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Changes in Immunity-, Antioxidative Potential- and Metabolism-Related Blood Composition with
the Transition to an Outdoor Rearing System during the Winter Season : Michiru FukAsAwA*!)
Tokushi KoMATsU*!, Yumi HIGASHIYAMA* ! and Shigeru SATo*?

Abstract : We investigated changes in the blood composition of Japanese Black cows associated with
the transition to an outdoor rearing system during the winter season. Eight pregnant Japanese Black
cows were divided into 2 groups. We compared blood compositions during indoor and outdoor rearing
using a 2-term reversal test design. We collected blood sample at 0, 1, 4, 8 and 11 days after the test
started. Immunoglobulin G, white blood cell counts, neutrophil phagocytosis, and the ratio of neutrophils
to lymphocytes were measured as immunity-related factors;degree of oxidation and antioxidative ability
were measured as antioxidative potential factors; and glucose, cholesterol, non-esterified fatty acids,
total protein, and cortisol were measured as metabolism-related factors.Outdoor temperatures during
the period of the test were approximately 4-8 degrees centigrade lower than those indoors. There
were no significant differences between indoor- and outdoor-reared cows with respect to any of the
immunity-related blood factors. The antioxidative ability of outdoor-reared cows was significantly
higher than that of indoor-reared cows. In contrast, the degree of oxidation showed no significant
difference between indoor and outdoor rearing. The higher antioxidative ability under outdoor conditions
could be attributable to an increase in activity. Glucose, non-esterified fatty acids, and cortisol were
all higher under outdoor conditions. These results indicate that cows reared under outdoor conditions
have an enhanced energy metabolism to cope with the lower temperature environment.

Key Words : Outdoors, Winter, Japanese Black Cows, Immunity, Antioxidative Potential
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FALH F7 12 B0 B RERAE S G RE O
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DHERRAPET SN D, FhSHITHT TUIALE
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BWCIRAFIETRTOREPEICNET L5608
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DOHIER FRILIL % & OVEEDE AL Z THEIZ LT
Wb,
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ARBR IS BT L RS JE 5 —NICD B
ABREEBIUCEMICHEZ T LNy Y
(245m x 105m) TATo 7o A OFMEZ K 112
R HEMR L 72 RBHVREME 8 B2 AR & AR
REO2H (ABXUBHE) 1240, ENBLUE
HVEE 0 2 W0 BB E AT - 720

&1 HRToRE (kg). Alm. BHERHE

B ABRBH AR 13 L REWRES

) RE Al BE&RHE 1M 2M
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B 4 508  66.1 64 EAN RS

SER I EE H B S FERA SR 2 A
D2%EHG L. FIAFA L=V rffE Lz,
FEEHIE 8:30L 16 : 0012AT o 720 EANMEFICIEAG
B L IR ICBRFE R ATV, 8 30D BRFERICNN—
V—F—%2HE L TEREBRANRB L2, a7
U—MEOER 13mx17m) IZTA~v vy a2k
BL. ZOLIZBPE 2 Lz, FaEorihE
CHLHEITHROMOE D, WHEEIZH LAY
d. HAHBAR L7z (8:00-16 : 30) o NI BE S ik i
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f1o720 BHVSE Y 7 TIATED 4 Hipi2 BV T,
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DIFF, YA X v 7 X, JLH) IZXDWE L7z 4
HEREARRIE A/ VAL A VT, BRI 241
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x£2 KB OSM. B, R, HIERRE, BitEs L OEERE

