. HOKKAIDO UNIVERSITY

Title 17/ 73xT7RENEY ) /A DRERERBE~NDIFAREICET 2HR
Author (s) WE, R®B
Degree Grantor biEEKE
Degree Name B (EF)
Dissertation Number Z,%83938%
Issue Date 1991-06-28
DOI https://doi.org/10.11501/3085857
Doc URL https://hdl. handle.net/2115/32781
Type doctoral thesis

File Information

3938. pdf

kaid
e U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




AR TATHENESY S YD
73y 2 A N e

™ W F S



T F T a3 FTHAEwRE Y Y T D
S S S E~OTEFA I B3 D ofse

s K == ==



B FEB-------mm---oooommmmmmmmmmssmmooossoesooooooooe—omooes 1
B2E VY/TAYVEHTIRERBEN A VRBOBE - —- 8
F£1E EEFRBUIRERELNV-AVRBORKH-—----—-—------ 8
R g

P SRR 10

e L 17

28 WE BRICBIIRERMEN - AVRBORE-------—- 21

2 R R 21

R 24

T B 29

£38 BE FRFLSUIN A VREBEORG-------—-—---- 33
BB X H K- mmmmmmmmmmmmmmmmeemm oo 33
e 36

T B 44

BIE Y IVAYVOERERF-——------ oo 47
B1E M-AVHEL RECBIBTRELTONRE-—o- 47

R R R el
- e 49

T R it 57

B2 w—xymﬁ7szﬁﬁtz;@¢%% --------------------- 61
o I R b i 61

R 63

T Z 71

H3E HAEOWLEAERLESMACRIEYTBE - 74



- e e 75
B BE oo mmmmmmmmmmmmmm oo oeeee 78

BB HAESEHCAEERAMACSIEIRE---oos -- 81
R 81

Bl o e 82

B~ mm - mmmmmmm o mm oo 87

R L 91
e 98
= 101



2 1 58 & 8

ESHWOALLzOREEBZHER
HEE, WRELCERTZHARASRZOELESEBE V., ZOREOEHR
. MEWEBECACRAETIMASE BE #F. RESIUCHESZAL.
EGEBEBUILNTEIACH 5. CORZARETRZSLOEDR. #
EDEMRIL LBV EOMMEAREERS X LEBEEMNARREDTS
%3, EERBWOBLER. ARBEDCEDRELELIAGHEOLDORER
CEOBTE- AN, BFOISREILOBEAREMENBELIT 3CREL
EHEELE, $2bbHARAOS LR PERAENRLE» 5 HERSSHE
FiE (WOS00FEA) IKIRLED 9, EANKCRAT ZEDOBE L BRER
ERACHB LA HHOMILEE L RENB2EREIEAOILIEE > 1
SHETCREERSNEAHABRAEON. REDDREOKLSL. 2REME
BRI EDIHALEDTE . FEEENAREIPSGLTHROBYWOLTIE
BWEFE PHEAOHEENFEL 0, REBDOSLEEIHRFEIIBZ -
BN, MOEABAE (RBREE) LRENKERIORBALERELEE
O REMELTONELEBLALC 355, CORBBRLARRERRE
DRBAERABR TV EHERBEOLOD WSO OHEAKE BT (HBL
PUToOoX2E® %, _
1. SBOAR Y —EREWEDTE 3,
2. REBILA R38N0 ENARERED L SARAEAL. HHR
FOEBHBME - IANTEER 5. |
3. MEMORE - BEOBFEIOELRROBTLHIB N5, #
BUEAREWEBFREORRBEL LTHASILS 5.
4. BRERASOBES IV REDEEERONBAIKBRNER L 2 3.
5. BEBINARREVWCIEPOREDENIDERL ). REXRHERD
BYXREER IDKEPOEBRCEURBEEED S 5,
6. TEAOREDBOEENER L2 5.
CORBRGHMEAZEBLIESHWIZTLF Wiz E Opopulation size2 AL T
ELOLrEEEIND, RELIREARBHWORENZSOLLTY Y, BYY,



YX¥ENRBFOoNL, WOOMBRE -5 (W—2Y) BIUB= =8 (5H
ML —2 Y EDIRBPIAEN) o2, A—2X Y AEWhICIZHI0E:
BEEMEMNL0 /0l IN2BELAShBREBY (SO bV 7) #1059/
RlEEL. XBRAROHESE 24D E—KREBRFBREAT WS, CORR
BASEAEOBREPEERZ. BRELESAES L2 VA MEAEESRL
5O bR Tnd. COEBRIZ. EANCRSIHEOHOAOKELHEES
RLUTHSBW—F., HIEFEELERBEW 2 ZOROENHMAT IHTR
L. REOHEEOHENBEINI L WISk 32 HEMENSEP OHBICE
TERELOT, REFWOARCH LU THEXNARBREEYZRF L 590
~BEUTLHRBILNTE 5o

N—RVBRBHAOBE L HAEOBRE

COEILHBREYATAO—BLEBZEEN— XY ORBBR & ABHIH
ML, ABORES LU HNEERA L AD > ARBEBRZ R D HEN GO
LABREMELT. BERASRANZINTETWS, HRANOLER
BOBEM SDPEERS AL O TAETRBEEON L2 W LI REY
BORERNEPBRE, LALZhABROWTRSIL— X Y REWIEROMEN
BEHBARAL RV, BEREVEENCZOHPEENZED, WOPOF
ENERIRTEL. ThEOEBARENEOEATSHD. TOWBEAHIE
BREDECRBERALAZ LS LT HFHTHAAT 5. CORZHBRELOL
TRITIRWLS2POBHR 2213 THMMERTW B,

EEWBER L HBOFERERUTRRTAMICENTES, T42b5. 1)
AYVERNE. 70 VBELERE. DYUNIEBE. RTFF. FIJB
OARWH. OREWREETFEOHR. Th3. KBXFOX Y VEERTR
NE—RENBHBLETAFAERTSHN. FPHLTHMNSBERT BRIAN
¥—DTUBENFBWRTICHBEINS 19, LEN-TCOEREMAB L
BEANMEGO ERIcoBM 3, NuF v tamizry v EEBERERT A
YVERHEERAORRNLZDIDOTH 2, TOIHOVLHD7I7u—-F Vi in
VitroTOA Y VEREN%SWHT 22 ABCH. 0L EHL 0, AN
BTTELIH A EL P LA B IR FERT I L WIS L RRBEBOBLEEE



K3 5., CORCChBEBORALCRAEBEENS 2, TUUT VB
LAY TERERIEREREEGEE (VFA) O3B AFY AT RXNF—
PERHEND L HEL 7. LALHERWE TSI P SEERATO
s BREHCEET 5. CRHOANT UL YBRERBIREENHY SIS
MHTH B EREBETIEWELT 7RV Y 2250 JuNTEIY
42Uy SOBBENERZVY Y OEFASRTREN. WIRBHEBHT,
EEEHAOEIRDEARFEOVWTHESNTEL TV 3, BRFOYYNRY
Bl —AYVTHABENBRBKRT VEST LB HM. BREWAORLRKHAS
Aol vECTREEZ LB LTREES S CRFAHEE NS, LEN
S TBHOSEIELEWE S AGSNAAPEORN LR T B ERE 5.
MMﬂkadMNMW‘“ﬁ&é&m$%§E$5%75/&5@@@&%%
N LESYVORTS / MHBENBEWCLEERHLTWEN., TOMOMHE
%ﬁhtﬂwﬁﬁ‘“%%@:@Ewﬁﬁﬁﬁtkgmvnmfﬁzabhth
5. TRBOLEHEIEEFELESUNEMONBLEDEREESIDOT
Bphe 2150 ABERHOKBAESS D, V- AVHEPREEFLLUTRIA
7y vEALYIVENAEShTWAE, ChEORMBEOHMEBTE LT 525
WFR Bin VitreDERTHD LABHRB-ELTWEL '
UEEBLEWThOHBELS 5 —ETRELWHREETZ B, ITK
BREES AR ESDE S OBANBo AN TE, TRHEDT L@~
CARBEZROHEIR ST HENEEARLTWS P2 A6, RETH
MEOHETAEEII LT WS, $255LEMEN EBORRBEAEELTY
ELLTHEEEE~OEALELETAHO0TRA VW, ETARFEATORRED
EELARHTAILEN DS, SORABREOLEENREL LT PRASH
Z2L050T. HALEWEDEHORAHORELR LIEERLRSBD 220,

