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(F1). BAERBID25% L X TS LzAPsHlICiZ
FEOHMEM, FLIEHE ALFREEERZSE
(MUN) OFZE/ETA, CPSHICIZAEDOHE AER
MAHEBNFE (F2)., £, EAFMUEOQTICHAT
5 U-APSEITIE, 24 2 /N7 ERSHEMNER 2R
L, MUNZSEREICEA U, EIEER > R INER 2
AUz, SSREREEOHEIGHE 2HICHT, 4
B A BRIREIRINPSAG 5K (APSIX) & EEIRINPSHE &
K (CPSK) &L, PS6keZEFPUEDIT 2ked
BATHHRERSHMGS L, MEaEOBRERE



e & -BH H—m-=@ &% - H A=

K1 RFEVT, ABERRRERNE KCERMART M/ILTHA V-2 0EEES (%)

R RV T (p=8) APS® (n=5) CPS? (n=5)

W 21.6+2.7 21.4+2.0 21.6+1.9
CP 4,8+0.3 5.9+0. 4 5.4+0.3
FT 66.4+4.9 53.9+5.9 54.3+6.9
NSC® T4.4+3.1 73.5+3.4 74.0%3.2
biENit=tiniT 0.7+0.7 0.7+0.3 0.5+0.4
R 43 1.540. 1 1.740.2 1.5+0. 1
occ? 78.3+2.8 78.0+3.8 79.4+3.2
ocw? 20.3+2.8 19.8+2.9 19.1£3.0

TN, EhElE, PHEXEREREEZETRLE (HES, 20060
D2 A RORIRE Umylomyces rouxid) TRIAAR T RSV T YA L—T
2 EEIRT NN THA L —D
¥ NSC ; JEMstERAEY, OCC; MIFANAY), OCW ; ik

K2 IABERARRKERMRT MIVTHA L —JIREPEAFOAR - ABCRIETHE

i AR APSH? CPSH® xR

(9 H) (10A) (114) 12A4)
AE kgH) - 250.9%6.3 25.2+£6.5 21.7£5.8 22.5%6. 7
AIERGZ (%) 4.7%+0.9* 4.3+0. 8" 4.8%+0.7° 4.6+0.7°
HEAR" keg/H) 29.9+6.3 26.5%5.7 25.8+5.8 25.1%6.3
AEBAER (%) 3.4+%0.4° 3.6%0.5° 3.8+0.4° 3.6%0.5°
ABEE (%) 4.5%0. 2° 4.4+0.2° 4.4£0.2° 4.3£0.2°
SNF (%) 8.9+0.4* 8.9+0.5%° 9.1£0.5° 8.9%0.5%°
MUN (mg/dD 16.8+2.7° 9. 7x+1.7¢ 15.5+2.4° 12. 142 4¢

FHfE R RE TR L (HEs, 2004)

V2 IBER 4 B HIEILE

D BB A FRIRE Umylomyces rouxii) BT )V THA L —Ik 5
¥ IR T RNV T YA L — D5

e d B SEXFRICHEREZD D (P0. 05)

K3 ABERRRKERMAT M/WTH AL —CRENEILF O MBS ICRIZTHE

it e Al B
APS[X " CPSX® APSX CPSX
MEHHE (gd) 7.1£0.2 7.140.1 7.4£0.3 7.440.3
TIWVT I (gd) 3.940.2° 3.60. 24 4.3+0.2° 4.1+0. 3°
NEFA (mEq/L) 0.33+0. 11 0. 30%0. 02 0.2940. 04 0.290. 02
185 (mg/dD) 57. 6+6.4 60. 8434 59.5+5.0 60. 1£3.0
FLER (mg/dl) 8.9+4.9 7.542.6 8.2+5, 2 6.8+1.6
BUN (mg/dD) 17.2+2.1° 16.6+2. 2 13.4+1.5° 15.1£3.4
FEE LR RETRL (H&E5, 2004)

U B A BORIREE mylomyces rouxid) TRINIART RNV A L — DM 5
DAERMA T MV T A L —UHRE
whBRO AP BB ECFERICERZED D (P. 05)

EHBR Uk, MEEREZICERLL, MKk BE BUN) ORTHEAELNE (FE3I).
L APSKIZEE O EINMER EMUNDE T PSHR 512 K BBUNDE T B X UMUNDE TIE, PS
M, MRS TR 7IVTI > oEMEnPREESES FOCPEENDIZWEDEEZ BN LENST,




BT IV THA L — ORI A

B ARRRERMRT UL T 1 L — Y25t
OfftklE UTRHIAT 256121, fAEhh o R)LF—
ECPOMRZEHZEL, TXILF—HEERE & L TOR
ANEELWEEZ BN

BT ROV T ICHBAERRREZRML T L —
DERAKT D EABAERSHEML (ZH5, 2004, B
g4 L—NRTES 2 & (FES, 2000), 4
DYEIF DR <, CPS& D HAPSD HFMNHER EDE
BICEDBEERBDINI ENREINTBD (HE
5, 2006b), RF RIOVT OFEFIEFEE L TOH,
BABRRRERINCE 291 L — Y ORI E#725
FEO—DEEZEND.

(RR4ICxT 5H5]

WA DRI BIE 9 ALE A RCR R BERINPSHE 5
DEEEBRFNT 5720, FIVAYA CEERBIEEL 2
AWT, EFEfH, BEERAS IO EFficihEss
BREITV, BRER, MRSy, #AREBIURE
LT,

FEFERTAEICEE AR 7 ke CHERX) D5 6 2ke % %k

BB RINX) F 7213\ (&R MK) OPS 10 ke
EHMATHE Uk, Y HEBAZIIENK, BRNEX,
MEXOIEICKEWERZRLUE (E4). MKKS T
ISBUNMPSHE 5 TR T U, ALEBEIRNX TEWE
MERLZGERS). BERMFOEAEEET. 3 ke G
X)) D55 2 ke RIRE TR GRINX) F72 13 8EmM
(ERMX) OPS 10 ke LA THE G L2 E T A, ¥
HIBEREL, R®NX, \HRENX, SFRBROEICKEN
EERLUE(F4). HAE ORISR REICIERBRR
FITEIT 2o 7=,

BT TR, Eafk, Bk, MR ER
&L EER14 kg®> B 2kgZzPS 10 ke B X T8I
HHofZHREZERL, AERBKRTEEMRES
REZ®RE L& BTREIZAPSK, CPSE AR
L, NIENEL, KTIEBENENMEMZRL
e, ERBERETEEIRD bNaho7z (3%6).

