(—fER30

EICHTADBMEIOIN—X T4 ZAATOEE & S RATED
RERBIKBS SO MEOKRRHREE & LHEHEDE & ORMR

WREE' - KB)IIFE - EER" - SIsHET - /ST

BLBERFBE I —ILFRERYS—,

#ILm 080-8555

(2019. 3. 4 =4+, 2019. 7. 4 ZIE)

L )

FZAFICHBVTC, BEZEBOEEZESORIL—AY T JVADTP (RFS) ENBRBIEOREH

R, DMBEORRFALLIE, FIBHELDECOBRENIVAY 1 VigkES 35 BeBNTRAELEZ. 2
%A1 3-4 BO RFS M35 UET—E (HM, 688) £Z8HO (HC, 988), 30T CT—E (LM, 58) &
Z#dpD (LC, 1588 D4 BHFICHFZ. MPRBHDRETIE, LM EE HM BERDDIREDIRTILI—R (P
=0.05 PE0-t FOFVEE (P<005 ZmUL, LM3D 2 BEFHBRBEPICHIRLEDH D2, HC
BEHMBERDDBEOEZILTZY (P<0.05) ZRU, LCHE LMEIDDREOKRRAERYD L
< (LM2E8, LC1088), EFLE7Zo7z (P<0.1). BLEKRD, RFS DIRENLORZEZERIFZILFIF IR
IWF—REMELS, DREOFRELLIEBET, INRBEOOEELIC DB DI RN RSN,
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F—TU—F KBNS, ZIF BR BER IL—AYT1I)LADY

DYVRBFORERF, FRORED 2 HBBIT2EBMLE
([CIBIT D (BfE 2014). ZNICHVWBFDENEKED
BT S—AT, BTFREICHEDSYENEBDEZD, Dk
2-3 BRI S8HFDOZPERE (Dry matter intake ;
DM [FRIA 3 3 (BABERE  EIIMRFEFEARSE -
BREEFITHESHRIEER 2017). ZORA UL DM
(&, 7DikE&8-10BBICOEL, ZNLEREKRED &RV
PENEREBEMZEDLDICED (BARBEE @i
MERFAENRE - BREZERMKBEEMEER 2017).
—h, LEOE—DENH%%E 4-5 BB THS (BAEER
# ) BUMABREARE - BREERMESHRER
2017). Lo T, DEOEENSDEIRIRILF—
([CHANT, IEECHABBRIRILF—N LODH/EIE,
BUEIRIVF—ZHEMEIE CHDIZYD, MAPDbEEAs
frEs (Non-esterified fatty acid ; NEFA) EBED_EF X
JIID—ARBEDKT, REDQFHIRECHHITSND
BOIXRIF—/I\ZYR (Negative energy balance ;
NEB) h*EU 5 (Beams & Butler 1999 ; Gross 52011).
5, EEOBRRURICHN, DA EDILE 184720
DIEBEFEFLIBIL, BEICHFD 305 BIEG,
ERITTED 7,818 kg DS FRL 29 F(C(F 9,574 kg & 2,000
kg i<IBX Tz (RBAURBEM 2018). TOHRR, EFL
BENDBEWVRTEDIAREBER NEB ICKBD, INHDik
BOERFEEDLZENICHDILERT, FIBHKEDOEEL
DEREBZ DTS (Butler & Smith 1989 ; Goff &

Horst 1997 ; Lucy 2001 ; Ingvartsen 5 2003 ; Goff
2006 ; Mulligan & Doherty 2008).
MEOMRERICBNC, DBBIDREAHIRES DIRED
FELHKEE, EREEDIOEBHEQLERCDBICHE
BEREFENDD ZEHHRESN TS, EiEED (2005) (&,
PDHRBIDO2BBICHSNTMPIILII—RBENMEL
NEFABENBL), IBHEIRIF—RETHERE
BDZ2VDVIE, DRk 2-4BEBICEVTERERDIERD
DbdE&ERUE. &2, Cameron S (1998) (&, &
BEIDMP NEFABENSVOVICBWNT, 2B&RICT
b= ABROEOBEADOREIRONBNTDEZE
WSEULEZ. =5ICCastro b (2012) &, DBREDERY)
DERBIPROEEIRUBVND D FEERLZDO U I(ICHART, &
BRID I RILF—/NS Y AMMEWVWVBEQRSTICmP I )L
I—REENMEVNCE, DRETIRMPRH YD SORH
RIVEYRED S IRIF—BRUOUREBERBIKENETDIC
BIEIDEERUER. BEKD, DBBOIAFDORENR
BIRRE, FRFEAEPINREAEDEICN T 2 DRAID IR
F—BROREBRAHREBOEEZU.EFBESHTHD. Uz
DT, DRBIDIAFICH U TIRILF—BRORENRH
REZFHOL, BUGREEEZERRIDICE, Dtk
DFRRFEE TR P IHIBIBED RO IC DN D TIREEN
HdDEVNRD.

