AL
[l

fa g g

$

IF =

P

am>

(B "s9Y "wiuy OPIENOH Ng)

TR=E+2H

E &AW
Bull. Hokkaido
Anim. Res. Ctr

AbTiEaE

s

VTR E A
%

Bulletin of

Je i

the Hokkaido Animal Research Center

No. 26

SR 194F 3 H
March 2007

AC ¥ 38 7 & P A Bk
(R RRIIbH e

Hokkaido Animal Research Center
Shintoku , Hokkaido , Japan

[l

HOKKAIDO GOVERNMENT

ISSN1345-9643



At & L R ARG S
2675 “FHG194E 3 H
B X

—_

i X
Bz A 4 HERAN ORI O E I E, MRS L CRIZRIT T8
FAFEZEED - VEHEZE - JIIZR B e 1

KRI—=7 2y =B L BEHRAE & EARES) & ORE
I PSFIEE - BREFIE — - %2 FIEACHR - PJE 5% - ZNEL  ff{oeeereeersveerseessnreseensrsnieenssaseeneennes 3

TR (2 B U 2 M LRGSO HED BB RS T BE QST - METEIRS £ UV — & & R IEIRIC RT3 3%
FAREA « JACH TR - FERESAE - ZHERUET  JIIE  feereeereeemmemmneennene et 14

BRI (20 2T v v a) OFHAHRILEIEMN & L TOFHN%E

éﬂg ﬁég% . (EZ%K Eﬁ . EH;H— /ﬂbn‘ . Kﬁj%{gj&/ﬁ” ........................................................................ 24
S
JKDNET 4 VA - INT AL ATERA AT HNRY DR Z D) DGR F
ﬂ“%ﬂ](% . &J” r%" . *ﬁ%ﬁgﬁﬁ ....................................................................................... 31

v ¥ OSBRGSO 5 2 E O Vg R
WG ML R A KRR, AR, BT REE, s 15, BEILER—,
G FEL PEIE . TR . [LZCHE Jjeeereererereereermseee st 34

B e S P B ST 20 ST+ veevvveeermeeeer et e ettt 38



Bulletin of the Hokkaido Animal Research Center

No.26

Contents

Full Paper
Effects of an anionic product on dry matter intake, blood and urine in lactating cows

Yoshitaka MATSUI, Noriyoshi OGURA and Satoshi KAWAMOTQ:«erererrererereeeecerenecaceniieecieeee. 1

Relationships between leg conformation traits and meat production traits in Large White

Kazunori YAMAUCHI , Kiyoji KAZINO, Gentaro IWAGAMI, Akira NAITO and Tohru KOIZUMI ceseeeeeereeeececeees 8

Effects of supplemental concentrate levels on performance, ruminal characteristics,
and blood constituents of Wagyu steers on pasture
Masahito SUGIMOTO , Chizuru YAYOTA , Yukinobu SATO ,Toshiro SAITO

and TSutOmu KAWASAKI .............................................................................. 14

Utility of coal combustion clinker ash as a sub material in cattle manure composting

Keiko MINATO, Kan WATANOBE, Tadashi TAMURA and Hidenori ABE-«-=sssererereerererserecrenneeeneees 24

Note
Therapeutic effect of benzylpenicillin against Haemophilus parasuis infection of pigs

KaZuhlI'O SENNA, Manabu OIKAWA and HlI’OI’Ill YONEMICHI ................................................... 31

Trial manufacture and performance test of informing device of onset of parturition in cattle
Akira MINAMIHASHI, Noboru SEIKE, Masatoshi HONMA, Kazuya ISHIKAWA,
Sueo MAKIKATA, Osamu DOCHI, Soichi KAGEYAMA, Satoru MORIYASU,

Ken SAWAL leokl HIRAYAMA and Yusuke YAMAMOTO ................................................... 34

Summaries Of the papers by Stuff appearing on the SCien[ifiC journal .................................................................. 38



B4 A v SR O WM A WL OB |
MmitEds & OWRIC B 1 E5 o

mIFE - NAERE - IR

it 37 % e R

B 5 GIAMEEPORAA Y Bt U ERYET LR L SNHWOEA A+ 3 EHF
(BIO-CHLOR™)IZD\W T, 1SHD KRNV A Y A LI 2 5 L CTARBA O ) 2 i 2 85 L7z,
ABANORAFARNORMEN S %, BT TEWIL0%, 3%, 6%, REED THWIL0%., 46%& LT, £
NENUHZEM & $23X37 7 VI EEB L7 0 A4 = N—3E1c X D ilbax L 72,

HER T IZB VT, 6% D& A F »IREH 2w L7286 Cld, #iRims X ORpHIZILTF L72%
DO, FEP BN E IR A AR TILA%E T L7z, 3%RIN L7286 Tld, MEpHOR FIEFRD bz
Moz, MERIICBWVT, 4.6% RN L7234 TlE, FlRMB X ORpHIZIE T L, RAVS T 4/ 7 LT F
ZVIEERA L 00, WIEBIEO DI I O6RHRINOLAEIZERE LEhro7z, Eofk

Bo, REFOFINEE Y I4.6%DEU TH L EE2 itz
X—T—=FmAFr—BAF i FUE. RpH, MEpH, A1)V 7 4

HEFMH, 26 0 1-7, 2007

&

FLAIZ BT 2 FLE S Lo IR O RS ANRERE (&, JE
WERO ) B CTROMEL > TWARRKTHL, T
5 OEIFIFMEA IV T 4 (Ca) MFEIC X BHEITARE %
FHELTBY, HEICELBMLLEZDENL, T
LOEROTFR & LT, IhFE TiEgHl, ROkgH=
fARHAINY OF)H B L V5 Bt 1T O Cafe G- D KR SE A
MEEnCT&7s o

—. A O GEE RO I A VERIFER L,
A d o EBAA L EDEEFTHA LA T VX
(Cation Anion Difference . CAD) & FLEL D FEIE & D [
FRBRENTE72L812), AT O L TBA
VEBENS VIR G5 L RN ORI I2R
BEE2Y) | BEORBMET v F— Y A2 FEI A,
FRAMERNVE AT B ISR T b0 D720,
U DCakK ZIRRETlECaD A E ) . FLEL D%
JEAK T & 53) o F72, Oetzeld) (218 F:DLHD 7 —
¥ ERMATL, M (S) BEOLWERLH/G LnE
W FLALDSSIE DS L. CADAS I T ILIEFL B D 5 IE
MWEL e hZ ERR LT,

W, FHANOEROZBILICEI DY 74 (K) G&
DG HIFIR A A E S, KEEDRG A 4 > O EE % 8L,
KB, BT OFLA N LTEA F > HEHF O
MAARALNT VD, BESID E, ST 1T

il

WAEE IR E (e-mail | matsuiys@agri.pref.hokkaido.jp)

Bull. Hokkaido Anim. Res. Ctr., 26:1-7, 2007

WO Ny 3 v EREBEREY 5% (DM) W7, 4%
L7zfiR 2305 L7z 2 A, SR 4 I CiiRHE
Wilddhholzl bl Lz, 2ZOXHIZ, BAF
YR BIH DY) R RSO WTIIAW 2 HH Y,
HITLRMWPEEN TG, ZTTRIFFETIE, B+
CHEBH O 7 IR & B A 4 CHEEF O RINAELE
OEWIERE, MiEB & OIRICKITTHE LR L7,

M LIVOFHE

BRI AifE L H RS TR L TV B LR
DENVAY A HEFLFIIHEZ WAL T, 7Y —EHRD
WAL=, £ AZ LA L —=IUBIXOTHRD
RAEENC, RO VY IV ERFERERI ED T T4
1 # %] (BIO-CHLOR™, BIOVANCE TECHNOLOGIES
INCH#, 1) #DMIT6%., 3%B £ U0%AM L 7214
R 2R G L 72X (6%IX. 3%IX, xFHIX) % §Ei) 72
(£2) o RERII3ODEHZ ZNZN2E T OG- L.
BEROEMEARI & $53X39 7 RIS TERM L
oo HRICBII DR V8 HEERFMICT 572012,
3%B LU BR TIEREMEZRIML 72 fEHIEH T
FiFFICIHOE®EEZ/HT Lz,

o> )74 (Na) . Ky Cay Y7477 4
(Mg) Galdfptz ez UL, EFOs0 A Tl
EL. VY (P) GREINF FEY 77 R, HE



I -/ - IR

Table 1 Macromineral content and cation-anion difference (CAD) of BIO-CHLOR™

Na

K Cl

S Ca

(% of DM)

Mg

P

CAD*

2.05

1.09 8.67

2.73 0.15

0.34

0.91

—2977.7

* 1 Calculated as (mEq {([Na]+[K])—([CI]+[S])}/kg diet DM)

Table 2 Ingredients and macromineral content of three total mixed diets fed to lactating cows (Experiment 1)

6% anionic product 3% anionic product Control
Ingredient, % of DM
Grass silage 40.0 40.0 40.0
Corn silage 40.0 40.0 40.0
Formula feed 13.0 13.0 13.0
Soybean meal 0 3.0 6.0
BIO-CHLOR™ 6.0 3.0 0
Mineral-mix 1.0 1.0 1.0
Mineral composition, % of DM
Na 0.48 0.42 0.36
K 1.35 1.40 1.46
Cl 1.26 1.00 0.74
S 0.38 0.32 0.25
Ca 0.57 0.57 0.57
Mg 0.19 0.19 0.19
P 0.56 0.55 0.55
CAD#* —38.0 +59.4 +165.7

* 1 Calculated as (mEq {([Na]+[K])—([C1]+[S])}/kg diet DM)
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Table 3 Ingredients and macromineral content of two total mixed diets

fed to lactating cows (Experiment 1)

4.6% anionic product

Control

Ingredient, % of DM
Grass silage
Corn silage
Formula feed
Soybean meal
BIO-CHLOR™
Mineral-mix

23.5

49.9

20.4
0
4.6
1.5

Mineral composition, % of DM

Na 0.65
K 1.44
cl 1.20
S 0.30
Ca 0.57
Mg 0.20
P 0.66
CAD* +125.8

23.5
49.9
20.4
4.6
0
1.5

0.56
1.49
0.80
0.20
0.58
0.20
0.66
+274.6

* 1 Calculated as (mEq {([Na]+[K])—([C1]+[S]) }/kg diet DM)

THINRz, & BITHEEKEISRE LT,

BREER

MBI A4 VIEEAI 6% L 72K ICB VT,
X HRIX 2 TDMIAN L. 1%2 7% H > 7278 (P<0.05)
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AR MHCO3 & 126%IX THDX & 0 A ZIKD)
572 (P<0.05) b DD, BIRIMpHIC T4 % 213729
Lol (RS o BIRMCI BE IS ICHFERE
700725 DD, HCOs B & UpHIZ6% X THE
WA > 72 (P<0.05)  (386) o ZiUEBEA 4+ v 3EBA|
IZCU D38, 7% & A § B 72912, CI AL TR S
P ¥ 21512 & o C L OHCO3 I FE 254 L, pH

Table 4 Dry matter intake and milk production (Experiment 1)

Treatments Dry matter intake 4% fat corrected milk production
(kg/day) (kg/day)
6% anionic product 16.8+1.4b 19.04+3.5b
3% anionic product 18.8£1.3a 22.7£1.72
Control 18.91£1.62 21.94£3.4ab

Mean * Standard deviation,

ab : Means with different superscripts in the same column are significantly different (P<0.05).

Table 5 Bicarbonate concentration and pH in arterial blood (Experiment I )

Treatments HCOy pH
(mmol/L)
6% anionic product 25.8+3.8b 7.44+0.04
3% anionic product 30.2+3.2a 7.46+0.04
Control 30.6£2.72 7.4710.04

Mean + Standard deviation,

ab . Means with different superscripts in the same column are significantly different (P<0.05).

Bull. Hokkaido Anim. Res. Ctr., 26:1-7, 2007
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Table 6 Chloride ion concentration, bicarbonate concentration and pH in venous blood (Experiment 1)

Treatments CI'(mmol/L) HCO3 (mmol/L) pH
6% anionic product 106+3 25.943.1b 7.37£0.03b
3% anionic product 105+2 30.8+£3.32 7.41£0.032
Control 103£2 33.1£3.02 7.431+0.04a

Mean & Standard deviation,

ab . Means with different superscripts in the same column are significantly different (P<0.05).

Table 7 Urine pH (Experiment 1)

Treatments pH
6% anionic product 5.85£0.16¢
3% anionic product 6.6410.85b
Control 8.01£0.17a

Mean = Standard deviation,
abe © Means with different superscripts are significantly different (P<0.05).

