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O FAFICEB W TCmE PR VKL R E B L O MK4 R E 2 D

)
B

RSN (REEX) BRI EZoOoOHERRK LY,

o HE O REHELSNKR b E NN, THhBH VKO

=
=

B E OB DN Z O ERIZTR > TWDLA@EMENEZ LN
e EHRBEHMICEB W THFOKAN O MK-4 2@ ® 5 2 &K H
kX, Mowk B E e A2 M B &, i HE 2 R HICHEE T E D
AR, B X OMmMAEORIELE T TE S WBEMEDN D D,

N—7 % F -8 —D— 2 ) aH$ I =%—+¥ (NAGase) I

Mo o Z7 A4 Y Y = AW H EN DMK MERT DY, ALEDR

LB RICHEBLZE, P ERLALRERMER” ME 28 /&L
72 BE I NAGase N Ml W 2 0 M + 2 2 R % B+ 2 2 & 28 &5
nTws, 727 72V ryRUEULSHBEEEZAT 2&ERBT
H v, KMo L THEMT SRR E ST WD
(Ishiietal.,2006), 7 7 b 7 = U ¥ T B & & M o fh 1 &% &
WEER L MmN THEBY, WALHoOALSITEB YT, HBEE

TEMESNSICREEMBIZCEHRL, & 70 70U v G (1gG)
O FE LR ERE T LA EMENRREB I T WD (Komine et al.,

2004), Hovinen D X, NAGase i M % I =EZ X B H 4 TiH & L

o

LA BWEMAL BRDO Yy —H — LY H DT L xR LE

[ Hovinen et al., 2016], % 7=, Hagiwara b (X &L 1+ *H 7

CH O FERALBERERNBEOMEBICKE >~ TERZEZ XU

(Y

7
72l ryrrEPMEEEAEFLARBREFF TCRMEZORT L, B K

%

T

& % # & L 7~ [ Hagiwara et al., 2003], L » L, Z #u &

™
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B RE N R RROBE L B L T, RIE FH O
> T h HA v H—n1 A% 6 (IL-6)
L, I A& JE IS M 6 2 0 & KL » FE
L CTWwW 2% [Bani et al., 202017,

T o 2o R KR A FEm L -, AL »PRE

A o oAl S M VKL A &2 & 5 L, M R E

RoE A L. ko, B WIS R A E M O

F ok
Y = S 1R R
A DDk
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A E T, U
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VK3 # @ Bk 5 L, 4% 3 8HHICE

VKI B8 X 0" MK-4 8 E , @ E B E»WHE L L THLP I1gG B

NAGase i&§ B, 7 7

M7= Uov RO, MR B E RE o FF M,

BLOmMAE O EAE TR EHAEL L,

2-2.

MoB L J7 ik

1) & B

ARBRICB T 2 M AL ERIT, =L 5 BEICE - T

B ¥

ft

1:

VK1 A & 5 i X 5 M fE B8 n R 3 R

S

& o Ik

ROty o L L e,

Eallin

BN o 3 F O FE &

¥ T f % Xk T WA AL R X A4

A 8HEE2MHWE, BREBELHTEB LI OMEEEHEFEITUTO

T hH o,

" & 5K A S
fiil B 1 H i
fa K

F— v K

2|, ¥ & L T 6~ 8 ke
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AR AFIT 2T 1 RENLEO I NMAESE HE SN, BH
B IXO CMT ZH I EVHABFEBRXROHERE™YZEDLE L O, &

2B AIREOEREFTNEFDLNLEZDL OIXERSL -,

BR 07 ik

b

AE B, AR ANTIERBRABRL2S TSRS TE
Bz X% L T, P EB O 7HRICALHEHRAEZ EKL
. B EBEICALANHT E ALY vy (WA FALE Yy Y HJ FB2100,
OB ¥ Bk R & A ) i BB L, D 4 BE (3500 rpm X 5 4y )
A, BRI XY Rk o kAR D A A E &
HoE L, 2o FiEic kv, amic i fAEEHEI L

4 8 a2 M wim, 2o 9 b i B BE 48

kol
in|

R R e~ = B/ L
3 BRM, 7 4 FF ¥ A (VKI F ;B K2 T ¥, 2y

VKI & L T 50m/H /) Z2HARNEKELG LE, YV O 48
FHEER S FRE LT S % 7TH B ICHERLIT®

2 E L, KK OWLEOARELHEL L,

2) R B 2. JFHEHM AL o VKI ®A oKL R
ARBRICEB T 2 MALOEEIT, EBBLOHDHEHICL » THAOD
mwEY R D - 0 L L e,

fit & 4

HOHRE KN DO 45 0 B T E I TV D KWK /ERER

B E®H ORIV AE AL - 7Y =27 A E 40 H E H W
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., BR GERBIUOHEBEEHRFEITUTFTOLEMHETH o
wEFH KX 4 4 A b — KX

fial B : 1 HiC 2k, #HmW& L T 6~ 8 ke

NN : Bk GE K, B W E

SR CIIE O 1 A 2 [q

40 B, T v X AT @K L 7= 218 & VK3I B H B E L,
Y o 198 =z R L LLE,. MO T 7 7 A4 I Table
Sl Lk, KE, EREB XL O body condition score (BCS)

W H B R EITE ) o T2

£ B h Ik

VK3 M 5B, oM ¥ &E O 21 BE2»5 o #% 780 H %
T, AF VA HBEBEAKFETFT NI U LA (1%VKIEHR, 2 —
b kA S, KIK)%E 5g (VK3 & L T 50mg /day/head)
fEICwR Y 2T 5~y 7 R A2ATHMBEE L L [Baietal,
2022], &YV o 198 F I HEEHE O RBEE L L, 5% 3H
H oo & m & 2% 3 2 17 v, & i % FE R RH, M Ff ks L Ot
oo VK1 B E, MK-4 B E, IgGEE, 727 7 = U v,

NAGase I B L OO L o A 8 % 8 & L 7= .

m % ¥ > 7 v O ¥ R

m I EHER»S ~XU vyEHEBDEZ2H088% (X Y = 7 b
I VP-H100K, 7 v E K A &, ) 8L ® 5 mL o FF A
F oy 7 EHEG (FLvE Y Y SS-0587Z, F v E KA S L)

MWk m 21T o 2 Mo PR ERR o~ N U R B 2R M
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S R 2/ < D Sl

fb % 4y Hr 5 ik

M3 s LA FH O VKLREER LT MK-4 R E VT 70
b Lo b, ® R EWKRK e v T T T 4 —
(Agilent Technologies, Inc., Santa Clara, CA, USA) % H W
T BT o 5 ¥ [ Sultana et al., 2018] & X v W E L 7=. %M
FoIgG R E B LT 7 b7 =2 R EREZAE T R E
* v b ( IgG: Bovine 1IgG ELISA Quantitation Set,
Lactoferrin : Bovine Lactoferrin Quantitation ELISA Kit,
Bethyl Laboratories, Montgomery, USA) % H W T ELISA %
o X E L, AL D NAGase & £ 13 Obara b @ J ik

[ Obara, 1984] (2 X v W & L 7=,

A
B o e R R, FWE SRR E TR L e, R R
Hrio i JMP 15.2.1 ( SAS Institute Inc., Cary, NC, USA) %

A v 7=, i B o i 3E B A& R o b8 I iX, Fisher @ IE ¥

EAE R WM B LI o K HmAEEB B XA W EE
R oIz T T EoHTEETHERT 272D F B
E A E L -0 b, Ay E N s L WA I Student O t-F

E o, oy oE N B B AT Welch @ t-f8E & T o 72, W

b P<0.05% FEZEbDDV &L KL,
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2-3.