KBEDAERF, ITRILF—BIRORERFREDIEE
[CHBNWTCEYBHED—DTHD. ULHL, —ROBER

EiEE ) ISTFM (fax : 0155-49-5653, e-mail : kawasima@obihiro.ac.jp)
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CBNC, BRCEDRBETATI D EERETHD.
Fz, MRPORHRILEY ORBEYEEICEIESIX
WF—BROREBRBFREEZTHHIT D EIFTARETH D
Y, MRFEREC AT OBERNNERZ T TR
BHEID. —FH, DIDERBOIRENSIL—AY DT
wEZE S RETIHHITDIL—AXYTrJLRA3I7 (Rumen
fill score ; RFS) (&, £ERBTCEZICHERINRZTHET
ETDHED—DTdbD (Zaaijer & Noordhuizen 2003).
Zaaijer & Noordhuizen (2003) (&, 2 1 BREILA
BROMILBEALIAN DRI (CBF DB RFS (& 3,
GIFOBYBADPFA4ULETHDERLTND. K
7=, RFS (&, BIERIDM 12 BEREAD DMI AR IEER
SEIEDOEENH D (Burfeind 5 2010), X T, #3L%
B34 RFS Mo 3L 25 0—JL (Total cholesterol ;
T-cho) BECDEICIEDHBEN DD EERESN T
% (Kawashima 5 2016a). M T-cho ;Z2Z (& DMI x>
IRIF—NSYREDEICEDBEN DD EHD
(Spicer ©1993), #FE 4D RFS FUPILY 1 LTRITR
IF—REBZERRLULTVDEWVRD. =52, RFSEB
NZEENDD1ZH, BUFETE CAET DI RSN
TWBH, ZOXDOBEHTTE RFS DBREZEERT
DIYPNEFEET D (Burfeind 52010). LHL, <D
RFS OBRBZHICDOVTDIRRIEERL, IL—XYDFEiEm
ExYMd 2 L TCEBRINE THDINERETH .
ZITARAB TR, ZIAFICHITDBEEEBHESHEZ
RFS &N EGATRORERHHIKEBR S OICD BB DERF
EPFIBIREEOR EDRRICDN TR Uz,

MHRELUFE

1. #EFBLUHEEE

FAREELAFEANTLEERZEYRRICEHT DR
RICEDERBURZ (KBES #27-76, 28-41, 29-
184).

ARICIK, BLEEAFSE 1 —ILFRFEEY ST
BN CVDRIVRAY I VEIFDD5, 2016F 18
1680511 B4BHKU2017E8R5B8H5 2017
F12R9BICHBUEMERLE (1-5E) D4 35
BEmLZ. HEFE DBRFEDK 6 BERIKD/IRY
OPMHRSNERAT RS TEEUER. DRIMEEER
& BS5ICOBREBEICBEL, 2REN6BEXTORE
FECRELEZ. Z0%RE, EILFRIU-R-ILFS
CTRELELZ dBRSETELC, ISR L—YED—
JUA LI ERICZAFTA, BULEHEAFTADES
AN EREURTRESEH (K1) &, #ZIFEHIRIG
BELT1 810 (Fat 11 B¥E), #EAFERBEL
T1B820 (Fa 10 BBRUF#E 4 65t8) 65U, XK,
SRIANE REEHEEaLCBBRRrELE.
Tz, #1820 (FRISKEFRSE) T2
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Table 1 Feed ingredients and chemical composition
during the prepartum and postpartum period

Ration

ltems
Prepartum Postpartum

Ingredient (kg DM/day)

Grass silage' 48 7.2
Corn silage 41 26
Concentrate for dry cows® 2.6 —
Conoaentrate for lactating . 10.4
COows
Grass hay' ad libitum ad libitum
Soy bean meal 0.9 —
Beet pulp — 0.9
Flaked corn — 1.7
Vitamin-mineral supplement 0.03 0.04
Total 141 23.0
Nutrient content except

for grass hay (% DM)
Crude protein 15.6 16.1
peNDF 35.6 26.5
ADF 23.5 20.8
NFC 30.8 37.9
Ether extract 35 3.4
NE. (Mcal/kg DM) 1.60 1.70

'Timothy or orchardgrass mixed with clover, alfalfa
or galega.

2Crude protein 17.0%, crude fat 2.0%, crude fiber
10.0%, ash 10.0%, Ca 0.50%, P 0.50%, total digest-
ible nutrient 71%.

5Crude protein 18.0%, crude fat 2.0%, crude fiber
10.0%, ash 10.0%, Ca 0.50%, P 0.40%, total digest-
ible nutrient 74.0%.

peNDF, physically effective neutral detergent fiber ;
ADF, acid detergent fiber ; NFC ; non-fibrous carbo-
hydrates.

2. HPEHER

NRFEB SBRINSNG% CBEXRCE20DO, I
H(FH6EEK 3 FRIRI C S r0 8 BFtE, HEILF([FF a0
9 FFRICE®ERD SIRML, BEIC/RT v IV v 3
>~ 237 (Body condition score ; BCS) ZRIEULEZ
(Ferguson © 1994). RFS (& Zaaijer & Noordhuizen
(2003) OBEICKDDBTESBRIHNSNDIRETE 3
@RAELEZ. AEERTIERFSDERAIDY (1 H55) Db
BICIB I DREZ 0.5 ZHTRAIPEL, IERETRD
7UYI Uz BERKD, ZILFOEUER RFS (&4 L E
EMESNTWVD I E (Zaaijer & Noordhuizen 2003),
IR T, HBEDEEREICKDBARAEEHNESRSNTND
ZEMS (Burfeind 5 2010), #5288 3 BFAaTIC RFS &=
BIEUZAGERRICSNT, 3.5 LIEZEFEZIAFDEYG RFS
CEEUEZ. E5ICRFS DHIESU ChHhDEREERD
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SHBICHIEE T 2728, 3D H XS (Hapimo : 3D Rev.2:
MRSt /7, T THREL, ERIBRMED SIEAR]
IHROBICHFTOBELRER RER) 730 7—2(CE
DEFAELE.

iz, PRER2BEND 6BEEXT, FREEKRRE
BRI DDERNEFBIEREX NI FTVvITINAR
(Simcro Tech Ltd, Hamilton, New Zealand) (C&D
B 1 O&FWLU, Sheldon S (2006) OFEZESZEIC, &
BUZIERDDE 50% U LEDRPEBENGDEBENT D
KREDRAIP 5 QO BEPHRZFFBHEDIGHD AT T 1
FCTDLEBICANIFT VORI TPZAELZ. =51,
BEROGZMMEE EABSRERZIRE, HS-
101V ALBFHARM, BH) ZAVZINEHEEZRE
2@17ofz. ZOMIC, DBKREULTHGHESE, T+
DHEBIDAE, Dikk 3BEEXRTOHERKRDIERE, OILE
Uiz