FRT &8E72720EE2 5N, KRGS LER %O
ML Cai BE 1L, X HR X 9. 91+0. 50mg/dl, 6%[X T10.
32+0. 74mg/dl, 3%IX T10.34+1.03mg/dI T V. H &
BAEFREO N0 o7,

AERERIZ BT B IRpHIE, 6%IX B & U3%IX T 1 + >~
WRANRIGEMZ ISR L) A EIERWEE R
L7z (P<0.05) (7)) o 72, WpHOHHN DK & % %8
IO 5N ro7z (K1) .

INLEDZ ENS, BAF VIEEH F 6% L 76
FEEG Lz, MiEB X ORpHOR T IEEE0 5
7205, DMIDSA e dpo7-Z b b, &4 F Y IFEA] @
FRINThbEEZ LN, T2, 3%HIMNL 72k %
G- L7243, DM L 7% - 7225, ILiEpHD 1K
THROLNRD>72DT, AT HEAORIA L
ThbrEZLNT,

HERI R IoEE ST AT, BA T VA

Urine pH

Feedin .
- % Milking(16:00) Milking(6:00) 6%
l l aIll(ZlnlCt
. produc
SIE SELEEES SRR U SR (n-3)
—m— 3%
L anionic
product
L (0=3)
<& > ---A -- Control
(=3)
10:30 13:30 18:30 2200 4:30 10:30

Figure 1

Time

Diurnal changes of urine pH (Experiment [ )
Bars of each data point indicate standard deviation.
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DHREFIMNEEZ R L7z (P<0.05) (3£9) o KHIF
FEG2A WA O Calft B 1, X IRIX T9. 80+0. 41mg/dl,
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Lol

JRpHIE IR X o fil kel 20 & [ £ o > MR8 % 730 L 72 £l
BHOZS L 723854, 2HBRICIIET 2R L, 403
LIV D6.012 F T L7z, B 4 A % 3
L 7= filBR s S AT B IX O Fl RS 284 L 72854, 4R 101
W LNV DS.0ICK > 72 (K2) o RNDOCaEilk & D
RIEE 2 bCa 7 LT F =3B & ISR 20 L
ToERHCER L7256, 2HRICIEEHFE IS 2D 3t

Table 8 Dry matter intake and milk production (Experiment II)

Treatments Dry matter intake 4% fat corrected milk production
(kg/day) (kg/day)
4.6% anionic product 19.9+1.6b 25.642.1b
Control 21.1E1.72 27.5+3.52a

Mean * Standard deviation,

ab : Means with different superscripts in the same column are significantly different (P<0.05).

Bull. Hokkaido Anim. Res. Ctr., 26:1-7, 2007
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Table 9 Chloride ion concentration, bicarbonate concentration and pH in venous blood at 1 week and 2 weeks after feeding (Experiment 1I)

Treatments CI'(mmol/L) HCO3 (mmol/L) pH
1 week 2 weeks 1 week 2 weeks 1 week 2 weeks
4.6% anionic product 105422 103%2a 26.7£1.8b 322458 7.35£0.026  7.38+£0.03
Control 101£1b 101£2b 33.1£1.22 352+£5.6 7.40£0.02a  7.41%+0.03
Mean * Standard deviation,
ab . Means with different superscripts in the same column are significantly different (P<0.05).
9 -
Changing diet
8
T
a
Q7 - - - GroupA
5 (0=3)
6 == GroupB
(n=3)
5 .Days
0 6 9 12 13 14 15 16 18 21 22 25 27 28

Figure 2 Urine pH after changing each diet (Experiment 1)
Group A . Control diet (0 to 13 day), 4.6% anionic product diet (14 to 27 day).
Group B © 4.6% anionic product diet (0 to 13 day), Control diet (14 to 27 day).

15 1
Changing diet
!
o
c
£
+ 1.0
o
o - - - GroupA
3 Ralt Sk I (0-3)
O »
o 05 — G B
£ 1 Changing diet" roup
5 TR (n=3)
H-N. _.. .,l y
N il ML AN
' Days
0 6 9 12 13 14 15 16 18 21 22 25 27 28

Figure 3 Mean urine Ca/creatinine after changing each diet (Experiment II)
Group A : Control diet (0 to 13 day), 4.6% anionic product diet (14 to 27 day).
Group B : 4.6% anionic product diet (0 to 13 day), Control diet (14 to 27 day).
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Effects of an anionic product on dry matter intake,

blood and urine in lactating cows

Yoshitaka MATSUI, Noriyoshi OGURA and Satoshi KAWAMOTO

Hokkaido Animal Research Center

Corresponding: Yoshitaka Matsui (e-mail:matsuiys@agri.pref.hokkaido.jp)

Fifteen lactating Holstein cows were used to determine the proper proportion of the commercial anionic product
(BIO-CHLOR™), which is effective in improving the dietary cation-anion difference during a dry period. The
proportion of this product to be added to the total mixed ration was assumed to be 0%, 3% or 6% of the dry matter
(DM) in experiment I (Exp I ) and to be 0% or 4.6% of DM in experiment Il (Exp Il ). Exp I and Exp Il were
conducted by the 3X3 Latin square design and the cross-over methods, respectively, for two week periods.

In Exp I, although cows fed the anionic product at 6% of DM had a lower venous blood pH and urine pH, the
DM intake (DMI) of these cows was 11.1% less than that of cows fed the 0%. In the cows fed the 3%, the blood
pH did not decrease. In Exp II, although cows fed the 4.6% anionic product had lower venous blood and urine pH
and higher urine calcium/creatinine, the decrease in the DMI of these cows was no more than that of the cows fed
the 6% in Exp I . These results suggest that the proportion of this product should be 4.6% of DM.

Key words : cation-anion difference, dairy cow, urine pH, blood pH, calcium

Bull. Hokkaido Anim. Res. Ctr., 26:1-7, 2007 7
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WA DOBETEMIR O FZEZEE L LTI A b —)VIiZ X 56
BEAWEALTETCnDE, TN OREZ RTIK
HYE 2 BRI L, SHEIE R C 3RS 2 AN Tk O T2 55
& o T 5612, F7EEDIKITE RO O ED
WEB LR O KRB HEA TV SDY, ZOREGER
TEOY RO EED AT DO —D L ST
56.12), FEIKO BHEEEAM 12D Tldk 4 7 8R0S &
TUE SN TV 524589.1L12), 25 ORI EF I3 e
MO RO M E LB XG5 2480k, EY i
HEBEHAZ 2 TED L) ISR LR EL ki & 35
FESIE RN SN D, i EHEEBEOG R %179

BICERE O E 72U OB IE AT EE T H 1) i

Table 1. Number of animals

LTWwb, —HBRHEIEYFNEHHMLZ & TEOLD

1l % ORHAVROZAL ETET A HEITHE L TWb, K

e Tld, RORERELFHEERICL )b sE572
B, WHDAY x—7 Y ORNIBETHH SN TV
Hi DR 53 % v TR O 15 SRR & 47\, %n%
RS B kO REE, RIS S X UERIEE ORI

¥ DB OWTIHRE 21T 577,

MEBE LV E
#EFEs LURSEEAE MK bEE TS ER
E& 35 SPRAS IR S 5% 12 33\ T2001 ~20024E B 12 AEE S 7z
KI—7 v — 11008 % 7z, BEERIKOFEE R B &
OMERIERIEEE 112k L 7o KI5 3 ~ 48T

Sex
Year : : .
boar barrow gilt
2001 166 129 257
2002 183 103 262
Total 349 232 519

HAEE L IIANAIEE (e-mail @ yamauchi@agri.pref.hokkaido.jp)
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ONTS5 2 HRBEDEEE LI DPH59FTTDIDDH T
TY)—=TRa7ftL72bDTH 5,

ERAFRE EAREL L CRIPZETIY LiF-olixk

H30~90kgD ¥ HIE AR (DG) B & OMREIOkgE 12
BUSMEE 120 BRGE (BF) Tho, T
JE D P E R E A & D AT o 72

BETHVF &

ME M, B X OEBIIOVWTORNIREERED
FH B L O ORE 2 IdHarvey DLSMLMW D % iV 72,
ETVAIHDIL ORI F & U CHER XA A X Mg S5t
Nz 72,

BEHNT XA =4 EEWNT A =5 OHEEIZIE
VCES5.1 2% fl\v7z, FHEIRIELIEE S L YT =
< IVE TV % W TREML D gradientid: 12 & 0 B L 72,
HEMICEEL G2 5 BERR L LT3EEOM, 42X
XFEAEH XBEHH O 2 2O F%, EEHFEE LT
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BB RO 2 DO PEE T IVIIINA 720 MAFTHIC
mz A EEGEEEED 3 #1CH E ot s L,

Fig.1 Distribution of leg conformation score. (boars: NN gilts:" harrows:[ 1)
DFF:front legs/front
2)FS:front legs/side
3)FP:front legs/pastern
4)RB:hind legs/behind
5RS'hind legs/side
6)RS:hind legs/pastern
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Table 2. Least Square Means of linear conformation scores of leg within sex

FF?» FS¥» FPY RBY RS9 RP?
gilts 5.74a 5.27 5.43a 5.52 5.702 4.82ab
boar 5.88b 5.29 5.51a 5.45 5.56b 4.752

barrow 5.71¢ 5.26 5.73b 5.47 5.71a 4.94b

1)Means within column having the different letters are significantly different(P<0.05)

2)FF:front legs/front
5)RB:hind legs/behind

3)FS:front legs/side
6)RS:hind legs/side

4)FP:front legs/pastern
7)RS:hind legs/pastern

Table 3. Least Square Means of DG and BF within sex

DG (g/day) BF(mm)
gilt 949a 16.32
boar 10350 17.6b
barrow 1061¢ 19.5¢

1)Means within column having the different letters are significantly different(P<0.05)
2)DG: Average daily gain from 30kg to 90kg live weight
3)BF: Ultrasonic back fat measurement at 1/2 of body length

B/ R

RAERIC BT 2 HHAWE DA I TEGAZTET 12
Bl1IZRL72e 6 BEAETUICBWTAIT LIZHH S
TR GEE L 2ol HEBLXORBEOFFIZAIT
4~ 8 LTV LIETIZA 275, 6BL
AT T D3 DODREBD AR5 LTz, RBIZZEE
HAAT 3~ LTWzDIZx L, MB X T
WERTT 4~ 71204 L Twiz, FREEATTIC
BT 50, MBI UESOR/NFFHELZR2 ITRL
72 WD 6 WE D9 B, FF, FP, RSB L URPIZHB W
THOMBEIEETH - 720 FETIX, HEAT5.88, KW T
M, BEONEIZKE L, TNENICHELEND 72,
FPCIX LS B L OHEL DV b FREICKRE R A THE

ETr o7 RSTIEMB X OEE ML Y DAZITKE
HBAATEE oz RPTITEBDMEL Y D AZITK
X AaTEER ST,

FEWRES) & LCTHLY FIF72DGEB L UBFIZEIY 4 I,
M & O FF ORI fEE F 3 1R L72, DGIZ
BOTEBUEMBLIOMLY S, ZLCHIIMED b F
NZNAEBEP<0.05)ICKELEL 7572, BRIZBWTIE
MEASHEB L OB LD S, ZLCTHEERB L) FEICH
o7z,

FERRES) & AT E OBIZGHL, EARBRESHL,
FEoHR, EIREBLIUOBMURRE LR 4R L, DGB
X OBFDEZEEI130.318 L 15052 TdH » 72, HBHEIE D
EIRERIIFPOEAY0.45, RPOEA0.32E FHWETH - 72
PIAHZ0.09~0.18D R TdH - 72,

=i

A7~

Table 4. Additive genetic( oa?),litter( oc?) and environmental variances( e?),

heritabilities(h?) ,proportions of litter variance(c?) and standard errors (S.E.)
of h? and ¢? for leg conformation score and performance of meat production.

ca? o? o h? S.E. c? S.E.
DGD 2245 146 4854 0.31 0.03 0.02 0.00
BF2 505 47 419 0.52 0.02 0.05 0.01
FF3) 0.03 0.00 0.28 0.09 0.01 0.01 0.00
FS4 0.03 0.01 0.22 0.12 0.02 0.05 0.02
FP5) 0.28 0.02 0.33 0.45 0.03 0.03 0.01
RBO) 0.07 0.00 0.31 0.18 0.02 0.01 0.00
RS? 0.08 0.01 0.45 0.15 0.02 0.02 0.01
RP®) 0.19 0.02 0.39 0.32 0.02 0.04 0.01

