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Al
AST
BHBA
BUN
CP

CS
DIM
DMI
GGT
Glu
GS
MUN
NEFA
PMN
ROS
T-cho
TMR
TN
VBN
WBCL

=5 RE
e

N L2, artificial insemination

TANRTX UM NT AT 27—, aspartate transferase
Bt Ro &2, beta-hydroxybutyric acid
IMifkIRFE%5%, blood urea nitrogen

L% > 74, crude protein

a—H% A L— comsilage

WELH%L, days in milk

WM ENE:, dry matter intake

y-TNE IV N T AT F A —E | gamma-glutamyltranspeptidase
7 a—2 glucose

JZ A A L—, grass silage

FLHRFEREZE SR, milk urea nitrogen

27 VRIENEZ. non-esterified fatty acid

2K AIMER,  polymorphonuclear leukocyte

TEMERRETE, reactive oxygen species

a1 27 m—/L total cholesterol

SEARIRAEAEL,  total mixed ration

=%

aZzE52, total nitrogen
FERMEHEFEREZESE, volatile basic nitrogen

Aok, whole blood chemiluminescence



HLAORWIHA L L REAR

P, AARZETEEEOIAFTEN T, BIENG R L fFEEEOM RIC k&
WHALDEA TETZ, — T, AEDOEII N IERIRROHEINZIRICE S £ T
NTLHEDEHLDIENN &\ T BFERRR OB LA RIE & e > TE TV D,

EWFABITRE D BHHAGE O T Iz oW Cid, iR DA D =R L F—RF R
(NEB) MRERERNI/2D Z ENHMBITWS [1,2], FLEITME) H AT
MLUT 4~8 WHICE—21Z3ET 20 [3], SEHEIEIZIIRY 235 5720, Z O
BITER 3L P —R L0 A LS LR 2 =3 F—E03% < 72 d, RELTH
HZANF X, KIENIZ2 EOZERSOEIBE L, fiRe L THTIADT R LF—
NI AZMED [2, 4], BERIT, 10~18 MEICE—7IZET 572010 [3], FRlTsHy
WA D 1 2 A TIHRAR A DTN F— 3T U ZPE TR BhEge ) ~DH
W EREOIKT, REHROBNAS &7 [1,2,4], Z0ih, ADZRLF
—N\T U AGYEET D L O REHNEE LD,

BDTFILF—NRT U AEWETD ) 2T, BTRAT—AE T 5 T
HEREEZHSTND, L LN D, IRERRBEEROHL. F—ENOREE
HEZGIZEIL, V=AU TV R=3 AR EORRE I3 [5,6], Lizhio
T, ARG 2 HICBE L. B BNOREE L ZERNTHERF T 572010, I’
JEEEHZHE D B) B2 G G-k EN D, £O72DIlid, wiElE DMI) &
D D EFE DV EARNRI R Th D, HeBIEIT, fEER. fBhE, BREEEEA e
PHERNICEVFBESNLIOT, ZROOERITH L THEORPSEHERL §5 2 &
WEETHS [3,7], LizndoT, wulZefiklakat, fpha5asn, P/ simt,



DMI Dl b, MO RLF—RT U 2ADOUGE, BIHSFEOBGEZDIRN D120

FUAOEEEBIZ BT 2 BARNER TH D,

YA L=V DMEIRT & HAFOREREE

YA L—DHANE, @R OEERBIMIGRGT 5 Z LN TE 5720, 1ERA
FIREERA OB b FEHIHKAE D MG 2 FB L LT, il b7 - THERE
T oTE o, RIWAMAZL. BENC X VBRIREZ RS Z & T, 4RI ORE5E 2
MZ T, FEEOMIRA S S, ¥ L7 D SRR 2 BRI E A H 2 & T
pH ZAKTF S8, REFBEELZPSIET 2 Z L2k 0 afRelc7e s [8,9], Z DS, fikhH
DE LRI ED—ENINRENTT BT RO7 I UM E ORI L RE 2 4
(VBN) (ZZMt3 5, ZOZELIE, oA L—Y O E I3 RFIc BT 5/
WO EIC LD Lo TR L, Ao EE KT T [3,8-12] (Figurel), H1
L — U DFEIAREE FE DI TOAE G 22 B BB Y H LIZ, A L— L =h oz
ML, AP A I S, BEEES 2 YoM SN D (Figure 1 @),
IRISPEREICIT, BERE, B NTFAREREDH Y | T A L—U DRI S
HENDE, FTEERSHIET 5, 2D OFRMEEOICIE, BRI ORR
(ZBAGT DE b AFEL, MEEEHIRIE LG, ~ A1 2 FF v R ER
R EOBEREGIESRI T ENMBNTWD [9,10], F/o, BERHIV A L—Ho
FLERZR & DRSBTS D 729D, A L—20 pH 23@&i<
0%, A L—U0 pH 3@ i d & ZOMD T BN F /LA @ 7e EHERE OB
DR D,

PRI B IAEK S BEH Z 3 W TN I S5 Z L DV HAL TV DY, K
DIRPLRKRI2 ETH A mANZIK LTRSS 72 D AKE MR IR EEDME T2 &
HN4% (Figure 1 @), BARAEE S E7-FBEZ 0 L, BRZEAT S22 A L



—0 pH NEBITEL 2D, BRI L8V E RN, T o707 I U8
72 ED VBN ZFEAT D, RO VBN JRENIHAKIFTTHEIIOWTOERE
HIZREEE T & A E7RVR, @ v 7 BEREROIRFAININZR I LV E—HNT
=T IRERE L 72D & THEREREECEIEEE SO 5 Z E R mbTVWD [3],
T, BERREEDHEA T A L—U Tl DMI OIX IR0 b—v A &5 &2k
HLHHNATVWD [9,12], ZD X IITARBHEET A L—I 23T 592 L. DMI
DIRT, PIROBENN, BHEMEOIR e Sk~ 7@ E 3 5, Lichi> T, Al
Ot A L=V EHATOROWE DITEET 2 2 LIEE 2 £ THARVDS, EIRIC R
BIOSE 251 - HET D2 L b EETH D,

(1 Aerobic deterioration » Aerobic microorganisms

‘yeast *molds -bacilli
*Listeria monocytogenes etc

@
pH T
&

@ High moisture silage 4:3 * Butyric acid bacteria T

Lactic acid mm)p Butyric acid

Protein mm) AmmoF\il;ﬁ)Amine

Figure 1  Effects of inappropriate incidence in grass silage on fermentative quality.