FMIC(E, MBEHREBIC Oml MBENBBRIAD T L1
BZEEME (REEH /I IBEZEME, T
EXatt, ®BR), MERWMAICE T L VE(C 200 uL
DOIEEE (0.3M EDTA, 1% 7ZEFILTUFILEE, pH
74) FEALUEZEMEZERALE. RN, RMBZR
PNTIKITRU, RBREICHFEROIZE, MBEFEHF
MmE(& 38CDRKPT 10 DENRLT T+ TUVEM
BEETHERONEE (3500rpm, 4T, 16 9f8) =17\,
MEZLQIRLEZ. MBRIRAROEFZEOIRIEONEH
(3500rpm, 4C, 15 2f) ZE{To/z. MBEDKITMERI,
PMET-30CTRELE.

3. MR

MEPHYREFBEEEDHEE (TBA-120FR ;
REAT 1 NILY AT LA R, HAR) ZBNI)LI—
A, NEFA, B-&£ RO+ Y B8 (B8-hydroxybutyrate
acid ;: BHBA), ZJLT7=> (Albumin ; Alb), #& >/
2 (Total protein ; TP), T-cho, P R/I\SFVEEr=_
ES YR T 15— (Aspartate aminotransferase ;
AST), v-OIEZIL S YARTFH—1 (y-glutamyl
transpeptidase ; GGT), RZFZEZR (Blood urea nitro-
gen ; BUN), ¥ZJx>D L (Magnesium ; Mg) ZBRIE
U7z, M 70O0Y 1T 2570 (Progesterone ; P4)
BER, YIFILI-—FIICRoTHHEUREE, ZhiiEE
[CEDBAIELE (Miyamoto © 1992). #dH%hEK(E 80%
zorfz.

4. SIEREENEOEER

Dtk BERBBRECIRE CHINEZDRDEBRLMN
EWRUIZCEICNR, mEEDP P4RBEN1.0ng/mL L
LDOBEEKENBBEARNFEI DL (Stevenson &
Britt 1979), DGEMHTIERD P4EREN 1.0ng/mL
TBR IBENOEAEMBEE Uz, £z, AHB&RICHN
T, NikE 6.5 BEXTICYOEFERDHOSNGEH DIz
B, EHREERUE.
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DHEODF2EEICOVNTIE, XMJFITVHIRIPIC
EDW/z Kawashima 5 (2018) MFEICKD, FBA
B (Dik% 3BBELKICADI 7 4 ED@EK) &F
SREELEY (RD71ZRUER, RO7 2 EER
gER) EREL, LSRN EERBRFSBEREEDDY
CUTE.

5. HERQLIE

FTAFICHWVT, Dk 3-4 BERIFBFREICIDKRE
SETHIDPBVEHITHD (BEAEERE BINRFEFR
ENBE - BREERMBEMAEER 2017). 22T,
24 4 BRERTE 3 BRFIDET 6 @D RFS AIERBRND,
I—AVDFTBEDEN (35 E H, FREZE30MUT;
L) [CHhZ, BHARICHITS RFS DBRZEHDER (I
NCTBRURA3I7 M, RzE1QUEEBZSDRAT7 ;. C)
EDIRATEDREBNHIRE, DIRBOHERFEE P HKIERAE
OEEDERFRERITI DIz, IO 4B ICHIELE.

HM 8% : 23804 S 3BDOR (5 6 @D RFS AIE)
[CBNT 35 UENDIXRTEL RFS ZRULIZDY

HC 2 BfEIC 35 EHD 1 B EERD RFS &
muizoy

LM B @HARIC SOUITFHDINTRAU RFS &R L
zoY

LC 8 BHARIC3OUTHAD 1 @ EEBD RFS &
muizoy

6. IRETEELT

RFS ICRBDI—AXYDFBEDEWNE DIRATERDRE
RHHRRE, DB ORRFAE PIIBKEEDEC DRRZERE
WI2dEH HUBE IMBEEDOLREBEEITOZ. R,
RFS OBEZBDERICH(TDRMMTETDZH, HM
BEHCHER, BRU MBS LCHBICHNT, ene
ne&LEZ. 21%BZ 08, Nk 0-6 BRZ 0BEL,
RETERATIE, RFS ICHBVTHIE 1-4 BRIFIODE 3@, Mm
PRBEYREICSNTHR 4 BRIN S DRE 6 BEBEXET
MDA 2@, BCSICHEWTHE 4 BaiNSnik%E 6 BEXR
TOB180F—2ICHUTERLE. BILEEFDHRE
1-6BBICHZDT—9 D OZBDFEHBIEEKRD,
SHERATICAWZ. Tz, DRATE Di%E CIFREAHIRAE
DWNRELZE(ET D2, ENENOHIRE Clist iR Z £
U7z, LC 3D 3BE N ICEEDIBRICEZ UK
ERDZZD, DBRBOBADDERNUEZ. EDEZD,
DIRAIDREMICE HM B 688, HC B985, LM B¥588E,
LCE158BZ AL, DHBEBEDEMTICIEHM B 688, HC
B¥90%8, LMEE598, LCE128ZEAE.

