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AA arachidonic acid

Alb albumin

ALA alpha-linolenic acid

AST aspartate aminotransferase
BHB beta-hydroxybutyric acid
BRDC bovine respiratory disease complex
Ca calcium

DGLA dihomo-gamma-linolenic acid
DHA docosahexaenoic acid

D5D delta-5 desaturase

D6D delta-6 desaturase

EFA essential fatty acid

EPA eicosapentaenoic acid

FAs fatty acids

FFA free fatty acid

GGT gamma-glutamyl transferase
iP inorganic phosphorus

LA linoleic acid

MA mead acid

Mg magnesium

MUFAs monounsaturated fatty acids
OA oleic acid

PA palmitic acid

PUFAs polyunsaturated fatty acids



SA stearic acid

SCD1 stearoyl-CoA desaturasel
SFAs saturated fatty acids
T-Cho total cholesterol

TFAs total fatty acids

TP total protein

UFAs unsaturated fatty acids
UN urea nitrogen

VA vitamin A

VE vitamin E

03 FAs ®3 fatty acids

06 FAs ©6 fatty acids

®9 FAs ©9 fatty acids






G
1. BRI A4 SR A 3 B LR R R 4

AR AR R BN MRS TR B LR D E 7 FH AR 2SR R
fal Bt 2 45 (S RO IR NS ¥ I A2 £ 725 B AR & U7l 38 & FE B il 33 & . — k(b LT
Wb, ZORD 72 RO T MR ERIR B AL RO % h H &AL 0lg
P 9% iE PR 7R BB D3 &2 W IBL ) (0 0 J 3 S8 0B T B 58 o L i e G R

(https://www.maff.go.jp/j/tokei/kouhyou/katiku kyvosai/index.html) I2 L5,

FriZ 2013 AR E BRI 87 R B O F A M N3R5 T 5[43] (Figurel) , 2018
FEEOEEORN MBI ENOKRER G208, WS EDN 1,120,142
- 392,890 £ T 35.1% ., I % 7% 329,688 £, 29.4% & 2 KR TRIFE D 64.5%
O TEY, FOBEBR G TIIIAL DR YLIE X R BB O L7225 T D
(Figure2) , KA iZ, ZNHOBMZELAE ICHTLR F M EE HOEITHEIbDE
L EEFFOREROIKTREEINLIELTHEN[27], ZD% 5 M 7l & X4
DALV, FEWL g3 7R B A2 5 To R Ye MR IR BB ORI, EICE<OMBELEDOIAEYME
DN IV, B W = FE 50 B A T 8 AT 358 A B 3R A S 98 @ AR R

(https://www.maff.go.jp/nval/ivakutou/hanbaidaka/index.html) |2 X5 % f& Hi

AW - AR BT A - BR A - B R A O R GE S ERRGE E D, AR A Sz
W5 10 fEH O F BB AW - AR BUE A OFUR A & (kg) OB E2LL 1L
Fi BT 2 ¥ B Tl benzylpenicillin procaine, dihydrostreptomycin sulfate,
ampicillin sodium % O florfenicol O JH & 23 MK &5 % % O MITHH IS LT
2014 FFEEBIHE 2 B INL T 5[42] (Figured) . 512, 2016 I BIFICED T3
A PE (AMR)RF SR 7272 ar - 775(2016-2020) | O TI VA~V AT T a—FDF z
NOH PGB REEL TN 2rHAE S BEMLH 2RO THWDE 3R E7re
ARV % D ceftiofur sodium, cefquinome sulfate, 7/L A% /1% O

enrofloxacin, marbofloxacin, orbifloxacin X N 15 BB ~/uaTA/RZ M AEWE T



H5 tulathromycin Off H & IXE IO — &R E27-E>TEY (Figured) . REFFEA
HAOZRBLEG IR WT, 2RO HE Al O H AR O 726 0 T B « 16 95 ik ook &

NREBEORETHD,

2. BIMIENIZI T 5% MG (fatty acids; FAs) O£l

W AN IEE T D% i A 8 F G i 2 (polyunsaturated fatty acids; PUFAs)
IATF VS DE AT BRSO EIZRY 03 RIEN (03 fatty acids; 03 FAs)E

6 RGN BE (06 fatty acids; @6 FAs) &K X~ D 09 R 5Nk (09 fatty acids;

®9 FAS)IZ &3, A TiX 1971 4E 12 Bang H4]BA XA hoJE ZFH A 12X, FA il
TEEDOERICKIFTHEZREL TR, 03 FAs D Afay R 2o g
(eicosapentaenoic acid; EPA) S K= ~¥ 4 = (docosahexaenoic acid ;
DHA) O 1t /N A % 56 410 i) 20 S o i iR~ BE #0020 S b MR AR R R [39]. 51
PLRIE e OB 7 LA X —{E e L [BAI B ST 5D, £ 0 Tid 03 FAs 75
R ENBLY e (resolvin) 7' BT 7 F > (protectin) 72 E VL ik £ 3 7F H 4
BRIZ A SRIEME AN A I 72 E R WPLRIE D R DD DD NGBS