YA U—V ORBELER A

ARSI A PRI E DIR Y A L— Tl pH 3L BRI T VB =7
GENEL, HIEEGEN DL e b2 [10,13], VA L—Y OFEEIE 2L
M4 5 & &ITiE, pH, AHEREE. VBN SR CHMET 2 HESHV LTV A,

AARTOYA L—UREEETHNIX, 7V — 7 FA0 V-2 a7 L > TThiLT
Wo, 7V —7FuE, A L= oOREE, Bk, BEEO RIS REAE
ThHY ., FHCHBEBRORENEEHAISNDFLAETHD [14], LI LARETIE,
W o — A L— 7 EORIKG A L— T TIHBEBERR I Z DTN D 7201,
TRAPIRIED BAF TH DT B0 O O FEAFRIT /R D Z L1372 < . ZOTETHE S 720,
EDIZ, REFRFARECELDT VE=TIZOWTUL, 7 U —7 FFa CldaHfiox5:
(272> TURUY,

V—Ra7ix, A L=V OFEEWE AL FRNCEHE T 2 ETH Y . BRSNS
T72< VBN/ TN (£%555), VFA R IS O T A e R H -
5HETH L [14], FHIICIBWCTVBNIBEDOE RN E < 2o TR Y | ARFENE
ETCND LB RIS N D, FTo, MEPKICED Y 22  [Al—0fHiins T
B1-DIZH A L— T ORISR I TA DIV TV B FHIE TH 5,

FRPEHF D VBN 28 & WA~ DR

W, A L—0 VBN X, B —EHPICBWCIREE S 7B e U CTsEY
R END, 2D, REREETA L—U% 0595 & Wit & Lo g oEl
BEML T, —RANOT CE=TRE ERZ5| SR Z E0lEINTND
[15,16], L—ALNOT A E=TREN EHT DL, —AUBELVIRINEND T
VESTENEML, WIS T E =T IR CRE S RSB ICEREND
[17]. 2O X IICT =T ITERREMORMPEN ORI AL S VA~ & Pt



SND ORI TIL, TERMBH SN Z &3 o7z, LInLZRIRG,
HHEA~DT =7 OFEABOFENNIAE 5 WIHITECBIRRRRI 69 2 A DRk
SEINTWD, BIZIE b FofFE (18], 7w k [19] &t k [20] T~ =
N7 H—Er U Y BRE U7 R ISR L. T =T, IS A4 5
R < & b 5L ANEK (PMN) ICRDFELY 5.2 2 2 E03@ES 5,
SHIZ, HAORE L BIEORMRCIL, ¥ o/ EERHG 5T LD, MikRFEER
(BUN) CLHRFEZEHE (MUN)  JREE EFICHE VBT MK T35 2 & 035
[21-24] SN TWD, LAMLAREL, ZAbDOWMEILE N ORRIFEO—18Ee
w2 RRE B O R TH Y . BT 2EEFENZH2KRT D VBN 2352 2578
DONTHE &L A EHRE S TVRUY,

AHRFFED B H LARE

AR L CE /2@l . A L—0 VBN REIIRERBEOIIE CTH Y . A ADORE
(TR DI REWEEZ BNDHA, ZHUTHBD O T EECBIS COfE D
VBN JREZEEDBILA ORI G- 2 TR OV TOWMEILIT L A LS TR,

Z 2T, AWIETIL, WIRBERTREET 4 —/V PR 22 —I2T, TMR H0
VBN JREOF#E % 2012 4F 10 H 1 H/5 20134E7 A 15 HiZbiz> T Zieo7l- b
Z A, HWIRHIZEIZR VBN JREOEENRA HINTZDT, 2 DOMLRIISL - T %
BIlroT,

BT, B L2825 Lz TMR 10> VBN JREASE) 4 FE 2 34 (G4
] At TMR H10> VBN JREEAMEREE TLE LTV Wi B : TMR H1o> VBN
BENSEIC EA L, SREDO TMR AMEE-SI W2 ;. B C: TMR Hod
VBN JREEA B OB & Lol UK T L7#i) 125337z, 2 LT, 2o 3 #iicET
I 80 SEBILDAFREDARENRIL, AFE L 0 H ok L7240 RM i+ o PMN



7 ROS FEAERE. “FHED N THRHFIZ L 5502 TMR 1D VBN IREZEENZ L > T
(F 72 3 Wi CRuiRET L A7 iR EE D VBN JREEEIEN 4G 592 2 & oW
TEDRR A EI A LT,

B ETIE EROFEZONWT, 5 1T HEOMAT L ITRR 0 | WA ER L
TMR 10 VBN JREEZE) & 1fii PMN @ ROS FEARED BRI DU TE A oD A3
ANZEADWTABIR L~V DI E U 7 V2 A DTABBE T 2 H AT LTz,

AEFFEIE, BAED 2 ORI DT E H o T, MILSEIERTFEIE T 4 —/V FRSY
A —IZBITD 9 AT KS TMR oD VBN BEFAE LD, #5- L7z TMR H0
VBN JREE EFATLE D WHA DR, ek O RRICE- 2 28TV TR L

T —2AART LS DTH 5,
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BEYA L—UkahEL, URCEFREEL LT 2 Enmbn TS, Bz,
FEERSERE LTo A L— UG 2 & Bl LTr M= ZADMERAE LY
[12], I eiBge s fifidplafa b3 % &~ A 2 b o [10,25] 12Xk 2iEMk
FEESCAHEIC > 720 35,

TA L= AR, FUBEARIZ XV RO ZFIRIZE X T pH 2R TS5
LRV IRIET DA CH DY [10], TORE, kD & 237 B O— X
SNTT E=TRT I R EOERBMIERREESR (VBN) 221615, FrZ,
JERR K3 DT DTG R AMIL < THLBRTE S HEFI C & 70\ & BEBATA 75 & DR AR
DHFEL, YA L—holgie> VBN OFIG2 m< 725 [10, 11], 2O X512 PA
L— U OSEITIHEHEAIR O BRI X > TRE BT D720, FEEWE A THliT 5
D TEETHD, A L—VOMERMEE LT, 7 U —273R8<> McDonald
DOIFENMBNTEY [26], FHCAARTIEV—2aT [14] BEMHNTNWD,

WHE, A L—D VBN (X, FHNICBWCIREIE S 7B e LTAEY
IR &SNS, BESA L—U0, A B NTIEZO—HREE L TV A/ ET
X, CP IREEIZE(ED 2 &b ZDOE Th DS X7 EOEIEEINT 5,
BRI OPRFRIE S R EPEEINT 5 L, —AVNT E=TRENER L, L—
AVBEX VN SN DT =T OWIEAEINT 5, 7 =T 3R CcEEE Gt
DEAEEMDOIRBZ AL S I~ E PRI S LD 728D, VBN IREDZALDFLANT S
A DB ONWTTIHE SN T IR o7, LALLM S, flig~DT =7 Dt
ABDOBEINTLE S P CBIHEGE I 6 D A DORENRE SN TN D, FlIE,
TR ST DIMIGEREIC 5 2 D58 LT, b FORFMAME (18], 7~ b [19]

b b [20] TAY anyZ—r'n URGu B L2 BRBPEEICER L, 7oE=7
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P, WIISE A Mile 0 Z < & 5 2% A MER (PMN) ICROEELY 52 5
ZEPHESNTND, SHIZ, FUFOKRELBIAOBRTIE, @& s ek
FiZ L%, BUN <2 MUN 21 ERICHOOVEIRRGREAME T 975 2 &8s [21-24] &
N5,