1)

2)

TS

VK1 ® % & 5 1 & 5 M 9 JiE B # 5 %E 2

VKI & 5B L O REE & bICa2E Mm% 7 HH

A

W B W T im H oE ¥ E &L (Table 6),

Ao 8 # o4 o VK3 B A o B g R

ﬁj\

[VE!

T

28.9

T € H Ik EANLERKHABAI™SL FH L -, EEOD
o EXTKEBHECTC-T L 11 B, X MEET-1325
H o, FOTD, KBERHICBIT DS VK3 B 5 H #

+ 1.39 HTdH » 7=,

A B

HF
i

Ho4E % 4 BA X VK3 5 BE 21 8 78 (33% ) (2
xFPROBE 19 5 11 8 (58% ) T H VW, VK3 # 5 B T

A W\ (p=0.10) G O L A7 (Fig. 5),

B X O MK-4

Q_J
(\‘(.,

NI

iz b

%&

WEOVKD B E B L OVHE T VKI B E X VK3 O R mic & %

R b e o e (Fig. 6)., — ¥, 1% MK-4 g ¥
L MK-4 B E X VK3 oF WM X v HFEICHMEZ
(Fig. 6), &Iz . i % % fE 4 & I B JE & T L«
, MM FE 2 XA o VKL R E B X MK-4 R E o {7

HE 2 EZIXT#RBR O L L ™o 7= (Table 7).,
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Lo IgG R E 1T VK3 & 5 B TAHE WX ®ME %" L & (Fig.

o A NAGase /& M 1Z VK3 & 5 8 T m W m » & D L
(Fig. 7)e L % 5 7 F 7 = U v i 2 >\ TIE VK3

miz X285 R EFR D 5N 7o 7 (Fig. 7).,

i % F R

> o P

&

Fn

4o & B R M IX VK3 B 5 B C© E < 72 5 m 2§

E={1lt
&
(O

(Fig. 8)., # R BB ICH W T, &6 E % 4B & @M %
sy T I R E B W R O B & AT o 2 L T A, MR E O

O F ®IC kD EITR DL NR o (Fig. 9),
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5h ., VK o R E£/ 2 /EM L L Tim K & EMEH
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N, VK3 fa 5 B o 5 T 4 g E RS LR T LB m R
b 47, Lee-white ¥ 12 B 1 2 IE % 72 4 i & B W B 1L, 3 &
7> 5 12 4 [ Radstits, 1980] & & h T H YV, & T IE & & A
WToholI o, BMKMWMICEERIEZ®RKITRZOV2L LI
W, LML, XD EERRFAFNRD LMD,

MoFLORE e OE BE & JF R E BEM o KB T X, VK3 M 5 OBE L AR

H®
S

W i B Wy T 4o g EORER OIS E DR DL R
No T2, I bh O s, A ALE O IR E X VK X

< M R EEE B O B FEICK DS HE O TIER W EE X

o M
o*
—

N, R R, oo A B JE I B W T VKI

Zox % b AW EF Lo kM HIC K DB E RN

i
¢
¥
-

Wk 9 R R A E A T WA, VK X VK Kk fF M

%o og
. C
A
=

YR E D oy -h VAR F YT ERK (Gla) @ ff
iz i /E L TR RHE, MR R R EER R, 2R e
R T A L M@ &N CTWw b [ Sheare, 1995; Vermer,
2012; Simes et al., 2019], * 72, WHF B W T U v NEK O
SEALERZzm O R EREMENZAF T 22 &3 HE SN
T W % [Baietal,2020], 2 & Z & 7256 & b2, KH OK
BE 2 2 A REME D RE S T WS Vermeer, 20127, 4 [F,
VK3 # 5 8 T 7 IgG R E N A B EM%EZ T L,NAGase
WX E Em S RED S, RIS W T R E RN
mE o TWd T ERnHEEINTL, LFPITBYT, AP D
IgGa B EI M HEZL2EbE L, 2ok 7~14 0 217 TH
L oLr XL E T T LSRN HME ST WS [ Hodate

et al., 19781, M #% 3 H H ® I i+ o IgG B JE X, ok
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H#% O # L F o 1gG B E 2 KM L TWDL EE 2L N

NAGase 3 M X L B & % £ F o, 2 W & % 121X E#®
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o
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BT b KM EoHEMmICHE-> TFEFLLSE
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=
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T 5

=
. TwW 5 [ Chagunda et al., 20061, 4 @, CMT

LA EXBRF|FEIRAASNL T W EZEDDL, 1gG

NAGase it o m M XTI B X ICERKR T %5 & O

2 b nt., 927 F7 = U X VK3 ¥ 5 B L

=S SN SR (VA T N D/ DN D N - SV R = Al

Z

T
N
H

=

YR E G R AL % 1 OBE M A Y —

—(:\

e 3 M [ AT A2 5 W 3+ A5 [ Komine et al., 2004 ],
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oo B L e N HE ST W 5[ Gitto, 2002], £ 72,
A E B oL F T A P AICREEBEISRLT O, REKRE OKT
kv, BMBRESKRBAEEBEETI EE T EE XD TV D
[ Putman et al., 2018; Sordillo and Raphael, 2013; Zobel,
2015], M x Tk, #AEGERXHHE X ZMH DR WM ALEORAE
@ik 2 L 2B BEEL T WD A REMEMNHRE SN [ Bani,
2020], L 2~ L 72 28 5 Bani ® #H & 12 B W T 4 ¥ 20 5 M 3 JE
FE E T O R BE R KA 177 £ 145 (FH EEYERE) LN T
Y EMNRE N0 L, £ T, KETIETHBER®R NS 5 HBES
AU NI ALIAUZEHRMOLALEITSRZEZKEDY, Bk X L
Ak oHoE & o BEE A2 AL, b, Ao I F I
ikt E L L TCmb i TWwWbd ML aAanm — 2 EIRMNDBESLS L
[ Aoki et al., 2010; 2013], % M % o B 2 F L 212 & F T

R B X OERE DAL EO TR EZ MBI L,

3-2. MR & TJF ik
1) B 1: 2 #% SABICE T 58I A ML XL
ARABRICE T 2 M A o & RILT, & 045 8ICEK-> THRAEAOD
WY 2@RD, HOoOBRBRMWICKAELZHE RXTWWDLDH DL LT
T