V=X URBHAWREXIVYVOES

FRLEESI BN — X VEEOHBARINS LT IRE BT 2ANERFTE
ibﬁ%ﬁﬂﬁéhtb\%Eéhthbiéo%iﬁ\%ﬁfﬁ%@?@%%
EEDOABZHELVWOIEREOLE, HERFEERILVIRWHARZVWY
K&%?é#khﬁﬁﬁﬁ%ﬂ@&@@%ﬁﬁk?héoZ@ﬁ&ﬁﬁ??ﬁ%



LEONMAF /)  727HEDBEERX Y Y (MN) TH %, £F /727 iEEA
BEEALEBAT VOEE SRR T AL O RENEORKTH S, €
NBRBEEOEEA AV EEL— 20D, EGEEOFVERCHET 3
HGrnd 0.4 A/ TETRERENOET AHEME LS ARILED
LHED. WIFRBAFVEBREB T ARAL LTES - A EESEEVIET
REAFAEATNS 12435, —%. EEEZERUIOERHRAFTHDOAT
N BORFRTHEMETS 5o ko TABITREICILDEEVEN AT/
T2 T7BAF 7737 HEDEAR2ETDIOLT S, MNRLIEROREEHSLrep-
tomyces cinamonensis 5)&3‘5:}1")1—?}1«%42}‘/717‘& a7V IVTLE
M EWEERESES SO LS BEARBNWE UTECERLE. RS
B RETALANERENERICHBEIAS 1104195 1D 2 pihpD,
EORAMBLUAN X ARAHT sHENSARCEELA, MNEZEL—
AVEBWTRYOEE VBEEAGOEWRBRANENR 2020 15050
es.az.ie.ies 112,028,028, 1200 Xy L EARMNED T 120120 180 1e8)
X 5icip vitroCMNB L — 2 Y REWORT =/ RISEMHT 5 2 L ARBEE
RTWw3 132148, ZhbOERBEBLEN—2YHRBOHBROELA
FABETILOTHED. ANHEODNOSREE> P DET WS, DD
BN —2AURBEBHEHOEZRZ. MNREIBZN—XAVHEVEOEEIAD LIS
HETHBD. FHbBMNIZin vitroTHES LURRELHOER L HET 3
k. TUCAVEYANIR (TUCF VBRONEWE) EAE R HERA
ERELW 22, $EHER. BELKEELROTOMY T OB IURR ¥
B AEAELTSHEE O OEEENR B, — K. BAHCHUTREERO
Bli HIWHAEMRTREShE, BRXAAMN QK 50-602 F H hA~RR
Shan. EONCKBZBREEY. BEEFEALTHLE~RD. BREASD
DB ELIERENICEERASREAS 2102, TOLDREHEBAOR
BAREFEAERW 45,
MNEowTHEANSEROEBNL -2 Vs, BROSMENETES
RLBUEARBREOEL LY EORSINEEL TS LREBLORNE
Z23TH5%. LML, Chalupa O AEHLTWA & Dk, MNRLZEMIZL
F—HADEOUBE. AV VEIUTULT VROBEENHHEL 2L — 2




VTOIANF—REOABOATHMTZICRAETE S, 2FD. 20RO
HuGEEAMETSSOLE 25N, EEERCHR CKETIGE - ECT
9778) LERSERNZFABFRHEOZDORBIAEESA TV 5, TOB
BET. MNEA-AYTONBAERL TRELECHAESRIARY Y NVE
DHEEHMOFoE 0190 MNOBETA VA YRENEESE Vo, M
NBRERMgRPOAPTORRELMMEES "D LBk, HES
OBRRICRTTEEROWTREEINIFTEL TWw 3B A, Bergen and Bates 2’1
73 BMOBRRASERCEORCEET 300 THRIEMNZBRIRE RET 525
Na 't ORBERL IS0 ERNEMESR B LHRBELT W 5. —F. B
CRABEBIAEIATI—XPT I BMOBREMNBEASEELEVLEND
GE 050, REAOEARETIHE—MBRRTTVEW, TOMBOEK
WBHRELT. ABT Y F—y R 450 s DHEE ' OFH - AREANE
EERTWE. CRBEWTRG, RECHET 3L AbMIHEAEORNY
EEMABEAICESSHDOLERSRTNG s3084 1130, |

YY)V VHARORLER

MNOBIENEELDDH3—HFHT. MNUANDAF /) 727 Th—X U RE
EMNrEAREEBHTILONRSSRRINE, ¥Y /YA Y Y (SL). F
HEyF(LD). Fhu+vy (TR). ¥5v Y. F4YzUy . 795
VY URENRBEEON—AVREBHADBLELULIRIV—=UT %250 2%
13 SLBEICLDIEWLSHDPOETERHIRE>TWS, SLIZLERREHR
Streptomyces albusHET 3 HAETER I AEMNEAULRYVZ-FTILRAF
J737TH5 2, BEEBEAFT VOB NMELBEWTIMNSLDERPER
). SLEBEK tOBRMEARNBWIENbRoTWS 1, SLAEHE
FCRETILHERRMAS TV, FAREDN AL OV, ARARBERD
T3 POV OTHENICANERENUBEAS T M- Y ORENE
25.100) Y F ASARL '1-07-76.78.87.100. 114,137, 1400 2 Y EEL 138 140)
RHUTHMNEEo E<ACHAARZ23E5F &5 TH%. SLLUPR
BORIIV YYD ARMELTEEERABAZhE, REFERBVTLERD
HREHEAES A, SLESREICHBINRET VR FORERPEEE™ .




(& 3

MNOETREBRLELSI. SLYABRTYR—Y R O DHEE 5451
ENTH%B. {1/ 737055SLTHDTHEBIREFEALELT, V=R Y
REYT Ty v BBOME 53, YT 7y v ONBEBLTHOMN
SiE -BABEOERWE TS Y RF—NAVRAD PP ELLZDOT. SLEZ
NEDOFHALLTESP LR W, £4in VitroD ERFRIZB WIS LIER
TON - ADPBREDTHERFERELED D ZEHFRIATV 5,
SLIZISSERLBELHANEMYLE L TMN L L IREEE XD BETETI
REDHFEHOAEREEZORBTARRERLO25 5. COXIZRAKD
prb5Y. KETHBLNEEMNEHERLESMN KRS LORRRILS
BRATWS, LDDUBARBIBWTIX1 -5 X HOBREH 27711005,
AET. EDE>EMBANYAS5WEThHU OB, 52 3 bHEOH
R R OEEHATEALVWIRERZ Ve £ T ORERH T Z2BENS 50
~%. REDFETOSLOMARE 7 ABUZOBEFRREZ AT BN
ERERORBAEETEL. TALUAOHBECEREATEZWAL VO RE
bH B, KB VRTFFION—AVBEOREZENUES ITRBEECZNZM
EhoLbr. BEORBEOETREC LHLBRNACRET VS LERALT
W3, SLOBRERECN— A VBE~OBENPFEBS0TH M5, Al
2BoTOEAERHOEARASRHICETZILERS. LELENS., SBF
ADSLESHRBRERTEEMNIEL, HOAF /T2 TROVWTHTHLD
T18 HBEFTH %
XBRRUTEELREAZVWEEONEB» BT SMY. SLEHTEN—
AVRAEMELRERELZ LV EESREORBIMNOBELEE-RT 5 &
5CH 5%, MNTHORZZOMOEREIEE. AREN—X VAT I JBRH
BOWE 2 O KRBT S EERTOATOEN. 51, BERRERRT
BRI ARMALE 5 THRHELEZONIHRFORHRI T WA > T
$oAEONTORBTH 3. SLEEHLHAT IR, 3T ZORARE
ABERIZLAET. Thots 32 2BANEERERETS 5.
SL%A#I2t®. MN, LDZESF /) 737D —-RLAEERAELT. V—2AVA
A VELOBMPE ONBITLRTTIEERE, A Y YRER HIKEE
e SCREAREHF AL LTRBEA, TORENMEORENRUE TS,




EENLDAY VRHERAMBRREBOWI% L REMEbA 2 202 THES
EEHETBWIRLTH, RIRSLOBETN—AYTORXY HER%40-63% K
BT IATES O LTRIE. TOBSRAE V. CORZREMML LTS,
A VERBENVEBCShIER2 N — A VRBRROLLOTTEET 3
TEREEEV.

AFRIE. SLORBEERE~OEARF2HEHEL. TORAKLRTZCL
ZHBMEL., FENOEAMA2AUENLARBRbCIREREBRELBLT.

 SLBSENTIV-XVARL REBAXOREBICETLS LEXRELO
 BEAEWLESETBELDTH 5.