1)DG:average daily gain 30 ~90kg

3)FF:front legs/front
6)RB:hind legs/behind

4)FS:front legs/side
7)RS:hind legs/side

Bull. Hokkaido Anim. Res. Ctr., 26:8-13, 2007
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2)BF:back fat depth at 1/2

5)FP:front legs/pastern
8)RP:hind legs/pastern
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Table 5. Genetic(below diagonal) and phenotypic(above diagonal) correlations between leg conformation scores and Performance Traits

DG" BF” FF” FS* FpP” RB? RS” RPY
DG 0.16 —0.04 0.08 0.12 —0.04 0.05 —0.04
BF —0.04%+0.079) —0.06 —0.10 0.24 —0.05 —0.06 0.24
FF 0.34£0.06 —0.41£0.09 0.07 —0.09 0.12 —0.02 —0.05
FS 0.63£0.09 —0.47%£0.08 0.56£0.13 —0.20 0.06 0.08 —0.10
FP 0.22£0.04 041£0.03 —0.54%0.09 —0.30%0.10 —0.10 —0.02 0.37
RB 0.10£0.04 —0.17£0.04 0.46%£0.06  0.15£0.06 —0.20%£0.05 0.15 —0.06
RS 0.53£0.04 —0.25£0.07 0.31£0.07 0.12%£0.11 0.08£0.06  0.18£0.07 —0.02
RP —0.21+0.04  0.58+0.04 —0.43+0.07 —0.60+0.09  0.72%+0.03 0.06£0.06  0.10£0.07

1)DG:average daily gain 30-90kg
3)FF:front legs/front
7)RS:hind legs/side

4)FS:front legs/side
8)RS:hind legs/pastern

4 Ht%€ L 72DG, BF, FF, FS, FP, RB, RSB L O
RPOEMB L EIZMHZ K S IR L7,

FTA R IEFP L RPR 27037 T & - 72 UAkE, —0.3~03
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z ¥
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2)BF:Ultrasound back fat measurement at 1/2
5)FP:front legs/pastern
9) genetic correlation = standard error

6)RB:hind legs/behind
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Relationships between leg conformation traits and meat production traits
in Large White

Kazunori YAMAUCHI, Kiyoji KAZINO, Gentaro IWAGAMI, Akira NAITO and Tohru KOIZUMI.
Hokkaido Animal Research Center

Corresponding . Kazunori Yamauchi (e-mail . yamauchi@agri.pref.hokkaido.jp)

A total of 1,100 pigs (349 boars, 232 barrows and 519 gilts) were used to investigate genetic parameters of leg
conformation traits and genetic relationship between leg conformation traits and] meat production traits. Leg
conformation traits used in this [study] were front-legs/front (FF), front-legs/side (FS), front-legs/pastern (FP),
hind-legs/behind (RB), hind-legs/side (RS) and hind-legs/pastern (RP). These 6 traits are being used in a Swedish
pig breeding scheme .

Significant differences between sexes were found in FF, FP, RS and RP. Heritabilities of leg conformation traits
were 0.09-0.18 except for FP 0.45) and RP 0.36). Genetic correlation between FP and RP was the highest of all
genetic correlations between leg conformation traits. In other genetic correlations between leg conformation traits,
there [were] relationships between FF and FS (0.56), between FF and FP (-0.54), between FF and RB (0.46),
between FF and RS (-0.31), between FF and RP (-0.43), between FS and FP (-0.30) and between FP and RP
(0.72). In genetic correlations between leg conformation traits and meat production traits, there were relationships
between average daily gain (DG ) and FF (0.34), between DG and FS (0.63), between DG and RS (0.53),
between ultrasonic back fat measurement at 1/2 of [the] body length (BF) and FF (-0.41), between BF and FS (-
0.4), between BF and FP (0.41) and between BF and RP (0.58).These results suggested that the selection of meat

production traits may be changed by leg conformation traits.

Key words : leg conformation traits, Large White. meat production traits, genetic relationship
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Effects of supplemental concentrate levels on performance, ruminal

characteristics, and blood constituents of Wagyu steers on pasture

Masahito SUGIMOTO?, Chizuru YAYOTA?Y®, Yukinobu SATO? , Toshiro SAITO?
and Tsutomu KAWASAKIC.

4Hokkaido Animal Research Center,
bGraduate School of Agriculture, Hokkaido University

¢Hokkaido Prefectural Tenpoku Agricultural Experiment Station

Abstract Twelve Japanese Black (Wagyu) steer calves were used to determine the effects of supplemental
concentrate levels on performance, ruminal characteristics, and blood constituents during the grazing period. We
tested the following treatments: 1) high-concentrate supplementation on pasture (HC, fed concentrate at 57.5 g
dry matter (DM) per metabolic body weight (BW0.75)) and 2) moderate-concentrate supplementation on pasture
(MC, fed concentrate at 50 gDM/BW?0.75). The supplemental concentrate consisted of 50% commercial formula
feed and 50% rolled barley. The quantity of supplement was adjusted for body weight (BW) changes every two
weeks. Daily gain was not affected by the treatments. The paunch girth / heart girth ratio at the end of the
experiment was higher (P < 0.05) for the MC steers than for the HC steers. Both the grazing time and ruminating
time were longer (P < 0.01) for the MC steers than for the HC steers. Although the supplemental concentrate level
did not influence the ruminal pH, ammonia nitrogen (NH3"N) or total volatile fatty acids (VFA) concentrations,
the ruminal acetate/propionate ratio was higher (P < 0.05) for the MC steers than for the HC steers. A significant
difference (P < 0.05) was noted in serum urea nitrogen during the early stage of the experiment. The nonesterified
fatty acid (NEFA) concentration was not affected by the treatments. These results lead us to suggest that
exceeding the 50 gDM/BW0.75/day concentrate supplementation for grazing Wagyu steer calves was ineffective

in enhancing their performance and physiological status.

Keywords . grazing, concentrate level, performance, Wagyu steers
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Introduction

In general, the feeding systems in growing Wagyu steers rely
on high-concentrate diets. The economic dynamics of the
systems depend on grain prices. The substitution of
concentrate-based diets with a diet containing pasture in
growing steers could reduce feeding costs ). However,
grazing frequently depresses the growth of Wagyu calves.
Restricted nutrient intake is probably the major factor that
limits production of grazing animals 1. Supplementation is
necessary, therefore, to allow stocker cattle to gain weight
during a grazing period 2).

In the case of penned Wagyu steers fed hay ad libitum , we
reported that the optimum daily concentrate level would be
50 g of dry matter (DM) per metabolic body weight (BW0.75)
during the growing period 28). The total digestible nutrient

(TDN) requirements for maintenance of grazing cattle are at

least 15% and perhaps as much as 50% higher than those for
penned cattle, depending on conditions such as the size and
the inclination of pastures 14). Therefore, grazing Wagyu
calves may need to be given a supplemental concentrate of 50
¢DM/BW0.75/day or more to achieve optimum growth.
However, requirements generated from measurements in pen-
fed animals present both theoretical and practical concerns
when they are applied to grazing situations 3). Moreover,
superfluous concentrate supplementation reduces forage fiber
digestion and grazing activity 12). Hence, the advantages of
supplementing concentrate exceeding 50 gDM/BWO0.75/day
for grazing Wagyu calves are still unknown.

The objective of this study was to evaluate the effects of
supplemental concentrate level on growth performance,
ruminal characteristics, and several physiological changes in

grazing Wagyu steers.

Corresponding . Masahito Sugimoto (e-mail : sugimomh@agri.pref.hokkaido.jp)
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Effects of supplemental concentrate levels on performance, ruminal characteristics, and blood constituents of Wagyu steers on pasture

Materials and Methods

Animals and study pasture
In designing the research protocols regarding animal care, we
followed the guidelines recommended in the Guide for the
Care and Use of Agricultural Animals in Agricultural
Research and Teaching 0) .

Twelve Wagyu male calves, approximately 13 weeks of
age, were assigned to one of two treatment groups of 6
animals each:1) a high-concentrate supplementation on
pasture (HC, fed at 57.5 gDM/BW0.75 concentrate) and 2 ) a
moderate-concentrate supplementation on pasture (MC, fed at
50 gDM/BWO.75 concentrate). The supplemental concentrate
was group-fed, and the quantity of the concentrate was
adjusted for BW changes every two weeks. The concentrate
consisted of 50% commercial formula feed (TDN, 83.5%;
crude protein (CP), 20.0%, based on guaranteed value) and
50% rolled barley (TDN, 84.1%; CP, 12.0% 19)). The calves
grazed rotationally from late May (approximately 13 weeks
of age) until early October (approximately 34 weeks of age),
2002. The length of the grazing period was 147 days. The
maximum ambient temperature was 32.2°C (July 30), and the
minimum was -0.4°C (May 17).

All calves had ad libitum access to water and trace
mineral salt (96.6% NaCl, 0.0732% « -FeOOH, 0.1104%
Fe203 0.0377% CuSO4 0.0066% CoSO4 0.1235% ZnSO4
0.1046% MnCOs3 0.0077% Ca(I03)2 0.0033% Na2SeOs
2000 IU/kg Vitamin E) throughout the experiment.

The calves were treated for parasites with Ivomec®
(Merck, Rahway) at the start of the experiment. They were
castrated under sedation with xylazine hydrochloride by
trained technicians at approximately 18 weeks of age. Their
health status was observed at feedings. Rectal temperatures
were measured in animals that were visibly anorexic or had
severe nasal mucous drainage and rapid or labored breathing.
Any animal with a rectal temperature over 39.5 T was
treated with antibiotics.

Vegetation in the study pasture consisted of 60%
L), 25%

bluegrass (Poa pratensis L.), 5 % meadow fescue (Festuca

orchardgrass (Dactylis glomerata Kentucky
pratensis Huds.), 5 % white clover (Trifolium repens L.)
and 5 % other grasses, all of which were measured by visual
observation. A part of the pasture was divided into nine
paddocks. Because herbage growth early in the study was
relatively high, we used five of them from the start of the
experiment to early July; we then used all nine from that time
until the end of the experiment. Each paddock was

approximately 350 m2 (16 X 22 m). Because the quality of
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the forages declined as they increased in maturity, the
paddocks were managed using a weed cutter so as to
maintain herbage height between 20 and 30 cm. The
paddocks were fertilized with 2 kg/100m?2 of 15-15-10- 5
(N-P-K-Myg) fertilizer in late May.

Measurement and sample preparation

Concentrate intake was recorded every day. Herbage intake
was estimated from animal performance 1), using the TDN
requirements for the maintenance and growth of animals
(based on MAFF 14)). Given our study conditions, we
estimated the maintenance TDN requirements of the grazing
cattle to be 30% more than that of penned cattle 14, 30).

Body weight (unshrunk) was measured every two weeks.
Body measurements were carried out at 13, 22, and 32 weeks
of age. The frame size index was calculated by the method of
Sugimoto et al. 29. The subcutaneous fat depth was
measured ultrasonically at the end of the experiment. The
measurement site of subcutaneous fat depth was just behind
the left scapula.

To monitor herbage quantity and quality, two 11 m?2 (0.5
X22 m) random herbage samples per paddock were cut
monthly with a lawn mower. Herbage and concentrate
samples were dried in a forced-air oven at 65 C, ground
through a 1 -mm screen and stored for chemical analysis.

Ruminal fluid and blood samples were taken just before
morning feeding when calves were 16, 24, and 32 weeks of
age. Ruminal fluid samples were collected via a stomach tube
and transferred to a polypropylene conical tube, measured for
pH immediately, then stored at -30°C for further analysis.

Blood samples were taken from the jugular vein. Nine-
milliliter samples were collected in a vacutainer tube
containing gel and clot activator for analysis of aspartate
aminotransferase, gamma-glutamyl transpeptidase, urea
nitrogen, total cholesterol, triacylglycerol, nonesterified fatty
acids, phosphor lipid, magnesium, calcium, insulin,
triiodothyronine, and thyroxin. In addition, 2 -ml samples
were collected in a vacutainer tube containing sodium
fluoride for analysis of glucose.

Grazing and ruminating behavior was monitored visually
for a 12-h period (from 6:00 to 18:00). Grazing and
ruminating activities were noted every 10 min, and each

activity was assumed to persist for the entire 10 min interval.

Sample analysis

Herbage samples were analyzed for DM, neutral detergent
fiber (NDF), acid detergent fiber (ADF), crude protein (CP),
and TDN by the near-infrared ray procedure (NIR Model
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6500, NIRSystems). Organic matter (OM) concentrations
were determined by ashing in a muffle furnace at 550°C for
2 h. Supplemental concentrate samples were analyzed for
their components by standard procedures. Seasonal changes
of herbage quality and quantity are shown in Table 1. It was
likely that chemical compositions and herbage mass were not
different between the paddocks for HC steers and for MC
steers.