X 5 2 Fraile b o # % % M iz, i 3 &2 UL TN R = 3 (-

sy 3 L =7 [ Fraile et al., 2019,
e pE W E e B 2L, =L BT LD

i 1= N/ DR N N 7 N (Y Al 4
mEE LA RVWYE 7 B R L, ®HOoBIC KDY

DI IR = /A VAN = B 7 NI N/ o
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VAN I NI A A -4

BN OB E T BE IS NN T WA KR ALRAHE AL L FERILFE 22

HAExrHWE . BB BB LOEEEHE FIEBETULTOFMH T
H o o,

w» & G KL 4 4 Ak — K

fii] 1 B 2@H, WL L T 6~28 ke

koK koK E K, B HER

SR NI~ G 1 B 2 &

AEB LAt ORDZ, B L ® CMT £ kv, 4

|

RXOALEFBEIRBD b WER & L, £, 7 b
— V2, BB X OENYE BN E O EENER LR

L CTWZ ot #%BE 58 UNICHD R EL 145 Lk

i

O HHICm AP O SN 11 BHAEmALBEE L, R L »
etk 5 HUWIZT XTonHETEFTIRD SR~ K
11 68 2 % M B & L 7= M BEM o &k = (L 3L B : 658 £ 12.1
kg vs. & BBE : 658 £ 13.9 kg), BCS (1. . # : 3.36 £ 0.05
vs. XPBCBEE : 3.41 £ 0.06), F L O E ® (ML FH B : 255 £
0.28 Bl vs. X P B : 2.45 = 0.28 [A) X A B A £ T E

n oo T,
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Br 07 ik

b

A <+ |®
\
(R}
5

TV 7 o m % s B ULWIZ E L 2, Mmoo R
T, o t% s HUWH-S, 1 T3 B EE S A

oo ARB T, EE ol ALE L HESINLLEDL D

gl
=M
-

L E, 2 oMY v il o W T, it =

ﬁ&-ﬁ:
BEE h H~na YT AT e F (MDA), ¥ B 1

7
<

qN‘-\L‘l—\
S B OC

R
H
A

LNV E FFE XA F T H —F (GPx) B LV
A =N —F % v F Y RAAHKX—F (SOD) O FIHMEE2 N &
L7z, mx <, ikt hxHIT 2% I ThH D Vitamin
A (VA), Vitamin C (VC) , Vitamin E (VE) o L # & EF %
WE L, b oBmAHBIZERSZH 0 WA YHITE
g2 A Fo@mib 2 b RAREEFMT DEELE LT
Eh7b o T H 5 [ Abuelo et al., 2015; Abuero et al.,

2019; Celi, 2011; Senoh et al., 2019; Thuchiya et al., 20201,

m % ¥~ 7 v O B

Mg i H &R » 6 ~ %Y i E &
St B o BBBERERN TN S L - EZERMLE (7 VT
A aH) 2H W TERBRLZZ, 8 B%IEKAKP THRE L,
2 B R DL N T E D 4 B (3800 rpm x 10 4y ) & AT v, ki %
B, o miERs X OmE XY ELT-80C T H OB R

7 L 7=,
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MDA B E H &

MDA @ ffn # F & FE X, # & *F v + ( Malondialdehyde
Assay Kit : Northwest Life Science Specialties LLC,
Vancouver, WA, USA) % H W T , Thiobarbituric acid
reactive substances ( TBARS) ¥ i X v M E L =, % v 7 n
th o MDA % & 4 N v v Y — LV #B(TBA) & KIS & & T MDA-
TBA2 fF & % JB sk & &, 45 o6 ot £ 3 T 532 nm @ % ¢ E %

B E + 5 2 L T, MDA % B T L 7= .

Gpx B¢ F I& M H &

Gpx B % 3 M X, MW & * v b (Glutathione peroxidase

assay kit: Northwest Life Science Specialties LLC) % H

TMH E L 7, Gpx 2 H,0, % H,0 T & T 5 B, & oo M U
Z b

Tt

v g2 F A v (GSH) b ®™ 7 v 2 F 4 (GSSG) |
Eh b, GSSG X 7 v ¥ F 4 v &t FE (GR) O F B 1L X
W H & GSHIZE 5t &b, 2 ® & X 340 nm {2 % I % £ o
B -nicotinamide adenine dinucleotide phosphate ( NADPH)
W fb S L, NADPYIC A M S h 2, 200t Jt E i I X 340
nm O WX EOK T W E T H I & T, Gpx O BFEIEMEZLE

Ui w B D el

SOD W% 3% {F £ © FF fii

SOD B¢ # 1§ M (X , Ml & % v F( Superoxide dismutase assay
activity : Northwest Life Science Specialties LLC) % H W

Martin £ ( Martin et al,1987) T# & L = . K&, A —
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N —F % 4 FoWHEEMEE2 B ET 52 H O T, Martin 5 |

ry

o T@HEBsINE, ~~ x> U v (HTH2) © H @& & {k
K& ) HLEZL O THDH, BFEOI*XHFF T, HTH2 1T
H# ik Ih T 560 nm DKW % £ L 5, Z o H & B I1x

SOD I &k » CT#Hl &b 2 &6, 560 nm I BT 5 Wk

[

oo Mmifl R A2 L, o Frh o SOD WM E A2 HE B L

VA, VC, VE ® Jl &

% vVC B E O X, 44 X7 HMHEHEsEKEK 7o~
N7 T T 4 =W, i VA B X O VE B E o # oE

T, ¥MH e ERKEK 7~ T T T 0 —EEH W,

e &t Mg T

o RIT, FHMHECEERETCZHL L, &BA
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O B\ FoBE 700 = 7.30 vs.kf BB : 708 = 9.80),

BCS (ifi. ¥ # : 3.50 £ 0.06 vs. Xt W B : 3.46 £ 0.08), B

X oV E W (o3 ORE 233 £ 0.33 vs. xF BB 1.83 £ 0.40)
WIE A B EITE N o -, LB 6HH 5 b 4 FH X I F
FGE %I 7 X X% A (2.5g/81 ,Meiji Seika Pharma, I

7 4 b F Y A v (0.1 g/EE, H K 4 ¥ T ¥, &
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BOR N EHICKX 2B EX 1LH L E, 2~3 H M FEE
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B . 707 = 76.67 vs.h L onpm — R ¥ HE B . 696 = 7.30),
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T » 7= . B b E J IZ 1T dROMs 5 2 F % B W I~

iE
(Fiore et al, 2019)), Hm i 71 o W & 1T H Bk NV 7

(OXY W % 5 A2 +) % W Wi~ [ Abuelo et al, 20137,
Y E 28 H Al O M EME A2 100%E L 72 B RE2EHLHL,

M 2 AT o T2,
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|
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~
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TE 4B M AT S S M A T, IiE VE B E T Mm A
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HEHEICEKE WL X)L THEB L EZ (Fig. 12), £ 7= Z o H H
bS]