(s 3}

o= o o Y Y e Skt B FEES
B 2 L — 2 > FE EE OO S

B1E PELCBUIREREELNV-AVREBORER

BARBYBARANRY A VEAERBFORER. KETOI 41— Foy MES
FHEAEEHEFEY (07BN E) ONBRTS 5. X6k, BROZEES
XERALTWAHBEORENEELORTIRE > TIR16-367 A O MMA B
T35, LPALEBWEREAMBNEZ T4 — L EFLVRIVTOSLEBEHBRDIFLALY
TRDINPL -5 AREORSHUABYTEST 178110 5 $ BN
LOTHOVETHS V. o TLROEIREWHMBIChAY SLAZER
5T B AP RN TH AN O WIORHIEERTIIEEL o T &,

AETE, LRLEADHNEORENLEEGRCHLATARBREELT, S
LES RS IRELOREREAPICN A VEBORG L., 2OBBNED
Z2H &M T B,

= B I Rk O IFE

HE 1

ANRY A BERBEEE (W7 HHM. THHE205ke) 27T HF oD AR
AP, Ty ERECIOrAMBHALE, SAHAWHEESRNE (C). SL20
ppa X (S L20). H30ppaEME (S L30) BLUMNItppaiEME (MN
30) L. BESANECHREBOAFI /73728 NMLAEDOL2EEHERXE A,
COBOEAF /727 ORMBRER TR DA EOEEM (S L T20ppa. MN
T30ppn) KB L BL DI, SLikowTREEMOL5EE (30ppn) OK HE
. BRANORASEREE 1R LE, RBEBHID 6 VEEECRES
AREAHANEERAKXEBIUTIRACE23: 1: ITHRALELOE. HERER
“TH (WX AHE) $TRIAVOPDDKERATAOAACLETHRALE
LOEZFHRALE, HANELTAFU 521 H1ESAD1L.4-1. kel 5B
Bk,



Table 1. Chemical composition of concentrates used in experiment 1.

Feed Moisture Crude Crude NFE Crude Crude
‘protein fat fiber ash
(%)
Formula feed 12.3 12.4 3.8 62.8 3.2 5.5
Rolled barley 14.8 11.3 1.7  66.4 3.7 2.1
Wheat bran 2 11.9 17.5 5.1 53.2 7.7 4.6
Rolled milo ® 12.9 9.4 3.1 70.8 2.1 1.7

a: Used for the first 192 days.
b: Used from 193 to 292 days,

Table 2. Chemical composition(%) of concentrate and daily feed supply{kg/head)
for Japanese Black heifers in experiment 2. ‘

Formula Formula . Wheat Bran Crushed (Total)
feed A2 feed BP bran film barley

Moisture 11.2 9.9 11.9 9.3 14.8

Crude protein 15.3 11.4 17.5 15.4 11.3

Crude fat 3.4 3.1 5.1 4.5 6.7

NFE 59.8 65.6 53.2 37.5 66.4

Crude fiber 4.6 5.0 7.7 28.0 3.7

Crude ash 5.7 5.0 4.6 5.3 2.1

Periods#

1- 29 2.80 0.70 1.20 0.28 0 4.98
30- 61 3.20 0.85 1.20 0.20 0 5.45
62- 91 3.20 0.85 1.20 0.20 0 5.45
92-114 4,00 0.50 1.20 0.30 0 6.00

115-148 4.00 0.50 1.20 0.30 0 6.00
149-180 3.00 1.00 1.00 0.50 1.00 6.50
181-217 3.00 1.00 1.00 0.50 1.00 6.50
218-245 2.50 1.00 1.00 0.50 1.50 6.50
246-2717 2.50 1.00 1.00 0.50 1.50 6.50
278-307 2.00 1.00 1.00 0.50 2.00 6.50
308-337 2.00 1.00 1.00 0.50 2.00 6.50

‘w

a: Grain 59.0%(corn, milo and wheat), oil meal 16.0%(soybean meal and coco-
nut meal), bran 11.0%{wheat bran and rice bran) and the rest 14.0%(alfalfa
meal, molasses, calcium carbonate, sodium chloride and calcium phosphate).
b: Grain 75.0%(corn, milo, wheat and rye), oil meal 10.0%(rapeseed meal and
safflower meal), bran 7.0%(corn gluten feeds and rice bran) and the rest
9.0%{peanut meal, calcium carbonate, sodium chloride and molasses).

4: Stated by days after starting experiment.
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Table 3.

Effects of salinomycin and monensin on body weight,

daily gain, concentrate intaké and feed conversion ratio

of Holstein steers in experiment 1 (Meantstandard error).

Days or periods#

Treatment ##%

Control SL.20 SL30 MN30
Body weight (kg)
0 267.3+18.9 266.1+24.3 265.7+18.5 262.1%19.5
61 387.0£19.5 387.1+14.4 382.0+18.3 386.9+ 5.3
119 469.6+21.6 465.9+22.2  462.0:28.7 462.6% 9.8
187 536.6+£15.2 538.3%22.0 537.5+44.8 542.4+ 8.1
244 595.6+23.2 588.7+25.2 589.5457.2 595.1#19.3
292 .640.7¢ 6.1 635.9+29.3 637.7+59.7 637.3+19.2
Daily gain (kg/head/d)
0- 61 1.97+0.38 1.98+0.49 1.91+0.11 2.0120.33
61-119 1.42+0.13 1.3610.28 1.3810.26 1.3120.22
119-187 0.990.12 1.06+0.09%*2 1,112+0.34> 1,17£0.062b
187-244 1.0410.41 0.880.19 0.91+0.27 0.92+£0.27
244-292 0.78+0.23 0.980.17 1.0140.20 0.88+0.16
0-292 1.2740.06 1.2740.15 1.2720.16 1.28+0.09
Concentrate intake (kg/head/d) .
0- 61 9.06(100)##% 8.81( 97) 8.77( 97) 8;90( 98)
61-119 10.15(100) 9.21( 91) 10.29(101) 9.21( 91)
119-187 8.91(100) 8.74( 98) 8.92(100) 8.74( 98)
187-244 9.61(100) 8.62( 90) 9.36( 97) 8.42( 88)
244-292 9.72(100) 8.57( 88) 9.17( 9%4) 8.57( 88)
0-292 9.45(100) 8.80( 93)* 9.27( 98) 8.78( 93)*
Feed Conversion ratio (concentrate intake/gain) )
0- 61 4,60(100) 4.45( 97) 4.59(100) 4,36( 95)
61-119 7.14(100) 6.77( 95) 7.46(104) 7.03( 98)
119-187 9.00(100) 8.25( 92) 8.05( 89) 7.47( 83)
187-244 9.24(100) 9,80(106) 10.29(111) 9.15( 929)
244-292 12.46(100) 8.74( 70) 9.08( 73) 9.73( 78)
0-292 6.93( 93) 7.30( 98) 6.86( 92)

7.44(100)

¥,%k: In each row differences from control are significant at 5 and

1 % level.

nificantly at 5 % level.

experiment or periods stated by the days.
antibiotic(Control), 20 or 30ppm salinomycin(SL20 or SL30) and 30ppm
monensin(MN30) were used. ###: Values in parenthesis are relative

values when the corresponding controls are 100,

-11-

a,b: Values followed by different letters differ sig-
#: Expressed as days after starting

##: Diets with no
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Effects of salinomycin and monensin on rumial pH, total volatile
fatty acids and their composition and acetate/propionate ratio
of Holstein steers in experiment 1 (Meanistandard error).

Table 4.