EFERIHIEICHB N T, BUNAPSIESIZIDETFLE
ZEIICPERDENWEAEE #PSICHLA T/H 5 Lz
ZEREKD, ENBELUZCPENED LD EEX
bz, £, HEARZBWTEFTIHE LIRSS
B TPSHEIC L D REOHEMELITAERELEN

x4 FBESRKERNART bIVTHA - MBS
YAV —CIREPARFOREEE ke/H) ICRIFTHE

wnX HEFRINX KHRX
EERiSEY 1.4740.13 1. 3440, 15 1. 19+0. 28
[iN=Fe -l 1. 36+0.21° 1. 0140. 25° 0.82-0.19¢
HEERIALEY 1. 2740. 31 1.1940. 24 1.09+0. 17

Il R ETRLUEZ

(HE 5, 2004; HES, RER)

VO RINXIZ W Rhizopus oryzael’RINRT )V T A L — D& i 5

ERME T ERINR T M)V L—U%KE

D MR I3 Amylomyces rouxiii AR T R )OOV THA L — D &ia 5

ERMEICTERNRT MV T L —%KRE

9 BRI IS dmylomyces rouxiiicIMEAK VA L — D &5 5

R MR IMEAK I L — D &5
@R DFENFRICERZED D (P0. 05)

&5 IBERARRERMAKRT ST HA U —JRENRIVAS A ELEZEEHMAFOMBRKS (CRITTHE

RPSXV CPSX® STHRX
HBEAE () 7. 44+0. 42 7.1940. 26 7.57+0. 32
FTIIVT 2 > (g/d) 3. 89+0. 08 4.000. 19 3.95%0. 15
A& {E (mg/dl) 82.0+3.5 79.3+4.1 79.6+£7.9
7. # (ng/dD) 26.8+5.0 19.04+4.9 18.9+5.1
BUN (mg/d1) 7.5+1.5° 7.8+1.7° 13.0+1.9°

RERBEMA 2 ~ 4 EOESELFERETRLE (HES, 2004
D 2L A R IR B (Rhizopus oryzae) IRINAR T KOV T B A L —P &ia 5

D HEIRT RV THA LU E
abs B AR SR ERZD D (P0. 05)



HE & -BH #F—/-=8 &5 -5 FZ

%6 IBERRRERINART ST A L —SREDRIVAS A VB
EBEEFOHTFTERE SRR ERICRIZTHE
APSX "V CPSX? SR
(n=3) (0=T) (n=9)
HREE (kg) 768.5435. 3 752.3436.7 748. 0%42. 0
AR 1. 880. 35 2.0=0. 00 1. 8940. 60
RE L 2.13+0. 35 2.140. 38 2.000. 00
FAEE ke) 422.0424.0 421.6+24. 4 404. 7426. 1
a5 = A T R () 39.343.7 41.3+4.3 41.8+7.9
INT B (cm) 5.940.5 5.840.5 5.40.7
B FHEHEE (cm) 1.7%0.4 1.7+0.4 1.8+0.2
A A YEME 69. 6£0. 6 69.8+0. 6 69.7+1.4
BMS No. 2.140.4 2.3+0.8 2.3%0.5
Fa Wi AR S 2.1+0.4 2.1%0.4 2.3+0.5
BCS No. 3.840.5 4.1%0.5 3.8%0.4
A DYEIR 2.340.5 2.1%0.4 2.2+0.4
A D EIRER 2.3+0.5 2.1+0.4 2.2+0.4
WOREED 2.3%0.5 2.340.5 2.1+0.3
WDED 3.040.0 2.940.4 2.940.3
FEED - 2% 2.3+0.5 2.3+0.5 2.1%0.3
BFS No. 2.040.0 2.0%0.0 2.1%0.3
FeREDAIR &8 4.0%0.0 4,0%0.0 4.0%0.0
HE BS54k 4.0+0.0 4.0+0.0 4.0%0.0

HEEMIA=3, B=2, C=1 &L TCEH

(H® 5  2006b)

U HLEE A BRIRE Umylomyces rouxid) TRINR T R 7V T L—C 5K

2 AR T RV T A L — U5

HHEN, SHICAPSHEG TEOHMRENKREN =T &
1, PSHGICE > TZRINF—ECPOINT > AMkE
SNk &, ABRERRKERMNC K DPSOMLED
EEoHEEbNk EBERHTICBWTHLRE
EBEOERIEFICET 2B B2 FBEHEDME (B
MKERNASBELER, 2000) & Higd 3 ECPER
BEICBWTHREXMOPSHERLVZ (HE S,
2006b), PSHGGIC K HEBOHETLRTIIARL, T
INF—ECPONT VANKEINAEZZ EILEDD
D EERINE.

RAFDOT7A— ROy MABIZY v -1 EREIEY %
20% £ TREL THBMAEBEICEZENTR < (NELSON ef
al., 2000), BWEIC®ZEMNH S N7 (BusBooM et al.,
2000) EFESINTWS, —F, AASFOME ETEREBHC
Py A RS ETRERSG T3 ERRNEEDE
BERICBNTHREGLABRWEXIDET T 5 Rabunz
etal,2003) EENTHY, ABERKRERIPSOR
R E U TRERA5ES 20T 208N D S
D.

(FLEE A BCRIRERINME KR Y 1 L — P D]

RTFRININTHA L —DRKSEENEL (F]),
I EDOERHI TR T 52DIFETEY, £
CPEEBNDIBRNWEDHALIIEET S EMUNDEK T
MALRN, TRIF—fFE &L TRFATETIED S
N, FRERETICERTHINRENDD. T T
NSOEZEKREL, £/MZEL TrSOEBHFIH 2 1]
RE& 95728, PS, HIREEM, Xhh, 7TATEE
A U THBERRKRRE ZR/RM (AS) Lz IXEERM (CS)
TIKDKIS% DY A L — DB (FE 7). ASH
KUCSEHAL - RIEFHRIFITHRE U TRBR AR
MER. AS, CS& BEIBIELFHE, REFEENRIFT
Hol. BALF TIRASHSHICIALPOETICES
HEBEORD N L, ANEHEOETHEN - /- (F
8). WA TIZAS, CS, MR DIEIZHEEN L WE
MAIA SN (FE4), MEERICIZASHS OF BT
mol.