AFFFE T, WINBPERFEIET 4 —/V RREE 2 —|2C, fREIRO B R L
LC VBN BEOFH#Z 2012 4 10 H 1 H2»H 2013 427 A 15 HIATo72& 2 A,
TMR F10> VBN #2FE7S 3 #ii# G A : VBN JREEDMEIREE TZE LT REY, 4
[l B : TMR H VBN JRERZIEIZ B L, miRED TMR 2365 STV 2R,
HIF C : TMR H1o> VBN JREDS B OWIE] & Hlt LA L7 125310 TiEo & Y
ERRDRELRR LI, £ 2T, O 3 HMNCHIT D VBN IREEDE DT D
{REPRIL, EDAFREL Vb L 7oL ORFEM A O PMN % HUCIZ U 7GR
% (ROS) EARE. FBED N THHEIZ X DRI HONWT, ZOBIRMEAFHA LT,
FRZ, YA L= ORRIEREDSSIICA RIS S VBN IREEASHEINL, LUtk
1f.H1 PMN 0 ROS FEARED I 57372 57 & & BITATHEREA L ADMEINL 7., Zoo—
BWOHGHT, YA L— Y OREEBEG SOOI~ A T ADREE 52 52 L
ZRTOMN DRIV E B HNDLDOTI ZITHET 5,

2. MEHETTIA

(1) HFRofmags

KIGAREL, WINBERTFRIET 4 —/V NR e o Z— DRV A S A FapELA
T, 7V =R b= EicgE ST, #EFUT 1 A 218 (5:00, 17 : 00), PR
S 75 5, Y HAE O ke TH -T2,

WEEENT, N — A niliFER SN TWbS a—rH A L—Y (CS) T TR
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A 1L— (GS) EfRD TMR (Table1) T, f#H 8:00 & 15: 00 12654 CW
77 S OICHEE LK H BT, RIS TRAEEEY 7 4 — FAF— 3T
fEBIFES- Z I TV,

Table 1. TMR ingredients and chemical composition during A, B, and C phases.

Phase
Item A B C
Ingredient (kgDM)
Grass hay 13 12 23
Grass silage 6.6 57 2.8
Corn silage 71 6.0 7.7
Earcorn silage - 13 13
Beet pulp 20 15 1.2
Rice bran - - 1.0
Soybean meal 15 15 15
Rolled barley - - 1.0
Mixed concentrate 50 50 5.0
Molasses 0.2 - 0.2

Vitamin-mineral supplement 0.04 0.06 0.16
Nutrient content (% DM)

Crude protein 15.3 15.7 154
NDF 41.0 39.8 35.6
ADF 22.7 22.0 21.2
NFC 344 358 375
Ether extract 34 34 33

DM, dry matter; NDF, neutral detergent fibre; ADF, acid detergent fibre;

NFC, non-fibre carbohydrate.
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(2) SOuEs

OritE 40 B D, BB E 7o B S IR WEEE CINRBIER ATV i
% 60 HURICREATINEBZ SN AT (A) 21T7-o7-, £7-. EBHE
THODRBEIEIMEDPHER SNIHA B IIE & L,

(3) FHEMEE

KRHEDOWE A Fig. 2 | TR,

Low-VBN High-VBN Mid-VBN

Phase A B C

Grasssilage & TMR
Feed [ VBN ( every 1-2 days) >

4 Fermentative quality (once/ week) =———

All lactating cows ( ~ 80 cows )

4= MPT & Milk composition (once / month ) =

o G GO

Randomly selected 16 cows (early-peak, n=8 ; mid-late, n=8)

Blood ROS (twice / week) >

1-Oct 10-Jan 15-Apr 15-Jul
2012 2013

Figure 2. Design of the protocol. Changes in VBN during the period were classified into three
phases: A, B, and C. Mean levels of VBN concentration drastically changed during divided three
phase (see detail Figure 4). The concentrations of VBN in GS and TMR were measured every
one to two days, and the quality of fermentation was assessed each week. Metabolic profile test
(MPT) was conducted once every month. In order to investigate the ROS production of peripheral
blood, blood samples were collected twice a week from 16 apparently healthy milking cows

(early lactation and peak phase: 8 cows; mid-lactation phase and late phase: 8 cows).
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(4) TMR $ VBN BEEIZHES < B b ORE
TMR H® VBN BEDOEEOHAELE TR L viE L, #HH B (5 VBN &

JEHAR]) ZERR LTS,

High-VBN concentration in TMR (%DM) = median value + 1 SD = 0.14 (%DM)

Wi B (5 VBN JREEHIND 1, FRUORT URBAE]) 26 MR TH) £
TOMOHIM L ER LIz (Fig.3).,
OHIIBHAR R =VBN JREEAS B L, HRfE+SD i 2 7= A% 2 LA e
T2 & EDRANFRAE+SD Z#E 72 H,
ORI T H) =VBN JREEMET L, HaRfii+SD 22 TV H S 2 @8

feu 2 & &2 VBN IRENEWHIRIOR T & L, H&1%I1Z VBN &

FEAHHYE+SD 2% 7-H,
s > 2 weeks
(@]
?3 \/\ \
Z Median IIIF\Ivf \/‘\/ /k .,
> 4 ?-f\\_f— ---------- lf/f\f f“\:\ _________
o 1SD ( i 1 \ A
< VoA WA,

High concentration "
Period | > 2 weeks

Starting day | Finalday |

Figure 3. Illustrative diagram to show the starting and ending time point for the high VBN

concentration period in the investigated period.
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FAE TN T LTRER, ARAITFREo 3 MRS e (Fig. 4a),

I A: TMR 10 VBN JEEE MBI CZE LTV =R (2012.10.1-2013.1.10)
Wi B: TMR H1 VBN B2 20EIC B L, & VBN EE O TMR 23653 C
VW EEEA (2013.1.11-4.15)

Wi C: TMR H > VBN R B O] & bhlie LK T L7y (2013, 4.16-7.15)

TEORR., FHO GS @ pH OFHEIL (A:39, B:48, C:46), GS ®

VBN DOJEFEEY) (%6DM) 1 (A : 012, B: 048, C:0.30). TMR @ VBN 2

(%DM) X (A:008, B:0.16, C:0.10) &72-7= (Fig.4b),
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6.0

[ Jan-10] [ Apr-15 | 1

5.0

GS pH

4.0

3.0
0.8

0.6
0.4
0.2

GS VBN (%DM)

0 : ,
0.8 - | | :

aa—h"/\"“}"43“{ﬁuc;“,ﬁ
0.4 - | | ]

0.2

TMR VBN (%DM)