Frozen ruminal fluid samples were thawed at room
temperature and centrifuged at 2000 X g for 20 min.
Supernatant fractions were analyzed for ammonia nitrogen by
the phenol-hypochlorite method 8) and for volatile fatty
acids (VFA) by gas chromatography (GC-17A, Shimazu).
Serum

aspartate aminotransferase, gamma-glutamyl

transpeptidase, urea nitrogen, total cholesterol,

triacylglycerol, nonesterified fatty acids, phosphor lipid, and
plasma glucose analyses were entrusted to a clinical
laboratory. Serum magnesium and calcium were analyzed
with the auto clinical analyzer (Synchron CXS5 Delta,
Beckman Coulter). We used the enzyme immunoassay
(AIA-600, Tosoh) for

triiodothyronine, and thyroxin.

analyzer analysis of insulin,

Calculations and statistical analysis
We used the GLM procedure of SAS 20) for all statistical

components. Although the steers were group-fed in our
experiment, the coefficient of variation of final body weight
was 12. 6 %. Hence, we considered that the mutual influence
among the animals within the groups was vanishingly small;
all random variables in this experiment were independent 31).
Assuming a completely random design, we analyzed growth
data using an analysis of variance (ANOVA). Time
sequential data (ruminal characteristics, blood constituents,
and grazing behaviors) were analyzed using a repeated
measures ANOVA 22). The sphericity assumption of errors
was tested by Mauchly's sphericity test. When the assumption
was not satisfied, we modified the degree of freedom for the
F-test using the Greenhouse-Geisser epsilon. When the null
hypothesis was rejected in the F-test (P < 0.05), sampling
period differences (including the effects of age and advancing
season) were evaluated for linear and quadratic effects with
orthogonal polynomials. If significant treatment X sampling
period interactions were detected (P < 0.05), treatment
differences were evaluated in each sampling period. Because
the calves were fed in groups, we were not able to calculate
the statistical significance of the differences in feed intake
data.

Table 1. Seasonal changes in chemical composition of herbage, sward height and herbage mass

Treatments Item Early June Early July Early August Early September
HC DM (g/kg FM) 234.2 276.5 161.2 235.1
OM (g/kg DM) 889.6 916.7 886.6 896.4
CP (g/kg DM) 203.7 180.4 197.9 183.2
NDF (g/kg DM) 536.8 566.1 564.7 580.5
ADF (g/kg DM) 275.4 292.1 309.5 3227
EE (g/kg DM) 36.1 42.5 43.7 37.0
TDN (g/kg DM) 585.0 608.6 612.8 568.6
Sward height (cm) 26.1 28.7 35.5 30.7
Herbage mass (kg DM / 1000m®) 136.1 163.7 156.6 260.6
MC DM (g/kg FM) 205.4 261.2 180.1 215.3
OM (g/kg DM) 895.4 908.0 896.6 891.0
CP (g/kg DM) 190.6 169.7 198.2 185.8
NDF (g/kg DM) 573.4 580.4 526.2 581.2
ADF (g/kg DM) 284.4 306.1 294.0 323.9
EE (g/kg DM) 40.5 38.8 46.1 39.0
TDN (g/kg DM) 579.4 585.9 635.3 564.7
Sward height (cm) 29.8 29.8 36.7 32.0
Herbage mass (kg DM / 1000m®) 134.2 150.7 191.5 240.4

HC: fed at 57.5 gDM/BWO0.75 concentrate on pasture; MC: fed at 50 gDM/BWO0.75 concentrate on pasture.
FM: fresh matter; DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral detergent fiber;

ADF: acid detergent fiber; EE: ether extract; TDN: total digestible nutrients.
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Table 2. The effects of concentrate supplementation level on performance in growing Wagyu steers on pasture

Item Treatments s.e. P value
HC MC

n 6 6
Initial weight (kg) 105.6 100.1 4.2 0.379
Final weight (kg) 209.0 205.4 10.7 0.817
Daily gain (kg) 0.70 0.72 0.06 0.872
Withers height gain (cm) 17.7 17.9 0.9 0.877
Final paunch girth/heart girth ratio 1.15 1.23 0.02 0.032
Final fattening indexa 1.85 1.88 0.08 0.772
Final frame size indexb 292.2 295.5 5.1 0.663
Final fat depth (cm) 0.52 0.53 0.05 0.799
Feed intakec (kgDM/d)

forage 1.1 1.7 - -

concentrate 2.6 22 - -

total 3.7 3.9 - -

HC: fed at 57.5 gDM/BWO0.75 concentrate on pasture; MC: fed at 50 gDM/BWO0.75 concentrate on pasture.

4 body weight = withers height (Oka et al. 1999)

b Calculated from the body measurements data vector (Sugimoto et al. 2001) which was taken at the end of the experiment.
¢ No statistical analysis for this data. Forage intake was estimated from TDN requirements for growth (based on Japanese

Feeding Standard, MAFF 2000).

Results and Discussion

Performance

Calves were generally healthy and, importantly, health status
traits did not vary between the treatment groups (data are not
shown). Growth performance of the steers is presented in
Table 2. Daily gain (DG) was not affected by the treatment
groups, indicating that energy and protein intakes were
similar between the treatments. The paunch girth / heart girth
ratio at 32 weeks of age was higher (P < 0.05) for the MC
the HC that the

rumen/reticulum size would be greater for the MC steers than

steers than for steers, indicating
for the HC steers 20). Such an increase in the rumen/reticulum
size is probably attributable to the intake of a great deal of
herbage by the MC steers in the grazing period, with a
subsequent increase in intestinal activity. Other growth data,
especially withers height gain and frame-size index, were not
significantly affected by either treatment. These results
suggested that the supplemental concentrate over the MC
level did not contribute to increasing the body weight gain
and skeletal growth of grazing Wagyu steers.

The remains of concentrates were not observed throughout
the experiment in either group. By design, concentrate intake
was greater for the HC steers than for the MC steers.
Conversely, calculated herbage intake tended to be greater
for the MC steers than for the HC steers. Supplementing

forage with grain-based concentrates often decreases forage
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intake 17). French et al.7) reported that increasing
supplementary concentrate reduced grass intake on an
autumn grass pasture. The reduction in forage intake by
grazing in response to energy supplementation has been
termed substitution 3). The substitution rate, defined as the
decrease in herbage intake per unit supplement, was 1.5
between the MC steers and the HC steers. This rate was
slightly higher than that noted by Kristensen and Aaes 10),
who reported a substitution rate of 1.1 between moderate (
6.3 kgDM) concentrate-fed cows and high (7.6 kgDM)
concentrate-fed cows. The substitution rate is influenced by
the method used to calculate the intake of herbage 10). In our
experiment, herbage intake was measured from performance,
assuming a constant digestibility of herbage. Because

increasing the grain-based concentrate supplementation
generally reduces the forage fiber digestibility, the herbage
intake of the HC steers has probably been underestimated;
therefore, the substitution rate might be overestimated.

Time spent grazing and ruminating during the daytime
(from 06:00 to 18:00) is shown in Table 3. No

X observation period” interactions were detected. Krysl

“treatment

and Hess 1D showed in their review that nighttime grazing
represents a small percentage of the total daily grazing time
and contributes minimally to daily forage intake. In cattle,
65% to 100% of daily grazing time occurs between 06:00 and
19:00 over a wide range of environmental temperatures,

supplementation regimens, grazing management and forage
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Table 3. The effects of concentrate supplementation level on grazing behavior2 in Wagyu steers on pasture

Treatment Observation period Contrastb
Item s.e. Pvalue 16wk 20wk 25wk 29wk se.
HC MC L C
(JUN) JUL) (AUG) (SEP) Q
n 6 6 12 12 12 12
Grazing (min) 119.1 1713 112 0.002 950 1592 1375 1955 140 <0.001 0.828 0.012
Ruminating (min) 105.7 1454 9.8 0.006 84.2 933 1775 1509 93 <0.001 0.065 <0.001

No significant “treatment X observation period” interactions were detected for each variable.

HC: fed at 57.5 gDM/BWO.75 concentrate on pasture; MC: fed at 50 gDM/BWO0.75 concentrate on pasture.
JUN: early June; JUL: early July; AUG: early August; SEP: early September.

4 Grazing behavior was monitored visually for a 12-h period (from 6:00 to 18:00).

b Observed significance level for linear (L), quadratic (Q) and cubic (C) effects of the sampling period.

types, according to their review. We observed grazing

activity during approximately the same time period;
therefore, we deemed daily grazing activities possible to
assess.
Grazing times declined significantly (P<0.01) with
increased concentrate supplementation, indicating that the
roughage intake was lower for the HC steers than for the MC
and Hess!D that

relationship was noted between forage OM intake and

steers. Krysl indicated a negative
grazing time, and they reported that supplementation seemed
to decrease grazing time. In our experiment, the grazing time
of Wagyu steer calves decreased from 171.3min/12h with 50
gDM/BW 0.75 concentrate to 119.1min/12h  with 57.5
¢DM/BW 0.75, The fall in grazing time with the supplemental
concentrate increase was in agreement with the findings of
Sarker and Holmes2%, who reported that minutes per day
spent grazing decreased from 495with 2 kg concentrates to
359with 8 kg. Caton and Dhuyvetter 3) noted that if grazing
time was decreased, energy demands from work associated
with grazing should also decrease, which suggests that
energy expenditure associated with grazing would be lower
for the HC steers than for the MC steers in our study.
However, no differences in growth performance were noted
between the HC steers and the MC steers, suggesting that
declining energy expenditure associated with grazing in the
HC steers did not alter growth performance under our
experimental conditions.

Grazing time was influenced in terms of both linear
(P<0.01) and cubic (P<0.05) effects by advancing the
experimental period, and it decreased from July to August. A
cubic response (P<0.01) was also observed across the period
for the ruminating time. The reduction in grazing activities is
probably due to the decrease in forage intake associated with
the onset of midsummer and the reduced quality of the

grasses.
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Ruminal characteristics

No significant “treatment X sampling period” interactions
were detected for ruminal characteristics (Table 4 ) except in
the case of isovalerate; however, the nature of the interactions
did not preclude evaluation of main effects (changes in
but The

supplemental concentrate level did not influence ruminal pH,

magnitude of differences not in direction).
NH 3 -N or total VFA concentrations.

In general, increasing the supplemental concentrate
decreased the ruminal pH as a result of an increase in dietary
starch. A declining ruminal pH associated with an increase in
dietary starch should affect the ruminal bacteria toward a
greater amylolytic and lower cellulolytic population. The
resulting bacteria shifts were thought to reduce fiber
digestion and negatively affect the intake of grazed forage.
However, in the present study, the supplemental concentrate
level did not alter ruminal pH. This result was in agreement
with that of Pordomingo et al.23), who showed that cattle
grazing a summer range that are supplemented with
increasing levels of corn demonstrate no reduction in ruminal
pH, which averaged between 6.3and 6.4. Moreover, Caton
and Dhuyvetter3) noted that ruminal pH was not always
reduced by grain supplementation. Growth of cellulolytic
bacteria is reduced when the ruminal pH falls below 6.2 21);
therefore, detrimental effects on fiber digestion induced by
low ruminal pH resulting from an increase in concentrate
supplementation seem unlikely in our experiment.

Pordomingo et al. 23) indicated that a decrease in forage
organic matter intake as grain supplementation levels
increased could have resulted from the combined effects of
substitution and decreased forage digestibility. Therefore, the
decreased forage intake in the HC steers compared with that
in the MC steers, as noted above, might not have been caused
by decreasing forage digestibility but by substitution.