75T R 47 IC (&, SigmaPlot®13 (Systat Software,
Inc, San Jose, CA, USA) ZBWiz. RFS CERINES
DIERERIRIE A E 7R Y DIRAIBRIC K DRI LTz, &tk
RICHBWVT, MEPRHEWEE, BCS, RFSHKXUBH
2, THREEDREBAEIEOMZTV, BECEXDH
(CXBEANHSNIZIHZE (P<0.05) (& BBRXRTOD
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2 BRI ZE Hom-Sidak EEZ BN TIT o2, &1z,
DIRBDFERFEE S BEFFOWE, ERBRTFIEEIE
(& Fisher DBERBERREICLDOT, ZDMDT—4 I,
Mann-Whitney @ U BEICK D> T#EMTLIZ. P<0.05%
BEEDHD, 005<p <01 Z&FMBE@HBDELE. T—FI&
INTCHF + 1Z#557%= (Standard error of the mean ;
SEM) TRERUIZ.

BRBLUVEZR

1 ICD%BID RFS (a) CEREDR (b) DHEBSRLOM
FBORMR (0) ZmUiZ. RFS CRERDBICRNEDIE
BNERH5MN (r=—-0788, P<0.001; ®1c), B
REAET D ETROFBRIL—A Y DITHEZILET
SRURMDRSNZ. Tz, DBRBICRELEZERT—%
([CHWNT, RFS D3 DFTAFDERERRE 18.2 £ 0.2¢cm,
3.5D%BEE 144 £01cm, 4 DiFEEF 120+ 0.2cm
ThO, RFSHSXD UIZSBRBROTIEBICERR
EDHSNZ (INTP<0.001). INSDRBRHS,
FZAFICHUT, 0.5AHDIRECRFS ZAET D
EIERD, —AYDFmEZE LD <HETESDIE
nNmetz. LD, AEBRCTREFHRSNTHD, £
DOP(CERFBEDNELF ERAUTREFDUEEL TL
3. LEDDT, ERLICAIFT, BRLBERDEIFC
DT DEREBR®O O ERIED RFS DT —HZESSICERUMRE

A~ LM —O— HM —-@— HC -4 LC

(a) (b)
4.0 ia Poa 24 1
22 4
3.5 4 — 201
" § btz
& 3.0 £ 161
: : % 14 4
a,b, c;p<0.05(HC) [=]
X,y;p<0.05(LC) 12 1
2.5 9 HMuvs. LM; p <0.001 : : :
LMVsLC; p= 0069 10 3 HM vs. LM; p = 0.016
1.0 t T + 0 T T T
-4 3 2 E -4 3 2 E
Relative to parturient week Relative to parturient week
(c)
5.0
4.5
4.0
3.5
& 3.0
25
2.0 © o )
y =-6.5305x + 37.591
151 = 0788, p<0.001 °o
1.0
0 5 10 15 20 25 30
Depth (cm)
Figure 1 (a) Average of rumen fill score (RFS) and

(b) depth of dent in left abdomen in each group,
and (c) relationship between depth of dent in left
abdomen and RFS. Values are presented as the
mean = SEM. There were 6, 9, 5 and 15 cows in
HM, HC, LM and LC, respectively. HM : high and
maintained ; HC : high and changed ; LM : low and
maintained ; LC : low and changed.
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MIDIEDNNETHD.

1. HME & LM B LS

RFS & LM B TIE< (P<0.001; ®1a), BREBZREE
EHhofz (P=0.016; 8 1b). &z, WEFEEHICRFS
CERERIE, RETHRBE G BN D2, ULENADT,
DWET A HS 3BORIC—ED RFS ZRIFZA4E, &
DHEDHRETERRD RFS THBULIZIZH, IL—AVD
FBEICASBEFBENENZ D, HM BEE LM BEDE
RPDRIKR, DIRBOEROCEIBREQREZR 2 (C,
BCS, 8MBEPKHMEEDKIUBILEZR 2 (TRUTE.
EERDDRINR, DRBORRPEIEKEEDEICSNT
WEBICERBELBH OZH, HM BEDERBICHBNT,
HERHIREPICHEIRL, ZORDEBAREMDESRSNZ—F
T, LMD 5EDP 2 BEABBPEPICHNLEL DT
DIREIOMAED Alb BEIE, HM BICHEART LM ETaW
tBaICH D (P =0.063), Nik&EECBAOBICTE
ERNRHEN (P <0.001), 0BICHWNT LM BEEDM
EP Alb BN HM BTSN o2 (P <0.05). M
JBED ASTEHBIE, DBEICSNTEEBREDBICR
BEAH B oD (P =0.035), MERICEEERGRL,
DIRETIE LM BED HM BEICHENRTHBEZRUIZ (P=
0.046). &7z, LMEBEOAH HM BEICHENRT, HBED
m;E BHBABE (P=0.040) F&<, GGT EH4E
FELWERERL (P=0.052), —ACMEPIILI—
ARERMEWVBEQZERLE (P=0.051). E5CHk%
DIED BUN BEFE EBREDBICIZEEADERH S
N (P<0.001), 0BBWVT LM BDIMEDP BUN BE
(& HM Bt (CtbXTah o7z (P <0.01). M BUN BE
(&, SVINOKRBOEBETHD, EBRDOIEMHEERIKIE
MCHIDIL—RXYDERES Y INOBDEIGY, 9>/
BOERZICHNITDERMBOASICRDEHTD (Kida
2002a ; Puppel & Kuczynska 2016). AsnE&Cld5TE
BERNEEELTVDED, Mg BUNEZEN 08I
BT, HMBEXD LM EBETEDL O ZEBBIERATHD.
UH L, 0BADOMED BUNBEICBWVNT, mEF-ET
BROGEEBH OEZEHND, 0BICHIFD LM BEDSWN
BUN BEGE—RNBREDTHD, ZORIEDYV/I\OK
HICKEBFEZSZ COWBWVWEHREND. Alb &, X
HCEID DR TP E DEIR MR DR B HERTR E D&
SEITDIVINOBETHD, BRKABOI—AY P R—
VRAICKBDIBKDOYTlIEBEZRT (RES 2000 ;
Kida 2002a). AFHERTIE, DBRAIOERERNSE X
TI—AXYPY R=YAFREOTREERFENEN DS,
LM Bf T Alb BENSWMERICH D/ZIBHRIE, BRKE
MBI ENBRTHDEZEZ 51D, Lukas 5
(2008) (&, BRKEE DMI DR IC(F@WIEDIBREN D
D EERULTBD, HMEBEEHBRUT LM BICBWW T
RETCDIL—AVFBEDIBIREGD RFS iMEN o2
ElE, HEBEDNDMGD Ol EZRRULTWVNDOEEENS
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Table 2 Parity, calving difficulty, sex of calves, body weight of calf, diagnosis of postpartum disease, ovarian
activity, and healthy uterus involution in HM, HC, LM and LC cows'