FVT A DL R LR BBIZHOWNWTE LD FE R R 23 #H 5[7,8,53,57]ShCn5,

3. BREMMEAMFICBOTUENBRREEZICEELL ZADER

REFEOZEIT ARNOIEEICHLTENICLENICLEELRIETTHDLSE
AHNAMN, ZNETEHREBMEA M FOREHE b EANSH M ETOMm S FAs 2
FEOHEBIZOWTHOENCLZR & TAONT . B AR O 5% J5 15 35 5 e Bl ~
METRBIRNHTH, @k FRNESND2NDDLTFEREDP | A PE DT IR R il
B2 5 BB LR TR EBMMENEE ISR DIEN B B2 ST 5280
2 B IME AN H DM &R BZIICO B EI RO B R REDEMERIEMEIR B LD

B 2T 20X CHRBLRDERZRADIELIIRDEE ZBND,



— 05, BUE | & IR CRIH SN T\ T aNA 4T ¢ 7 A% 15 1F 70 5 % 18 B L 72 kg
W E BICH S RERENZL o TMAEY ) LEZIN14], F & O M E #% O
V2R L BV LI B B O T I B A 2 DI TR AR ISR IR T D72 D Ry 72
FF#EO—DL LT S Tna[30], KA ERICK 357 (47 4 7 20 R idr—
A pH OLEICIVEEFEENRI B OL K ZWINESELLE 20 TEY, HRN L
—AVBERE AL O AWM AR R BER MR L OMEERELZHOLILTHK
RAE &M LS ER01], o RAFRIERBI|IVL AL N H2LT, <D
BIRRER DR E2LT-OTZENMFHINTNB[20], EHFHITZTa 14T 472D
Hse— A N A W 4 SR~ B LU 8 IR A 8 (short-chain fatty acids;
SCFAs) L& b bbb T i B RS A AW E L TWAI62]23, ZhvETT an
AF T4 A BEBMBER G FOR R AT -V TR ELES G O, & #E iR
(long-chain fatty acids; LCFAs) }& UM & 84 i #i #8 (very long chain fatty

acids; VLCFAs)Z2E DI 1 FAs IR EIZKIETEEIZOWVTOWE TR0,

4. RBFIEIZHONT

AKHFFE T, ZHOOFRBE MR m T TORE LM NADDOT Fr—F LT, 4
NEBRICBEWTH REEHADPEB SN TWAENIEEIZEB L, ZIVETIZFEAERAD
PICENTWARWER BRI E o m o FAs B8 IC oW T & L, I IR A& CIL A
ENDMIR AL FRAEMEOB#EMEZP O IC LI, RIS, BB RIS 4 o5t L
T EHM., EA T AE T A7 ARBN O 55247\ i B FAs #8 B L ik & 1k 2
BEBEMEOLEICESE, Ta AT 2B GENIEBA# IR ETEEICONT

mEtL, €OF A MEZRGEELZ,
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Figurel. Changes in disease outbreaks by year in Japanese Black cattle.

(https'//www.maff.go.jp/j/tokei/kouhyou/katiku kyosai/index.html)
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= Viral

Figure2. Incidence by disease in Japanese Black cattle (2018) .
A; Incidence rate by disease type of treated cattle, B; Incidence rate by disease type of dead / disused cattle.
(https!//www.maff.go.jp/j/tokei/kouhyou/katiku kyosai/index.html)
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Figure3. Changes in bulk powder equivalent (kg) of major antibiotics and synthetic antibacterial agents over the past 10

years. (https'//www.maff.go.jp/nval/ivakutou/hanbaidaka/index.html)
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Figure4. Changes in bulk powder equivalent (kg) of 3rd generation cephalosporins, fluoroquinolones and 15-membered

ring macrolide antibiotics over the past 10 years. (https://www.maff go.jp/nval/ivakutou/hanbaidaka/index.html)
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1.

g B IEAE R RL 5y, =X AX =R, 7o LT # e BE 2 A L, T TH
T E G EE T PUFAs O I3, B 3 09 70 lik AL BSOS (2 &> T4 BRTE M 248 15
LUBEAT == —L L CTHELRERARZLTWSI[T,57], L L, 20 PUFAs ®
¢ 06 FAs & () 03 FAs O % g I T 5V /— L& (linoleic acid; LA)& a-V/
L% (alpha-linolenic acid; ALA)IEW FLE ) B & TIZAE B B TERWED | HH DY)
REVCH R THZNODNE N BE A2 & &L THE B L2226 3 % 25 I i
(essential fatty acid; EFA) LIFIEhT\5, &S EFA 26 NCEIY B & T
B LI DA LA EE (oleic acid; OA)IEB G- 8% & L2 1F F A J7 A3 B Bl L 7= % 8%
(RO B e 2 % HE 53],