Ruminal NH 3 -N concentrations ranging from 6.5 to 11.5,



Effects of supplemental concentrate levels on performance, ruminal characteristics, and blood constituents of Wagyu steers on pasture

Table 4. The effects of concentrate supplementation level on ruminal characteristics in Wagyu steers on pasture

Treatment Observation period Contrastb
Item s.e. Pvalue 16wk 24wk 32wk se.
HE Mc (JUN) (JUL) SEP L Q
n 6 6 12 12 12
pH 6.94 6.89 0.06 0566  6.96 6.96 6.83 0.07 0.165 0.430
Ammonia nitrogen (mg/dL) 9.8 9.6 1.0 0.897 6.5 11.1 11.5 1.0 0.001  0.095
Total VFA (mmol/dL) 4.1 4.2 0.3 0.920 3.8 3.8 49 0.4 0.069 0.215
Molar proportions
Acetate 0.6104 0.6576 0.0096 0.002 0.6287 0.6503 0.6199 0.0134 0.651 0.127
Propionate 0.2445 0.2028 0.0118 0.017 0.2580 0.1953 0.2189 0.0141 0.053 0.014
Butyrate 0.0859 0.0839 0.0061 0.815 0.0611 0.0923 0.1028 0.0053 0.001 0.106
Isobutyrate 0.0169 0.0183 0.0012 0.439 0.0160 0.0192 0.0175 0.0015 0.419 0.189
Valerate 0.0173 0.0162 0.0014 0.553 0.0203 0.0140 0.0159 0.0015 0.042 0.029
Isovalerate 0.0250 0.0213 0.0021 0.205 0.0159 0.0290 0.0249 0.0021 0.004 0.001
Acetate/propionate ratio 2.7 33 0.2 0.014 2.5 35 2.9 0.2 0.197  0.006

No significant

“treatment X sampling period” interactions were detected for ruminal characteristics except for

isovalerate; however, the nature of the interaction did not preclude evaluation of main effects (changes in magnitude of

differences but not direction).

HC: fed at 57.5 gDM/BWO.75 concentrate on pasture; MC: fed at 50 gDM/BWO0.75 concentrate on pasture.

JUN: early June; JUL: late July; SEP: late September.

a Observed significance level for linear (L) and quadratic (Q) effects of the sampling period.

with averages of 9.6 to 9.8, were substantially above the 1.5
to 6.5 mg/dL recommended by Satter and Slyter 27) to obtain
which

5Smg/dL. Ammonia nitrogen

optimal microbial protein synthesis, represents

approximately increased
linearly (linear; P<0.01) as the sampling period advanced,
indicating that degradable protein in the rumen increased
with the advancing period.

The lack of differences in total VFA noted between the
treatment groups suggested that increasing supplemental
concentrate did not increase fermentable substrate in the
rumen. As Chase and Hibberd4) described, when total VFA
of VFA

similar total VFA concentrations for each

concentrations were considered indicative
production,
treatment suggested that there would be a little if any
difference in the energy balance between the HC steers and
the MC steers. Total VFA tended to increase (linear; P<0.1)
as the sampling period advanced, indicating that the
fermentable substrate in the rumen increased with advancing
period. This might be due to an increasing forage OM intake
associated with the growth of steers. Hess et al.9), working
with yearling beef cattle consuming pasture grass

(intermediate wheatgrass) and supplemented with protein
sources, also found that OM intake increased linearly with

advancing period.
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The molar proportion of acetate was higher (P<0.01) for the
MC steers than for the HC steers, and that of propionate was
higher (P<0.05) for the HC steers than for the MC steers,
findings that were in agreement with those of Naruse et al.
16).
(P<0.05) for the MC steers than for the HC steers. The molar

proportions of butyrate, isobutyrate, valerate, and isovalerate

Therefore, the acetate/propionate ratio was higher

were not significantly affected by the treatments. Butyrate
increased linearly (linear; P<0.01) with advancing period, a
result that might also be explained by the increasing forage
OM intake associated with growth of steers. A quadratic
response was noted for valerate (quadratic; P<0.05) and
P<0.01).

isovalerate (quadratic; The reasons for these

responses were unclear.

Blood constituents

Except for serum urea nitrogen, no “treatment X sampling
period” interactions were detected for blood constituents
(Table 5

gamma - glutamyl transpeptidase activities did not differ

and Fig.1). Aspartate aminotransferase and

between the HC steers and the MC steers, indicating few
adverse effects on liver function as a result of increasing
supplementation level.

Serum phosphor lipid concentrations were higher (P<0.05)
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Table 5. The effects of concentrate supplementation level on blood constituents in Wagyu steers on pasture

Treatment Observation period Contrastb
Item s.e. Pvalue 16wk 24wk 32wk se.
HE Mc (JUN) (JUL) SEP L Q
n 6 6 12 12 12
AST (IU/L) 77.4 86.9 4.1 0.113 825 82.9 81.1 5.3 0.851 0.863
y -GTP (IU/L) 223 22.5 2.6 0952 231 25.6 18.7 3.1 0.320 0.223
Total cholesterol (mg/dL) 35.8 43.7 3.0 0.076  30.4 44.8 442 3.4 0.008 0.085
Triacylglycerol (mg/dL) 10.9 12.3 0.8 0.221 11.2 12.8 10.8 1.0 0.762  0.122
Nonesterified fatty acids (mEq/L) 0.31 0.31 0.03 0.857 041 0.29 0.23 0.02 <0.001 0.210
Phospholipid (mg/dL) 56.3 68.9 35 0.014 514 70.3 66.1 4.0 0.015 0.025
Glucose (mg/dL) 80.6 81.7 2.0 0.678 823 79.8 81.4 24 0.810  0.490
Magnesium (mg/dL) 2.5 2.6 0.1 0.941 2.6 2.7 24 0.1 0.029 0.074
Calcium (mg/dL) 10.0 9.8 0.1 0.299 9.9 10.0 9.8 0.1 0.353  0.257
Insulin (2 U/mL) 9.2 22 4.2 0.251 2.5 12.1 33 53 0917 0.163
Triiodothyronine (ng/mL) 2.1 2.3 0.1 0.295 2.1 2.1 2.3 0.2 0.440 0.561
Thyroxin (. g/dL) 5.5 5.4 0.4 0.779 52 4.3 6.8 0.3 0.001 0.001>

No significant “treatment X sampling period” interactions were detected for each variable.
HC: fed at 57.5 gDM/BWO.75 concentrate on pasture; MC: fed at 50 gDM/BWO0.75 concentrate on pasture.
AST: aspartate aminotransferase; y -GTP: gamma-glutamyl transpeptidase.

JUN: early June; JUL: late July, SEP: late September.

4 Observed significance level for linear (L) and quadratic (Q) effects of the sampling period.

16
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b
=10
16wk 24wk 32wk
(JUN) (JuL) (SEP)

Sampling period

Fig 1. The effects of concentrate supplementation level on
serum urea nitrogen in Wagyu steers on pasture

“Treatment X sampling period” interactions were detected
(p<0.05) for this variable.
HC: fed at 57.5 gDM/BWO0.75 concentrate on pasture; MC: fed at 50
gDM/BWO0.75 concentrate on pasture.

*: a significantly difference (P<0.05) was observed between the
treatments at 16 wk of age.
JUN: early June; JUL: late July; SEP: late September.

Serum total

cholesterol tended to be higher (P<0.1) for the MC steers

for the MC steers than for the HC steers.
than for the HC steers. The triacylglycerol concentration was

numerically higher for the MC steers than for the HC steers,

but the difference was not significant. For serum lipid, most
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measurements assess total cholesterol, triacylgrycerol, and
phosphor lipid concentration 15). We found that these serum
lipid components were higher for the MC steers than for the
HC steers. In general, serum lipid concentrate correlated with
energy intake 15), though we estimated that energy intake was
similar for the two treatments. Therefore, the concentrate
versus herbage ratio in diets, although isoenergetic, probably
changes the lipid metabolism of grazing calves.

Serum glucose, magnesium, calcium, triiodothyronine, and
thyroxin concentrations were not affected by the treatments
or advancing period. Serum total cholesterol increased
P<0.05),

concentrations decreased linearly (linear;

linearly (linear; and nonesterified fatty acids
P<0.05) with
advancing sampling period, indicating that the energy status
of the steers improved with advancing age or grazing stage.
Serum phosphor lipid, magnesium, and thyroxin responded
quadratically (quadratic; P<0.05).

Serum insulin concentrations were numerically higher for
the HC steers than for the MC steers, but this difference was
not significant. Bodine and Purvis2) noted that nutrient
intake influenced insulin concentrations. Furthermore,
increasing ruminal propionate production, which has often
been associated with high-concentrate diets, has been shown
to stimulate pancreatic insulin secretion?4). McCann and
Reimers!3) showed that plasma insulin was higher in obese
than in lean sheep. In the present study, the final fat depth

was similar for the two treatment groups, indicating that the
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degree of obesity was similar for the HC and MC steers. The
serum insulin was numerically higher for the HC steers than
for the MC steers probably because of the high ruminal
propionate proportion in the HC steers.

A significant difference (P<0.05) between the two groups
was noted for serum urea nitrogen at 16 weeks of age, but not
at 24 or 32 weeks of age. As noted above, this result was not
due to the fact that protein intake in the MC steers was

comparatively lower for microbial protein production.

Conclusions

We concluded that concentrate-based supplements above 50
gDM/BW 0.75 depress grazing time and forage intake and
have little effect on growth performance and ruminal function
in grazing Wagyu steer calves. However, we found that the
concentrate level influences the

supplemental lipid

metabolism of grazing calves.
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Tablel. Ingredients and compositions of composting sub-materials

Trial Total Total Bulk Wat
Ingredient na pH Moisture Ash ot . ot “ . a e.r
season carbon nitrogen density capacity
(%FM) (%DM) (kg/m3) (%DM)
Warm — 35.9 0.4 514 0.1 130
Sawdust g 56 44.6 0.5 499 0.1 180 420
Warm - 15.2 84.5 15.1 0.2 860
1 ash
Coal as Cold 5.6 52 84.7 15.0 02 790 0

Table2. Mixture ratio of sub-materials

Volume ratio

Weight ratio(fresh matter)

Treatment
Sawdust Coal ash Sawdust Coal ash Sawdust Coal ash
—Warm — —Cold —
Tr.0% 1 0 1 0.0 1 0.0
Tr.10% 0.9 0.1 1 0.7 1 0.5
Tr.30% 0.7 0.3 1 2.8 1 1.9
Tr.50% 0.5 0.5 1 6.6 1 4.4

RELZK%E, £ 410, 308 L U50%IX & L7z (%
2) o HRAWO0.54m3% Wi HOFILE % (KIS0
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il Lize T/, HEREY O SRR 058 2 R
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Fig.1 Changes in temperature of manure sawdust mixture added to different rate of coal

ash and ambient temperature during composting

—o— ;Tr.0% (Coal ash:Sawdust=0.0:1.0,/y) —a— ;Tr.10%(0.1:0.9)
—0—;Tr.30%(0.3:0.7) —%— ; Tr.50%(0.5:0.5) —— Ambient temperature
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Table3. Dairy mean temperature and accumulated temperature of ambient during composting of manure

sawdust mixture added to coal ash.

Triad Time Tr.0%D Tr.10% D Tr.30% D Tr.50% Ambient
season

(day) ©
Warm 51 2315 2497 2307 2038 1133
Cold 96 3109 3291 3134 2202 892

DTr.0% (Coal ash:sawdust=0.0:1.0 (v/v)), Trl0% (0.1:0.9), Tr.30% (0.3 :0.7), Tr.50% (0.5:0.5)
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TIEABIA I 20 C iR CHR L 720 55 HRERC I3
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Fig.2 Changes in ratio of decomposition of organic matter during composting of

manure sawdust mixture added to different rate of coal ash.

—0— : Tr.0% (Coal ash:Sawdust=0.0:1.0,V/v) —A— ;Tr.10%(0.1:0.9)
—0— ;Tr.30%(0.3:0.7) —%— :Tr.50%(0.5: 0.5)
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Table4. Changes in bulk density during composting of manure sawdust mixture added to coal ash .

Trial
Time Tr.0%D Tr.10% D Tr.30% 1 Tr.50% 1
season
(day) (kg m3)
0 379 388 487 568
10 373 450 563 653
Warm
24 339 434 552 640
51 322 426 557 605
0 365 412 489 537
31 421 471 530 610
Cold
51 395 458 553 614
96 330 420 544 604

1)Tr.0% (Coal ash:sawdust=0.0:1.0 (v/v)) , Tr, 10%(0.1:0.9) ,Tr.30% (0.3:0.7) ,Tr.50% (0.5:0.5)

Table5. Changes in chemical composition and germination percentage of komatsuna during composting of manure sawdust mixture

added to coal ash (Warm season trial) .