tems HM HC LM
(n=16) (n=29) (n=15)
Parity at the onset of experiment 12+02 1.1 +01 16+06
Calving difficulty? 1704 18+04 1.0+00
Sex of calves (male/female) 4/2 5/4 3/2
Body weight at the birth of calves (kg) 476 £15 452 +£ 3.0 499 +17
Diagnosis of postpartum disease’ 16.7% (1/6) 66.7% (6/9) 40.0% (2/5)

Ketosis and mastitis

Hypocalcemia (2), Ketosis (1),
Ketosis (1), Mastitis and milk fever (1)
Mastitis (2),

Mastitis, puerperal
fever and retained
placenta (1)

Onset of luteal activity (week) 2602 3705 23+03
Number of anovulatory cows during
the experimental period 0.0% (0/6) 11.1% (1/9) 40.0% (2/5)
Number of cows with normal uterus
involution® 0.0% (0/6) 28.6% (2/5) 50.0% (2/4)
LC P-value
ltems ) )
(pre;n =15 post;n=12) HM vs. LM HMvs. HC LM vs. LC

Parity at the onset of experiment 22=+0.3 0.931 0.842 0.260
Calving difficulty? 1.6+03 0.429 0.943 0.235
Sex of calves (male/female) 9/6 1.000 1.000 1.000
Body weight at the birth of calves (kg) 482 +1.3 0.338 0.542 0.506
Diagnosis of postpartum disease® 66.7% (10/15) 0.545 0.119 0.347

Ketosis (1), Ketosis and mastitis (1), — — —

Ketosis and retained placenta (1),

Milk fever (1), Retained placenta (1),

Uterine torsion (1), Mastitis (2),

Mastitis, metritis, prolapsed uterus

and puerperal fever (1),

Mastitis and retained placenta (1)
Onset of luteal activity (week) 37x04 0.572 0.111 0.185
Number of anovulatory cows during o o o
the experimental period 0.0% (0/12)
Number of cows with normal uterus 25.0% (3/12) . . 0.547

involution*

"Values are the mean = SEM.

21, unassisted birth (natural, without human assistance) ; 2, easy calving with human assistance ; 3, difficult
calving with a few humans ; 4, dystocia (requiring much more force than normal) ; and 5, surgical treatment

or death of cow.

®Ketosis, mastitis, ruminal acidosis, displaced abomasum, astasia, hypocalcemia, milk fever, puerperal fever,
retained placenta and endometritis from calving day to 3 weeks postpartum.
*1t was classified using a metricheck scores. Some cows were excluded from the analysis due to lack of data.

V. F/z, M NEFAREICEDEB CTHEREFGRD D
Z0, LMBETEDBRERDSHFHULDD I TRES
(2000) OvgE#E&HHE (DR 0-9 B 1 389 uEa/L, 10-
198 ; 295uEa/L, 20-29 8 ; 235uEQ/L) ZBR TH
D, MWxTHRE 3 BELIED BCS [CHWNT, AEE
BN, LM BED7HY HM BE kD 0.25 LI HE<#ER U,
INSDRRD'D, LM B HM BFICHATERSREIE D
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N O ENEZSND. NEFA [FAFHBIRAT BEBE(L
7z C7F)L CoA &85 (Drackley 1999 ; Roche ©
2007). IR F—FRRFHFRZEBRELIRIF—EH
Tl&, NEFADBEE=NZ7ZEFIL CoA (& TCA O
[CAD ATP EXEICFIFAESNS (Roche 52009). —7,
BEBRNEB TTIE, 2B AAEHEIEICKD NEFA
57 TFI CoADKEICEE=NDN, JILI—AHR
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BULTWDED, 2<D7EFIL CoA & TCADEICA
g, 7 hYHROEEDBXRD, BRELTMP BHBA
BEDLERICDEN D (Roche 52009 ; XJII2015).
iz, KDBLDOEEEIHEISE AST EMHES GGT /B4
BO LR TREND L OGRS ZS IERL (Kida
2002a), ZDHER, & b VERDEENBERD, Mmd BHBA
BERESSICERL (RJI2015), JILD—REEFE
BED (Kida 2002a). LizH'oT, AsEROD LM B
HM B CEENTHBRRIDRBENMELS, DBEBDOILE LT
BlCoWCEREE TH 72, LM BEGFEITRILF—KRED
B ofzizd, KDBLORAEIHEIEN SIEERHERIC
DIEHD, FHEEEREAS ISR LIz ENRBENTZ.
Iz, DHEDO NEB DIEE Y OHIMELL S DBIFRNTR
EENTVWBZENS (Beam & Butler 1999), LM 2
D 2 BCHRBRBEPICHIMULBD D ZBBIE, TRILF—
KEDESHBRTHDIENEZ SN D.