Days for# pH Total VFA Acetic Propionic Butyric n-Valeic i-Valeic A/P ratio

. sampling (mM/d1) (%)
0
 Control## 6.12 22.9 55.2 35.2 7.1 Tr. 1.58
SL20%¢ 5.85 23.3 57.12  34,7ab 6.8 Tr. 1.67
SL30%% 6.20 22.1 54.8> 35,82 7.0 Tr. 1.55
MN30%2 6.18 24.7 58.2*a 33.4 6.7 Tr. 1.77
61 .
Control  6.11 22.1 50.3 41.2 6.4 Tr. 1.27
SL20 6.162 21.3 49.12  45.8*** 4.1 Tr. 1.08**
SL30 6.73*b  16.2 50.92b 44, 7** 3.6 Tr. 1.14
MN30 6.44ad 19,3 51.5®  44.1** 4.0 Tr. 1.17
- 119
Control 5.91 23.9 46.0 42.4 9.2 Tr. 1.09
" SL20 6.13 19.2*ab  49,1*a 44.9* 4.4 Tr. 1.102
SL30 6.38* 17.7*%*a 47,26 46.0** 5.6 Tr. 1.032®
MN30 6.11 22.4b 46,0ab 46.6*** 5,7 Tr. 0.99**b
187 ‘
Control 7.01 9.3 55.6 35.8 6.1 1.1 1.60
SL20 6.61**a 16.6***a 47.4** 45,1***a 5,5 0.4 1.05%*a
SL30 6.13%**b 21,3***b  48,4*  44,1%*ab 5.8 0.2 1.10%ab
" MN30 6.66**a 15.0%**2  50.6 42.0%*> 5,2 0.6 1.21*b
244 ,
Control 6.31 25.3 52.2 39.0 5.3 0.9 1.35
SL20 6.81**  16.4*** 51.02 42.42 3.7 0.8 1.222
SL30 6.83**  13.7*** 50.12 42,92 3.9 0.8 1.182
MN30 6.69* 17.9%* 55.5%*b 38,1 3.7 1.2 1.46P
292
Control 6.98 7.6 58.5 29.1 6.2 2.0 2.02
SL20 6.55*a  11,3* 49.6*%a 42,9%**a 4.2 0.6%= 1.19%**a
SL30 6.692b  11.5* 50.6%*a 44.0***a 3.5 0.7*a 1.14%**a
MN30 6.74P 9.2 55.5°  36.6**b 4.4 1.4b 1.55%P

¥,%% *%%: In each column differences from control are significant at 5, 1 and 0.1%

level.

#,4%%: Refer to Table 3.
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Table 5. Effects of salinomycin and monensin on ruminal ammonia
nitrogen concentration and protozoa number of Holstein

steers in experiment 1 (Meantstandard error).

Days for# Treatment ##
sampling Control SL20 SL30 MN30
Ammonia N (mg/dl) _
0 12.31£2.10 17.70£3.14 17.62+1.78 14.64+1.73
61 4,59+£1.73 3.33+0.44 4.39:0.96 3.36x0.42
119 4,23+1.05 5.49+1.23 5.49+1.03 3.90+0.74
187 6.72+1.58 3.23:0.50* 3.01+¢0.75* 3.33+0.61*
244 1.71+£0.33 4,74£0.81**ab 4 ,53:0.40**2  2,82+0.36*b
292 8.27+0.41 2.7620.75***  2.0820.77***  3,38%0.63%**
} Protozoa number (x103/ml)
0 1.21+ 0.47 1.00+ 0.66 1.10+ 0.24 2.08+ 1.02
61 0.29+ 0.15 2.79+ 1.36 8.67+ 6.75 5.47+ 2,37
118 6.07+ 2.48 15.57+ 8.95 6.25¢ 2.21 41,29+ 26.92
187 21.07+11.07 15.07+ 6.22 26.17£15.90 19.93x 5.60
244 39.50+17.09  61.43+43.29 41,73+22.76 276.21+110.61
292 56.75+25.46 36.14+21,182  85.83+26.812ab 247,71+ 81.16*P
*,%%,%x%x: In each row differences from control are significant at 5, 1

and 0.1% level. a,b: In each row values followed by different letters
differ significantly at 5% level. #: Days after starting experiment.
£4: Refer to Table 3.

" Table 6 Effect of salinomycin on body weight, daily gain and feed conversion
ratio of Japanese Black heifers in experiméent 2(Meanitstandard error).

Days(periods)# Body weight(kg) Daily gain(kg/d) Feed conversion
ratio
Control2a SLa Control SL Control SL

0 276.5+3.5 284.3#5.1
29 ( 0- 29). 290.6:4.7 297.5%6.2 0.49+0.09 0.46+0.09 10.27 10.94
61 ( 29- 61) 314.3+4.3 331.3%6.4% 0.72:0.01 1.02+0.06 6.98 5.33
91 ( 61- 91) 335.4+5.0 349.3%7.0 0.70+0.05 0.60+0.06 7.81 9.12
114 ( 91-114) 345.415.2 368.1+7.9* 0.43:0.07 0.82+0.05*** 13.99 7.31
148 (114-148) 371.1+5.5 400.6+8.5* 0.76+0.08 0.96+0.05* 7.93 6.27
180 (148-180) 386.3+7.9 421.48.6** 0.47+0.13 0.65:0.06 13.74 10.02
217 (180-217) 416.9+8.8 456.4+8.9** 0.83+0.09 0.94+0.06 7.85 6.89
245 (217-245) 432.8+9.5 470.818.6* 0.57+0.06 0.4520.05*** 11.46 9.73
277 (245-277) 451.1+10.9 485.3+9.5* 0.57+0.09 0.51+£0.08*** 11.32 14.35
307 (277-307) '470.0%10.1 502.8+9.3* 0.63+0.13 0.5420.05*** 10.33 11.99
337 (307-337) 487.149.9 519.5+8.3* 0.55+0.07 0.54x0.05 11.78 12.04
( 0-337) 0.63+£0.02 0.71+£0.02* 9.76 8.65

a: Diet with O0(Control) or 20ppm salinomycin(SL) was offered.

*,%*% *x%:Djifferences from control are significant at 5, 1 and 0.1% level.

%#: Refer to Table 3.
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‘Table 7.

Effect of salinomycin on ruminal pH and ammonia N concentration

of Japanese Black heifers in experiment 2 (Meantstandard error).

pH Ammonia N(mg/dl)
Days# Controla SiLa Control sL
0 6.3540.10 6.28+0,13* 12.8+1.1 12.3+1.0
61 6.5140.10 6.53+0.05 13.810.7 7.9+0,9%**
114 6.77+0.08 6.63+0.04 11.210.9 7.8+0.8*
180 6.53+0.10 6.74+0.06 11.4:0.4 9.70.6%
245 - - 8.3+0.8 7.9+0,9**
307 6.34+0.05 6.87+0.06%** 7.6£1.0 7.2+0.5
337 6.29+0.10 6.46+0.05 6.0+0.8 5.540.6%**

*,%% %%%; Differences from control are

a,#: Refer to Tables 3 and 6.

significant at 5, 1 and 0.1% level.

Table 8. Effect of salinomycin on total VFA and their composition and
acetate/propionate (A/P) ratio in the rumen of Japanese Black
heifers in experiment 2 (Meanistandard error).

Days# Total VFA Acetate Propionate Butyrate A/P ratio

(mM/d1) (%) (%) (%)
0 S
Control2 15.0+1.0 59.6+0.9 22.110.9 16.320.5 2.74+0.14
SLa 14.7+1.0 60.5+1.0 21.7+1.3 15.5+0.8 2.87+0.19

61 ' .

Control 15.740.6 59.310.5 21.0+0.6 16.740.7 2.92+0.06
SL 16.5+0.4 53.2+0.7*** 33.1£1.4*** 10.810.6%** 1,63+0.08***

114 .

Control 15.6+0.7 59.1+0.7 18.810.5 19.4+0.2 3.23+0.34

SL 16.040.4 54,6+0,3%** 31,320.4*** 11.5+0.4*** 1,75+0.08
180

Control 16.0+0.9 58.5+0.5 21.420.6 17.1:0.3 2.76+0.10

SL 14.620.9 53,3+0.8*%** 31.7+1.1*** 11,9+0.6*** 1,71+0,10***
245

Control 16.140.7 54,4%1.3 25.9+2.0 16.1+0.6 2.2120.20

SL 14.611.0 50.8+0.8* 33.9+1.3** 11.2+0.6%** 1,52+0.08**
307

Control 17.3£1.2 50.8+1.8 35.5+2.4 9,.3+0.9 1.51+0.18

SL 16.3x0.8 49,1+1.3 35.840.3 10.3%1.1 1.40+0.09
337

Control 16.4£1.0 58.040.6 19.9+0.8 17.9+0.4 2.96+0.38

SL 15.3+0.5 50.9+0.9*** 34,3+1.3*** 10,.8+0.8*** 1.56+0.09**

¥,%%,%x%; Differences from control are significant at 5, 1 and 0.1% level.
a,#: Refer to Tables 3 and 6.
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Table 9. Effect of salinomycin on protozoa number in the rumen of Japanese:

Black heifers in experiment 2 (Meantstandard error).