SHEEICIZR T RV T O/ B khh, 24—k
-2, BooYr, hiRFyUy, BFHAE
B ELL DRERIEMIEEINTNS (HE, 2005).
iz, ING#FD TIEEICIERIEDERA10077 -




RF RSN T 51 L — D OfFEEFIH

KT RTPWTYA U — 2D EABRERRIRERNEKRD Y1 L — P OEBES (%)

PPS" AS? cs®
L) 21. 4 48. 9 48.2
CP 5.4 18.8 18.5
FT 53.1 26. 1 28.9
BN 0.6 6.9 6. 1
K453 1.5 4.2 4.2
occ? 78.5 58.5 60. 1
OCwW* 19.8 37.3 35.6
gL, ERES (H&E 5, RRER)
VIR T RV T A L=
BV MR T RSN T YA L—D, 5TE, HREAhS, Kb EREAL THE
P AR A RRRIREE Umylomyces rouxii) TRIMEK 301 L—
O MR IEAR DA L—D
Y OCC ; MUfENAEY, OCW ; Kehlik
x£8 IABMAERRRERNMEXDY A L —CIRENIEILFOIAE - FECRIFTHE

St HEHA CSHI® ASHA® X A
(9/) (10A/) A1) 128)

L& (ke/H) 28.6+8.1° 27.3+6.5°"° 26.3£7.7°° 23.2+7.5°
FLABRHZE (%) 4.61x0.95 4.54+0. 96 5.08+1.02 4.95+1. 17
WERLEY (kg/H) 31.7£7.0° 29.8+6.7°° 32.0+6.7° 27.5+7.4°
HEDER (%) 3.55+0. 45° 3.54+0, 44# 3.84+0.51° 3.85+0, 52°
FLEER (%) 4. 54+0. 182 4. 48+0. 22°° 4,53+0. 15°° 4.44+0. 17°
SNF (%) 9.09+£0. 47° 9.03+0. 46 9.38+0.49° 9.27+0. 492"
MUN (mg/d1) 10.4£2. 5° 11.642.0° 11.642. 2a° 10. 9£2. 26°°
FigEHEERETR L (&5, RERX

VAR 4 B HIEAE
P ERIMEKRD YA L — DG

¥ B ECRIRE Umylomyces rouxii) TRIHEAR YA L —Phe 5

2D B SEXFRICEEZSD D (P. 05)

S ERBEMEINTWDS (BAH, 2005, EER
FEMIZHIICE < PEH SN D B ORERZE L THE
HEN5bDRERATHD, T o 2RBOHE &
L TERNCRIAT 5013 A EP REEEB &
VEDRBERS EZERBT DNEND . ZOHEHIE
EUTERARS DRIFEY & Bk ORIEYZRES L TR
RERIMEAKRS YA L —E L TRAWS Z L3, #RE
WS S EMEZBL THATTREE T2 2R Gk
EEZLND.

EBEEROENKEICRIEETARERRRER
MARF NV T oAV —P L RBZFRENSD
R REREARE S D E]

AR AERARRBERIR T MUV T YA L — D3
BRURASORE L TRIARRETS D, &5
DEIEY LIRS TR L 72 LB ERRRBERIIE K 2 Y

A L= ONTHEOHRE U TEMEZRL THH
THIENTES. ILIEEROFEEELTHAT
B BN T B 7D ALE A BSRIRERPS, BN,
TAR, BMEREERS - R LU TERER 2R/EL
(£9), ZICMHE (LWD) KICEL AR D30% S X
THE L EBRRX), BEefEosmE LXK GiiX)
E A RRED KOS, WEZEKRLUZ. BEK
BPHECRBR R EOMICERTASNT GR
10), B L =R A EFAENETROSE &L THEA
ThdEEZLNZ(AES, 2006a).

BT "NV T T 2T EERICH IS 2 E&n
5, BEDOEELEHBENEIND DT TN,
I EABERRRERITA L —Y LT 5 &Ik
D, BEHBNAREERD EELZ NS, TOFIAI,
FEAERHBAEL T TIRL, BEEROGERELTD
FERTHAD.



HE & -BH S8 -=% &5 -/, H =

&9 EHFRAZEHRBOARGHLIEERAHDES (%)

AR AR B & EREE ABREEL
LX) 82. 4 86. 2 85.1
CP 15. 6 18.1 17.4
FrT 25. 1 53.5 45.0
NSC 66. 4 65. 7 65. 9
RN 5.9 2.4 3.5
K5y 4.1 4.1 4.1

LS R ES

(HE 5, 2006a)

U 2L A R RIRE Umylomyces rouxid) TRIMAR T RV VA L—20, BN, HEREARBEZRES - IR

LU CRas
P RIS EE DA E RS

Y RBRER GERK) 13, ESfECHEEEE 7 ¢ 3OS TREKE

R0 FARERISESEROERNREICRITTHE

ABRX (n=7) K HRX (n=6)
PRAGRHAE (ke) 79.3%6.2 81.9+4.1
HITFRFAE (k) 109.8+9. 8 112.8+9.9
HiEkE (ke/H) 0. 7510. 16 0.74£0. 13
KANEE (kg) 70. 3£6. 7 71.4%8.0
- BIEWE (cm) 1.7£0.5 2.2£0.4
R 3.14%+1.1 2.83%x1. 17
a—ZHERE (o) 49.0k2.3 46. 7+4.7
MEED Ko (%) 72.6+0. 74 73.3£0. 73
HAER (%) 3.3%0.95 2.6%0.91

i LRERE TR L (H& 5, 2006a)

ViRE=5, k=4, #=3, Wi=2, HH=1L L TEMH "

2 121 B AR R A AR

ml.

t (53

AW, ERIEE (RHERiiRm g - ol
HIRFFE5E DHERE) B R UBEMKES (BHMKENT A
U IR O 7 M) OXBEZITTERL
FEABRD—HTHD, Z<OHERDOTHRYE, iz
BOELE. £/, LBESEFSEOZHEITEL,
HEEHFBLUOMASRBOERITLN S BILEL B
ESC

X ik

FTER 72 (2000) FkL & fBRF OE. KFIAEHDERE O
BRIAN R T w7, 36—31. YA LA TH+—
I L B

BusBooM J. R., NELsoN, N. L., JEREMIAH, L. E., DUCKETT,
S. K., CRONRATH, J. D., FALEN, L., and P. S. KUBER
(2000) Effects of graded levels of potato by-products in
barley- and corn-based beef feedlot diets:II.