0 T :I T T ‘: T
1-Oct 1-Dec 1-Feb 1-Apr 1-Jun

>0
W3 o
Om o

Figure 4. Changes in GS pH and VBN concentrations of GS and TMR. (a) shows the actual
measurement data changes in GS pH, GS, and TMR during the study period. (b) shows mean
value + SEM of GS pH, GS VBN and TMR VBN during each phase (A,n=99;B,n=71;C,n

= 45). Different letters above the bars indicate significant difference (P < 0.05).
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(5) GrassSilage (GS) * TMR #2H

HSLIE2 AIZ1E, GS & TMR ZERH L7z, GS %, 15: 00 Al N A —H
A B TTMR Z85ET 2 DI L72 GS L, TMRIE, 15 : 00 (ZBGEE %D TMR
A X DI LT, BREL7- GS, TMR UL, — 2 b 0T 7= 12 - 30°C T
RIRAT L. #80 % VBN BEERIEIC A=,

(6) MKV 7 AERE
A—[El, e AL AR A MG BRIk &L » 77 Lo 48 (VP-P100K; Terumo,
Tokyo, Japan) z AV CERIR L, IR LRI V2,
W 2[5, AEEOS R B 16 88 QUL - sl - 8 BA, WL - %
# .8 56) 5 JEEIRIM A~ XY >4 (VP-HO70K; Terumo, Tokyo, Japan) % FH\ N CHEEL
L. FAEIM A A fEkEk, FEREREL. Whole blood chemiluminescence (WBCL) DHIELZ
FHN=,

(7) HE-HUBHT—%
EHARI DR B K OFLAT I H — O AR DFeé  (Hokkaido Dairy Milk Recording

& Testing Association, Sapporo, Japan) z{%5 H L 7=,

(8) GrassSilage (GS) * TMR DL S 53HT

GS & TMR H1o VBN JREEIE, 4 DY 7V ofitiR L 0 . fEdLias [27] <©
WIE LTz, L, &% 0% 7% 510 RGN L, %24 15 g AHY B2 A4H
K 1A0mL ZhNA, H > TS, RIS E I THRFE L7223 & 24 BfElvnssl Z O
17 L=, JE# (Quantitative Filters Papers 5A 185 mm; ADVANTEC, Tokyo, Japan) C At

ATV, R L Lic, B85 7 Ofi i, BITO X S IFHR LT,
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VBN (%DM) = AxB/15x100
A : VBN concentration in extracted solution

B : total volume of extracting solution

GS @ pH 1%, HbHiR L v 22X H| UEMD pH A —4%— (pHSpear; AS ONE, Osaka,
Japan) TEHH LLIL2 HIZ1LEIEE LTz,

FEEEE OTIE, BHERT L7 TMR 2 LRy olcE &b, F2hE L7= (Tokachi
Federation of Agricultural Cooperative Associations) , F&B&TE X VBN/TN (F%5%) . FL

We. WElE. BAE. 7 U EEAHIE L,

(9) GrassSilage (GS) MD¥EEEFME
GS DIFEFESYE DR M2 McDonald [26] X TONV—R =7 [14] CTRHMliL7=, MiaEm
& LA AR R O E R 2,

(10) miRALFRE

MR > 7RI, BEHIZmEsHE L, HIEH £ T-30°C CHiEiRFE L7, H
T, ALFEE TSR (TBA-120FR, Toshiba Medical Systems Co., Tochigi, Japan) %
v, MiRRFEZESHR (BUN), TARTXUEERNT A7 2T —8 (AST), v 7V
ZINVIT AT 2T—E (GGT), Z//ha—=x (Glu), Bt Rax I (BHBA),

Jex 27 VRISHARE (NEFA) . #8257 a— (T-cho) #HIE L7 [28],

(11) BERE - PMN %
FmERENE, SBEhmEkEEEs (£/1% >~ 27 «; Nihon Kohden Corporation, Tokyo,

Japan) ZMHWTHIE L7z, 72, PMN a2 HHT 572012, BlEkEH#EL, 7=
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—H% A h A KU — (COULTER EPICS XL Flow Cytometer; Beckman Coulter Inc. Brea, CA,
USA) Z W THILEKE T (PMN, U 2 BRB LOHEKOEIG) ZHIE L,
PMN %03, Afskd e BhEkoBS L0 FH L7z PMN # = AimskE X FEkEk

DEIE).

(12) 2P bEREDOHEIZE (Whole blood chemiluminescence : WBCL)

WBCL %, FRER L7zt > 7 %49 25 CORI IR L, LIRFEILANICA L 258
FETHIE L=, ZER3IE Luminol (5-amino-2, 3-dihydro-1, 4-phthalazinedione; Sigma-
Aldrich Japan Inc., Tokyo, Japan), #i[##i3 Zymosan A (Wako Pure Chemical Industries Ltd.,
Osaka, Japan) & F\ >, E# - (LFFEEEE (AB-2350, Phelios, Atto Corporation, Osaka)
T, 37°C T30 RHEE T 7z, FEHEDOREIZETIEHTIT, 30 HHORIEIC
Lo TR LN EORED VFEZ RO, £7-. WBCL ZHRIERETHIY |
IfilH > PMN %3472 0 @ ROS FEARZ T L=,

(13) FEORMER

FHIENC I DHEFATRT D574 3 [RILIN O N THRAG 2RI GR 2 A L

77o SZRRIITFEOLOICEE L,

Conception rate = the number of pregnant cows / total number of Al

SRR, Al SEfiiit% 36 H BIZBW T, FENIR T AR CEX b DEZROER
E LT F7o. RAEVEERITOT-RICATIRE L4 ) B — KT U —2—40D
ALIZDOWTIEIREN BRI LT,
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(14) HREHRT

FeatAROMHTIZ X, SAS Enterprise Guide ver5.1 % U =,

GS @ VBN & TMR @ VBN DOFHBERIR % Spearman DNEAAEBIFFE CHE L7,

3 WIMICIk T 2 Mt o 7 s KO o 7 VO JIEE O ki, Kolmogorov-
Smirnov test DFEF, IEBA L TR0 lzlzsd, /23T A R JRREEIT-
72o FHWIROREMOLET, Kruskal-Wallis FEZ1T 72, A EENHERL Sz
A, ZEIRBIIY = v 7 2O FKRICTEEEZRE LT,

FHIROZIAROEI L, A S REZAT -T2,

ETOT—H(L mean = SEM TRL7T-, P<0.05 DESICAEZEHY & LT,

3. i R

(1) fEhE

GS ® VBN & TMR @ VBN & ORIIZITAE/RIEOME]  (p = 0.87, P<0.0001) 733
»HT,

AHEROWE DOFERZ Table 2 1277, GS, TMR & HIZ A OH &L TB &
C OHIMITIX. BRI, HHRIREE, o4 VERENAEICEE TH-7- (P<
005, —/5 T, FFREIL, ARIUKETH-7= (P<0.05),

GS DFEEESHE ORGSR 4 Table 3 (Z~7, #iIfi A © GS X, McDonald & V—2
27 OWRHEEE BIZRIFCh o7z, —J5 T, HIfB & CILGS DHEITIAR TH-
7o
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Table 2. Organic acid concentration of GS and TMR. Compared to phase A, lactate concentration

decreased rapidly during phase B, but a notable increase in the other three organic acids was

observed, suggesting that a notable amount of aerobic fermentation occurred.