Days# Total counts Ophryoscolecids Ophryoscolecids Isotrichids
(<60pm) (>60um)
, {x108/ml)
0
- Control2 7.5440.86 6.4810.77 1.2640.20 0.20+0.06
SLa 6.22+0.57 5.140.48 0.88+0.11 0.21+0.05
61 '
Control 5.5440.51 3.98+0.34 1.37+0.21 0.19+0.03
SL 1.84+0.12***  0.93+0.12%** 0.61+0.07** . 0.30+0.04*
114
Control 6.22+0.55 3.88+0.40 2.1020.21 0.2410.06
SL 2.06:0.25***  1.18+0.22*** 0.65+0.08*** 0.2340.04
180 - _
Control 4.34+0.27 2.13£0.09 1.76+0.21 0.43+0.12
SL 2.58+0.24***  1.64+0.16* 0.56+0.07*** 0.38£0.07
245 '
Control 4.490.58 2.57+0.28 1.3210.24 0.61+0.11
SL 4.98+0.60 -+ 3.8410.48* 0.61+0.09* 0.52:0.14
307
Control 4.3910.69 3.25+0.58 0.91+0.12 0.24+0.03
SL - 4.62+0. 35 4.051+0.31 0.19+0.03*** 0.38+0,.05*

*,%%,%%x%: Differences from control are significant at 5, 1 and 0.1% level.
a,#: Refer to Tables 3 and 6.
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Table 10. Chemical composition of feeds,

Crude Crude Crude Crude a b c d

Moisture protein fat fiber ash NFE NDF ADF ADL

' (%)
Milk replacer 5.4 27.5 19.0 0.2 6.0 41.9 1.0 0.7 -
Calf starter 13.1 17.6 3.9 4.0 5.5 55,9 12.3 6.4 0.5

Formula feed

. 13.2 16.1 2.7 4.9 6.0 57.1 18.2 6.7 1.2
for growing calf

Italian ryegrass

h 11.7 3.8 1.131.0 5.1 47.3 62.8 37.7 4.6
ay

a: Nitrogen free extracts.
b: Neutral detergent fiber.
c: Acid detergent fiber.

d: Acid detergent lignin,

Table 11. Feeding regime for calves.

: P, Milk Calf Formula feed for
Age (week) replacer starter growing calf Hay,Water
(ke/d) )
1 T 0.3
2 : 0.5
3 0.5 0.8
4 1.1
5 l 1.5
6 1.9
7 2.1
8 2.4 Free
9 2.7 choice
10 2.9
11 3.2
12 ' 1.75 1.75
13-16 4.4
17-20 5.3
21-25 6.7 v
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Table 12, Average daily gain, feed intake and feed conversion ratio.
' Period#
Treatmenta 3-7 7-13 13-17 17-21 21-25 3-25
Average daily gain(kg) Cont. 0.77¢0.11 1.0240.05 1.44+0.12 1.21+0.14 1.43+0.08 1.16+0.05
sL '1.07+¢0.07 1.0540.11 1.47%0.09 1.49+0.13 1.41+0.09 1.28+0.06
Feed intake
Conc.? (DM kg/d) Cont. 1.16£0.12 2,.20+0.07 3.7940.02 4.39+0.12 5.47+0.14 3.29:+0.07
A SL 1.40¢0.10 2.29:0.11 3.76+0.03 4.49:0.07 5.53+0.08 3.39+0.06
Hay (DM kg/d) Cont. 0.19+0.09 0.40+0.21 0.49+0.21 0.6640.26 0.50+#0.16 0.4410,18
SL 0.13+0.01 0.38+0.10 0.53+0.11 0.68+0.13 0.55¢0.09 0.45+0.08
Total(DM kg/d) Cont, 1.35¢0.17 2.60+0.15 4.28+0.20 5.0540.31 5.96+0.29 3.70+0.23 o
SL 1.54+0.10 2.67+0.17 4.2940.12 5.1820.17 6.08+0.14 3.84+0.12
Crude protein(g/d)  Cont. 282126 459+12 725412 844430 997462 643+25
‘ SL © 329£20 477425 722¢ 9 865¢18 105117 669+15
TDNc (kg/d) Cont. 1.20%0.14 2.13%0.07 3.37+40.11 3.9540.20 4.59%0.31 2.97:0.15
SL 1.3940.09 2.2140.14 3.37+0,07 4.05+0.11 4.84%0.10 3.08+0.09
Feed conversion ratio
Conc. (DM kg/gain kg) Cont, 1.62+0.21 2.17£0.10 2.73+0.24 3.88£0.46 3.8740.20 2.86%0.10
SL 1,3140.07 2.2640,20 2.6040.18 3.13+0.31 4.0020.28 2.68+0.14.
Total DM(kg/gain kg) Cont. 1.82x0.15 2.61+0.28 3.04+0.16 4.43:+0.48 4.05+0.28 3.18+0.10
” o SL 1.44+0.06 2.61+0.28 2,96+0.16 3.5840.25 4.40+0.30 3.02+0.11
Crude protein Cont. 395+46 455125 521437 744478 704442 556+ 9
(g/gain kg) SL 308+12 469+35 500430 60150 760+48 529423
TDN(kg/gain kg) Cont. 1.65¢0.19 2.12$0.18 2.41+0.17 3.47+0.40 3.2430.33 2.5640.05
SL 1.30¢0.06 2.16+0.16 2,33+0.15 2.81:0.25 3.51+0.26 2.43+0.11

Each value represents meantstandard error(n=5).
or a formula feed for growing calf mixed with salinomycin at a level of 15ppm.
include a milk replacer, a calf starter and a formula feed for growing calf.

are 110.0, 87.4, 82.9 and 47.4% of DM basis, respectively.

a: Calves for SL group were fed a calf starter
b: Concentrates

c: Estimated TDN
values of milk replacer, calf starter, formula feed for growing calf and Italian ryegrass hay

#:5tated by weeks of age.
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Table 13. Blood components of calves.

c Treatment?
omponents Conts <T
Calcium 10.5 9.5
Magnesium . 2.5 3.0
Inorganic P 7.7 7.9
Cholesterol 66.1 66.2
Glucose 71.1 72.5
Urea-N . 11.3 10.3
Total protein(g/dl) 5.8 5.8
alc® 2:02 1.70

Each value represents mean of all the values
determined at 5, 9, 13, 17, 21 and 25 weeks
of age(n=30)

as Refer to Table 12.

b: Albumin to globulin ratio.

Table‘15; Appearance of ruminal papillae in the cranodorsal sac?

Length
Treatmentb Calf No. . Shape Color Meaneng M;:?;um
SL 1 foliate dark 3.7 5
3 foliate dark 3.9 7
Cont 7 foliate dark 4,7 6
ont. 10 foliate dark 4,7 7

a: Twenty papillae per calf were observed by the fiberscope
technique (Ohtani et al., 1977).
b: Refer to Table 12,

Table 16, Digestibilities of nutrients and mean retention time of digesta,a-

' TreatmentP ' '
Cont. SL
Digestibility ‘ (%)
Dry matter . 79.211.4 - 79.3%0.3
Organic matter 80.411.4 80.910.3
Crude protein 79.0+1.0 80.110.4
Crude fat 80.6%3.3 82.610.8
Crude fiber 53.4%2.7 53.813.0
NFES) 84.011.3 84.210,2
NDF®) 56.32.6 55.431.5
ADF®) | 41.213.,9 39.613.5
Mean retention time (hrs)
Liquid (PEG) 16.8%0.3 18.011.4
- Particle(Cr-NDF) 46,411 .8 48.311.5

Each value represents mean:tstandard error (n=4),
. a: Determination was done at 26 weeks of age.
b: Refer to Table 12,

c: Refer to Table 10,
26—



Table.l4, Effect of salinomycin on microbial composition classified morphologically in the rumen of calves.

Total -Cocci +Cocci -Curved  -Rods ~-Rods - ~-Rods +Rods Protozoa
Weeks .o a(x1019/ml) : rods (Total) (small)®) (MsL)S) . (Entodinium spp. )
of age (%) ' (x10%/ml)
5 SL 2.0 18.1 0.6 3.3° .71.4 61.6 9.8* 1.5 0
C 2.3 15.3 1.6 2.5 76.1 59.0 17.1 1.5 0
9 - sL 1.1 16.3 1.2 0.8 75.8 42.1 33.7 2.0 18.1
c 1.3 21.5 3.3 0.9 67.9 - 42.2 25.7 2.7 0.1
13 SL 0.9  10.0 1.9 1.0 81.0  45.8 3517 2.2 13.8
c 1.5 15.1 2.7 0.7 74.4 50.6 23.8 4.9 0.3
17 SL 1.1 13.6 2.1 1.9 77.8 44.5 33.3% 2.9 3.8
C 1.5 19.0 0.8 1.3 72.1 49.4 22.7 2.5 0.8
21 SL 1.3 18.5 1.6 1.2 75.9 51.9 23.9 1.3 0.1
c 1.4 15.6 2.3 2.3 75.1 47.0 28.1 2.3 0.2
25 SL 1.0 17.0 0.4 1.6  77.3  39.2  38.2 1.5™" 0.6
c 1.8 2.1 2.2 73.9 42.0 31.9 4.0 0.1

a: Refer to Table 12.

b: Gram negative small rods(0.9-2.0x0.35-0.7pm). c: Gram nagative medium and large rods(1.2-4.5x0.7-1 «7pm) .