Palatability. J. Anim. Sci.,78:1837-1844
wHIE 200D RF MV T. BEEY Y —F)b. 54
(9) : 44-45

HE & WLRHER - FEEA - REEL - B
BJI=5 - (AL RE - MAEATE (2004) FLEE A RRIR
WEFIALUYA L—2 O, A AERRIREIC
£ BEYIMTRIEYFI RN OBRTE. ERlSEE
roEmRmEE, 110-155

HE (2005 FEEERIEY OFEREEE S Z R
A OtiE). ERUHESZN. 81, B TRAHEMEY
DT (UFKRERHR. 83-84. BB AWIFTRT.
FLIR.

HeE &-KH & ZWE%5 - /NEHF(20062) 2Lk
A BCRIRE Umylomyces rouxit) TR T - 1)V 75
1=V EBRREENS O BREMBRSNEE
BROEREICRKITTHE, JtESHW, 48 1 59-63

HE & - miisifT - =@ - /NEE= (2006b)
B 4 BSRAREE (dmylomyces rouxid) IRINAR T 7L S
YAV ENRIVAY A D EEBBREEORNE




RF RN THA L= OREFI A

KRIE T8 LB, 48:65-70

WrEE (2003) U1 L—VREBAE. BEEAT—
R, 32-33. F—U 1 « J¥/)N k. EHE

=R - LR F - REZEE - |HPHEK - ITER
(2004) AL ERRREZFIA L 2T 1 L — P OFK
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BMKEREN2HEBRRE (20000 BAFAEEEANR
4 (20004EHR)  34-37. FRBER. HE

BEMKEEEEREENSERLR, W& -Z2Rfat
EHE BB ke 2004) FrED <5 ER

M #0885 F-RE - =@E&% - EE -
FREIEAN (2005) 2LEE 2 pRIRE (dmylomyces rouxii)
WINRT ROV T 51 L — DRrEHRIC BT D{L2ER
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Studies on monitoring to improve fertility in dairy cows
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A OWREE T DI L7z 5 T E BB O KRBT
VY, BEOMBIEBICZHROE TR ENHEE
o T35, ELITI9ELRE, SREROERENE
UL, BEAEREIIBVWTKSARENESLE2EBN
TWwa, L,L, ZOLSBREHEBEDOK T Z5&Ei#E
L TWAERIINT UDHMEICR> TB ST, A
BEHMEEFTBHLUIC WEHRICH B, —FT, B
FEEGE DB, AAO S LICFEEEERITINE
NOPIBNZ ERRERBERICR D TW5S EDOHERH
BB, Tiabb, FRAIEBORNEYRFEZEEENSRE
ERRERRNZHL, REMBEOHI 2B ZETH
BRENEE LD, MATEEITEDS BEREN
CRBEERETREOHMEZAL TS EINTN
3.

TIT, ARFETIE, 1) AFDOEBEIIHETIE
FIZDWTHTL, ThzbEic2) FAEHCRITS
BEREOEZ=YY 27, 1R5TNT3) FREOEREK
BWMT TS Y DT FRIIDNTHRENTSEED
7, 4) EREEREASED I ENTEOIRERAY
AT LDHEFEEDE Lk,

1. AFOREICHEEZRITTER
A ORI H B E T TEREMTYT 5201,

=¥ 20064E12H21H

BB THEIN TV S IERERRFOA 4058 (1058
OWEEZEED) KOWTRTF A>T 133> R
7 (BCS), WEMHEE, fEHERE, 25 icmik4Eqk
R & B & ORI R R ANz,

1) ZEREBICEEERIITER

SRR SRR 2 Z LSl WE R AT, 4
NS ZMETOAEEEL, ROBNENBEE
DEELEINTWS. 22T, ¥—¥%2bEIicZEhkH
BEFRHAEEE EOBBRICDOWTRITLE (F1).
ZERRHEE FEORE, HiEoxE, ABRST
ICHEMEEEREORTHE EOMBEE RS &, HRHE T3
D1 >R RS ERHEERTEED—D)
EOMICAD, ik, BEIELREEOMIIEORE

®1 AFICETEEMERSERATEE LOHEEH

xf & 5 =l HRRELRE (o) Y
IR EA A R -0.415 *
iz das il 0.475 **
EwEHCPERR ? ~0.326 NS

TDNF & 5 —0.479 **
WHAHICPT B —0.378 *
by l=E TDNF &R -0.414 *
WAL E 0.099 NS
3050 L& 0.304 NS
FEIHESE B 0.318 NS
wEFEE B 0.428 *
AEFE B K 0.595 sk

1) Spearman®EATAABALREL. *p<0.05, **p<0.01, *#+p<0.001
2) B AR HE (1999) b LB (FBHIER, 2004)



BN OB KEOEF A RE - ZREE

IRMBENRD bz, REBETIE, EHED (OH5HE£S3
B BROWHIHY (%4~ 8#) OTDNHKE
REEHRAKEOMICAEDOHBERRLNE., 51T,
FHERERE O TH TIIWIEBKE B 802 & & OMICERRIE
DRSS, LrLAaNs, ZHEEAE
EORICEBERMEARRD s Naho /. Lizdio
T, ZRAREDOBEZRTIE, 1) FEHOREIRE
2) PHmBOIRIF—FE, 3) FEFRB, O33R
MEEEEZ LN

2) BCSLAEHORETRE L DBERZR

SIGEETOBCS LELHLBI (5 1RG 3 M) DOTDNF
REEOBEFRER 1ITRUZ. BCSHS. Tl L D&
RFEGARMOTDNTE REN RN o /2. £, HE
B EH R T R E I OTONT B BN F &
IR o7z (89% vs. 104%, p<<0.05). —J, #H.%
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Improvement of the Voluntary Intake and
Digestibility of Rice Straw by Soaking in Cattle Urine
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Summary

Rice straw was soaked in fresh and condensed cattle urine, and the in sifu and in vivo digestibility
of the treated rice straw was compared with untreated rice straw by sheep. Soaking rice straw in cattle
urine resulted in increases in crude protein content and decreases in neutral detergent fiber, acid
detergent lignin, and hemicellulose content. The treatment improved in vivo and in situ digestibility
and voluntary dry matter intake of sheep. In situ digestibility of untreated and treated rice straw
incubated in the rumen of sheep fed urine treated rice straw was higher than those in the rumen of
sheep fed untreated rice straw. The treatment with condensed urine was more effective in changing
chemical composition, in situ and in vivo digestibility. These results indicate that the rumen
environment of sheep was enhanced in its degrading ability of rice straw by feeding of urine treated
rice straw, in addition to the chemical effect of the treatment on the digestibility of rice straw.
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INTRODUCTION