Phase
Grass silage (% DM) A B C
Lactic acid 10.1+1.0° 6.9+20° 43+16°
Acetic acid 1.88+0.76% 470+0.77° 3.92+166°"
Butyric acid 0.01+0.00% 252+085° 161+0.55°
Propionic acid 0.05+0.10%® 0.72+0.25° 0.53+0.16°
TMR (% DM)
Lactic acid 71+01° 51+0.1° 51+0.1°
Acetic acid 1.17+0.02% 195+0.03°¢ 1.71+0.04°
Butyric acid 0.06+0.01% 068+0.03° 0.28+0.02°
Propionic acid 0.05+0.00% 021+0.01° 0.13+0.00°

The values for each parameter are the mean values + SEM (A, n =102; B, n =95; C, n=91).

Different letters in the table indicate a significant difference (P < 0.05).

Table 3. Fermentative quality of grass silage assessed by McDonald and V-score

McDonald

Phase pH

VBN/TN

.
V-score’

classification average (min‘max)

classification average (min‘max)

classification average (min‘max)

A good 39 (3.744)
B verybad 48  (4.05.5)
C verybad 46  (4.05.9)

very good 43
very bad 188
medium 15.4

(3.2-74)
(14.6:25.4)
(9.6-23.3)

very good
bad
bad

9 (87-98)
6 (0-57)
38 (2-79)

tMcdonald method criteria (McDonald & Whittenbury 1973)

* pH (<4.2: good; 4.3-4.5:medium; >4.5: poor)

* VBN/TN (<12.5: very good; 12.5-15.0: good; 15.1-17.5: medium; 17.6-20.0: poor; >20.1:

very bad)

TV-score criteria (Masaki et al. 1994)

80>: very good, 60-80; good, 60<: bad
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(2) IMiRAEERE

MEAACFAREORER A Fig. 5 1ZR 7S

FIMEAE AR B IL, 2 COEREE [27] OFFHNTH -7, LiL 3HIRHT
e 2 L. A O#RICx LT, B & C OHII Tl BUN, AST, T-cho, WA EIZHE
i (P<005) ., XHIZB TILGCT bAREIZAEMMTH-7- (P<0.05),

(@ Nitrogen metabolic indices (c) Energy metabolic indices

__ 100 ~J15004
5 3 s
T 3z
"5., o
£ E
z b
2 :
@ E
O

NEFA (uEq/L)

AST (IU/L)

Phase Phase

Figure5. Metabolic profile for A, B, and C phases. The value for each parameter is the mean
value + SEM (A, n =93; B, n = 96; C, n = 88). Different letters above the bars indicate
significant difference (P < 0.05). The area between dotted red lines indicates the normal range of

each metabolite found in healthy cows (Kida, 2002).
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(3) H&-¥EHT—%

3HIDHE - I T —F DfER% Table 4 12~
MUN 13, A OHIE &l LT B & C oM CHREICEE ThH-T-. —FH T, A,

B & LT C oMM THARR, HEEZ =, LEARPARICKETH T,

Table 4. Milk yield and milk composition of lactating cows during the phase A, B and C.

Phase
A B C
No. of lactations 2.7+0.2  26+0.2 25+0.2
DIMt (days) 184 + 13 169+ 12 206 + 12
Milk yield (kg/d) 29.0+0.7 31.0+0.9 30.1+0.9

Milk composition
SCC:(103/mL) 75.0+94 66.0+6.0 61.6+5.7
MUNS (mg/dL)  11.3+0.22 12.4+£0.2>  13.1+0.2¢

Fat (%) 42+0.12 4.1=+0.1= 3.9 +0.1°
SNFT (%) 9.1+£0.02  9.0+0.0a 8.9 + 0.0b
Protein (%) 3.56+0.00  3.5+0.02 3.4+ 0.0P
Lactose (%) 4.5+ 0.0 4.5 +0.0 4.5+0.0

The values for each parameter are the mean values+ SEM (A, n=90; B, n=95; C, n=85).
Different letters in the table indicate a significant difference (P< 0.05). T: days in milk; i:

somatic cell count; 8: milk urea nitrogen; {: solids-not-fat ratios.
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(4)

o mekek, EhEkE, 2mHolbFEREE (WBCL)

FHERS, PMN 20338 AL B CHIOMICAERZT 20 »7- (Fig.6a).

—7J5. WBCL & PMN 1 ffn47- 0 o ROS PEAEREIT, ABIL L CB, CHIT., A

7

ElZEETH -7 (P<0.05) (Fig. 6b).

(@ The number of immune cells

120
100

WBCT (10%/uL)
3

IS
o

[e2]
(=]

PMN? (102/uL)

50
40
30
20
10

(b) ROS production

T 2500
£
gzooo b
~ 15004 a
o1
Q© 1000
= 500
A B
Phase

WBCL/PMN (/30min)

80
65 b
b
50 a
35
20
A B C
Phase

Figure 6. Immune index parameter for A, B, and C phases. The values for each parameter were

the mean values + SEM (A, n = 25; B, n = 27; C, n = 24). Different letters above the bars

indicate significant difference (P < 0.05). (a) shows the white blood cell count and PMNs counts

for each phase. (b) shows the results of ROS production.}: white blood cell; §:

polymorphonuclear leukocyte: § whole blood chemiluminescence.
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(5) =HE=E
BHIOZ R % Table 5 1277, A HiE il LT B $IOZERIIAE L)~ 72
(P<0.05),

Table 5 Conception rate for each period.

Phase Conception rate (%)
A 69.7b (23/33)
B 39.12 ( 9/23)
C 58.3ab (14/24)

The value in parentheses shows number of conception cows and total number
of artificial insemination. Different letters in the table indicate significant

differences (P < 0.05).