*,%%: Means are significantly different from those in control group at levels of 5 and 1 %, respectively.
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Table 17. Chemical composition of experimental feeds

Feeds Moisture

Crude Crude Crude >Crude NFEa2 NDFb ADFe  ADLA

protein fat fiber ash
: (% as fed basis)

Milk replacer 9.3 29.3 19.6 0.2 5.8 35.8 1.2 0.8 0.2
Calf starter 13.7 18.9 3.8 4.7 5.1 53.8 13.0 7.2 2.4
Formula feed ‘12.1 16.2 3.1 6.6 6.7 55.3 19.5 9.7 2.3
for growing calf

Italian ryegrass 9.8 5.5 1.0 29.6 4.9 _49.1 64.1 38.2 5.7
hay

a: Nitrogen,frée extracts.,
d: Acid detergent lignin.

b: Neutral detergent fiber. c¢: Acid detergent fiber.
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Table 18. Chemical composition of media for enumeration of rumen bacteria.

For cellulolytic bacteria For total viable bacteria
KHz POa f 0.02g ' Mineral solution I &) 7.5ml
K2HPO4 0.03g Mineral solution II P) 7.5ml
MgCl2 0.01g Vitamin B mixture 1.0ml
CaCl:2 ‘ 0.01g Hemin(0.01%) 1.0ml
NaCl 0.1g Glycerol(1%) 5.0ml
(NH4 )2S04 0.1g Glucose 0.05g
Cysteine-HC1 0.02g ] Xylose 0.05g
Na2CO3 0.4g Cellobiose 0.05g
Rumen fluid ©) 30ml i Maltose 0.05g
Cellulose 4) 0.5¢g : Soluble starch 0.05g
Resazurin(0.1%) 0.1ml Trypticase 0.2¢g
Distilled water 70ml Rumen fluid ©) 50ml
Agar 2g * Cysteine-HC1 0.05¢g
' Naz2COs3 0.4g
For lactate-utilizing bacteria Resazurin(O.l%) 0.1ml
Yeast extract 0.4g Distilled water 30ml
Peptone _ 0.5¢g Agar 2g
MgCl26H20 0.03g
NH4C1 0.05¢g For amylolytic bacteria
KH2 P04 0.05g Mineral solution I a) 7.5ml
Lactate(85%) 1ml Mineral solution II ) 7.5ml
Cysteine-HCl1 0.05g . Soluble starch 1g
Resazurin(0.1%) 0.1ml : Cysteine-HC1 0.05g
Distilled water 100ml _ Na2CO3 0.4g
Agar _ 2¢g Rumen fluid ©? 40ml
Adjust pH to 6.5 with Na2COs3 Distilled water 50ml
solution Resazurin(0.1%) 0.1ml
Agar 2g

For proteolytic bacteria
Brain heart infusion 3.7g

Yeast extract 0.5g Dilution solution

Casein 2g Mineral solution I 2) 7.5ml
Cysteine-HC1 0.04g Mineral solution II ®) 7.5ml
Naz2CO3 0.4g Cysteine~-HC1 0.05¢g
Resazurin(0.1%) 0.1ml : Naz2CO03 0.4g

Distilled water 100ml Resazurin(0.1%) 0.1ml
Agar 2g Distilled water 90ml

a) K2HPOs 0.6g/Distilled water 100ml.

b) NaCl 1.2g, (NHa)2S0s 1.2g, KH2POs 0.6g, CaClz 0.12g,
MgS047TH20 0.25g / Distilled water 100ml.

¢) Rumen fluid from sheep on a hay-concentrate diet was stored at
-20 C after bubbling with COz and used after centrifugation at
25,000xg for 10 min.

d) Whatman No.1 filter paper.
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Table 19.

Growth performance of experimental calves

Treatment2 Duration (Age in week)
3-13 13-25 3-25

~ Average daily gain C 1.05(100) 1.36(100) 1.22(100)
- {kg) SL 1.12(107) 1.43(105) 1.29(106)
PT. 1.08(103) 1.39(102) 1.25(102)
Conc.P intake C 2.24(100) 5,34(100) 3.93(100)
(kg/d) SL 2.29{(103) 5.33(100) 3.95(101)
PT 2.15 (96) 5.22 (98) 3.83 (97)
Hay intake Cc 0.57(100) 0.60(100) 0.59(100)
(kg/d) SL 0.50 (88) 0.58 (96) 0.52 (92)
PT 0.50 (88) 0.57 (95) 0.54 (92)
TDNC intake c 1.95(100) 3.98(100) 3.06(100)
(kg/d) SL 1.97(101) 3.96 (99) 3.06(100)
_PT 1.86 (95) 3.89 (98) 2.97 (97)

Feed conversion ratio
{Conc. kg/gain kg) C 2.15(100) 3.93(100) 3.22(100)
SL 2.05 (95) 3.72 (95) 3.06 (95)
PT 2.02 (94) 3.78 (96) 3.08 (96)
(TDN kg/gain kg) C 1.87(100) 2.93(100) 2.51(100)
- SL 1.75 (94) 2.77 (95) 2.38 (95)
~PT 1.73 (93) 2.81 (96) 2.38 (95)

Values in parenthesis are percentages with respect to

corresponding control.

a: A calf starter and a formula

feed for growing calf mixed with no antibiotic (C), 20
ppm salinomycin (SL) and 10 ppm portmicin (PT) were offered.
b: Concentrates include a milk replacer, a calf starter and

a formula feed for growing calf.

c: Estimated TDN values

of milk replacer, calf starter, formula feed for growing
calf and Italian ryegrass hay are 105, 75 70 and 40.8%

(as fed basis), respectively.

-38-



Table 20, Changes with age in pH, ammonia and ¢ -amino N levels in the rumen of calves

Treatment* . Age in week
, 4 5 6 7 9 11 14 18 23 Pooled
pH C 5.482ab 5,68 6.20 6.10 5.97 5.93 6.64 6.28 . 6.28 6.06

SL 5.27*  5.39 5.59 5.51 6.02 6.45 6.36 6.35 6.15 5.90
PT 6.232  5.63 5.85 5.96 6.24 6.32 6.24 6.15 6.17 6.09

Ammonia N C 11.1 11.4 5.9 4.0 5.7 6.6 7.0 6.9 3.6 6.9
(mg/dl) SL 19.3 5.9 4.7 1.4 4.1 3.8 5.8 6.3 3.4 6.1
PT 14.2 10.3 4.2 3.0 5.4 6.4 2.3 7.7 2.6 6.2

x-amino N C 2.28 2.3 1.7 2.1 1.4 1.6 1.4 0.8 2.0 1.7
(mg/dl) SL 3.90 2.5 2.3 2.0 2.7 0.8 2.8 0.7 2.1 2.2
PT 2.6ab 1,7 2.3 2.4 2.9 2.2 2.1 1.9 2.1 2.2

%: See Table 19. a, b: Values within a column without a same letter in their superscripts
differ significantly (p<.05).
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Table 21. Changes with age in total VFA level and VFA molar percentages in the rumen of calves

Treatment® Age in week
' 4 6 11 ‘14 18 23 Pooled
Total VFA C 17.7a 11.8 14.82 7.72  11.2  12.5 13.3
(mM/dl) SL 17.7a 14.5 10.7¢  10.0® 9.6 11.1 13.5
PT 13.30 14.2 12.2ab 11,00 10.3 11.7 12.7
Acetate C 47.5 48.8 53.7 53.1 53.6 47.4 51.1a
(%) SL 43,3 44.3 53.7 50.1 51. 47.3 47,70
PT 50.1 48.2 52.0 48.8 47.3 45.0 48.2b
Propionate C 39.2 39.8 33.0 26.92  32.5 43.0 35.62
(%) - SL 41.1 45.2 36.8 37.00 34,5 44,3 40,8
PT 37.9 39.9 36.8 43.8¢ 36.2 45,3 40.1°
n-Butyrate C 9.6 8.5 10.2 17,22 11.2 7.0 10,42
(%) SL 10.6 8.3 8.9 10.9ak  10.4 5.8 8.7
B PT 7.8  B.4 . 8.5 5.80 12,9 6.9 8.5
%x: See Table 19. a, b, c : Values within a column without a same letter in their superscripts

differ significantly (p<.05).
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Fig. 3 Changes with age in counts of protozoa and

cellﬁldlytic bactefia in the rumen of calves.