WoC o, if HOBE X MDA/vitaminE HoAS & BB IC B L T

By
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1.88 - 1.95) (Fig. 13), I % # T X GPx I& M o # m (&
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Bi ), SOD o & F (4 2 BB B ), VA oK F (%
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B b e o 72 (Fig. 12),
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H & — % L 727 [ Blood and Radostits, 1989; Heidrich and
Renk, 19671, % JE H © i # MDA ff 1T M L & 25 & B B 2
L CAHAEBECE ™ Tk, —Fh, %KoM ALEDIEHFZ M

Wl B 2 Tk MDA E I A E R ENEI, L VE

25 53 W 4 W M AT 22 & 0 M R F T, m FH OB IR W T E KD
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T ZHAO % %EF CTH 5 [ Bani et al., 2020; Politis, 2012;
Weiss et al., 19971, % A EH oA F ik v T I HAER
R B R B CR T D E EH G MR T 5 0 il 0 E
AN D MM IS W T R BRE NS D[ Abuelo
et al., 2015; Bouwstra et al., 2010; Politism, 2012; Weiss
et al., 19971, MR B I VW= x v X —FHEHE D H K

T 5 L, B ox M TR EHEE ENDEMIT S5 [ Goff and
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2010 ; Aoki et al., 2013], AR BRICHB W T, kL npB—

2 E BT F B h A R BRI KB LT E TR

~

L, M 3B ABEBEITD 2o, KA T BREB L D

WD, IR OB W™ T T XS KR E R TR
T A My H DN, B E K G XX B A ML R

Z B L, W FE &2 T TS W Mg NIRRT

39



=
o

m ¥ F &

o

o
%

o o~ B S & & o B O H B <
(1
<&

oW

™

hn

B B B

g
| —

i

0
D)

Iz

ool AR M Bk 2N R OA L

o
>

BT H D,

[y
S

B R N L

R
&
RF
Xy
=®
H
A
0k
&
)
|

T s T, B OE

T # 72 & o 4

N\
R¥
=
Y
Rt
=
RY
»
~A
=
;_\.#

Byl EOR 7 5.

I
RF
>
Y

¥
N
+
=
<
=

B 2 BF 78 1% % e & h

A
(Y
v
<
N

N
5

1l O I 4o ¥ F£MELES O 1HOWIALEIX

18

A
3+

w
2B

S

N~

B
¥

]

~/

i » v, I BEOE D B R

&
ZAS
i)
.

te

It

o

<

AR

Wz 5z

X
)
BN
i
e
/mu
A
e

L2 L2 6, A& W 3 JE

™
&0
¥
=il
k=]

iy

TG A N VR I
)
(Y
.
3 S
% ™
= J
A
g
A
=
v
o
i
W m

, e R %8 R IR

=) R ES

™
P

z iR

S S (I &
(Y

AN 7S

N B
8
i

28]

N
\
£
‘-\L{_i\
_H:

F\’
w0 X
s
S < o 3 e

HF
Re B
m B & A
«_\.;\

P
e

A/A.

NOSAI & ¥ o & + » Vv 7 % B v T i 3 iE O
WNwmE R 28 & L, & B8 W E O R E K
s S LW EH T B HEAR OB EIT VY, KM R
oW TE®RALLEEEKEEIT> 2, 0K,
e W oA WM oo T oy R 2 B UK &

B RN G &2 b v A M HOE D &

R /R S/ QS T N (0BG SO N < (/R PO QN = G~ A 1

DL, B ICHEET DL L ON DD, BIE D

40



Yavand

S

—

o I

89.5% ¢&

e
filg
vy

‘/C\\

AL
G 7
5

(R

)

e 20/ T R | A2 PR S N Nt = SR = N 0 R N O 3

TWwWikeZ &b, mFERES TITALRME
T iE R, R ERS L ML o FE N

RE MR 2 R R S T2,

Rl & B L, AW oI 4 VKI £ 7=

T VK3 8 Al 2 % 5 L Tl AE o R HMIE KD R XV R IE

T B R

VK1 % #

OB L e S MRl I M %L - RO % E 4

5.

P S

8]

b2ii}
T &
<

L <

5
P2
o

o
(Y

MK -

o

73

{15

1.

ES

)

|7

yoby

>

F]w)

4

D

K

t

L 7=

T &

o
Fit

& B

&
o

S
b

& m

VK1 8 & < b

7=k

2

L E A BN s R

MR, oISy AR S N, BRK

T
(2

M o 7= . VK3 o f\l B o 50 # ¥ K

=3
FiS

i % I H

o

TRHIZOoOWTEAEERYRITEL LR D
ooFOE BE L JE R OE BRI Y E L C L&
I MK-4 oW F nicb EZ2IXTRD L LR
DR NS, Ao E MBI E T DL
KX VK o K 22 2K 3+ 2 1k M & @ 2 %
eI, THIEFHEILI ZoMEICEL
T3 XY A @A ER R E DR E

A MRk BAMAST DO TH DL, F L,

Y

F 2 Tow s, A E MmO E o

= W € N S I 1 Qi I S S | R = S A GRS B - =
Al 2B RICEHBREO RN D D EH
, VK3 & 5 B T M A JE o ¥ L RN K v
7Z o VK3 i 5 B IZ k8 W THIW P IgG R E

¥ 72 NAGase & 2N & WEH M X O 5 1

LE O FEICM S O G EFENEF N H

41



4
c
s
o

AMEME”NB LN, L2LAR s ARHAET

Bl Tl EH P, VK3 o mIE T EEL L

Ay
S
&
oo
m

SOW T EZRDHFAENMLELEZEZZ DL N -,

i
=
it
A

S A E B %A T S 4 B e m o E & B X b

Mo E L. Mm% oS H BN O MR RE S L

<
N
(\r
%5

oj
C
it
&

o % E oo Bk A bV X B o# H B 2 R A

N
N
[y

(A O FE T H DH MDA @ M R ORE X

i)

i THEIE® » > ., —JF, 4 %Al o fmfEMD

> B C
4
(R

i S O SR

12 1% BEEs®E <, mHd VEMEM®N W% 4 8B A5 D

<
i

FC,ABFELCREVYW THEKEYICKEKMHE TCHEBL L, £ 2

MDA/VE It # EHH L C ¥ L 7= &2 A, Mai & o it #

& A

JERE o W 5 I kB v C LT FORE SRR L&

ﬁ;

Zor L, B EMICTEBIT S5 MDA/VE e @ # 0%, 4 i #

N,

m ¥ iE B E I b 5 EHELRREFTH D EE XL N,
VE T8 h i@ ETHLYL, BHEHNOIALFITEWWWTE
O HEME N W|E S T WS [ Bani et al., 2020; Politis,
2012; Weiss et al., 19971, A EH I T K F+ o k& X 5 %,

WHMHBICMHE Y 2L - FEREPIE KL, BRx M T

e F WM & = N M3 5 [ Goff and Horst, 1997], L 7= 2% -
T Z o MichmEik 1 IEKTFTLTWD &, ik > TAH
faf X o BB E o E A NI E SN, BE B R

WE L E RN D, BBRIAEE S DGR FETMERE

T
=

I
R
2

N E < [ Zwart et al., 1999], ik X F L 2 O JT

FoTHABRMEBMTEF L2 o T AARMENN DD, H I EI
BFw A BHEKEARICIT LEEMBRLE LOMREZER OH S

42



o

(Y

Rt HF

x> o

S

n

a1l

\r
/

i

% <
I

o

P
4 B

/|

N

&

as

LA

[

LU

AR

[

a@
o HE

AR

GRS

>

X Bk A b

¥&

73

&

It

S W &

an

MR 5

=

=X

&

W

D

==
=

W T i

&

7R

)%T

R

%

o BB

|7

=
=

p)

A

1 ¥

-
—

o]

ZFE AL T W S A RS R RS D,

LA o gt 2y B OHE

3 T i,

iz b 71 2

a8

7B

o

o
&

m

o < 7 2 Y oo = pis
oo o o FE OB O O O® OE OB W H
o HE ok ™ ¥ T B O R O® A4 98
o FE N ~ oW A E OB O O3 M

S
)
.