4. % %%

ARFFETIE, 9 » AYHZE ST TMR 10 VBN BEZHIE L, TMR HZOZEE)C
FOWT 3 1 (I A 2 VBN JREEDMEIRE TZ2E LTV ERe, ] B : TMR
O VBN JREESRIRIC B U, il A fkee L72REgl, Wi C @ TMR 10> VBN JREE
25 B OHIF L VAR L7 125300, FHIRICIST 5 VBN JREEDE & AREOR
HRRIL, AR 0 o L7220 RRS M O PMN Z N2 L7z ROS FEARRE, AHRE
DR L ORIRIEZFIA LT,
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ABFFEUZFNT TMR H1 VBN JREEAS B Bl - L7z, ZooBHIZE LT,
TMR O /X7 (CP) IRELIX. &4 E L, ) 158+05% & NRC2001 [3]
DHA BT A Ao TER—EDOKETHR L, Hi#F o CP IR L TMR H VBN
IREE L ORIIIA B BRIIRD Hb/en otz (p=-009, P =0.78) (F—XK4E#),
—7J7. GS® VBN & TMR @ VBN & ORNZIIAE 25RO EOFER] (p=0.86, P <0.0001)
WD BTz, LIZh3-> T, AWFEZRIT 5 TMR H10D VBN JREZE) L GS @ VBN
HETHDZENHLMNTH -T2, SHIZ A OHIfICE~ B, C O <TIZ. VBN
TEEEORMOMIZ S pH, HEE - BEE « 70 4 BRI RIE T, SLERIREE DM EAH
Thoitz, MxT, YIB & C TIEGS DREAWE HIEFHI Ch -7z, Lizni-> TR
WF7ED B & C OHIRIIABIREBE /55 L Tz LB bz,

ARFFENCH51T D PEILAF O MR T2 CIEF RN THERB L2, Lo,
A ODHIFICHANT B & C O TL— A LINT E=7 OREEHINA VRS S5
BUN 3@l Chlisi~D T & =7 Af g S D IFiifEE (AST. GGT) DO
A SN, F72, ILFD MUN (% BUN & [RERICZERHOEEIC 5 2 &2
HHNTWDAY [29,30], MUN b EfEZ R LT, RIS /™7 OEEINE, /L— A
YINTOT EBE=TIRE ERAZ5I &SI Z EAMES iy [15,16], 1—A
NOT =T IRED FFITHEN, —AVBEX VIR END T o E=T BEHINL
T. BUN X U'MUN A& fEIC /2T L B BND,

ABFFRICIHNT, B L PMN O ROS FEAERED mD > T, FLAOPMN 27 - E=
T H AT TR LI2#IZ, PMA BT 5 & PMN —HilaX4 7= 0 0 ROS FEAREAHEIN
L7csis [31]. & FOFFMAEIZIBWT, PMN L7 =T 20558 L7 L 2 AH
FEMED ROS PEAEEDEIN LTS [18] 2362, Zi b OEWEFRERIZ, AHETH
REFEET A L—0 VBN IZBEHET 57 U E =725 W PMN @ ROS FEAERED AN
Lo RIREMRI T H0cE 2 b,
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REFEET A L—U03, 1A PMN 0 ROS FEAEREIZ G- 2 DR & LT, FRiESe
~A A XN EZBND, IATBNT, MO BHBA BED EAIZLD, i
FERENEALT D EDH D [32,33], LNLARNG, AFHE CIIfaeh b OB )
HNU7223, o> BHBA IREEZZMUITERO VT, AWFEIZIT 2 1H PMN @
ROS FEAREDZAGIIFEIEIRE DFBNIZ T TN B b, 72, v~ 2 |
F AL FAO PMN O ROS PEAREZ IR T S5 [34,35] EnTHy, K
FFEZET DI PMN 00 ROS FEAREDEINNC~ A = b & 3 LB 72 B8 3 e
WEEZ T,

R 1 k= A R i bl Ok G 57 a2 N s RS G A [0z AT 2 D275 T
V. EERYHEICEOREI A O g TH D (36,37, PMN KV pEAIND
ROS [T FICHIHISRREISE 2 5 23, MEEO ROS FEAIL, MRS RIEZ S &2
T EHLEHNTEY [38], fHETH PMN IZLHHEENHRESI N TS [39], &
PATIE, ADHIIZEE~TB & C OHIfI T PMN 0 ROS PEA BN ST Ho,
AST R° GGT & LA L72Z &n, IiE T bFEE R & THliglC T 2B (LA b L
AINEE ST ATREMEDNE 2 BV D,

ABFFETIE, REFERE L7 GS 25kt 25 TMR Zfa5- L TV /e B & C OHIHIT
WBCL 7% A HllClE_XCEETH 72, WBCL 1%, WIHEREfRED 1 2L LTAR
Hfa s HFAET D ROS ZRIET 2L TR EETE 2795 THY . AiMmER
DERFEEFHET 2 DICFIH S DA [40, 41], AR FTO ROS FEEAEIE, PMN 723
FAFEAT HZ LN TWD [41,42], D7z, PMN EDOZ(L° PMN (2361
% ROS FEAREDZ LAY WBCLEIZZM b A b T b T B2 bivd, AFATIE, PMN
1720 0 ROS PEAEREIT A Bl & it LT B, C HIXARICEETH Y . REFE
FELT- A L— LI PMN 0 ROS FEAEREDHIN L7 2 & OBIRMEDS R’ S 47,
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PMN /%, TNF-a=° IL-8 72 EDYA M A v TT T4 I 7 &5 & ROS FEADN
BEAINT 5 L0 ZEBARLT v R THLR TS [43,44], —H T, TUE=TIZL
D Z v N ORMIME AN D TNF-o & IL-1 8 OFEAERIMEIN L &5 it [45],
BT ESTIMIEIC LT v hTO TNF-a OHEAN [46] OFSERH Y . AEFIETH
T UE=T OMAEPEZ T2 Z 212X, TNF-a 72 EOFEAREDEML, PMN %27
TA IV L ROS FEARBDEIN L7 FIREME B 2 B D,

AFHATIE, A O & LT, TMR H1o VBN JRERRKE <IN L7Z B O
TRV T D 1~3 [BID Al DZIEEDFRIUR ) >, oM E LT, TMR
DR VBN DSZIEEIET O—[K & 72 S T2 RATREMEDS 9 Dhsboiulz, AFRAETIE, Al %
F2hi L7240 BUN J2EE1E A 1T 12.1 mg/dl, B #1T 15.2 mg/dl T& 7=, Ferguson
%, BUN JRED 149 mg/dl L ETZREMET LI 28 [21] LTEh, Z
D E—E LT,
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5. /1%

REFE A L—UICHHT DR VBN STELORKGIG 512 1 2 8% | IWFLARRE
LAYLTHIA L2 & 24, WO MBI I CIER RPN THER L, Wil
FORFICRERZEIT W E BTz, L L7225, TMR 10 VBN JRED N
L CW=IRICIE, IEFHIFEZ2235 BUN & MUN 23 E5-L. [RIREZHR S Av7- i
PMN @ ROS E4RE (WBCL) 723 EF-L., Mg 7 A —& —IZBWCH#EE~D
AMAFED DLz, MA T, ZOHBIZZBEROE LWMETAL LN, ZhbDZ
Lid, REFBACE Y VBN JREEN 5 U R 238 5 2 LT, B—Eh 50X
ENF=T E=TIZEDIF PMN @ ROS PEAEREZNEEICHRIS L S A, ZERORGEH
Hy SOITIFEZBECOADOEEZRIFL TND Z EZRBLTND, LIRS T,
YA L—UPARRFEEEL RN L DT, WEZEECIRD 2 &L OREREWEDRLD TRIT
7