*:»See Table 19.
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Fig. 4 Changes with age in counts of amylolytic apd'

proteolytic bacteria in the rumen of caives.
a,b: Means without a same letter differ significantly(p<.05).

¥: See Table 19.
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Table 22. Chemical compositions of experimental feeds.,

Feeds
Formula feed Italian ryegrass hay

Dry matter 87.3 (%) — 86.5
——{(% of DM basis)

Crude ash 7.3 5.6
Crude protein 14,2 7.9
Crude fiber 4,9 33.4
Ether extracts 3.2 1.8
Nitrogen free extracts 70.4 51.3
Neutral detergent fiber 16.4 67.4
Acid detergent fiber 9.1 40.6
Acid detergent lignin 2.5 5.7
(Exp.1) . ,
Pre-- Treatment Post~
treatment (SL or PT feeding) treatment
T 4 | [} § [] s | L ) ’
0 2 6 f10 4 8 12 16 24 302 6 10(d)
R R R R R R R R R R R R
B B B
(Exp,2) Pre-—- Treatment Post-
E l treatment l (SL feeding) treatment |
 § L K] | L] & L 3 [ 3 § |‘ L) | ]
0 9102 46 8 10 14 20 30 2 -6 10(d)
: RR RRR RR R R RR "R R
BB BBB B B. B B B B B B
R) Ruminal fluid was sampled.
B) Nylon bag trial was carried out,
~ Fig. 6. Experimental periods and sampling days. -
Table 23. Disappearances of dry matter, crude protein and cellulose
from nylon bag suspended in the rumen (Exp.1).
Pre-treatment period?) Treatment period(SL)2)
Hours after suspension in the rumen
Nutrients 2 4 8 15 24 2 4 8 15 24
(%)

Dry matter 36.4 44.6 42.1 50,6  57.3 34.0 35.1 41.0 45.6 55.1'
Crude protein 41.0 49.2 44.9 46.1 52.4 42.0 41.0 47.1 51.1 58.4

Cellulose NDb ND ND ND 22.8 ND ND ND ND ND
Pre-treatment period Treatment. period(PT)
Hours after suspension in the rumen
2 4 '8 15 24 2 4 8 15 24

(%) ‘
Dry matter 31.6 39.0 46.2 54.9 69.6 34.9 37.0 43.4 49.5 60.4
Crude protein 35.2 41.7 47.1 51,1 58.4 41.9 42.2 51.8 53.2 63.4
Cellulose ND ND ND ND 44.5 ND ND ND ND 26.0*

* Means are significantly different from those in the pre-tréatment period(p<.10).
a) Refer to Fig., 6. b) Not determined.
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a) Refer to Fig. 6.  * %% %*X) Means are significantly different from
those in the pre-treatment period at levels of 5, 1 and 0.1%, respec-
tively, @ ——@:SL feeding 4. — ——— 4 :PT feeding
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Fig. 8. Ruminal concentrations of ®—amino and ammonia nitrogen (Exp.l).
a, *,%%) Refer to Figs. 6 and 7.
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Total and generic counts of rumen protozoa (Exp.l).

a, *,%%) Refer to Figs. 6 and 7.
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Fig. 10, Total and generic counts of rumen protozoa(Exp.2).:
a2, %) Refer to Figs. 6 and7 , respectiyely.

40 4 (%/24hr)
NDF degradation
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204 ¢l+\%\+/+‘+_”
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80« (Z/24hr)

CP degradation

704 . ¢¢/+‘+ +\’ / +\+\+__%_’%

(Period)? 90246 810 14 20 367 & 1b
Fig. 11. Ruminal degradation of neutral detergent fiber (NDF) and

crude protein(CP) determined by mylon bag technique(Exp.2).
a, %) Refer to Figs, ¢ and 7, respectively.
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Table 24. Rumén bacterial composition classified by Gram reaction and morphology.

e Total Cocei(-) Cocci(+)” < Curved roda)Curved.rodb)' Rod c) Rod d) Rod (+)
Period count 7 [(=)Small] [(-)=Medium] [(-)Small] [(~)2Medium]
(x107 /mL) - ' (%)

Pre-T 10.2 45,4 3.0 0.5 0.2 44 4 2.3 1.6
) 10,1 48.5 1.9 1.0 0.5 42,8 1.9 2.0
-4 19.0°°  49.8 1.5 1.2 0.3 41,9 2.8 0.7
-6 19.7 50.6 1.2 0.7 0.3 43.5 1.9 1.0
-8  13.8 50,0 1.5 1.2 - 42.4 1.8 1.5
T-10  14.6  49.4 1.2 0.9 0.4 '43.0 . 2.5 1.0
T-14 12.5 47.2 0.9" 0.8 0.5 45.5 2,9 0.9
T-20 10.6 .  47.8 0.1% 1.2 0.6 45.8 1.7 1.2
T-30 13.3" 49.6 1.9 0.8 0.1 41.4 1.3 1.5
Post-2 11.2 . 52.6 1.9 0.6 0.4 39.5 1.3 1.0
Post-6  13.1 47.8 1.6 1.3 0.1 41.6 2.0 2.8
Post-10  10.8 48.4 2.0 0.8 0.4 44,0 1.3 1.7

'a) Gram negative small curved rod (0.8-4.0x0.2-0.4pm). :

b) Gram negative medium and large curved rod (1.7-7.0x0.4~1.5um) .
¢) Gram negative small rod (0.9-2.0x0.35-0.7um) .

‘d) Gram nagative medium and large rod (1.2-4.5x0.7-1.7um) .

e) Refer to Fig. 6. * *%) Refer to Fig. 7.
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Table 25. Effects of diet and salinomycin on aspartaté
’ deamination by rumen bacteria. ® f

Diets(conc,:hay)

| ~ (8A2) (5B5) - (2C8)
NHz released from dspartate . ' ' '
(mgN/4hr/mg DM of bacteria) = 4,17+0,80 6.27+0,97 5,25:0,78
(mgN/bhr/mg protein) 1.,90£0,71 1,99£0,28 - 2,49t0,88
Inhibition by SL (%) 35,7£2.8 ©45,7¢5,5  53,3t],5

a) Rumen bacteria from the sheep receiving 3 different diets
are employed in in vitro analysis of aspartate deamination
with or without 2.5ppm salinomycin.
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Table 26. Chemical compositions of experimental féeds.

Feeds Dry Organic Crude Crude Nitrogen Ether
matter matter - protein fiber " free extracts
extracts '
(%) - (% of DM basis)
Formula feed 86.4 94.0 16.3 5.4 69.0 3.3
Alfalfa hay cube 86.7 86.2 21.1 28.2 35.4 1.5

Table 27. Passage rate constants of liquid and particulate phases.

Treatment#
Control SL
R Mean (SEM)2 Mean (SEM)
Liquid phase (PEG) ‘
: ki b 0.1637 (0.0328) 0.1477 (0.0281)
} k2 € 0.2283 (£.0199) 0.2247 (0.0294)
Particulate phase (Cr)
) ki 0.0500 (0.0058) 0.0378 (0.0033)
k2 0.1297 (0.0122) 0.0973 (0.0139)

a) Standard error of mean.

b,c) Passage rate constants of markers in

the rumen and large intestine, respectively.
#) Diet with 0(Control) or 20ppm salinomycin(SL) was offered.

Table 28. Apparent digestibilities of nutrients and nitrogen balance.

Treatment?
Control SL ‘
Mean (SEM)?2 Mean (SEM)
. (%)

Dry matter 69.6 (1.1) 68.8 (1.0)
Organic matter 73.7 (1.0) 72.6 (1.2)
Crude protein 76.6 (1.2) 76.1 (0.8)
Crude fiber 54.6 (1.9) 52.1 (2.5)
NFE 80.9 (0.5) . 80.2 (1.2)
Ether extracts 55.0 (10.9) 51.0 (7.6)
N retention (%)P 30.9 (5.6) 35.8 (4.2)
(%)e 40.5 (6.5) 46,9 (5.1)

a) Standard error of mean.

b,c) Percentages of ingested N and of digested

N, respectively. #) Refer to Table 27.