Treatment!)  day pH  Moisture  Ash Total - Total N NHeN  NosN  Sermination
carbon  nitrogen ration percentage?)
(%FM) - - - - (%DM) - - - - —(mg/gDM) — (%)
0 6.0 71.1 5.1 48.7 0.7 70.5 0.41 0.00 57
0% 10 8.5 70.0 4.6 492 0.7 66.8 0.95 0.01 83
24 7.8 69.1 5.7 47.9 0.8 62.1 0.32 0.04 90
51 6.4 68.7 6.7 48.2 0.9 53.1 0.12 0.52 100
0 75 62.8 35.3 35.8 0.6 60.4 0.41 0.00 77
e 10% 10 8.8 60.0 39.9 35.0 0.6 55.6 0.49 0.05 93
24 8.7 58.6 47.6 30.7 0.6 50.9 0.00 0.04 100
51 9.0 58.1 45.0 315 0.7 44.4 0.00 0.02 97
0 8.1 55.0 52.6 26.8 0.5 57.2 0.26 0.00 97
10 8.9 53.0 59.6 25.1 0.5 53.5 0.42 0.01 93
Tr.30%
24 8.8 51.4 61.9 254 0.5 49.1 0.01 0.00 100
51 8.9 50.5 64.7 229 0.5 44.9 0.00 0.00 97
0 8.7 49.1 66.8 27.0 0.5 58.7 0.23 0.00 97
S~ 10 8.8 49.1 67.7 225 0.4 515 0.47 0.01 100
24 8.8 47.6 70.5 223 0.5 47.7 0.00 0.00 100
51 8.8 46.2 69.8 21.0 0.5 46.1 0.00 0.00 100

1)Tr.0% (Coal ash : sawdust=0.0 : 1.0, v/v), Tr.10%(0.1 : 0.9), Tr.30% (0.3 : 0.7), Tr.50% (0.5 :0.5)

2)Komatsuna seed germination test

rhim B & B IR OSSR L) . L O LTI
50% X CTIEHEZE I S 7225, 10% B X UB30% X Tl
0 %X & AR Lol 2 Gz E L7225
n7z.

(3) FRENEIL

WAL BRAR BT AFRBEOELEFK 4 ITIR Lz, R
BB ORAEEIZ 0. 10, 30B X US50% X THFNRLEN
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Table6. Changes in chemical composition and germination percentage of komatsuna during composting of manure sawdust mixture

added to coal ash (Cold season trial) .

Treatment!) day pH Moisture Ash Total T otal C{N NH4-N  NO3-N Germination
carbon  nitrogen ration percentage?)
(%FM) - - - - (%DM) - - - - —(mg/gDM) — (%)
0 7.5 70.9 2.8 48.7 0.7 67.5 0.22 0.01 40
Tr.0% 31 8.8 72.2 3.7 48.9 0.8 58.3 0.19 0.01 67
51 8.0 72.8 33 48.8 0.8 58.1 0.00 0.09 70
96 7.0 72.0 4.3 46.7 1.0 46.8 0.00 0.62 97
0 7.5 61.2 36.4 329 0.5 63.7 0.03 0.00 47
Tr.10% 31 8.7 61.7 39.9 325 0.6 52.7 0.00 0.01 90
51 8.5 62.5 39.8 323 0.6 51.7 0.00 0.03 100
96 8.9 61.9 47.8 29.7 0.7 42.9 0.00 0.02 93
0 7.9 53.1 53.8 26.5 0.5 533 0.06 0.01 93
31 8.8 53.9 56.0 243 0.5 49.6 0.00 0.01 100
Tr.30%
51 8.4 533 58.7 26.1 0.5 47.6 0.00 0.03 100
96 8.9 51.4 62.5 24.6 0.6 43.5 0.01 0.03 100
0 8.2 49.9 65.7 222 0.4 49.5 0.00 0.01 97
Tr.50% 31 8.9 48.0 66.0 233 0.5 50.2 0.00 0.01 100
51 8.7 48.3 69.2 21.3 0.5 46.7 0.00 0.01 100
96 9.0 46.8 69.9 20.5 0.4 46.6 0.02 0.02 100

1)Tr.0% (Coal ash : sawdust=0.0 : 1.0, v/v), Tr.10%(0.1 : 0.9), Tr.30% (0.3 : 0.7), Tr.50% (0.5 : 0.5)

2)Komatsuna seed germination test
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Utility of coal combustion clinker ash as a sub material

in cattle manure composting
Keiko MINATO, Kan WATANOBE, Tadashi TAMURA and Hidenori ABE

Hokkaido Aminal Research Center
Corresponding . Keiko Minato (e-mail . minatokk@agri.pref.hokkaido.jp)

This study was conducted to examine the utility of clinker ash produced after coal combustion as a sub material in
cattle manure composting. In a control treatment (Tr 0%), cattle manure was mixed with sawdust to adjust the
moisture content to 70%. Sawdust used in the control treatment (Tr 0%) was replaced by clinker ash at the rate of
10%, 30%, and 50% (v/v) as Tr 10%, Tr 30%, and Tr 50%, respectively, and each sub-material mixture was
mixed with cattle manure. About 0.54m3 of each manure-sub-material mixture was piled in the composting
apparatus. The experiment was carried out in both the summer and winter seasons. The maximum pile
temperature of Tr 50% was lower than that of Tr 0% in both experiments. The maximum temperature of the piles
in the summer was similar between treatments except for Tr 50%; in contrast, the temperatures in the winter
tended to be lower as the clinker ash addition rate increased. However, the accumulated pile temperatures of Tr
10% and Tr 30% were similar to or higher than Tr 0%. In addition, the temperature of the decomposing organic
matter showed a tendency similar to that of the accumulated pile during both seasons.
At the start of the experiment, the larger clinker ash addition rates resulted in higher bulk densities (about 370,
400, 490 and 550 kg/m3 for Tr 0%, Tr 10%, Tr 30% and Tr 50%, respectively). A lower ratio of decomposed
organic matter in the Tr 50% seemed to be due to a decrease in air permeability with an increase in bulk density.
These results indicate that clinker ash can be used as an alternative sub material for sawdust in cattle manure
composting. However, larger clinker ash additions suppressed composting because of a higher bulk density.
Therefore, we suggest that at the start of composting clinker ash can replace up to 30% (v/v) of sawdust, or 500
kg/m3 of bulk density.

Key words : clinker ash, cattle manure, compost, sub material
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Therapeutic effect of benzylpenicillin against Haemophilus
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Figure 1

Change of body temperature after H. parasuis inoculation and antibiotic injection.

Antibiotic injection was started 48 hours (A : 48H-1, 48H-2), 24 hours (B : 24H-1, 24H-2),
and 12 hours (C : 12H-1) after the body temperature was first measured at over 40.0°C. The

filled points (4 or @) indicate an antibiotic (benzyl penicillin) injection.
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Figure 2 Change of body temperature after reaching over
40.0C.

Time O : The first time measurement when the body temperature
reached over 40.0°C.
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Performance test of informing device of onset of parturition in cattle.

Akira MINAMIHASHI", Noboru SEIKE?, Masatoshi HONMA?Y, Kazuya ISHIKAWA?,

Sueo MAKIKATA®, Osamu DOCHI, Soichi KAGEYAMAD, Satoru MORIYASUD,

DHokkaido Animal Research Center 2)Ranran ET Center, Ltd.

Ken SAWAIY, Hiroki HIRAYAMAD and Yusuke YAMAMOTOV.

3)Uni-Techno Company, Ltd.
4Hokkaido Fujiwara, Inc. 5Rakuno Gakuen University

Key words:cattle, parturition, onset of parturition, expulsion

*

IR L B F T VR oK R 2o, G
WEEARIIBERRICE > TR R BFED—DTH b,
FLH A TUEA45%I D353 BRIFE AT & D DAl & 47 > T
Bo F7o. MBREANOE K & Y EO ST 208
FEENLERPHMLTBY ., FERICDIE L CHEd
DUFEMEDRTEE > T Do HiEDSED { & RN Dbt
W, BEOMERS X ONEE, FUROMER. IO K.
FLEEBA 5622 & O3 ORI AR 2 5720, BRTIE
INODOZEALIZED CHNREEIC X W 3B 2 UL <
Wh, LAL, I OFNREMR IS MAEIRE <L IR
IR E &2 TS 52 L3 TER WV, $72, FIROK
TL2HB X UMAED AL ) 5HZ FHTE S
C ARG SN TV B DS, S BIARS & EREC S $
Mz,

bivbiud, 7o OFR LR E DIREZETFIH L
THOMbMG % s 258 (LT, [ BEdmig] &f
9) RRMEL7z. AL, Y oBENIFA LT —
TH SRR AEIC L RN L g, Ta—

il

A L RS

Bull. Hokkaido Anim. Res. Ctr., 26:34-37, 2007

3 (e-mail : minamiha@agri.pref.hokkaido.jp)

THT T DRI HAVRIRANOEIE DT % &AL TE
FERREGEL, HHERICOTBREBEHNSEL 0D TH S,
AERERIE, BUE L 725 B Bon bk O iR EE BN R B L O
WRRAIEE % IR O 7 VI LT, S — 7O,

BERD L O EROIER 2% & OMRE 2 37 L 72,

MHRBELVOHE

1) HMEL /=D iR
ARERCRME L 7o thsiniiia. ER. Tu—7.
Dy rBLUZERIrS RS (K1) o BEHEZ T —
TN L, e =7 % BNICEET A0 ) a3y
(oY) > 7Rz, FEERICIZREL T —2 K
B L, REREIZ25~34C & Lz, BEHI3TCHRIGT
1359 5 SRR ARIR S E 2 4R DR L, 37°CUL L TId B
FHE- FTSHMICRENET R R L, ZEREL
T2 EiEnE (k3 hl) OfE5 %10 TR
BTA7Ur7 0L LT, SEHRICIIZEEELIENE
FEAEE L, ERLESETII 2 0BETE, 1 HO%
EHRTIRK 8 BORERITTICTRE L Lz, ZEKRIE



v Y DI % Y B R E OVERERTI

Transmitter
(Thermometer)

2.7Tcm ¢
9cm

Probe Silicon ring

4&mI

4+—>
1lcm

Receiver(Telephone)

Fig 1. Informing device of onset of parturition
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Table 1. Effect of air temperature on the time to alarm call after the expulsion of a probe.

Air temperature 0C 20C 30C 33T
minutes
Average 6.3 8.0 10.1 12.2
Minimum 1.7 4.4 5.9 5.7
Maximum 9.1 12.0 14.7 19.9
Preset temperature of the parturition alarm apparatus is 34°C.
Table 2. State of expulsion of a probe.
State of expulsion
Duration of placement
No. of cows Non- False- Successful-
of a probe (days) . . .
expulsion expulsion expulsion
24 1-10 1(4.2%) 5(20.8%) 21( 87.5%)D

(%) . rate in no. of cows examined

DThree cows, which were inserted a probe again after false-expulsion,were included.
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Table 3. The time to false- expulsion of a probe after insertion.

Frequency of false-expulsion of a prove

Cow No. Remarks
1st 2nd 3rd 4th

Al 22 hr. 40 min. 37 hr. 7 hr. Parturition followed successful-expulsion of a
probe 12 hours after the 4th reinsertion

Bl 6 hr. 3 hr. 9 hr. discontinuation
discontinuation

D1 0.5d 0.5d 0.5d .. .

ay ay Ay Parturition followed successful-expulsion of a

A2 4 days probe 2 hours after the 1st reinsertion.
Parturition followed successful-expulsion of a

A3 27 hr. probe 2 days after the st reinsertion

A ? Angus, B I Japanese black. D : Holstein
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Table 4. The time to parturition after the expulsion of a probe.

Time No. of cows No. of cows
(hour) assisted delivery
05= 3 0

1.0= 2 2

1.5= 7 3

2.0= 4 2

25= 1 1

2.5< 1 1*

The time to alarm of mobile-phone after expulsion of
a probe was assumed to be 8 minutes, when expulsion
of a probe was not checked.

*:The time to parturition after the expulsion of a probe
was 4.3hours.