29



=

TMR RV B2 SRR O H) & I A D I -h OTE PR SR E
PEAERE & DIEHRL~UZIIT 5 U 7V 2 A LOBEGRIEDEIER
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= A L NOWE S 3 BERUT, kY LRI B EORfETE LT R
T =T R EEFENI L, KM R = — & LT TR biS, Ll
B G, MHEINET =TI LT, R AR GBI ROEAITI,
AR L ZARNT SE=TITEE I, — A VBENGPRZ R H L, Tl
DT EZT ORNEDEINT 5 [47], RGBT ORI 7 B OB,
N—ANTOT AE=TIRE ERZ5| S5 Z LTy [15,16], A~
RIEEE e & CHE Ut R o e (VBN) @ EH-TH E72, FERICH
Ng~DT =T ORMAEPHINT S L EZ 6D, TRIT =T HHRAT D E
fif7E SHIVURFICEM S v, b Tl pRFEESHR (BUN) . FLH CITRLPIREEHR

(MUN) & LChBREn5 [17]), Gustafsson and Palmquist O [48] <TiE., #4F
(ZRBWTCHETEHERE, BUN (X 1.5-2 K], MUN (X BUN @ 5% 1-2 BRI B5A-
L. Elrodand Butler D% [49] TiX. #rfHi% 8-12 FFfHif2(C BUN 28 A9 L Sh
TWo,

%5 1 = TIE, TMR 1D VBN B & 3 A ISRV T, WFLARE L~ Tl
PMN @ ROS PEAREDS BA- 5 2 LR Siz, LA L7RA 5, VBN JREEDSHENN
L7 B A BT 5 L BRI C 7 L = 7 O~ OWMA BRI 2 = L 2 &2 5
&, I PMN o ROS PEAERED EF- HEHIHIO 5 I Z 5 & E X bb, €I T,
AETIE, BEBGIZBWTARRREEY A L—U %251 TMR 2465 S HAF T
X, & VBNETEIOEBE, IO 5 Bl o PMN 28ESH1) 28084 5217 T ROS
PEAERENANNT 2. LW O#iAT-C. ZOMEAE{THY 2 LA HIE Lz, 200
IZ, TMR H1® VBN JREDOEE) ¥ — 3802 3 HiM (KR CLE L T2

[l AR B i EE S B L7, i B IR L7 IR (2530 g
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Wrivz, LT, FHRIZBWTERLZ TMR F10> VBN JEEEZ5E) & % A % OfEk
WO IMH PMN @ ROS FEAERED Y TV HZ A AOBURIEIZ ST, AHES T 2 H 2

217,

2. MEETTIE

(1) FHOfFRREHE
KNI LB PERFFRIET 4 — /v R o & — T T oo, RIRAREL, v
ABA FEOVEAATT UV —A b= VABICE SN TERY , AL L A 2[EFEALT
(5:00,17 : 00), PP A 75 8H, VY H LA 30 ke THERL S T/,
e EEEHL, N — A il Cnda—r A L— (CS) L7 TR
YA L— (GS) ERED TMR (I % Tablel ) %4%H 8:00 & 15: 00 (255 LT
Wz, S DIZHZEL L KITE BERD 5 2, HEIIS U TR A2 7 4 — N AT —

a U CERFG S LT,

(2) HBIRORE
TMR H1D VBN JREED LR S5 — L 372 % FRED 2 2 AR OB 2308 LTz,

BT : TMR H10> VBN ZE)3 D7 ARAETLE L7eHEB 2 LTV i
(10H1H~12H1H)

BRI : TMR H10> VBN JREEDMEHREED b il R LT 7]
(12410 H~2H 10 H)

HIFIL : TMR 100 VBN JREEDN G LD HIR LT 7o i
3H15H~5H 15 H)
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(3) X4
A ORI T, KA A2 L i PMN 0 ROS FEAEREDIE 21T~ 724
gl Lz RIT - n=9; HIRIID : n=8; HMM: n=9),

(4) TMR H® VBN EBEDHIE

BHH LT 2 HIC 1AL 15 : 00 (ZBEEE RO TMR Y2 7L 2 il £ 0 £RIR L
2o Yo7V % 5-10 mlSHIEIET L, R4 15 g FH Y S C7RRK 140mL 2z, o
JVHBIZ AAL, BB STl Led & 24 WERIM B ICPRAT L7, I8

(Quantitative Filters Papers 5A 185 mm; ADVANTEC, Tokyo, Japan) CTAia%47\ >, i
e Lizo TMRHOVBNIREL LT, U7V ofbiRE v | stk [27] ©
HE LT, fHHRE, &9 7oL, LN X 5 ICEHHR L,

VBN (%DM) = AxB/15x100
A : VBN concentration in extracted solution

B : total volume of extracting solution

(5) A2MmHOLFEREDEIE (Whole blood chemiluminescence : WBCL)

5 18 L [ARRIC 2 H O WBCL 24TV AL O PMN 0 ROS PEAERE 2 7 Hilli L 72,

PRI g, XA LVE 2 BIEFRIN L D~ S) SEZ W TERRL, % 25COMk
TR L, 1 BFRILAPICA 200 TIIE L7z, O3S Luminol, HIREGANE
Zymosan A &=\, AW - AbFOEE T, 37°C T 0 REZ T o7, FLED
HEIZAET 3 @B TITV, 30 AHOHIEIZ K-> TH LN HNEDRED I E A K

Oz,
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(6) TMR B0 VBN #EE & Mo PMN 0 ROS PEARED BRI DARAT

TMR F10 VBN JEEEZ(EAIMF D PMN @ ROS PEAREIZKIET AL TR T H7-
DIT, KRFT LT TMR 100 VBN JREE L WBCL OFHB M 21T -7, TMR H1od
VBN JEEEI, %520 WBCL JI7E BRI 3 HMOMEEZ R L=, FHEISHIE, E
AR L CUNRAo 12728 Spearman ONENFRERE CHvE LTz,

F72. TMR 10 VBN REDZ b L72HiZ TOIMH PMN @ ROS PEEREDZ A
M5 7201, B 10 B AT%EBNZ 2 RIOBIEIC X 5 WBCL % bl L7, HiH
I TIETMR F1D VBN JREEDS E5- LAGD (O WBCL & TMR H1D VBN JREEDS B3
LD T BINZE L7z WBCL A Lbl L, BRI TIZ TMR 1> VBN BN Lk
DOHANTHIE L7z WBCL & VBN 238 L7212 WBCL % bl L=, iR T 13,
VBN JEENZE LW Th > 7= O TER O 10 HEEREL7- WBCL @ 2 JlE
R Uiz, 2RI 0 WBCL DL, ki & % t BE THE L7z,

ERHFHIfRNTIZIZ. SAS Enterprise Guide ver5.1 % FH 7,
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3. B