&
N
B

=)

5
ES

S

A F A

=

oo
S & H

N~

43

[

B 4

oW

&

- S

at

F B B &

s

b

%

L TWw

l/ )

it

W HE

0¥

S 5

B/R.

=)

R

il

o>

B

(oo FOSE o %

(Y

N~

e o B

(Y

™

Ay

VL o ¥

i

50t Lo

Al g RIEYE KRS L

x
X

&

N



H EE

3

T e

TE

i »
S

[y

Bt

)

=

B

\
/4

|

i

5

it

il

R

)

X

, &k

%

]

L7z, fia & K% HKX K HE

Iz

G

# o,

El

SN )

»H 7= 0

BE

BLEF . m XHRELLDLLL ZRRD

Lﬂfi@_o

EE R

S A, AL R FE R BRSO ER Sl {

=

e

T Rk # &,

THEEHEx2xHEET ELE, BB EERKKSH®

Iz

Vg

Z R

7]

o

b e

[y

ES
i

2

L
7
U3

L
5}

=

<
%

5

¥ A

&

_{Z N

@A B L BT E 3, & 602, M #H o

EHE LT, 2L T, RZERO®BEFITE

v =

il
Ft

A

ES

C W oN X E Lo, MR KK 2 R

i

HEHIlclhs - J#EErHEST ELE, NR

L

% I R VA U VI T N 4

Do, MR oS 25 2 CIHEWIE A F
4

EHERICEH &L £5 .M

B
e

Lo L E I D Y,

u.—=
SO
N
N
D

HEFE Lz, X0 @AL®H Lk

&
]

, MEMEAEHEHET E L, A& F KR
ek HH®R, " & HE, K

LR ¥ EA OE AR, BP yil

(Y
of
i

I/ i W o A N )

727, VK3 ®» Z # fit & VK B8 L O® MK-

4
B A & >

S
™

St

%

ooE OBk OROR K BE M A KB o0& K,
5 F CHRUUICIEEEET EL L, XK
H /Gl e oo 1N i RS | i (N
% & A, B2 ZIC 2 M 25 %0, #
7Z ,NOSAI W ¥ R I ZH & v ¥ —F

T = S N NN VB S S G S = S R

44



M S
gl

Kz i3t &+ 288 BRAOFE

B L, BEE Y S E ML THE W -,

LWL ETE+., FRICms S, k¥

W FER S THZT ELEAEFKRKTERES

e Y/ I I S S I T SO i = N Y SN

#oE 2 &£ L X T,

45



51 3C TR

Abuelo A, Hernandez J, Benedito JL, Castillo C. (2013).
Oxidative stress index (OSi) as a new tool to assess redox
status in dairy cattle during the transition

period. Animal 7(8): 1374-1378.

Abuelo A, Hernandez J, Benedito JL and Castillo C. (2015).
The importance of the oxidative status of dairy cattle in the
periparturient period: revisiting antioxidant
supplementation. J. Anim. Physiol. Anim. Nutr. 99: 1003-

1016.

Abuelo A, Hernandez J, Benedito JL and Castillo C. (2019).
Redox biology in transition periods of dairy cattle: role in
the health of periparturient and neonatal animals.

Antioxidants 8: 20.

Andres AC and Djono V. (2010). The mammary gland
vasculature revisited. J. Mammary Gland Biol. Neoplasia 15:

319-328.

Aoki N, Furukawa S, Sato K, Kurokawa Y, Kanda S,
Takahashi Y, Mitsuzumi H, Itabashi H. (2010).
Supplementation of the diet of dairy cows with trehalose

results in milk with low lipid peroxide and high antioxidant

46



content. J. Dairy Sci. 93: 4189-4195.

Aoki N, Sato K, Kanda S, Mukai K, Obara Y, Itabashi H.
(2013). Time course of changes in antioxidant activity of
milk from dairy cows fed a trehalose-supplemented

diet. Anim. Sci. J. 84(1): 42-47.

Ayaz M. (1999). Haemogalactia in goats and buffalo. Pak.

Vet. J. 19: 161-162.

Bai H, Hiura H, Obara Y, Kawahara K and Takahashi M.
(2020). Short communication: Menaquinone-4 (vitamin K2)
induces proliferation responses in bovine peripheral blood
mononuclear cells. J. Dairy Sci. 103: 7531-7534.

Bai H, Arai H, ITkuta K, Ishikawa S, Ohtani Y, Iwashita K and
Obara Y. (2022). Effects of dietary vitamin K3
supplementation on vitamin K1 and K2 (menaquinone)

dynamics in dairy cows. Anim. Sci. J. 93(1): el13680.

Bazzoni G and Dejana E. (2004). Endothelial cell-to-cell
junctions: molecular organization and role in vascular

homeostasis. Physiol. Rev. 84: 869-901.

Bani I1Z, Abutarbush SM, Al-Qudah K and Omoush F. (2020).

Serum and milk concentrations of oxidant and anti-oxidant

47



markers in dairy cows affected with bloody milk. Pol. J. Vet.

Sci. 23: 341-347.

Bernabucci U, Ronchi B, Lacetera N and Nardone A. (2005).
Influence of body condition score on relationships between
metabolic status and oxidative stress in periparturient dairy

cows. J. Dairy Sci. 88: 2017-2026.

Blood DC and Radostits OM. Blood in the Milk. 1989; pp.
551. In: Veterinary medicine, 7th ed. Bailliere Tindall,

London, UK.

Bouwstra RJ, Nielen M, Stegeman JA, Dobbelaar P, Newbold
JR, Jansen EHJM. and van Werven T. (2010). Vitamin E
supplementation during the dry period in dairy cattle. Part
I: Adverse effect on incidence of mastitis postpartum in a
double-blind randomized field trial. J. Dairy Sci. 93: 5684-

5695.

Bradford PS. Bloody milk. 2001 ; 1033-1034. In: Large
animal internal medicine, 3rd ed. (Pamela LR, Ronald JE

eds.) Mosby, UK.

Castillo C, Hernandez J, Bravo A, Loépez-Alonso M, Pereira

V and Benedito JL. (2005). Oxidative status during late

48



pregnancy and early lactation in dairy cows. Vet. J. 169:

286-292.