—76~



Table 29. Ruminal VFA concentrations, VFA moiar percentage and A/P ratio.

Treatment#
Control SL
VFA concentration Time after feeding , . Time after feeding
(mM/d1) 0 1 3 5 Pooled(SEM)2 0 1 3 5 Pooled(SEM)
Acetate 5.71 8.78 8.56 8.25 7.77(0.41) 4.77 7.52 9.26 7.63 7.30(0.52)
Propionate 1.68 3.50 2.89 2.60 2.67(0.22) 2.07* 3.90 4.88* 3.74* 3.65(0.33)*
Butyrate 1.21 1.51 1.33 1.29 1.34(0.06) 0.70* 0.83* 0.93* 0.83* 0.82(0.05)***
Total 8.97 14.25 12.92 12.39 12.13(0.67) 7.80 12.58 15.50 12.49 12.09(0.87)
VFA molar percentage(%)
Acetate 63.7 61.8 64.6 66.8 64.2(0.7) 61.0 59.6 59.9* 61.1* 60.4(0.7)***
Propionate ..18.7 24.5 22.4 20.9 21.6(0.7)  26.7* 31.2 31.3* 29.9* 29.8(1.0)***
Butyrate 13.4 10.6 10.3 10.5 11.2(0.5) ~ 8.,9* 6.6% 6.1* 6.7% 7.1(0.5)***
A/P ratio 3.41 2.53 2.89 3.19 3.01(0.11) 2.31**1.94 1.93**2.06%*2.06(0.09)***

*,%% %*¥%) Means are significantly different from those of control at 5, 1 and 0.1% level.
a) Data are means(standard errors) of samples taken 0, 1, 3 and 5 hr after feeding.
#) Refer to Table 27.

-

Table 30. Ruminal pH and ammonia nitrogen concentration.

Treatment#
Control R SL
Time after feeding Time after feeding ,
0 1 3 5 Pooled(SEM)2 0 . 1 3 5 Pooled(SEM)
pH 7.07 6.61 6.38 6.45 6.65(0.10) 7.08 6.70 6.43 6.52 6.68(0.08)
Ammonia N(mg/dl) 18.6 31.2 22.4 14.5 21.7(2.1 17.1 29.9 26.4 17.4 22.7(1.8)

a,#) Refer to Tables 27 and 29. :
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Table 31. Chemical composition of experimental feeds.

Formula feed Italian ryegrass hay

| (%)

Dry matter 87.2 82.4
- (% in DM)

Crude ash 6.2 5.5
Crude protein 15.3 6.1
Crude fiber 5.2 32.8
Crude fat 1.8 1.1
NFE 2 71.5 54.5

a) Nitrogen free extracts.

Table 32. Effect of ?alinomycin on ruminal VFA,
x-amino N and ammonia N levels.

Treatment?
Control SL

Total VFA level(mM/dl) 15.8:0.8 a 15.4¢1.0
Acetate(%) © 65.6+1.0 58.440. T*x*
Propionate(%) 24,440.8 33.9+1.1%
n-Butyrate(¥%) 9.610.4 6.1£0.4%
ji-Valerate({%) " 0.4+0.3 1.5+0.6
x-amino N(mg/dl) 9.8+1.3 12.5$1.3
Ammonia N{mg/dl) 19.8+1.3 12.5+0.8

a) Mean + standard error. *,%*) Means are
significantly different from control at levels
of 53 and 1%, respectively. #) Diet with 0
{Controel) or 20ppm salinomycin(SL) was offered.

Table 33. Effect of salinomycin on site and extent of digestion.

Treatment#
Control SL

Dry matter digestibility (%)

in whole tract 67.7¢0.8 2 B67.7+1.0

in rumen , 28.8+2.9 '26.4£2.8

in lower tract 38.9+2.3 41.4+2.2
Organic matter digestibility (%) :

in whole tract 69.410.8 69.4+1.0

in rumen _ 38.9+¢2.4 37.0+£2.5

in lower tract = 30.5%1.9 32.4+2.1
Crude protein digestibility (%) - .

in whole tract 67.2¢1.0 70.2+1.0

in rumen -42.0%4.2 -43.545.0

in lower tract 109.2+3.6 113.7+5.1
Crude fiber digestibility (%)

in whole tract ' . 50.4x1.0 50.0+1.9

in rumen . 42.2+3.0 38.3%3.9

in lower tract _ 8.2+2.5 11.643.2

a) Mean + standard error. #) Refer to Table 32.
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Table 34. Effect of salinomycin on N balance

Treatment?
Control SL

N ingested (g/d) 13.1 13.1

N excreted in feces(g/d) 4,3:0.1 a 3.940.1
N excreted in urine(g/d) 5.3+0.3 4.8:0.5
N retained (g/d) 3.530.3 4,4+0.4
N digestibility (%) ’ 67.2+1.0 70.2+1.0
N retained/N ingested(%) 26.7+2.4 33.6+3.4
N retained/N digested(%) 39.8+3.5 - 47.8+5.3

a) Mean + standard error. #) Refer to Table 32.

Table 35. Effect of salinomycin on rumen microbial growth
and its efficiency.

Treatment#
Control SL
Calculation based on DAP ®
DAP in rumen bacteria{mg/g) 3.440.3 a ‘ 2.640.1
DAP in duodenal digesta(mg/g) 1.110.1 0.7+0.1*
Bacterial DM at duodenum(g/d) 158.9+8.6 134.3+5.1
N at duodenum(g/d) 13.140.7 11.2+0.4
Growth efficiency(gN/kgOMDRY) 54.5%5.0 : 49.0+4.8 -
Calculation based on PB ¢ ' '
PB in rumen bacteria(mg/g) 74.2+1.9 65.1+2.3
PB in duodenal digesta{mg/g) 20.3+0.3 : 15.040.5*
Bacterial DM at duodenum{g/d) 133.417.1 117.646.1
N at duodenum(g/d) 11.210.5 9.810.6
Growth efficiency(gN/kgOMDR) 47.245.6 ’ 43.51+4.8

a) Mean *+ standard error. b) 2-6-diaminopimelic acid.

c) Nucleic purine bases. d) Organic matter apparently
digested in the rumen. *) Means are significantly different
from those in control (p<.05). #) Refer to Table 32.
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‘Table 36, Effect of salinomycin on duodenal N flow.

Treatment#
) Control SL
Total N (g/d) 18.6+0.6 = 18.8+0.7
Ammonia N (g/d) o 1,2+0.1 1.0:0.1
Non ammonia N (g/d) 17.4+0.5 - 17.8%0.7
Bacterial N (g/d) .
DAP b 13.1+0.7 - 11.2+0.4
PB b 11.240.5 9.8+0.6
Dietary N.(g/d)
DAP . 4,3%1.0 6.6£0.5
PB 6.2+0,3 8.0+£0.6 *

a) Meantstandard error. b) Diaminopimelic acid and
nucleic purine bases are used as indicators for
calculation of bacterial flow through the duodenunm.
*¥) Means are significantly different from those

in control (p<.05). #) Refer to Table 32.

Table 37. Effect of salinomycin on long-chain
' fatty acid composition of digesta and
total lipid flow at duodenum.

o

Treatment?
Control SL

(% in weight)

Ruminal digesta

Palmitic 32.0 + 1.8 2 29.6 + 0.6
Stearic 51.5 ¢+ 1.4 41.6 + 2.4 *
Oleic 12.4 ¢ 2.1 23.3 + 1.8 *
Linoleic 4.1 + 0.8 5.6 + 0.9

Rumen bacteria
Palmitic 30.1 ¢ 1.6 25.2 £ 0.4
Stearic 52.4 + 1.7 46.5 + 1.8
Oleic 12.8 £ 1.1 24.2 + 1.8 **
Linoleic 4,7 + 1.0 4.1 + 0.4

Duodenal digesta ‘
Palmitic 23.9 + 0.5 25.6 + 0.5
Stearic 62.3 ¢ 0.7 44,6 £ 1.7 **
Oleic 9.1 + 0.4 23.6 £ 2.1 **
Linoleic 4,7 £ 0.6 6.2 £ 0.5

—(2/d)
Total lipid flow 28.7 + 1.0 29.0 £ 1.1

at duodenum

“a) Mean % standard error.

*,%%)} Means are significantly different from those
in control at levels of 1 and 5%, respectively.

#) Refer to Table 32.
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