BlEKRD, 95814 H5 3:BOED RFS hEgtE o—
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EDBEERUERZIFCBNT, AD7DEVFREEE
RIRL TV BTREEDSLS, RFS MEVD VIE, LD Y
CRIEEDOIEENTRECTHDD, DREICIFROIRIL
FREDMESRD, BERFHESOEERSZRL,
NKEOYOFMZESE DT RMIRESNZ. T
INSDDYEDHRETCHA—D RFS ZRLIZZED S,
DRATA DS 3BOBD RFSZEZSY UV T L, RFS
MEVWEZAANTI RV —EZ (eI mBatrEZiRS
TBHILET, ZOERORENHFHREDEEPDIREOVD
PNERH D ENTREICEDDE LIVFL.

2. HM# & HC HOLR

HM B & HC 235D RFS CREBRIE, CEICHmEFE CE
FHSNEH o (B1a, b). LHL, HMED RFS (&
DH/ETEILLBRD OZDIH L, HC B TlEDYR 1 B[
BIDSETULRRUSD, DRERIICEFERICETULE (P <
0.05; ®1a). HM B & HC BFDER LD ®IR, R
REXRBSUCYOEFTERBEEEFEICELEBRD DT
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Figure 2 BCS, concentration of serum metabolites and daily milk yield in HM
(n=6) and LM (n = 5). Data are presented as the mean = SEM. Statistical
significance of differences between HM and LM is indicated as follows : *P <
0.05 and **P < 0.01. HM : high and maintained ; LM : low and maintained ;
Alb : albumin ; AST : aspartate aminotransferase ; BHBA : 3-hydroxybutyrate ;
BUN : urea nitrogen ; GGT : gamma-glutamyl transpeptidase ; Mg : magnesium ;
NEFA : nonesterified fatty acid ; T-cho : total cholesterol ; TP : total protein ;
G : group ; prwk : prepartum week ; ppwk ; postpartum week.
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Y, HC #D 1 BIFSHBREREPICHIMLEGD Dz (R 2).
HM 8t HC B¥(D BCS, SMBEPHMEESLOUBI
8K 3 ITRUE. DIREICBNT, miEP T-cho BET
BOBRICRBERNDD (P=0.004), BB TCHER
[CHERZEGBD DN, HM ETIEEHRICELULED D
Z—AT, HCBEEN®ICAITTETLE (P<0.05).
iz, NBAIOMBEP Mg BEIE, HC BN HM B (CHE
NTEWBBICH o= (P=0.097). Mm% T-cho ZE &
DMI P TR F—/\S YR EDBICEDIBREN DD &
(Spicer 5 1993), MP Mg BERFFRBDERICHEDT
& (Kida 2002a) HRESN TS, INHSDBRHD,
DGREID RFS (FMmEERE CEFBRD D2, miED T-cho
DREZELD Mg DIREZEND, HC B HV BERDEFE
EMELS, EEICHBICAITZREBEDETHIKREN D2
TENBZOND. IL—XVDFTEEIR, IL—XVARDRK
HKEBEYDHEICKDTRED, DMI DEHICEED
BREYER, (E2H9, FICEYROEESE, IL—XY

-o- HM -e- HC

RBERELREDFEZEZ(FSHE (Boudon 5 2009),
MR T, MEARICZIBENDMHERDE, IL—X Vv
NEFER S DERD THD, IL—AYARDHFEREDEB
REMEVEZD, L—XYDFRBEICHEEREITEN
WONTWND (BARERE  BIUMRBEREIAEE B
SREERMTHROSTHREER 2017) . KABROIBRTIE, HC
BCBNTH®EID RFS (CE(ED D o 2IBEBZEBESHIC
FTERND, HCBEF HM BEICHENRTIL—XUX v
WELS, =X VDESHDHRADPKDBREDFLEES T
TLZOEEFBNCER NS, RE, BSH0RIL—X
YR SR L—AYRABEDFHIMAICIE, LEREBD
AE2ICKDHAENDD, ZIHDINSDRAIPDET,
FBDBEI—AYIY hOBEWI—AVABTEDDERE
EDBBDIEHILS D AMFEDT ~— ZDFAE S DEIFR
HNERESNTVD (WED 2004 ; ;105 2005). BIER
D RFS ZIFTIE, IL—X YR v ~DOESPEIRZEHIRTT
DTENHELUWD, AEHEBRTEELZ RFS DBREZEEID
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Figure 3 BCS, concentration of serum metabolites and daily milk yield in HM
(n=6) and HC (n =9). Data are presented as the mean = SEM. Statistical
significance of differences between HM and HC is indicated as follows : *P <
0.05. HM : high and maintained ; HC : high and changed ; Alb : albumin ; AST :
aspartate aminotransferase ; BHBA : 5-hydroxybutyrate ; BUN : urea nitrogen ;
GGT : gamma-glutamyl transpeptidase ; Mg : magnesium ; NEFA : nonesterified
fatty acid ; T-cho : total cholesterol ; TP : total protein ; G : group ; prwk :
prepartum week ; ppwk ; postpartum week.
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BECINSOMEZICRDIL—AVDHEIRPREEEDE
RZEPSHICTDIET, KDI—AVADREICEDE
12 RES [CXBDHEBIRR DM ENBETEDHBH LN
B, DiREIE HM B CEERT HC 3T, MiEP Alb iRE
MEDDED (DR 118 P = 0.048, 218 : P = 0.033,
2538 : P =0.031), ZOMDMPHRECIFmELR
TERBO . AbEFIECESNS YV INOBTHD,
RABFAHEREE T OIB N REZTT (Kida 2002b ;
Bertoni & Trevisi 2013 ; Montagner 5 2016). AF#&gE
[BEEDIBIRTHD AST & GGT DIMPEHEIFHERE T
BRBERFRDOSNGH D=, HC BETIERFEHIULEDD
IIMEREFELTCHD, HERICKDREN Alb ERE
DIETEBVEZER ChHUREENRESNZ. iz, 2
1R REDE S M ONIEF D IGE DRI DB IRRD B
ZRET D ENRESNTHD (Cheong 5 2017), K
HRICBNVWTH HC BHEONBEBRDYVOERTERED 18
B ED DIz ZEPEFMFDNVZCEND, BIRE—
HIDBRELB DI