50 A X ®

1) Ewbank, R:Predicting the time of parturition in the
normal cow : A study of the precalving drop in body
temperature in relation to the external signs of
imminent calving. Vet.Rec., 75:367 -371 (1963)

2) BEARTRE - AAIER] - EHM - A4 - ARKTE
Al — A OSETE — ERR, OB L U
WEEDZAL. HERH, 59 :301-305 (1988)

3) diEE LA BE & L. B 3 ) S

B, AR O305H RS () - A , 22

2 45-46 (1997)

Wi - I - ARECR - $RE = L RRE

iR R R oRy Gl 3 i e e ARG N

¥, 13:13-18 (1982)

5) KRR - IR L 2 2230 5T
WP, ~FRuISAE AT 7 BCR T i (dbifgiE) |
198-199 (2004)

4)



SN RIS ke S $k

SIS ARHE RS A8 i SCPh Sk

BMFRICL 2 IFDEREEER
Wi, MEIRE, RHEEF, A%, REE
HAZEFSHR 74 (4) 1 509-515 (2003)

B A4 L— D ERFARTHRREFFAM L T, FLUEEZET SOOI 0 EEFEDNE 2 KB T X 2 005 L7z, Mt
IR O 2 L LA 6 BHE HV, 3X37 7 ¥ ik THERIMERE L i L 72, RN AFEE L, &
AL =D MBERALE ) AT L, KEMB X UHENOTEWIEIE, 13% CPIXT55:39:4:2, 15% CPIXT55:
34.6 184 .2, 17CP%IXT55:30:17 .0k L7z, &fFHOENCPERIZEZ 4 132, 151, 16.7% TH - 7%, TDNEE
FEVFND76% TH o7z, BT 1 NsHI & L, #RIIZFMORED 4 HE =R L . SR OREH T2 72,
HERGE, e, ALY 8BRS X ORISR D e o 7o, BRPEIE TIE, REFR R (T2
Lotz S, IREFHEIL17% CPIXA%125g/H . 15% CPIXA%98¢g/H . 13% CPIXA%69g/H & . filBlhCPE= DMK T & & b I123
LW A SN (Wb P<0.05), FLHRFEZEE (MUN) 2EIX17%CPIX 2514.3mg/dl, 15%CPIX7A510.6mg/dl, 13%
CPIX%%7.3mg/dl &, il OCPER L L DI ) (WFNbP<0.01), MERFEESE (SUN) BEL b EWHB A
b7z, £72, MUNREED L USSUNiREE L, IREFE & DM E . REFERBOBEL LTHEHEEZ O, 1L
HEREAF = BLO) Y VBER, BT RINL7213%CPIX 3B X O'15%CPIX 725, BIRINS X OBIFHRAE & b I20 0
WEEIZH 5720 TNHDE, AERRINCE DILAERORIRT I JEEE B2 XA F A= BIO) D U Wik S, fkF
CPEmEMMCEHELTH, AAELRT S LTI, REZELMILTE L I LPRES NI,

WES A L—VEHRABICS T IBIAFNERES SUEREME
R, MR, TERAAT, MAILE, BHEXET, BIEE
HAZEFSHR 74 (4) :525-530 (2003)

MRS ER Y CHEIG L 72 WA B L O 2 L Loy P OB R HWRAET — 5 2 T, fES A L -V REFEEICE
A 0EREB L UEEE A RTEE DI, 2B EDOY Y OF— 7 FHWT, FRHEIUE & O MET L7z,
PEAAIRREA 2712850, 2 FELL LD VS IB1IBHTH ), P HILEILE 4 23.1, 31.5kg, KEIIK 4 545, 660kgTH >
7oo HEIIVIEEDIS58kg/H, 2D EDO Y 03514 kg/H | JREIZ K 4 13.8, 13.0kg/H . GFlEILK 4 49.6, 64.3kg/H T
Hotz, WEREIIWETH146g/H, 2L EDO Y 2 25179g/H ., IREFEITL 4 78, 110g/H. HEIE LK 4 225, 289g/
HTHoZoo BMEREIIHT L2HREREDOEEGIE, WIEFDS55.0%., 2L EDT 2 H3559% THh - 72, FE=IINDFE
B & IEOMB (r=0.58), #2EHm ICPEIGE L EOMB (r=0.77). JRESB L DIREFE=IITDN/CPIL L BOME (%
4 r=—058, —0.65) BALNZ (WTNLHP<0.001), T/, IREIZIRERE L IEOMM (r=0.78. P<0.001) 25A& 5L,
R OTDN/CPI A IE IR D 2 212X ), REFEOWDIEDP ) T, REDL WD T S I LIRS NI,

Relationship among fat accumulation in the liver, energy intake, milk fat yield and blood metabolites in dairy cows.
Tsutomu Ohgi, Shunichi Kamimura, Yasuhiro Minezaki and Masanobu Takahashi

Animal Science Journal 76 : 549-557 (2005)

For this study, we used 42 multiparous Holstein cows to investigate the relationship among fat accumulation in the liver, dry matter
intake, milk yield, and blood metabolites. Based on the percentage of fat in the liver cell at two weeks after parturition, the cows were
classified into three groups. These groups were: 1) less than 10% fat: normal group (n=29), 2) 10-20% fat: mild group (n=6), and 3)
over 20% fat: moderate group (n=7). Body weight of the moderate group was high (771kg) before calving. The sufficiency rates of
total digestible nutrient (TDN) were remarkably decreased (approximate 65%) in early lactation. Milk fat yields and milk fat
compositions of the moderate group were higher (P < 0.05) than the other groups at 1 and 2 weeks after the parturition. It was
suggested that nonesterified fatty acid (NEFA) mobilized from adipose tissues was directly utilized by the mammary gland for
synthesis of milk fat. The percentage of bromsulphalein (BSP) retention of the moderate group was high (21.1%) at 30 minutes, and

it showed that the BSP clearance function was significantly decreased. The concentrations of NEFA, [ -hydroxybutyric acid, and
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glucose were appropriate indicators of energy status, however, aspartate aminotransferase, gamma-glutamyl transpeptidase and total
bilirubin were not sensitive indicators of a moderate fatty liver. Thus, high-yielding cows that calve in an over fat condition are more
likely to develop excessive fat accumulation in the liver because of great mobilization from adipose tissues after parturition. In cows
with a moderate fatty liver, decrease of TDN sufficiency rates, increase of milk fat yield, and reduce of liver function were observed
in early lactation. The increase of serum NEFA and milk fat composition resulting from mobilization of adipose tissues helped to

diagnose moderate fatty liver.

Feed intake, lactation performance, blood metabolites and fertility in early lactation dairy cows grazing a timothy pasture
Tsutomu Ohgi, Satoshi Hara, Tadao Ozeki, Mamiko Fujita, Osamu Sakai, Hirotaka Kashuya, Akira Doukoshi and
Kazuyuki Nishimura

Animal Science Journal 77 :215-222 (2006)

The present study was conducted to investigate feed intake, milk yield, milk composition, blood metabolites and fertility in early
lactation dairy cows grazing a timothy pasture. Fourteen multiparous Holstein cows that calved between 20 May and 19 July were
used over a 3-year period. The stocking rate was 3.6-4.3 cow/ha. Concentrates were fed separately at 9.5-11.5 kg/day per cow (dry
matter basis) from 1 to 13 weeks postparturition. Herbage intake was estimated using chromium oxide as an indigestible marker. The
mean contents of crude protein, total digestible nutrients (TDN) and neutral detergent fiber of pasture during the 3-year study period
were 22.3%, 71.8% and 51.7%, and those of total diet were 18.9%, 77.3% and 40.3%, respectively. The mean herbage dry matter
intake was 13.0 kg/day from 2 to 13 weeks postparturition during the study, total dry matter intake was 23.7 kg/day, the TDN
sufficiency rate was 105%, milk yield was 39.7 kg/day, and milk fat percentage was 3.30. The decrease in bodyweight postparturition
was slight. Urea nitrogen concentrations in serum were below 18.3 mg/dL. The mean days to first estrus and days open were 36 and
104 days, respectively. These results indicate that energy deficiency, decrease in bodyweight and fertility in early lactation barely

occur when high producing dairy cows are fed enough grazing grass and suitable concentrates.

No effect of bovine interferon-t for control of calf diarrhea and immunomodulation in calves.

Kohara, J., Yayota, C., and Yokomizo, Y.

J. Vet. Med. Sci. 66: 1161-1164. 2004.

Newborn calves received a low dose of bovine interferon-t (bolFN-t) orally for 4 weeks and calves that had developed diarrhea
received a low dose of bolFN-t orally for 5 days. No effects of bolFN-t were seen in duration of diarrhea, or in daily weight gain.
Calves received a high dose of bolFN-t subcutaneously 3 times and they were then stimulated with bovine herpesvirus type 1 vaccine.
No adverse effects were observed after the administration of bolFN-t and lymphocyte subsets from calves did not change after the
stimulation. Our results suggest that bolFN-t does not seem promising for preventing calves from diarrhea, recovering the health state

of calves with diarrhea or immunomodulation, although the treatment itself is not toxic.

Experimental transmission of bovine leukemia virus in cattle via rectal palpation.

Kohara, J., Konnai, S. and Onuma, M.

Jpn. J. Vet. Res. 54: 25-30. 2006

We examined whether Bovine leukemia virus (BLV) was transmitted by rectal palpation using a common sleeve between a BLV-
infected cow and BLV-negative steers. Three of four steers developed antibodies against BLV as determined by agar-gel
immunodiffusion (AGID) test between 7 to 10 weeks after the first rectal palpation using common sleeves from BLV-infected cow. In
the steers, BLV proviral DNA were detected by PCR 1 to 5 weeks earlier than detection of the antibodies by the AGID test. Our
experiments demonstrated that rectal palpation is a potential cause of BLV spread in herds and that detection of BLV proviral DNA

in cattle by PCR is useful screening test for early diagnosis of BLV infection.
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In vitro and in vivo effects of recombinant bovine interferon-t on bovine leukemia virus.

Kohara, J. and Yokomizo, Y.

J. Vet. Med. Sci., 69: 15-19. 2007.

The antiviral effects of recombinant bovine interferon-t (rbolFN-t) on bovine leukemia virus (BLV) were examined in vitro and in
vivo. In the in vitro experiments, BLV titers decreased in FLK-BLV cells and in peripheral blood mononuclear cells of BLV-infected
cattle treated with rbolFN-t at a concentration higher than 102 U/ml. In order to examine the in vivo effects of rbolFN-t, 10 BLV-
infected cattle were subcutaneously injected with rbolFN-t. In the first experiment, 6 cows were administrated with 105 U/kg body
weight of rbolFN-t 3 times per week for 4 weeks, while in the second experiment 4 cows were administrated with 106 U/kg body
weight of rbolFN-t 3 times per week for 3 weeks. No adverse effects were observed after the administration of rbolFN-t. In
experiment No.1, the mean BLYV titers in cattle decreased in the post- tbolFN-t administration period compared to the pre- rbolFN-t
administration period. In experiment No.2, the mean BLV titers in cattle decreased in the rbolFN-t administration period. These
results suggest that rbolFN-t decreases BLV titers in vitro and in vivo and that rbolFN-t possibly reduces the degree of BLV titer in

cattle without severe side effects.

Effect of components of green tea extracts, caffeine and catechins on hepatic drug metabolizing enzyme activities and
mutagenic transformation of carcinogens

Nikaidou S, Ishizuka M, Maeda Y, Hara Y, Kazusaka A, Fujita S

Japanese journal of veterinary research 52(4):185-192 (2005)

Green tea contains catechins and caffeine as major constituents. Treatment of rats with green tea (2.5% w/v) significantly increased
7-ethoxycoumarin O-deethylase (7-ECOD), caffeine N-1 demethylase (CN1D) and UDP-glucuronyltransferase (UGT) activities.
Treatment with caffeine similarly activated CYP1A2 and related monooxygenases as well as UGT, while treatment with catechins
induced UGT activity but not 7-ECOD or CNI1D activity. Numbers of benzo[a]pyrene (BP)-induced revertant colonies in an Ames
test (mutation assay) with S. typhimurium TA98 as the test strain were markedly larger when BP was preincubated with the liver S-
9 (9000 x g supernatant of liver homogenate) from green tea-treated rats than when preincubated with that from control rats. In a
modified Ames assay system in which UGT was activated by the addition of UDP-glucuronic acid to the preincubation mixture, the
numbers of revertant colonies in the assay using liver S-9 from green tea-treated rats decreased to a similar level to that in the assay
using S-9 from controls. The acceleration of two enzymatic reactions may contribute to the rapid elimination of BP; the first step, the
formation of a metabolic intermediate (which is mutagenic) by CYPI1A2 and the second, the conjugation of active metabolic
intermediates by UGT. We speculated that green tea can reduce the amount of time carcinogens reside in the body and the chance that
body tissues will be exposed to active metabolites of carcinogens thorough rapid elimination due to the simultaneous induction of
CYP1A2 and UGT activities.

Effect of catechins on mutagenesis of Salmonella typhimurium TA 102 elicited by tert-butyl hydroperoxide (t-BuOOH)
Nikaidou S, Ishizuka M, Maeda Y, Hara Y, Kazusaka A, Fujita S

Journal of veterinary medical science 67(1) 137-138 (2005)

Green tea, one of the most popular beverages consumed in Asian countries, has been reported to possess anticarcinogenic and
antimutagenic properties. The aim in this study is to test the radical scavenging effect of catechins and caffeine, which were major
components of green tea, and if they really prevent oxygen radical-induced mutagenesis. We used TA102 strain of Salmonella
typhimurium which is sensitive to hydroxyl radical in the Ames mutation assay. We found that caffeine did not show any effects on
mutagenesis in this system, but catechin significantly reduced mutagenesis or genotoxicity caused by hydroxyl radical. This radical-

scavenging action of catechins may indeed contribute to the anticarcinogenic activity of green tea as has been proposed.