TMR H VBN JEEE & s PMN @ ROS pEAEDBRME OSSR & Figure 7 (2R
SR

BRI T TIX 9 BERATO4T TMR H D VBN 2 & WBCL ORI A & 72 FHREE R
IR Do T, —J7, IR CiE, 8 A 7 S CA R/ EOMBIRIRITRD 5
i (FHRB6R%7% 0.4-0.6 75 38H ; 0.6-0.8 78 4 H : P<0.05), AH7ZAHBABILRASFED &
iz 2 fER (Cow A, Cow B) (22U THil& LT Figure 8 {2757, Cow A 1%, p =0.59

(P<001) (Fig.82) . CowB %, p=0.72 (P<0.001) (Fig.8b) THYV, L bITHE
IO IEOMBRI T - 7=, WM CIL, 9 BEF 7 SEMEMBI ChH -7, F72.
FHIF TOIMH PMN O ROS FEAREDOZALOFHMIZIBWNTIL, BIM T O THE/RZ
AR L TEY, TMR H10 VBN JRED EF LD SR HEE LT, TMR H10 VBN

TEEE FH USESD THOBIIE L7~ F PMN @ ROS FEAERED 715 2 24 U=,
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Correlation coefficient

ns..P<0.05=7:2

| I
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Figure 7. Effect of changes in VBN concentrations in TMR on individual ROS production

(WBCL) during each period. Hatched bars (&) indicate first measurement and solid bars (M)

indicate second measurement of WBCL in each period.
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Figure 8. Typical two cows (A and B) showing a significant correlation between VBN

concentration in TMR and WBCL (Cow A: p = 0.61, P <0.01; Cow B: p =0.72, P < 0.001).
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4. #%

pih

AREL, WIS ERED VBN IREAIEI O, RO 5 HITHEEN R
%%FC ROS FEARRAMEINT 5 & W S GEROMGENR B CTh o7, TDT=dIT,
TMR 1D VBN #REEDS EH LIRS B L, @i VBN fiEHER D25 3 H
[#1D 5 HIZIH PMN @ ROS FEAREICFE 2 MIE L TOD DI DWW TR 238 272 -
7

#65- L7 TMR H1D> VBN JREEDMAED O BBl AE L Qo> 72 I T Tk, Zo
VBN L& WBCL DOHIC 8 i1 7 B4 TH E/RIEDFARINFED Hil, TMR H1D
VBN IREORIM: EAMR, N AER L0 PMN @ ROS FEAREDHY
IMZEEAR D 5 IR KB EN 72 Z LR Sz, UL, Bl TMR Ho
VBN JBED EFUZEN, = A VBENLIRINS DT o E=7 EMQEEINL, PMN X
ERHY) [18,31], SBIZTFTA I [43-46] 2L~ T, ROS FEAREDHINNAS| X
fZEhizE&Zx ohsd, HITIZBWT, #5- L7 TMR H10 VBN JBED ERIC
v, 8 BHOWHADIfLH PMN 0 ROS FEARED ALK 2 fEIZHEIN L= 2 L1,
DB X e XFFT D,

HFTIBNT, TUoE=TIIE ORI RFE LR . P TIE BUN & LT,
FLPTIEIMUN & LTSNS0 [17]0 fa G248 BUN X° MUN (3E0RH
TEATLZENMEINTND [48,49], 2T Lid, A CHIZ S FIH
9 HIZHLH PMN 0 ROS EEAEREDHIINAS, 17 o =7 Odi#7e BRI K-> Thl
TEISINTNDHZEEZRELTND,

—J57C. TMR F10 VBN JREEAMEIREE T2 L TV IR T Tk, TMR H1od VBN

JERE L WBCL 1%, 98HA CCHERFEBIBIRITFRD b e -7z, [Ffkc, M 11
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BT H1fH PMN @ ROS FEAREITZE L CA IF7R <. HIf 1 TiX, TMR o VBN
(X, 4 PMN @ ROS PEAREICFE B A KIE L TVORNWE B 2 BT,

S HIZ, TMR HD VBN JREED SR B LTS 72 HIFIIC I\ T, 9 8
7 BHDOAHZIBWTHER L 72 TMR H1 VBN AL & iH PMN @ ROS FEAERED AR
BBIHRITRED HIRoTz, E£7-, fiH PMN @ ROS #EREIZ. TMR 10> VBN ji#
FEDWDRI%E TCOEUTRO bR oTo, Zilbid, TR ThH o7, 7206,
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Figure 9. Summary for the effects of increase in feed-derived volatile basic nitrogen (VBN)

levels originated from poor-fermented feed on metabolism, immune function, and conception

rate in lactating cows.
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Summary

The present study investigated the effects of changes in fermentative quality of grass silage
(GS), a major component in total mixed rations (TMR), associated with changes in the
concentration of volatile basic nitrogen (VBN) on the metabolism; reactive oxygen species (ROS)
production, with a focus on polymorphonuclear leukocytes (PMNs in the circulation); and
conception rate in the lactating cows of experimental dairy farm. According to VBN
concentrations in TMR over 9 month.

In chapter 1, 1 divided survey periods as three phases (phase A: low-VBN; phase B; high-
VBN; phase C; mid-VBN). The immunological and metabolic status and reproductive
performance of milking cows between each phase were compared, and the effect of changes in
VBN was investigated. During each phase, variations of metabolic parameters in blood were all
within the normal range. However, during the elevated phase of VBN levels (phase B and C),
nitrogen metabolic indices rose, and a simultaneous increase in the ability of ROS production
ability in blood PMNs and load on hepatic function were observed in hematological and
metabolic parameters with low conception rate. This suggests that the feed intake with elevated
VBN levels due to poor fermented GS leads to overactivation of the ROS production ability in
blood PMNs by ammonia, and negatively affects metabolism and reproductive performance.

In chapter 11, it was hypothesized that “changes of VBN in TMR affect ROS production in
blood PMNs in a short time”. In order to verify the hypothesis, three phases were defined (each
period was for 2 months; phase I: VBN concentrations were low and stable; phase Il: VBN
concentrations were increasing from low to high levels; phase I1l: VBN concentrations were
decreasing from high to mid-level), and a correlation between ROS production in blood PMNs

in individual cow and the average of VBN in the fed TMR during each phase was analyzed. In
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phase Il, seven of eighth cows showed a positive correlation between VBN in TMR and ROS
production in blood PMNs (3 cows with 0.4<p<0.6, and 4 cows with 0.6 <p<0.8, P < 0.05). This
result suggested that the increase of VBN in TMR affects ROS production in blood PMNs real-
timely.

The present study implies that elevated VBN intake via poor fermented feed results in an
activation of ROS production of blood PMNs by ammonia within several days, and induces load
on hepatic function and low fertility rate. The present case study will supply a farm-based valuable

information on the possible negative impact of poor-fermented feed in lactating cows.
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