it ey ! i ’ i
ik FRICH 1 4 8 11 o 1 4 8 11 o
FyRE (C) 41 22 39 27 32 5.1 58 48 40 49
BN eSS (C) 6.2 35 5.3 57 52 6.3 6.7 6.7 53 6.2
RIE&R () 19 08 23 -08 1.0 30 31 33 23 29
FyRE (C) -50 -5l -27 —61 —47 02 -16 -04 -15 -08
B mEsiR (C) 26 04 16 46 2.3 96 99 39 16 6.2
RIE&R () -101 -104 -63 -133 -100 -55 -92 —-46 -52 -6l
TR (%) 737 662 813 783 749 703 839 782 941 816
FHEAE  (m/s) 19 25 39 16 25 18 13 38 39 27
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1000k 0OFEE  (cm) 18 20 24 23 213 37 34 32 45 370
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DN WACHER D> > 720 —TF. BERNOTIH LRI
1T 1 CRERY - 72205 Rmb & CRIRKIRIE
BIZFA Uo7 B THMREIZ703-941%&
HEZEDNKE Do 7z, FHIGEIZ 1 HIT25m/s, 2
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FEf B L OTHIREIE H 2K E Do 7225, FHT
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L7co B RICHBEESRO SN, 1 HIiE2
WICHRTHERICIgGRE K2 - 72 (1
154mg/ml. 28 : 174 mg/ml). FIImEkE (X1-
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WHETAMICA B R AEIRD SN o 72hs, R
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(13 :077. 21 :045),

3. nEMbEERRERK 7

£ F HRITB I 5d-ROMsHB & 'OXY-adsor-
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S 7h BRIHICHERMEPRD 57z, OXY-
adsorbent ([¥2-2) &, BAMHEIZB VT, BN
FLOIHEZIZE»-72 BAEHETF 2100 1 mol,
BEWNEEL982umol). Tz, REWEB X ORILH
IZOWTHHBELRMRDRD bz, BEHIZOW
TiE 2HI2BVT, 1TV DAERICE P
(13 : 1432 umol. 2 : 265.0 umol) o
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%H HRTBIF HGLU. TC. NEFA, TPB X
OCOLT DB rh OHERE 2 X 31R L7zs GLU
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mg/dL. BWNEF : 608 mg/dL). T 7z, RERMIC

BRMESROLN, 20T, 1HXD b
FEICE»> 72 (18 :641mg/dL. 2
60.5mg/dL). TC (IXI3-2) (&, fE KM CTlE=
DD Lo 7oA, B BRI L OBRICH I
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BEICHRTHEEICE 2272 (B4 12784
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HECTHREMERFCEX 2B P EEILS -30TC &
ENTWD (RMKES BRWAKESN ZHFH R
2000) o ARFAERHIR L, FHRMITEN. B
HBIZS5TUTTHY, EHLH0FEHAIBNTDH
WIRAMERE D 72 DIACH % TUHE S & 2 L EEH D 5 IRTE
7ol LA L. BRNERIOMICIZKRE KRS
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B2 BT OR AR S X ORIMAE B B MLFim L o B
(BRI 2R T)

MY B R OTVIRIRTLIED 5.0 04D
Hotee T THIE 2L Y D FRIEAMEA - 726
20720, W OPDORPEHEBIZOWTHE AR
RN R ENEOONbDEEZ b,
LR DR GIE H 120 Tl b 2 Bt Tld
<y MEEHEANOEBIINS W, b LLAIEEr -7
bOLEZON, TYEZTEAERWHETHY
ECTHRHRICRIER R ST 720, ZTOMREITZE L
DET2ppmh FIZT 5 2 L2 FKBEMN TSN TV
% (Groot Koerkamp et al. 1998) . AAff%ETDEHE 4
WTOREIZZNERETHD, RIS 7
LEZbNTz,

AREFFETIE, BT 228~ DI BLTHR
LESHREL L 2 NIRRT L2 o
O, I 3 1gGR FMER DB REN D EIZFRD 5
Nhholz, THEIFENEIL L ah o722 L, F
YR SENTH AP EEL T Ch o722 & %
& BEOBEACORENl RN S o722 & B
BLTwbEEZOLND, 72721, KES (2003)
BRI FI R RS R A T B 700, ARBBE
REFHI D S H LOBIB AT T & TSR H
LERIC L DN DB BB T L2 WLPICLT
Who ZD/0, —REFXTOEBOREIZIZ, S
ik L VR S BT 2 05 2 R, b
LLOHAT2T AR EOBIKEIT) LN LEE