Rice straw is characterized by low voluntary intake, low
digestibility, and low protein content. Many attempts have
been made to improve the nutritive value of cereal straws
by mechanical, chemical, and biological processing
(KroprensTEIN 1978; Itom 1983; Orkamoro and ABE
1989; YamakawA et al. 1992). The traditional BECKMANN

method with sodium hydroxide solution has the
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disadvantages of high usage of water and alkali, loss of
nutrients into the water, and polluting water-courses
(Owen 1979). The industrial "dry method" has been
developed for overcoming these disadvantages but the "dry
method" is not suitable for on-farm processing. Ammonia
treatment of straw can improve nitrogen content in
addition to the effect of alkali treatment (Itom 1983).
However, ammonia treatment requires airtight coverage
and a longer period for treatment, and involves hazardous
chemicals. The treatment of straw with urea is a kind of
ammonia treatment because urease in the straw generates
ammonia from urea. SAADULLAH ef al. (1980) used sheep
urine as a urea source for ammonia treatment of rice straw,
and reported improved dry matter and crude fiber
digestibility after 20 days reaction period in a covered
stack.

This study attempted to improve the nutritive value of
rice straw by soaking in cattle urine overnight. The
objective of the study was to determine the effect of this
simple and time saving treatment with a natural urea

source on the nutritive value of rice straw.
MATERIALS AND METHODS

Rice straw was purchased from a local rice farmer in
Hokkaido. Cattle urine was collected directly with a bucket
from lactating dairy cows in the dairy barn of Rakuno
Gakuen University. A small amount of sulfuric acid was
added to the collected urine and then used in two ways;
fresh urine and condensed to half weight. The urine was
concentrated in shallow plates at 60°C in a draft.
Approximately 3 kg of rice straw was soaked in about 50
litters of the fresh (URS) or condensed urine (2URS) in a
large bucket for about 14 hours, drained, and dried at 60°C
for 24 hours. Untreated rice straw (RS), rice straw treated
with fresh urine and rice straw treated with 2 times
condensed urine were used in the experiments after cutting
to 3 to 5 cm length.

Digestion experiments were done in two ways; in situ
and in vivo trials. For in situ and in vivo digestion
experiments, three adult castrated male Suffolk sheep with
rumen fistula were used in a 3 X3 Latin square design. The
body weights of the sheep were between 46 and 52 kg
during the experiment. The sheep were kept in individual
metabolic cages and allocated to one of the three straw
diets, RS, URS, or 2URS, according to the experimental
design. The straw diets were cut to about 3 cm length and
offered ad libitum at 10:00 and 17:00 h daily. Each
experimental period lasted 15 days, 10 days for adaptation
and 9 days for collection. Feed intake was recorded every
day and samples of feed, leftover of feed, feces, and urine

were collected during the collection period. All samples
except urine were dried at 60°C and were ground through a
WILEY mill with a 1 mm screen for analysis. The animals
were treated in accordance with guidelines outlined by the
Rakuno Gakuen University Animal Care and Use
Committee. The committee approved this study.

For in situ experiments, all sheep had three nylon bags
with 10 g ground RS sample inserted into the ventral sac of
the rumen before feeding on the third day of the collection
period. The sheep fed URS or 2URS also had nylon bags
with ground URS or 2URS sample inserted into the rumen,
respectively. The nylon bag was 80X 150 mm and with 50
1 m pore size. These nylon bags were immersed into water
for 20 minutes before insertion into the rumen. The nylon
bags were removed from the rumen after 12, 24, and 48
hours incubation and rinsed in cold tap water until the
rinsing water was clear. After drying at 60°C, samples in
the in situ bag were prepared for chemical analysis.

The dry matter (DM), organic matter (OM), crude
protein (CP), and ether extracts (EE) were determined
according to AOAC (1990). Neutral detergent fiber (NDF),
acid detergent fiber (ADF), and acid detergent lignin
(ADL) were determined by the method of GOERING and
VaN Soest (1970). In accordance with the method of
Oxkamoto and Hirose (1972), hemicellulose (HCEL) and
cellulose (CEL) were determined as the difference between
NDF and ADF and between ADF and ADL, respectively.
Combustion energy was measured by an automated bomb
calorimeter (Shimadzu CA-3, Kyoto, Japan).

The data from the in situ and in vivo trials was subjected
to analysis of variance for 3X 3 Latin square. TUKEY's test
was used to identify differences (p<0. 05) between means
(STEEL and Torrie 1980).

RESULTS AND DISCUSSION

The chemical composition of untreated and urine treated
rice straw is presented in Table 1. The rice straw used in
the experiment was poor quality with very low CP and
high fiber contents. Soaking the rice straw in fresh cattle
urine increased CP and EE contents and decreased OM,
NDF, ADF, and ADL contents. The decrease of OM was
due to the increase of crude ash, and the decrease in fiber
fractions was mainly due to the decrease in the HCEL
fraction. The changes in chemical composition were
further enhanced by soaking rice straw in condensed cattle
urine. However, CEL content did not change significantly.
The pH of the urine samples in the university herd fed
similar TMR to the present herd ranged from 8. 14 to
8. 63. The urea nitrogen and ammonia nitrogen content of
dairy cattle urine was 530511559 mg/kg and 140. 8138. 0



Rice straw soaked in urine

Table | Chemical composition of rice straw, urine treated rice straw, and rice straw treated with condensed urine

(% in DM)

RS URS 2URS
Organic matter 84.9 80. 1 76. 7
Crude protein 4.3 7.2 10. 2
Ether extract 1.3 1.5 2.8
Neutral detergent fiber 71.1 62. 4 57. 7
Acid detergent fiber 50. 3 48. 8 47.7
Acid detergent lignin 7.0 4.7 4.2
Hemicellulose 20. 8 14. 0 10.0
Cellulose 43.2 44. 1 43.5
Combustion energy ( kJ/g DM ) 15.5 16.3 16. 3

RS: Untreated rice straw; URS: urine treated rice straw; 2URS: rice straw treated with 2 times condensed urine.

mg/kg, respectively (Okamoro et al 2001). It was
supposed that the rice straw absorbed urea and ammonia
nitrogen during the soaking treatment. The water intake of
sheep fed URS and 2URS increased from 3. 0 kg/day to
3. 5 and 4. 6 kg/day, respectively.