PIEKRD, a1d n5 3:BDR-IC 3.5 I EDRFS &=
RUI—XYDFRBEDNBSNEHSNDOVICBNTE
RFS DBREZEHNDDBEIE, THICHKEBNERTLA
WalgEN DD, TDRDIBIVIEDHEICERFEEZFE
V), ZNHDBREBOYOBHEHELZS Sk I REHIR
=Nz,

3. LME& LC #DLES

RFS X LM B ICEENT LC BE#ETaWMB@ICHD (P=
0.069: ®1a), &Kz, LM BD RFS [FnH®ETEIL LA
HozDICHU, LCEHTIENR 4:81Hh5 1 @RI 7H
ERUER, DBRAICBUETLE (P<0.05; &1a).
—7, BRERTHBEICEGFBEL RFS EFBUEBRT
Hofz. LCEE LM BCHBNT, FHEERICERBGVD,
LC BRI EF 2 ELIETHD, BEREERND > DIFAS,
DERDEADREICHEER(ITRERSBOIZAREEN RS
5Nd. UiEhoT, BBRZAVTIL—AYDREEZ
PIRIDEDICIE, 5%, ERICIOIFEEZRAEIT OHNE
NHdEEZEND. MEDERDLDGILR, DIREDE
RPEIEREEQEREICBNT, LWIFNDIBEBEEREHS
Nen oz (£2). LKL, LCETRERFEBRMNS
<, ZOPTEHEFEHEERF, LMBEICROSNBHDZ—
7T, LC B Cld 5 BB FRFAEBHDFHZE SHTLE.
&z, LCHTIFHBRRED, LB CHINRICERFTEZAD

Heney, LMD 2@EERLan oz, LMBE
LC B¥D BCS, B8MBEPRHAMRED RV BILEZN 4
([CRUTE. D@RBICHWNT, LCBEE LM BEICHAT, m
BP Mg (P=0.097) KU BHBABE (P =0.059),
GGT /&% (P = 0.098) MMEWMEB@ICH D7z, M Mg
BEDBRNDS, LCHTCREBEME<HRB L, DREH]
[CRDIETURIEDHRESNEZN, RFS (& LC 30 LM
BLDEhoZEBBEULT, shRUZ HC BBk, A
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AWKD IR ENI— XY DFBEICFHEESZ ZOleEN
ZX5ND. PBRAIDIBEDETH, DREBEOERIELE
ZBL I EFBLDBRENBBES5NTHD (Ostergaard
& Grohn 1999 ; Bareille 5 2003), #AEICHBNTH,
BIRDIBABT LC BHDONRBDERAEIC DN D /ZTJRE
HENEZSND. DRARICHBNT, LC Bl LM BETHEAN
T, MBEPITILI—RENSL (P=0.005), BHBA
=E (P =0.007) & AST (P =0.053) 8K0 GGT j&%
& (P=0.024) FMEVWREZFEWEDICHD, =5CH
& 0,:BB D BUNERERKECH D2 (P<0.001).
&7z, BCS FECEREDEICKZEERN D >7ZH (P <
0.001), MEBICERBEGBDLOEZ. 1 BEHS 6E
BETODIER LCENLMEBEEERLUTLRVED
[Cho7/z (P=0.069. BUNBEREIRULEZEXKDICH
YIRORBDEBZRCTHDH (Kida 2002a ; Puppel &
Kuczynska 2016), AR CIFHBNRFICTEREE
BZEHESLTSD, 0 BCmIBICEREN D OZEBIE
TETHD. ULHL, 0 BEREMEH CTHERGELRS
orZENDS, 0BICBIFD LM BEDBL BUN BE(E
—EBREDTHD, ZORIBRDY YV /I\ORHICKEBE
BEE5XTCVRBVEEZSNS. MBEPIILI—ARED
KU BHBA BE, AST &4%E, GGTEkEBN DS, LC 3
[F LM BXRDBIRIF—REEFEL, BERHRE D
BEEREENDBRD OIZCENEBEZDND. MBI TIDK
SBRERHKEDENDROONZBBHELT, LM
TlEN% 4 BRIICI TICHEESDDO Y TMEP GGT /&
MHEHEESHE (18.421U/L, ANEES 2000) =B X TL
12128, FERRRIBHIN OIEERES Ch oIz ENERS
N3, LMBEDDITHIEG 4 BREFIH SFHEEERSICH D
TVEZEBBERATHDD, INH—RBEBRD, DiREIC
F}EINAEIBIHNSEURE NEFA 3T bV ADESE,
IBDHEMED BHBA BED LRICDBN >zl E (M
JN2015), BSUICMBEPIILI—RBEMETULEC
& (Kida 2002a) HEZBMND. &Kz, KDBIDEE
frEn8FArHeEEE a5 I=ieC I (Kida 2002a). LTz
MNoTC, LCEICHEANLMEBEICBVNT, 2B&OmED
GGT EHENERICE<ERD, AST EHEEaWMERZE
MIRBRICDBD>EEVNZD. &BIC, LCEDIAED
LM BEICHENTEDN DI EBH—RTHDEEZS5ND.
WEBICEEEFRVND, LC BEERRFERMNZH D
FZEICHNAT, FHDOVICFFSEENROSNIZ.
Th—=YRZEFUHETDEEAEDDBREERIE, FLE
ETDRREERD (Ostergaard & Grohn 1999). &F/z,
FEEBICBBULZDIYTREIENFS T DI EHRES
NCTWD (Burke © 2010 ; Bicalho ©2017). ZD&D
BRIBBT LCHTIKAENHALUZIZD, BRELT, D
IR DRBMBIRED LM B CHNTRIFICRIENIZ S
REND. =5IC, DBEDYVIOHINELEISEER NEB
(Beam & Butler 1999) 723 T4 <, #Esme GGT