Ly,

BRI L BAMEE CIIRNSE IR THE
IZHWCOLT% /R L7z, COLTIZERBEZ L% & il
B3 2 BUR T E — Tk — BB RO SOG O
EEINDLHRNVEYTH Y WEFA NG 558 % TUHE
s4% (HH 1994 . AWFZEICBWTH, TR
F— AN E Y 2GLUB X O'NEFAIZ R Y H
TRIMIBICHRTHREICE S olze 2O LR
5. BHOESRETICBW TR ZHERFT 5
RO EEL TV DEEZ LN, Ly
L. GLU, NEFAIZD W TIEMNEHEDOFICD 0
TEREMAME DI BT 5 i 5 o 4 i
fili = 2SDOFHNTH V. IEH % KB OFPEHN T
DEFHTHDHEF LS (H 1999, /2. OH
HiZidEHN L E B I2HWGLU, NEFAB L U'COLT
BRLIZA, —HEICEFEDTEEEZWMOIEH 2 &1
Mz, AELBLGEE) H CITENE O 72 0 O f¥2R D28
e EOVEEDN . TAATW 2 Z iR Ic e 5 T
AMLARERY, EHEL50FEHRICBCTHRH
VI L 72720 Tkt s s,

FURRALRE B 12> v Tid, d-ROMsIZfH )
KR TEVDRD LN AN —H. RNOPIEEL
73 % 77§ OXY-adsorbentid B/ F 12 & - TH <
72 o725 Piccione et al (2011a) &, &Y JIZTBAM
DVESEC X o THRALEE (d-ROMs) & HilRibJ
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(1) Zra—z (GLU)
100 -

(mg/dL)

80 -

WOy ———

40 A

20 fiE ik - P<0.01
B  P<0.01
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(3) EHENRNGEE (NEFA)
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200
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(OXY-adsorbent) DWW 525 LA$5Z & &5 L
TWho ZOBOPIRIL O LA IZOWTIE, #RiL
D AT HREN RIS TH L E LTWb,
RIS TIZIES R BRIV TOFFTNOBITIC L - T
AL DR LEF LIz 7 7Ly FHIZBWT
(& MR 2 SEBYIC & 5 TAROMsD LA %2 b
2. OXY-adsorbent® F5-23H. 615 (Piccione et
al. 2011b) o ARWFFETIIRENFBRFICITTRIZ L -
TEEAHIRENTEB Y. OXY-adsorbent®d 5
SHEARRENORATIC X 0 Bt 2sHgn L 72 T pe ik
BEZOND, Ll @B s OBRLMO %
HIZ X BB OVWTRIANTH Bo T72. KRIER
THERR S N7 FE BE O B N HE D OXY-adsorbent® 7
PG 2 B BIAHATH D, 5% 5L MG
PLETH 5,

COLT & [ B ICN/LE 2 d-ROMsiZ 2 I L 2 D
L LTHWONS, N/LIIZE SR BERL 2 & o fi
BAMLRIZK->TE LT % (Stockman et al
2011, O'Loughlin A et al 2011). % 72d-ROMs%°
OXY-adsorbentd EX) O FEHIZ & o TEALT 5 2
EDH S AITENTW S (Piccione et al. 2011a)o
AGRERTIEN/LE &£ d-ROMsIZ DWW T, fH A
B CIEZEATRRD SN h o 720 RRBRICB U 55
Fl#iZ, COLT® L& % U CGLURNEFA® 1.5
&I L7, L2 L. GLURPNEFA® L& 1%
IEEZHHNTOISTH D O - L AFRET
HON/LILR AL DB A 5.2 % X O GHED A
PLyH =TIk 572 EDEZ LN D,

P LEoERE2 S, BANOFEHRIED — 5CDEY
BET T, BEWNLORERED S CRECY; G, B
fiH CIEBENEF I TCOLTA LA LRHSIT
HELTWLRETIEDH S DD, GLUPNEFAIX
EFEOHMNTS ), [gGRHMERDE % &1
EHEDRD SN o7z, BAMIEIZL > T, I
' »OXY-adsorbent?s 5 L7225, 2D IZDn
T ZE %52 2 BZRLHERIZE 2 5 BIZOw
THRLBEVPLETH S, SHRIIBNAFTICLS
W BB R - B ER A EANORBICD
WTOBRIIMA T, BURY Ty 7 A% EDIED
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