Chagunda MGT, Larsen MB and K. L. Ingvartsen. (2006). L-
lactate dehydrogenase and N-acetyl-Bf-d-glucosaminidase
activities in bovine milk as indicators of non-specific

mastitis. J. Dairy Res. 73: 431-440.

Castillo C, Hernandez J, Valverde I, Pereira V, Sotillo J,
Léopez-Alonso M and Benedito JL. (2006). Plasma
malonaldehyde (MDA) and total antioxidants status (TAS)

during lactation in dairy cows. Res. Vet. Sci. 80: 133-139.

Celi P. (2011). Biomarkers of oxidative stress in ruminant

medicine. Immunopharmacol. Immunotoxicol. 33: 233-240.

Dam H, Schenheyder F. (1936). The occurence and chemical

nature of vitamin K. Biochem. J. 30: 897-901.

Dhruba D, Nikitasha B, Champak D, Elone L, Kaushik PB,
Ankita D, Dilip N, Chethan GE, Devajani D, Parimal R and
Kalyan S. (2020). Diagnosis and clinical management of
haemagalactia in a Holstein Friesian crossbred cow. Pharma

Innovations 9(10): 195-197.

49



Fiore F, Spissu N, Sechi S, Cocco R. (2019). Evaluation of
oxidative stress in dairy cows with left displacement of

abomasum. Animals 9(11) : 966.

Fraile L, Arcas A, Jiménez LM, Mallo J and Armengol R.
(2019). Treatment with etamsylate reduces haemolactia in

lactating cows. J. Dairy Res. 86: 193-195.

George LW, Divers TJ, Ducharme N, Welcome FL. Diseases of
the teats and udder. 2008; pp. 335. In: Rebhun’s Diseases of
Dairy Cattle, 2nd ed. (Divers TJ, Peek SF eds.) Elsevier, St.

Louis, USA.

Gitto E, Reiter RJ, Karbownik M, Tan D, Gitto P, Barberi S
and Barberi I. (2002). Causes of oxidative stress in the pre-

and perinatal period. Biol. Neonate 81: 146-157.

Goff JP and Horst RL. (1997). Physiological changes at
parturition and their relationship to metabolic disorders. J.

Dairy Sci. 80: 1260-1268.

Heidrich HJ and Renk W. (1967). Diseases of the Mammary

Glands of Domestic Animals. W.B. Saunders, Co.

Philadelphia, USA. pp:99-100.

50



Hagiwara S, Kawai K, Anri A and Nagahata H. (2003).
Lactoferrin concentrations in milk from normal and

subclinical mastitic cows. J. Vet. Med. Sci. 65(3): 319-323.

Hodate K, Johke T, Ohmori S, Irie T, Mori M and Ikeda T.
Changes of the Concentration of the Milk Serum Proteins in
Dairy Cows after Parturition. (1978). Jap. J. Zootech. Sci.

49(8): 588-593.

Hovinen M, Simojoki H, P6s6 R, Suolaniemi J, Kalmus P,
Suojala L and Pyordlda S. (2016). N-acetyl-pf-D-
glucosaminidase activity in cow milk as an indicator of

mastitis. J. Dairy Res. 83(2): 219-227.

Johansson B, Persson WK, Jensen SK, Lindqvist H and
Nadeau E. (2014). Status of vitamins E and A and pB-carotene
and health in organic dairy cows fed a diet without synthetic

vitamins. J. Dairy Sci. 97: 1682-1692.

Kichen BJ, Kwee WS, Middleton G, Andrews J. (1984).
Relationship between the level of N-acetyl-p -D-
glucosaminidase (NAGase) in bovine milk and the presence

of mastitis pathogens. Dairy Res. 51: 11-16.

Kikuchi T, Ichijo T, Yoshida Y, Kohono M, Murayama I,

51



Takahashi C, Kimura Y and Satoh H. (2013). Bloody milk of
the dairy cow: occurrence and somatic cell profiles in
Miyagi Prefecture. J. Large Anim. Clin. 4: 154-159 (in

Japanese).

Komine Y, Komine K, Kai K, Itagaki M, Uematsu M, Kifune
A, Kobayashi J, Yamaguchi T, Kumagai K. (2004).
Immunological Changes in Colostrogenesis in Bovine
Mammary Gland During Dry Period and the Function of

Lactoferrin (Lf).Nihon Chikusan gakkaiho 75(2): 205-212.

Lindmark-Mansson H, Brannin C, Alden G, Paulsson M.
(2006). Relationship between somatic cell count, individual
leucocyte populations and milk components in bovine udder

quarter milk. Int. Dairy J. 16: 717-727.

Matsumoto M, Nishinakagawa H, Kurohmaru M, Hayashi Y
and Otsuka J. (1992). Pregnancy and lactation affect the
microvasculature of the mammary ggland in mice. J. Vet.

Med. Sci. 54: 937-943.

Martin JP, Dailey M and Sugarman E. (1987). Negative and
positive assays of superoxide dismutase based on
hematoxylin autoxidation. Arch. Biochem. Biophys. 255(2):

329-336.

52



Ministry of Agriculture, Forestry and Fisheries.(2022) The
situation over livestock and dairy farming.
https://www.maff.go.jp/j/chikusan/kikaku/lin/l_hosin/attach/

pdf/index-58.pdf

Obara Y, Komatsu M. 1984. Relationship Between N-Acetyl-
B-D-Glucosaminidase Activity and Cell Count, Lactose,
Chloride, or Lactoferrin in Cow Milk. J. Dairy Sci. 67(5):

1043-1046.

Okano T, Shimomura Y, Yamane M, Suhara Y, Kamao M,
Sugiura M, Nakagawa K. (2008). Conversion of phylloquinon
(Vitamin K1) into menaquinone-4 (Vitamin K2) in mice: two
possible routes for menaquinone-4 accumulation in cerebra

of mice. J. Biol. Chem. 283: 11270-11279.

Politis, I. (2012). Reevaluation of vitamin E
supplementation of dairy cows: bioavailability, animal

health and milk quality. Animal 6: 1427-1434.

Prosser CG, Davis SR, Farr VC and Lacasse P. (1996).
Regulation of blood flow in the mammary microvasculature.

J. Dairy Sci. 79: 1184-1197.

Purohit GN. (2014). Mammary gland pathologies in the

53



parturient buffalo. Asian Pacific J. Reprod. 3: 322-336.

Putman AK, Brown JL, Gandy JC, Wisnieski L and Sordillo
LM. (2018). Changes in biomarkers of nutrient metabolism,
inflammation, and oxidative stress in dairy cows during the

transition into the early dry period. J. Dairy Sci. 101: 9350-

9359.

Radostits OM, Searcy GP and Mitchall KG. (1980). Moldy

sweetclover poisoning in cattle. Can. Vet. J. 21: 155-158.

Richoux NLR, Boutinaud M, Martin P and Gagnaire V.
(2014). Role of somatic cells on dairy processes and

products: a review. Dairy Sci. Technol. 94: 517-53.