The NDF and ADL content decreased in the treated rice
straw, and resulted in a decrease in HCEL and lignin
content. These results were similar to the effect of alkali
treatment with chemicals such as sodium hydroxide and
ammonia. Hemicellulose and lignin together form the
encrusting material of the secondary wall thickening.
Alkali cleaves ester bonds, generally breaking lignin-
carbohydrate bonds
solubility in neutral detergent solution (VAN Sogst 1982).

and thereby causing increasing

Cattle urine might have a similar effect to alkali in

cleaving lignin-carbohydrate bonds.

Voluntary DM intake of sheep fed RS, URS, and 2URS
is shown in Table 2. Table 2 also illustrates in vivo
digestibility of chemical components. Voluntary DM
intake of RS was extremely low. The DM intake increased
by more than 50% after the urine and condensed urine
treatments. The sheep appeared to prefer URS and 2URS,
and the palatability of the treated straw was better than RS.

The digestibility of DM, OM, CP, and energy increased
significantly following fresh urine treatment, and the
digestibility of fiber fractions, such as ADF, HCEL, and
CEL, increased significantly following treatment with
condensed urine. The digestible energy content of RS,
URS, and 2URS was calculated to be 6.69, 9. 33, and
10. 58 kJ/g DM, respectively. Nitrogen retention per day
was improved from -2. 95 g to +0. 21 g for URS and to
+1. 99 g for 2URS (p<0. 01).

Table 2 Voluntary dry matter consumption and digestibility of rice straw, urine treated rice straw, and rice straw

treated with condensed urine (%)

RS URS 2URS SEM
Dry matter intake (g/day) 386. 3* 581. 9° 628. 3" 12. 6
Digestibility
Dry matter 31.1° 46. 3° 58. 6° 1. 64
Organic matter 31.8° 46. 5° 57.4° 1. 64
Crude protein 43.2° 57.3° 65. 6° 1.15
Ether extract 46. 8 60. 0 81.9 5. 97
Neutral detergent fiber 33. 2 39.5 48. 6 1. 84
Acid detergent fiber 24. 12 28.6°° 42. 4° 1.83
Hemicellulose 40. 1° 51.6° 64. 2° 1.44
Cellulose 28.2° 33.7°° 45, 1° 1. 93
Energy 42.9° 57.0° 65. 0° 0.58
Digestible energy (kJ/g) 6. 69° 9.33° 10. 58¢ 0. 08
Nitrogen retention (g/day) -2.95° 0.21° 1. 99¢ 0. 02

RS: Untreated rice straw; URS: urine treated rice straw; 2URS: rice straw treated with 2 times condensed urine.

2.%.¢ Yalues on the same row with different superscripts show significant differences (p<0. 05).

SEM: Standard error of the treatment mean.
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Table 3 In situ digestibility of rice straw, rice straw treated with urine, and rice straw treated with condensed urine
in the rumen of sheep fed rice straw, rice straw treated with urine, and rice straw treated with condensed

urine (%)
Incubation hour RS/RS* RS/URS RS/2URS SEM URS/URS  2URS/2URS SEM
Dry matter
12 13. 0* 15.5 19.3 1.55 29. 8¥ 30. 9 2.00
24 23. 7% 37.4°° 48. 1° 1. 99 90. 5% 64. 7° 0. 47
48 32.22* 42, 72" 53. 8" 1. 93 60. 9¥ 67. 6° 0.51
Hemicellulose
12 19. 0* 21.1 24.3 1.43 32. 07 35. 0% 0.33
24 28.02* 39. 42° 48. 3° 1.74 49. 37 61.1° 0. 47
48 35.12* 43. 9" 53.1° 1. 86 57. 4 63. 4* 0.10
Cellulose
12 10. 2% 12.6 16. 1 1. 52 22. 57 24. 3° 0. 80
24 20. 1> 32.9%° 42. 8° 2.47 42.2Y 59. 2* 0.76
48 28. 02 37.82° 48.0° 2.07 51. 4 57. 87 0. 11

RS: Untreated rice straw; URS: Urine treated rice straw; 2URS: Rice straw treated with 2 times condensed urine.

*The numerator is the substrate and the denominator indicates the rumen environment (e.g. RS/URS: RS incubated in the

rumen of sheep fed URS).
SEM: Standard error of the treatment mean.

*® :Values with different superscripts among RS/RS, RS/URS, and RS/2URS show significant differences (P<0. 05).
*¥:2: Values with different superscripts among RS/RS, URS/URS, and 2URS/2URS show significant differences (P<0. 05).

Table 3 shows in situ DM, HCEL, and CEL digestibility
of RS in the rumen of sheep fed RS, URS, or 2URS. The
table also illustrates in situ DM, HCEL, and CEL
digestibility of URS or 2URS in the rumen of sheep fed
URS and 2URS, respectively. The in situ digestibility of
RS tended to improve in the rumen of sheep fed URS and
improved significantly in the rumen of sheep fed 2URS
after 24-hour incubation. Most values of the in situ
digestibility of DM and the fiber fraction of URS and
2URS in the rumen of sheep fed URS and 2URS were
significantly higher than RS digestibility in the rumen of
sheep fed RS.

The urine treatment decreased NDF and ADL content,
and improved in situ and in vivo digestibility of the rice
straw. This fact indicated the breaking hemicellulose-
lignin bonds, and might lead to damage to the physical
incrustation of the cell wall and might reduce some other
factors limiting digestibility.

In the present study, in situ digestibility of RS was
determined in the rumen of sheep fed RS, URS, or 2URS.
This provided useful
environmental effect on degradability of rice straw. The

information of the rumen

results indicated that the rumen environment of sheep fed
urine treated rice straw had a greater ability to degrade rice
straw. The microorganisms in the rumen may be
encouraged to degrade rice straw by consuming treated
straw. The urine treatment should provide more nitrogen

and energy sources for microbial fermentation.

The total improvement of in situ digestibility of URS
and 2URS in the rumen of sheep fed the corresponding
treated straw consisted of an improvement in the rumen
environment and from the direct effect of the treatments.
The treatment effect might be estimated by subtracting the
rumen effect from the total improvement. The treatment
effect appeared in earlier stages of incubation than the
rumen effect. This suggested that the urine treatment had
an immediate effect on digestibility; however, the rumen
effect required some lag before sufficient activation
occurred.