A novel repeated sequence located on the bovine Y chromosome: its application to rapid and precise embryo sexing by
PCR.
Kageyama S, Yoshida I, Kawakura K, Chikuni K.
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J Vet Med Sci. 2004 May;66(5):509-14.

A novel repeated sequence specific to male cattle was identified and named S4. S4 is a highly repetitive sequence and is a 1.5 kb
repeating unit that contains various internal repeated sequences. FISH analysis showed that S4 is localized on the whole long arm and
the proximal region of the short arm of the Y chromosome. We found that a PCR primer set for S4 amplified a male-specific 178 bp
product in addition to a 145 bp product common to both male and female cells. Although the origin of the 145 bp product is unknown,
it acts as a positive internal control in practical embryo sexing. Due to the high copy number of S4, PCR required only 0.5 pg purified
DNA for accurate amplification. This made it possible to reduce the amount of biopsy sample required for embryo sexing and thus
result in less damage to embryos manipulated. These studies indicate that embryo sexing based on the S4 sequence is accurate and

sensitive.

Rapid sexing of bovine preimplantation embryos using loop-mediated isothermal amplification.

Hirayama H, Kageyama S, Moriyasu S, Sawai K, Onoe S, Takahashi Y, Katagiri S, Toen K, Watanabe K, Notomi T,
Yamashina H, Matsuzaki S, Minamihashi A.

Theriogenology, 62(5), 887-96(2004)

Loop-mediated isothermal amplification (LAMP) is a novel DNA amplification method that amplifies a target sequence specifically
under isothermal conditions. The product of LAMP is detected by the turbidity of the reaction mixture without electrophoresis. The
objective of this study was to develop a rapid sexing method for bovine preimplantation embryos using LAMP. The first experiment
was conducted to optimize the DNA extraction method for LAMP-based embryo sexing. The DNA of single blastomeres was
extracted using three methods: heat, NaOH, and proteinase K-Tween 20 (PK-TW) treatments. Sexing was performed with two LAMP
reactions, male-specific and male-female common reaction, after DNA extraction. The rates of correct determination of sex were 88.9-
94.4%, with no difference among methods. The sensitivity and accuracy of LAMP-based embryo sexing were evaluated in the next
experiment. The proportion of samples in which the sex was correctly determined was 75-100% for one to five biopsied cells. Lastly,
in vivo-derived embryos were examined to verify the usefulness of LAMP-based embryo sexing, and some of these fresh, sexed
embryos were transferred into recipient animals. The time needed for sexing was <1 h. The pregnancy rate was 57.4% and all calves
born were of the predicted sex (12 male and 21 female). Therefore, LAMP-based embryo sexing accurately determined gender and

is suitable for field application.

Genetic diagnosis of Claudin-16 deficiency and sex determination in bovine preimplantation embryos.

Hirayama H, Kageyama S, Moriyasu S, Hirano T, Sugimoto Y, Kobayashi N, Inaba M, Sawai K, Onoe S, Minamihashi A.

J Reprod Dev, 50(6), 613-618(2004)

Renal tubular dysplasia is an autosomal recessively inherited disorder in Japanese black cattle that is due to deletion mutations in the
claudin-16 gene and causes chronic renal failure and death of affected animals. Here, we report a multiplex-PCR procedure to
determine the genotype for claudin-16 deficiency in preimplantation embryos. The presence or absence of the wild-type and mutant
allele(s) was precisely detected with the multiplex-PCR using as little as 5 pg of genomic DNA from leukocytes. When biopsied
embryo cells were examined for claudin-16 deficiency, 97.2% of genotypes were consistent with the PCR results obtained for the
corresponding embryos. In addition, sexing of embryos by PCR was performed using an aliquot of DNA extracted from biopsied
embryo cells, and determination of claudin-16 genotype and sex was successfully achieved with an efficiency of 91.7% for claudin-16
genotyping and 83.3% for sexing. The production of a 100-day fetus that was male and homozygous for claudin-16 deficiency, as
expected from the analysis of biopsied embryo cells, gave evidence of the reliability and applicability of this procedure for preventing

the transmission of this disease and for enabling advances in animal breeding.

Analysis of mRNA Transcripts for Isulin-Like Growth Factor Receptors and Binding Proteins in Bovine Embryos derived
from Somatic Cell Nuclear Transfer.

Ken Sawai, Soichi Kageyama, Satoru Moriyasu, Hiroki Hirayama, Akira Minamihashi and Sadao Onoe.

Cloning and Stem cells, 7, 189-198(2005)
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The low efficiency of animal production using somatic cell nuclear transfer procedures is considered to be the result of an incomplete
reprogramming of donor cell nucleus, which leads to abnormal expression of developmentally important genes. The objective of this
study was to determine the abundance of gene transcripts of insulin-like growth factor (IGF)-related genes in cloned bovine embryos
reconstructed with somatic cells. Single embryos derived from nuclear transfer reconstructed with somatic cells (NT-SC) or embryo
blastomeres (NTEM), in vitro fertilization (IVF), in vivo production (Vivo), and parthenogenetic treatment (PA) were analyzed. The
relative abundance of mRNA was examined by real-time PCR. Transcripts of the IGF-1 receptor (r) and IGF binding protein (BP)-2
were detected in all embryos, regardless of origin. IGF-IIr and IGFBP-3 transcripts signals in NT-SC embryos were detected with
significantly lower frequencies of 25 and 50%, respectively. Although IGF-Ir and IGFIIr transcript levels were not significantly
different in NT-SC, NT-EM, IVF, Vivo, and PA embryos, the relative abundance in individual embryos indicated large variation in
NT-SC. IGFBP-2 and IGFBP-3 levels were high in the Vivo embryos compared with NT-SC, NT-EM, IVF, or PA embryos. These
results suggest differences in levels of transcripts of IGF-related genes in the bovine embryos produced by NT compared with IVF,
Vivo, and PA.
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Genetic diagnosis of band 3 deficiency and sexing in bovine preimplantation embryos.

Kageyama S, Hirayama H, Moriyasu S, Inaba M, Ito D, Ohta H, Sawai K, Minamihashi A, Onoe S.

J Vet Med Sci, 68(4), 319-323(2006)

Band 3 deficiency with hereditary spherocytosis and hemolytic anemia in Japanese black cattle, band 3(Bov.Yamagata), is caused by
a total lack of band 3 protein with an autosomal dominant inheritance. Genotyping for band 3 deficiency and sexing were successfully
achieved in biopsied embryo cells with efficiencies of 98.4% and 97.4%, respectively. Transfer of the embryo that was determined as
homozygous for the mutant allele into a recipient cow resulted in the production of a fetus exhibiting the genotype and red cell
phenotypes characteristic of band 3(Bov.Yamagata). These results demonstrate that our procedure is reliable and applicable to

produce animals free from or homozygous for the mutant allele by breeding carrier animals.

Rapid sexing of water buffalo (Bubalus bubalis) embryos using loop-mediated isothermal amplification.

Hirayama H, Kageyama S, Takahashi Y, Moriyasu S, Sawai K, Onoe S, Watanabe K, Kojiya S, Notomi T, Minamihashi A.
Theriogenology, 66(5), 1249-1256(2006)

Loop-mediated isothermal amplification (LAMP) is a novel DNA amplification method that amplifies a target sequence specifically
under isothermal conditions. The objective of this study was to identify a Y chromosome-specific sequence in water buffalo and to
establish an efficient procedure for embryo sexing by LAMP. The homologues of a Y chromosome-specific sequence, bovine repeat
Y-associated.2, in swamp and river buffalo were cloned, and designated swamp buffalo repeat Y-associated.2 and river buffalo repeat
Y-associated.2, respectively. Sexing by LAMP was performed using primers for swamp buffalo repeat Y-associated.2. A 12S rRNA
was also amplified by LAMP as a control reaction in both male and female. The minimal amount of the template DNA required for
LAMP appeared to be 0.1-10 pg. The sensitivity was further examined using swamp buffalo fibroblasts as templates. When
fibroblasts were lysed with NaOH, the minimal cell number required for detection of both male-specific and male-female common
DNA appeared to be two cells, whereas correct determination of sex could not be achieved using fibroblasts lysed by heat

denaturation. Embryo sexing was also performed using blastomeres from interspecies nuclear transfer embryos. The sex determined
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by LAMP for blastomeres corresponded with the sex of nuclear donor cells in analyses using four or five blastomeres as templates.
The LAMP reaction required only about 45 min, and the total time for embryo sexing, including DNA extraction, was about 1 h. In

conclusion, the present procedure without thermal cycling and electrophoresis was reliable and applicable for water buffalo embryos.

The effects of grazing and supplemental protein concentrations during the grazing period on subsequent finishing
performance and carcass quality in Japanese Black Cattle steers

Masahito SUGIMOTO, Syuji KUZUOKA, Chizuru YAYOTA and Yukinobu SATO

Animal Science Journal 75(1): 29-35 (2004)

The effects of grazing and supplemental protein concentrations, provided during the grazing period, on subsequent finishing
performance and carcass quality were investigated. This experiment was carried out using 15 Japanese Black Cattle (Wagyu) steers.
The steers were fed as follows: 1) GMP: grazing supplemented with moderate protein concentrate (18% CP; dry matter (DM) basis)
before finishing, followed by feeding in a barn until slaughter; 2) GLP: grazing supplemented with low protein concentrate (14% CP;
DM basis) before finishing, followed by feeding in the barn until slaughter; and 3) NG: no grazing before finishing. From the end of
the grazing season to the end of the growing period, the GMP and GLP steers were managed in the same way as the NG steers. All
of the animals were fed the same diet in the finishing period (9 mo to 28 mo). None of the three treatments affected the average daily
gains. For all treatments, chilled carcass weights were more than 450 kg and did not differ significantly among the groups. The
longissimus muscle areas in the grazed steers were numerically larger than in those receiving the NG treatment. Fat thickness was
significantly greater (P<0.05) in the NG steers than in the grazed steers. The intramuscular fat and marbling scores were not affected
in the grazed steers. In conclusion, the carcass quality of grazed steers was similar to that of the NG steers at a similar final age, and
the quantity of meat in the NG steers would be less than that of the GMP and GLP steers. Therefore, spring-born Wagyu steers should
be grazed using the GLP supplement before fattening.

The effects of potato-pulp and feeding level of supplements on digestibility, /n sifu forage degradation, and ruminal
fermentation in beef steers

Masahito SUGIMOTO, Waka SAITO, Motoki OOI, Yukinobu SATO, Toshiro SAITO and Kiyokazu MORI

Animal Science Journal 77(6): 587-594 (2006)

Six ruminally cannulated Wagyu (Japanese Black) steers (average initial body weight (BW) 387 =+ 29 kg) were used in a split-plot
design experiment, comprising a 3 X 3 Latin square design (whole-plot) and a randomized blocks design (sub-plot). The whole-plot
treatments were three different feeding levels of supplemental diet, fed at 0.2 0.4 and 0.6 % of body weight (BW) (dry matter (DM)
basis). Sub-plot treatments were two different supplemental diets: a potato-pulp silage-based diet (PPS) and a grain-based diet
(GRAIN). Chopped, medium-quality cool-season grass hay (predominately timothy, Phleum pratense L.) was fed at 0.7 % BW (DM
basis) daily as the basal diet. Each period consisted of 21 d, which included 11 d of adaptation to diets and 10 d of collection period.
Chromic oxide was used as an indigestible marker. In situ forage degradation was measured using the nylon bag technique. Dry
matter intake increased (linear; P < 0.01) as feeding level increased and was not affected by diet. Digestibility was not affected by any
treatments. The GRAIN diet tended to decrease the rate of in situ forage degradation as the feeding level increased, but this trend was
not found in the steers fed the PPS diet. Steers fed the GRAIN diet had a lower (P <0.1) ruminal pH compared with steers fed the PPS
diet. Ruminal pH was not significantly affected by feeding level; however, it was numerically higher for steers supplemented at 0.2%
per BW than that for the steers supplemented above 0.4% per BW due probably to higher starch intake. Total volatile fatty acids
(VFA) concentration numerically increased as feeding level increased and was not affected by diet. Increasing the feeding level
decreased (linear, P < 0.01) the proportion of acetate. Neither diet nor feeding level had any effects on the proportion of ruminal
propionate.

In conclusion, there were not the decrease in ruminal pH and the rate of in situ forage degradation for the steers fed the PPS diet,
which were observed for the steers fed the GRAIN diet. Therefore, for steers fed the PPS diet, there are little adverse effects on forage

digestion in the rumen that occur as the feeding level is increased.
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