HADODYERT RFS DEBER

- LM -4 LC
80 : 1200 . 1600 : p=0007
S 75 ¢ p=0.005 1000 __ 1400 -
I H d = 1200
o 800 =]
E o o g 1000
2 & ] = 600 2 800
@ : < <
<] H w 600
o 55 : w400 a
2 50 : =z E 400
0] : 200 200
0 T o t————F—— o br—r—r—v"r—rr—r+r-
43210123456 43210123456 43210123456
84 H 20 o 40 :
: 18 7 :
80 : -~ 16 G x ppwk 38 :
. - —_— :
578 : 3 . A p<0001 = 36
T 72 : g 12134 3
e BRRAATA S 34 :
2 68 S 1o SERAR A b :
& o4 : R - 3 32
60 : 6 P 30 :
0.0 T o Lt io--————— 0.0 -
43210123456 43210123456 43210123456
350 : 120
i p=0.053 :
—- 300 _— 100 :
=) H =
3 5 2% T w i p=0024
g S 0 3 |p=0o0ss:
o = 150 = :
= ) (LR :
5 2 o R P
= 50 20 .
ot 0 + 0 T
43210123456 432106123456 43210123456
3.0 _00972 4.00 : 60 :
28 {PZ 0097 375 s s i p=0.0869
5 26 350 g s
3 24 » 325 : X 45 :
£ 22 Q 30w : S 40 :
£ : S :
o 50 275 : S :
= 250 : G xppwk = :
18 : g % :
i p<0.001
00 1.00 L—r—er—r—"———+—++— 0

_—
43210123456 4-32-101234586

Relative to parturient week

4-32-10123456

Relative to parturient week Relative to parturient week

Figure 4 BCS, concentration of serum metabolites and daily milk yield in LM
(n=15) and LC (prwk ; n =15, ppwk ; n =12). Data are presented as the
mean = SEM. Statistical significance of differences between LM and LC is
indicated as follows : **P < 0.01. LM : low and maintained ; LC : low and
changed ; Alb : albumin ; AST : aspartate aminotransferase ; BHBA : -
hydroxybutyrate ; BUN : urea nitrogen ; GGT : gamma-glutamyl transpeptidase ;
Mg : magnesium ; NEFA : nonesterified fatty acid ; T-cho : total cholesterol ;
TP : total protein ; G : group ; prwk : prepartum week ; ppwk : postpartum week.

SSHEEDSEICTRESND BN RIHEEESE—RICED
EHRESN TS (Kawashima 5 2016b). LK 2T,
LM 320D > CHEBRIBEPICHIN LB D /ZIBB(F, FHER
BN D KRS EERCHDuREMNRESN
1z

BlEKRD, 531514 HoS 3:BDOEIC 3.0 LITD RFS %=
TUIL—XYDOFEEMEVEHIMEINZDVICHBNT,
RFS OBREIZEIN D 2IHBEF, BIZED RFS THHZEE)
DBWVDV[CHART, REENMEWVTREENDD, ZNH
DHBDFSHEBREDHERRAEEICDBHND, ILEETZE
S|EHeC IO REENA RS,

CDERDIC—EDERND, &ILFD RFS DBREZEE)
ZERI DL, —FHRORFSAIELDE, KDIEHE
([CI—AXYDFTBEPZDOHREFTATE, HBIKROH
EICFIATE DN RESNE. &z, IFICEDLT
RFSEN—TEICB<KRENDIEEF, DBRBOERREE
FRPEWVILEE, NEKEORHOERICEEZCHDN
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RFS OBEZENHDHEEE, RFSHSFRITDLDD
EEOHERBFEVTREED DD, RFS He<BEEH
DHDBER, DREOEBFELEICDBHOD, RFS HME
<BEEROEHDHEEF, NREBOERFAELEEZNICHD
HEETICOBRDD UMD RESNZ. ZORYD, S5t
(& RFS DBEZEENDDFAFICHUT, £ERBCY
BEBRIISRZERREN T DMBN DD EEZ O5ND.

E i 3
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FBU LTS, RARKIE JSPS RIFE 15K07684 250
[CEMBRZMIED TN 29 FEMRIAZEZIERUZ
BDTHD.
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and recovery of reproductive function in dairy cows
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The present study investigated the relationship between changes in rumen fill score (RFS) during
the dry period and peripartum metabolic status, postpartum disease, and recovery of reproductive
function in dairy cows. Based on the RFS at 3-4 weeks before calving, 35 multiparous Holstein cows were
classified into 4 groups as follows : high (= 3.5, H) or low (< 3.0, L), and maintained (M) or changed (C) RFS
(HM,n=6;:HC,n=9;LM, n=5;and LC, n =15). The LM group had lower glucose (P = 0.05) and higher
B-hydroxybutyrate acid (P < 0.05) levels than the HM group, and two LM cows did not ovulate during
the experimental period. The HC group had lower albumin levels (P < 0.05) than HM. In the LC group,
a greater number of cows developed postpartum disease than the LM group (LM, n =2 ;LC, n = 10), and
overall there was a lower milk yield (P < 0.1) in LC than LM. Taken together, dairy cows with low and/or
changing RFS during the dry period have lower energy status, higher disease risk, lower milk yield, and
delayed resumption of ovarian activity after calving than groups with high and/or unchanging RFS.
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