORI TR EN ol &
5, MCS#ERIZHITF 5 2o OHEH A o bRy &
OPFF I L =B hh ol EZ 6N 5, T2,
Sano 5 (2004) bt Y JIZBWTRHZ AL F—5
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Abstract: An experiment was carried out to investigate the effects of feeding mushroom compost silage
(MCS) on microbial nitrogen (N) supply, plasma glucose and leucine metabolism in sheep. N balance
and rumen fermentation characteristics were also determined. Six sheep were assigned to two dietary
treatments. The control diet consisted of mixed hay and concentrate (at ratio of 5:5 on dry matter basis;
Control diet). Feed allowance was formulated on the basis at 1.2 times of the maintenance metaboliz-
able energy. The experimental diet was mixed hay, concentrate and MCS (at ratio of 5:3:2 on dry matter
basis; MCS diet). N balance test was conducted from day 16 for 5 days, and N digestibility and micro-
bial N supply were analyzed. On day 20, postprandial changes in rumen pH, volatile fatty acids (VFA)
and ammonia concentration were determined. The isotope dilution method using [U-""C]glucose and [1-
CJleucine was performed on day 21 of each dietary treatment for measuring turnover rates of plasma
glucose and leucine (GIuTR and LeuTR, respectively). N retention and N digestibility were lower in
MCS diet than in Control diet (P = 0.04, P < 0.01, respectively), but microbial N supply was compa-
rable between diets. The concentrations of total VFA, acetate and propionate; plasma GluTR and LeuTR
did not differ between the diets. These results showed that although N retention and N digestibility were
reduced, the microbial N supply, carbohydrate and protein metabolism were maintained by feeding
MCS. So, it can be concluded that MCS might have potential as ruminant feed.

Keyword: glucose metabolism, leucine metabolism, mushroom compost silage, microbial nitrogen sup-

ply, sheep