Voluntary intake of rice straw by sheep was improved
remarkably by the soaking treatment in the cattle urine.
Oxkamoto and ABE (1990) and OkamMoTO and MiyAZAKI
(1990) indicated that ammonia and steam treatment of rice
straw improved voluntary intake not only by higher
digestibility but also by accelerating particle size reduction
and higher passage rate. The half-day urine treatment
might have a similar effect to the ammonia treatment on
chemical composition, digestibility and also voluntary
consumption. Soaking rice straw in liquid urine results in
quick absorption of urea and enhanced breaking lignin-
carbohydrate bonds in the cell wall matrix. The
combination enables shorter treatment period than the
treatment with ammonia or other ammonia releasing
compounds. The safety and time saving treatment with




Rice straw soaked in urine

cattle urine is expected to be practical for improving
nutritive value of rice straw.

In practice, collection of enough cattle urine without
contamination of feces may be difficult. Urea solution may
replace with cattle urine. Further research is required to
confirm the effect of urea solution on the nutritive value of
rice straw.

It was concluded that the soaking treatment of rice straw
in cattle urine overnight improved DM intake and
digestibility either through direct effects on chemical
composition and digestibility or increased ability of

degradation in the rumen.
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Abstract

Digital images of the rib eye area at the 6th and 7th ribs of Japanese Black steers were taken
using photographing equipment at meat processing plants in area A and area B. The ratio of marbling
area to rib eye area (FAR), overall coarseness of marbling, coarseness of the largest marbling particle
in the rib eye, ratio of minor and major axes of the rib eye, and complexity of the rib eye shape were
calculated by image analysis. The carcass traits considered were carcass weight, rib eye area, rib
thickness, subcutaneous fat thickness, BMS number, and BFS grade. The influence of the beef carcass
traits assigned by a grader and image analysis traits on the carcass unit price in each market was
investigated. The BMS number had the highest impact on the carcass unit price in the two models of
BMS numbers utilized for both markets, and the standardized partial regression coefficients (SPRC)
of the BMS number were 0.687~0.690 for area A and 0.625~0.654 for area B. The traits that had
the second-highest impact were the BFS grade in area A and the rib thickness in area B. The FAR had
the highest influence on the carcass unit price in the two FAR models utilized for both markets, and
the SPRC of the FAR was 0.644~0.681 for area A and 0.569~0.638 for area B. The traits that had
the second-highest impact were the rib eye area in area A and the overall coarseness or rib thickness in
area B.
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Table 1 Mean values and standard deviations for carcass and image analysis
traits of area A and area B market

Mean value (SD)

Area A (n=439)

Area B (n=367)

Carcass unit price(yen/kg)
Carcass weight(kg)

Rib eye area(cm’)

Rib thickness(cm)
Subcutaneous fat thickness(cm)
BMS No.

BCS Grade

BFS Grade

Fat area ratio(%)

Overall coarseness

Coarseness of maximum particle
Minor-major axis ratio
Complexity of rib eye shape

1849.2(231.9)* 2362.4(315.1)"

432.0(55.7)" 437.4(52.5)"
55.92(7.64)° 55.44(8.05)"
7.65(0.83)° 8.04(1.00)"
2.44(0.69)* 2.49(0.72)"
5.07(2.27)° 6.30(2.09)"
3.43(1.02)* 4.12(0.78)"
4.87(0.34)° 497(0.18)"
40.20(7.63)° 45.20(7.58)"
21.00(4.86)" 24.42(5.61)"
5.30(2.99)° 5.58(2.95)"
0.69(0.07)° 0.73(0.07)"°
1.03(0.02)° 1.05(0.03)"

a,b: Different letters mean significant difference(P<0.05)
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Table 2 Partial regression coefficient and standardized partial regression coefficient of each traits to carcass unit

price at area A and area B market for Model 1

Area A (n=439: R™=(.7793)

Area B (n=367: R’=0.7809)

. Partial regression Standardized partial Partial regression Standardized partial
Traits . . . . . ]
coefficient regression coefficient coefficient regression coefficient
Carcass weight(kg) -0.079 -0.019 -0.208 -0.035
Rib eye area(cm’) 0.951 0.031 0.902 0.023
Rib thickness(cm) 17.683 0.063 40.324* 0.129
Subcutaneous fat thickness(cm) -10.152 -0.030 -16.746 -0.038
BMS No. 70.134** 0.687 98.331%* 0.654
BFS Grade 63.121%* 0.092 98.746 0.056
Fat area ratio(%) - - - -
Overall coarseness 0.027 0.001 -4.580* -0.082
Coarseness of maximum particle - - - -
Minor-major axis ratio 131.294 0.041 447.813* 0.102
Complexity of rib eye shape -574.000 -0.042 -389.491 -0.032

* P<0.05, **P<0.01, —:Character which was not used for analysis
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Table 3 Partial regression coefficient and standardized partial regression coefficient of each traits to carcass unit

price at area A and area B market for Model 2

Area A (n=439: R’=0.7798)

Area B (n=367: R*=0.7786)

Partial regression

Standardized partial

Partial regression Standardized partial

Traits coefficient regression coefficient coefficient regression coefficient
Carcass weight(kg) -0.090 -0.022 -0.217 -0.036
Rib eye area(cm’) 0.861 0.028 0.798 0.020
Rib thickness(cm) 19.451 0.070 37.440 0.119
Subcutaneous fat thickness(cm) -11.231 -0.033 -16.456 -0.037
BMS No. 70.359** 0.690 94.084** 0.625
BFS Grade 62.240%* 0.091 102.909 0.058
Fat area ratio(%) - - - -
Overall coarseness - - - -
Coarseness of maximum particle -1.858 -0.024 -4.424 -0.041
Minor-major axis ratio 128.250 0.040 448.267 0.102
Complexity of rib eye shape -576.643 -0.043 -497.426 -0.041

* P<0.05, **P<0.01, —:Character which was not used for analysis
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DENAHIBOETIL 1, €5V 2 T0.687, 0.690T
HBHDITHL, BHIBEOET IV 1, 5L 2 TiZ0. 654,
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EZZoNz JREERA (1998) TEBEICBNT,
BRABMICEZ2ZEN 2ZBHICEVWEER, 50
B LHELTHY, AMREOHRE—HLE &5
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DTH5. HAEMER (P<0.05) BREEEL5XT