Schneeberge EE and Lynch RD. (1992). Structure, function,
and regulation of cellular tight junctions. Am. J. Physiol.

262: 647-661.

Senoh T, Oikawa S, Nakada K, Tagami T and Iwasaki T.
(2019). Increased serum malondialdehyde concentration in

cows with subclinical ketosis. J. Vet. Med. Sci. 81: 817-820.

Shah A, Darzi M, Kamil S, Mir M, Magbool R, Ali R, Kashani

B, Wani H, Bashir A, Dar D and Qureshi S.(2017) Somatic

54


https://pubmed.ncbi.nlm.nih.gov/?term=Oikawa+S&cauthor_id=30971617
https://pubmed.ncbi.nlm.nih.gov/?term=Nakada+K&cauthor_id=30971617
https://pubmed.ncbi.nlm.nih.gov/?term=Tagami+T&cauthor_id=30971617
https://pubmed.ncbi.nlm.nih.gov/?term=Iwasaki+T&cauthor_id=30971617

cell alteration in healthy and mastitic milk of sheep and

goats. J Entomol Zool Stud. 5(6): 27-33.

Shearer MJ. (1995). Vitamin K. Lancet 345: 229-234.

Simes DC, Viegas CSB, Araujo N and Marreiros C. (2019).
Vitamin K as a powerful micronutrient in aging and age -
related diseases: Pros and cons from clinical studies. Int. J.

Mol. Sci. 20: 4150.

Sordillo LM and Raphael W. (2013). Significance of
metabolic stress, lipid mobilization, and inflammation on
transition cow disorders. Vet. Clin. North Am. Food Anim.

Pract. 29: 267-278.

Stelwagen K, Farr VC, Davis SR and Prosser CG. (1995).
EGTA-induced disruption of epithelial cell tight junctions in
the lactating caprine mammary gland. Am. J. Physiol. 269:

848-855.

Sultana H, Watanabe K, Rana MM, Takashima R, Ohashi A,
Komai M, Shirakawa H. (2018). Effects of vitamin K2 on the
expression of genes involved in bile acid synthesis and
glucose homeostasis in mice with humanized PXR. Nutrients

10: 982.

55



i

= -, R)la A, HEBH, LEHH. (1966). L 4 I
B s MmAEALEOBEEG, FHE, KFIL. BKESZEHN®R 12

1329-1333.

Thijssen HH and Drittij-Reijnders MJ. (1994). Vitamin K
distribution in rat tissues: dietary phylloquinone is a source

of tissue menaquinone-4. Br. J. Nutr. 72: 415-425.

Tsuchiya Y, Kawahara N, Kim Y-H, Ichijo T and Sato S.
(2020). Changes in oxidative stress parameters in healthy
and diseased Holstein cows during the transition period in

Yamagata Prefecture, Japan. J. Vet. Med. Sci. 82: 955-961.

Venkatesan M, Selvaraj P, Sivakumar M, Manickam R,
Saravanan M, Veeraselvam M, Krishna Kumar S, Yogeshpriya
S andJayalakshmi K. (2017). Intramammary adrenaline in the
management of hemolactia and coliform mastitis in a

transition cow. J. Entomol. Zool. Stud. 5: 1882-1883.

Venkatesan M and Saravanan M. (2019). Haemolactia in
transition cows: Mini review. Science Ocean. 2(3):25-27
Vermeer CV. (2012). Vitamin K: the effect on health beyond

coagulation—an overview. Food Nutr. Res. 56: 5329.

Walther B, Karl JP, Booth SL and Boyaval P. (2013).

56



Menaquinones, bacteria, and the food supply: the relevance
of dairy and fermented food products to vitamin

Krequirements. Adv. Nutr. 4: 463-473.

Weiss WP and Hogan JS. (2007). Effects of dietary vitamin C
on neutrophil function and responses to intramammary
infusion of lipopolysaccharide in periparturient dairy cows.

J. Dairy Sci. 90: 731-739.

Weiss WP, Hogan JS, Todhunter DA and Smith KL. (1997).
Effect of vitamin E supplementation in diets with a low
concentration of selenium on mammary gland health of dairy

cows. J. Dairy Sci. 80: 1728-1737.

Yasugi T, Kaido T and Uehara Y. (1989). Changes in
density and architecture of microvessels of the rat

mammary gland during pregnancy and lactation. Arch. Histol.

Cytol. 52(2): 115-122.

Zobel G, Weary DM, Leslie KE and von Keyserlingk, MAG.
(2015). Invited review: cessation of lactation: effects on

animal welfare. J. Dairy Sci. 98: 8263-8277.

Zwart LL, Meerman JHN, Commandeur JNM and Vermeeulen

NPE. (1998). Biomarkers of free radical damage applications

57



in experimental animals and humans. Free Radic. Biol. Med.

26: 202-226.

58



X #

Fig. 1. Bloody milk secretion in a Holstein dairy cow after
parturition.

A: Slight, B: Middle, C: Severe.
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Fig.

Colostrum sampled from each four udders at 7 days
prepartum.

A Non-hemolactia, B:Whitish colostrum containing
small amount of erythrocyte sediment after
centrifugation, C (arrows): Reddish colostrum with

middle amount of erythrocytes.
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Fig. 3. Somatic cells in bloody milk.
a: Polymorphonuclear leukocyte, b: Lymphocyte,
c: Epithelial cell, d: Cell agglomerate, e: Cell debris.

(magnification X 1000).
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Fig. 5. Incidence of bloody milk in control group (n = 19)
and VK3 supplemented group (n = 21) at 3 days

postpartum.
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Control: control group, VK3: VK3 supplemented
group. ** (P<0.01) denotes significant difference

compared with control group.
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Fig. 8. Whole blood clotting time in control group (n = 19)
and VK3 supplemented group (n = 21) at 3 days

postpartum.

Control: Control group, VK3: VK3 supplemented

group.
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3 days postpartum. Control: Control group, VK3:
VK3 supplemented group. Normal milk: Cows with

normal milk, Hemolactia: Cows with hemolactia.
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Fig. 10. Changes in plasma or serum indices of oxidative

stress in dairy cows with hemolactia (gray closed
column) or non-hemolactia (open column) after
calving.

Upper and lower bars represent maximum and
minimum values, respectively. The horizontal bar
through the box including quartiles represents the
median. Hemolactia in cows used was graded as
severely tinged with blood. Plasma and serum
indices were measured from the parturition day to 5
days postpartum when hemolactia was firstly

identified in colostrum.
** (P<0.01) denotes significant difference
compared with non-hemolactia group (n = 11). GPx:
glutathione peroxidase; MDA: malondialdehyde;

SOD: superoxide dismutase.
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Changes in MDA/vitamin E of dairy cows with
haemolactia (closed box) or non-haemolactia (open
box) after calving.

Upper and lower bars represent maximum and
minimum concentrations, respectively. The
horizontal bar through the box including quartiles
represents the median.