Table 4 Partial regression coefficient and standardized partial regression coefficient of each traits to carcass unit

price at area A and area B market for Model 3

Area A (n=439: R*=(0.7582)

Area B (n=367: R’=0.7574)

. Partial regression
Traits er

Standardized partial

Partjal regression Standardized partial

coefficient regression coefficient coefficient regression coefficient
Carcass weight(kg) 0.041 0.010 -0.169 -0.028
Rib eye area(cm’) 4.064** 0.134 4.692%* 0.120
Rib thickness(cm) 19.623 0.070 43.759*%* 0.140
Subcutaneous fat thickness(cm) -5.145 -0.015 -28.185 -0.064
BMS No. - - - -
BFS Grade 30.228 0.044 116.756 0.066
Fat area ratio(%) 20.683%* 0.681 26.533%* 0.638
Overall coarseness -4.175 -0.087 -9.625%* -0.171
Coarseness of maximum particle - - - -
Minor-major axis ratio 145.999 0.045 516.817** 0.118
Complexity of rib eye shape -689.722 -0.051 -706.683 -0.059

* P<0.05, **P<0.01, —:Character which was not used for analysis
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Table 5 Partial regression coefficient and standardized partial regression coefficient of each traits to carcass unit

price at area A and area B market for Model 4

Area A (n=439: R*=0.7569)

Area B (n=367: R>=0.7505)

. Partial regression Standardized partial Partial regression Standardized partial
Traits . . . . . .
coefficient regression coefficient coefficient regression coefficient
Carcass weight(kg) 0.046 0.011 -0.206 -0.034
Rib eye area(cm®) 3.676%* 0.121 4.376%* 0.112
Rib thickness(cm) 18.211 0.065 39.505 0.126
Subcutaneous fat thickness(cm) -8.436 -0.025 -26.384 -0.060
BMS No. - - - -
BFS Grade 29.389 0.043 122.131 0.069
Fat area ratio(%) 19.575%* 0.644 23.654** 0.569
Overall coarseness - - - -
Coarseness of maximum particle -4.508 -0.058 -10.202%* -0.095
Minor-major axis ratio 146.648 0.045 508.793%* 0.116
Complexity of rib eye shape -647.106 -0.048 ~-883.148 -0.074

* P<0.05, **P<0.01, —:Character which was not used for analysis
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Changes of the integument in Yeso sika deer with tannage
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Abstract

To obtain the basal observation for the utilization of Yeso sika deer skin as leather, we compared
chemical compositions, physicochemical properties and morphological changes of Yeso sika deer skin
with those of calf skin during tannage. It is cleared by the changes of chemical compositions and
scanning electron micrographs that the dermal collagen of Yeso sika deer skin is purified by the
normal beamhouse process. However, some care may be necessary to prevent the damage of grain in
Yeso sika deer skin on scudding. Since the Yeso sika deer skin have aquired the resistances to heating,
chemicals and proteases by the tanning with chrome or vegetable tannin, it is thought that Yeso sika
deer skin is a good material of leather as the calf skin. Different from calf skin, the collagen fibrillare
structure of Yeso sika deer skin had many inter fiber spaces and fibers were bundled loosely, then
these structural properties may bring the flexible leather which has high absorbance of water and
vegetable tannin. It is required that the practical examinations to make the good use of the properties
of Yeso sika deer skin.
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Fig.1 Changes of chemical compositions in Yeso sika deer and calf skin during tannage.

The weight percentages of water (D ), crude protein ( ), ash (.), ash lipid () and vegetable tannin

sika deer or calf are shown.

) in raw skin (s), delimed pelt (p), chrome leather (c.1) and vegetable tanned leather (v.t.]) of Yeso
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Fig.2 Changes of collagen extractability from Yeso sika deer and calf skin during tannage.
The weight percentages of extractable collagen by the treatment with 1 M HCI (HCI), 1 M NaOH

(NaOH), 9 M urea (urea), 5 M guanidine HC1 (Gdn HCI), 0
0.01% collagenase (col) or boiling water (b.w) from delimed pelt (3. ). chrome (E,
vegetable tanned leather (], [NJ) of Yeso sika deer (], . EY) or caif (I
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Changes of collagen fibrillar structure on dermal surface in Yeso sika deer and calf skin during tannage.
SEM views of raw skin (A,B), delimed pelt (C,D), chrome (E,G,LK) or vegetable tanned leather (F,H,J,L)
of Yeso sika deer(A,C,E,F,1,J) or calf (B,D,G,H,K,L) are shown. Scale Bar: 200 tm (A-H), 1 ¢tm (I-L,

inset of A-D).
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Fig. 4. Collagen fibrillar structure of dermal sagittal plane in Yeso sika deer and calf skin.
SEM views of Yeso sika vegetable tanned leather (A,C,E) and calf chrome leather (B,D,G) are shown. In
magnification of reticular layer in Yeso sika deer (C,E), collagen fibrillars bundles (E) are bundled very
loosely as the fiber bundles (C) contrary to that of calf (D).Scale bar:200 4 m (A, B), 104m (C D), 1 tm

(E, F).
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Microbial activity on liquid composting of dairy cattle manure
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Summary

Liquid composting was examined which uses liquid that is separated from dairy cattle manure. In
this case, the metabolic activity of microbes and the structure of bacterial community were
investigated. Aeration was performed using the four following methods: continuous aeration,
continuous-intermittent aeration (done 8 hours per day after continuous aeration), intermittent aeration
done 8 hours per day and intermittent aeration done 12 hours per day. In each of the aeration methods,
the metabolic activities of the microbes were not able to be recognized at a period from the onset to 12
hours. The increase in the metabolic activity of the microbes as a result of continuous aeration
occurred earlier than that of intermittent aeration. In all aeration methods, the highest value of
metabolic activity ranged from 25 to 30°C. In addition, a rapid increase in the temperature of the
liquid manure was recognized around indicating the highest value. The bacterial communities formed
immediately after aeration were similar in all the aeration methods. It was clarified that changes in the
structure of bacterial community were not observed in spite of differences in the temperature
transition.
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Fig. 1 The structure of aeration tank as experimental apparatus.
The arrows show the flow of the liquid manure.

a: foam breaker b: circulating pump c: blower

d: flow meter of air e: flow meter of liquid manure
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Fig.2 Changes in the biological oxygen demand of liquid manure.
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Fig.4 Changes in the metabolic activity of microbes and temperature of liquid manure.
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