** (P<0.01) denotes significant difference
compared with non-hemolactia group (n = 11).
MDA: malondialdehyde; MDA/vitamin E: (plasma
MDA concentration/serum vitamin E

concentration ) x 100.
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Fig. 12. Changes in plasma or serum indices of oxidative

stress in dairy cows with hemolactia (closed
circles) or non-hemolactia (open circles) during the
peripartum period.

** (P<0.01), *(P<0.05) denotes significant
differencecompared with non-hemolactia group (n =
6). GPx: glutathione peroxidase; MDA:

malondialdehyde; SOD: superoxide dismutase.

Hemolactia in cows used was graded as moderately

tinged with blood.
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Fig. 13. Changes in MDA/vitamin E of dairy cows with
haemolactia (closed circles) or non-haemolactia
(open circles) during the peripartum period.
The values are expressed as the mean £+ SEM.
** (P<0.01), *(P<0.05) denotes significant
differencecompared with non-hemolactia group (n =
6). MDA: malondialdehyde; MDA/vitamin E:

(plasma MDA concentration/serum vitamin E

concentration) x 100.
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Fig. 14. Changes in serum indices of oxidative stress in

dairy cows of control (closed circles) or Trehalose
supplemented (open circles) groups during the
peripartum period.

The values are expressed as the mean + SEM.

** (P<0.01), * (P<0.05 ) denotes significant
differences compared with control group. OXY:0XY
absorbent test, dROMs: Diacron-reactiveoxygen
metabolities. Data is shown by the increasing ratio

compared to the measured value of the day-28.
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Table 1. Number and percentages (%) of <cows with

hemolactia in each parity

Parity (times) n Y%
1 70 28.5

2 40 16.3

3 36 14.6

4 36 14.6

5 32 13.0

6 17 6.9

7 10 4.1

8 3 1.2

9 2 0.8
Total 246 100.0
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Table 2. Start of treatment and complication diseases of hemolactia

Complication Diseases
Start of treatment Uncomplication . Peripartum diseases Gustrointestinal diseases .
Mastitis - - = 2 e o v Others
Milk fever Ketosis Hypocalcemia Others® DA Al Others
Prepartum g 1 T4 " 0 T 1 T 0 "o 3 0 0 0
Day of calving g 4 "8 L S T 2 "o 0 1 1 0
1-7 days postpartum g 53 4" 15 T 6 T 2 8 3 2 2 4
8-14 days postpartum 12 "3 o0 "1 7 0 " 3 0 0 0
15-21 days postpartum 3 o " o " 2 7 0 "o 1 0 0 0
22-28 days postpartum 4 0 o0 " o0 7 0 0 0 0 0 0
>29 days postpartum 17 7 " o " 1 7 0 "0 0 1 0 0
At g 94 63 " 40 T 12 7 4 ) 10 4 3 4

a: Puerperal fever (n=3), Udder edema (n=2), Pregnancy toxemia (n=2), Downer syndrome (n=2), Fat liver (n=1), Retained placenta (n=1) and Dystocia
(n=1).

b: Hepatitis (n=2) and Gastroenteritis (n=1).

¢:  Pneumonia (n=1), Dislocation (n=1), Phlegmone (n=1) and Teat injury (n=1).

*: Diagnosed by low serum concentration of Ca without astasia, **: Displacement of Abomasum, ***: Abomasal impaction.
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Table 3. Times of treatment and healing rates of hemolactia

with each complication

Tims of treatment > Healing rate (%)

Complication n
Uncomplication 94 33+£22 4.8
Mastitis 57 8.0+t4.1 3.5
Othes ™' 53 35+2.6 3.8

) 1: Peripartum diseases, gastrointestinal diseases and

others

X 2: Treated with tranexamic acid or vitamin K1
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Table 4. The number of udders determined as Hemolactia

and non-Hemolactia at pre and post calving.

Prepartum

Hemolactia non-Hemolactia  total

Postpartum
Hemolactia 17 3 20
non-Hemolactia 2 30 32

total 19 33 52
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Table 5. Parity, body weight (BW), body condition
score(BCS) in the control and vitamin K3(VK3)

supplemented cow at 3weeks prepartum.

Group n Parity BW BCS

Control 19 2.00+£0.25 650 £ 6.87 2.93+0.08
VK3 supp]emented D21 1.94 £ 0.31 640 £ 6.83 298 +£0.04

p-value NS NS NS

Values are means £+ SEM.

1) VK3 was fed for 28.9 + 1.4 days.
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Table 6. Detection of red sediment after centrifugation at
pre and postpartum in VK1 treated group(n=4) and

Control group (n=4).

Cows Group parity BCS red sediment
Prepartum Postpartum
a VK1 1 3.25 + +
b VK1 3 3.25 + +
c VK1 4 3.50 + +
d VK1 1 3.25 + +
e Cont. 2 2.75 + +
f Cont. 2 3.00 + +
g Cont. 1 3.50 + +
h Cont. 4 3.25 + +

VKI: VK1 treated group, Cont.: Control group,

+; existence of red sediment.
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Table 7. Comparison of VK1 and MK-4 in serum and milk,

between normal milk group and hemolactia group.

and whole blood clotting time

Control group VK3 supplemented group Significancy
Normal milk Hemolactia Normal milk Hemolactia VK3 Occurrence Interaction

n 8 11 14 7
Serum

VKI (ng/ml) 0.07 £ 0.02 0.04 + 0.02 0.04 + 0.02 003 <+ 0.02 - - -

MK-4 (ng/ml) 0.29 + 0.03 0.30 + 0.02 0.38 + 0.02 038 =+ 0.03 *x - -
Milk

VKI (ng/ml) 1.07 £ 0.40 1.34 + 034 0.79 + 0.32 1.55 + 043 - - -

MK-4 (ng/ml) 15.80 + 9.33 22.86 + 7.80 28.99 + 7.44 48.05 <+ 10.07 * - -
Whole blood clotting time (min) 9.1 £ 1.5 6.6 £ 1.3 93 £ 14 11.7 £+ 1.8 + - -
Values are mean =T SEM



Table 8. Parity, body weight (BW), body condition score
(BCS) in the control and Trehalose supplemented cow at 4
weeks prepartum, and peripartum diseases detected around

parturition.

Parity BW BCS  Peripartum Diseases

Control  No.1 1 680 3.25 Udder edema
No.2 1 700 325 -
No.3 1 720 3 Udder edema
No.4 2 700 275 -
No.5 3 750 3 -
No.6 6 700 325 -
No.7 4 720 2.5 -
No.8 2 720 4 Hemolactia, Ketosis, Mas'
No9 1 680 3.5 Hemolactia, DA™

No.10 3 700 3 Hemolactia, Hypocalcemia”

Trehalose No.1 1 720 3 -
No.2 1 680 3.75 -
No.3 1 690 3.5 -
No.4 1 690 3.75 -
No.5 3 700 275 -
No.6 4 710 275 -
No.7 3 660 3.25 Mik fever, Mas
No.8 3 720 3 Hemolactia, Mas

: Mastitis, L Displacement of Abomasum, e

Diagnosed by low serum concentration of Ca without astasia.
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