AR DR I B A B R FE T IS N DB IR B L2 T, IRE MR DER I
RBE RIS i DAL IE, R E O FIRIE, 7 N BB S B | B (b AL X
RIESCH D WL T F I BT HEE 25N TWAI56], 4 Ofi 3% ¥ & 125\ CHLAR
B2 fa T o i BB 2 o0 A IR PO I R AR AR L2 351D @3 FAs AL, i (28 48
% fa Ol 4 TlX 06 FAs OB OO, TNUHIXHEEM L72> THHEFF S D728
AN O ~OBIEN BB EInTna[13] | Fo, BREBRMEA IRV AR A
L B, HOWITT vl —FE L0 & IR B o — fili A fa Fn 5 1 g
(monounsaturated fatty acids; MUFAs)%2 & de i AAEE 24 K+ 28z I FE N &
FFoTWAZENRIER I THYIT0], TF TIERE MR LI E$2LHE S TnD
OA X° MUFAs OF|I & 03 WFEM o 1 FEH¥E L LT B S4u[11,29,33]. #& 5 il B <0
TN O 8 G- 3 g NG R LK B AE TR BIZ O W TV OO B TnD
[12,16,68], LML . BEZHENBEMMCEF oM F FAs 2 EICKRIFTREICS
WCHEEMNICH B L2 S 1T 700, S IREfM B2 2B T2REMELE 4 08

B . REEEDOERFEKELTEZI Alvitamin A; VAR Z 9L — A TR —I A

12



IZRD50 % R ~DFE B E NS IILTW5HH[27,31,66], M FAs Ji# £ & VA
3 O AL A E SO E M IZHOWTHR G LIZR S AL,
KT ABAT B 72 0 R B & 2 46 T A 28 1R I R0 B S AL TS R R R i
JEEFRZHWCT IBEEAT—VICho TP O FE FAs IREZREL, ZOHERE 23
BFHEEHIT, AR BLYS CULH S5 M i A8 b 5 B A i & oo B8 3 P & B 52~

7‘4
—o

2. MBHETT ik
2.1 A K& VLR A4

2014 1F 8 H ~2017 4 7 H oMM IZ, 1 1B E B % T 28 ST 7o il IR 89 126l B
72 B R0 FE ME IR E A AE R 120 BHAME R L7s, 1T, 246l ik IcET T
JEE 27— I L0 IE B AT (early fattening stage; 9~ 13 & H f#h: 25 81). B &
AT # (early middle stage; 14~ 16 & H fii : 32 56) | JIE & & 1% H (late middle
stage; 17~19 7 H v : 32 8) | 0 F % Wl (late stage; 20~23 # H i : 16 §A5H) |
ff k¥ (finishing; 24~30 b A #h: 15 SE)IZ JE LT-,

A O F IR K0 MG o B B ZE R L (XY= NI VP-H100K, 7 /L€
(BR), mAOZHWTERM L, #X FC2~3 MM EIRICHFELZDL, 3,000rpm T

20 MmO LTCiiEEoEEL, WEH FT—60C CHREFEL,

2.2 fa 5 A Rk O 2

AWk 5 Lkl o1 A 45 5 &% Tablel (2, 2 il kL DR 5> % Table2 |2
R LT, MBI EHCIIR DO =Y A T T 7T 7 A a—T7 2 f L, B 6k
FEF AT —VIZEbE TH @R EE 2 L CTin 5 &5l s, 2 F WMz @

CTHERZ AW T58EBICABMEBKELT,

13



2.3 i {F 4 N5 E IR R i B oo I E

I 35 % 45 BlE % 7272 I b 2 it 5% (BR) 27V = A v Xy my —ZRF R — | R )~
AL /INRBI48ID T B ICHE CCTRIE Lz, BB IF5 L% | 35 8 i (b R 3 (H PE (b
BRI B OV A HE R IR (I ZE (b (BR)  Rn0) 23R L, i8R e CUMEA 5%
ZEZED miE YTV OIRE 2 FE R L2, KIZ, NaOH & n-~F4 2 ([H pE b
PR /HE) ZIR ML TIREZ . @0 oL CEEEY TV TFa—TI05ELE,
L7 T E A RTUAFA SSEER O GC v ET7)—7T L (TC-70, ¥V —=
NP AT AWM, JL) 2L THAZr~ 77 00— (GC-2010, R A 8 1EFT 5
#) CHIE L7z, RMmIGAEE D 24 53 FAs IR EIL, 7 —#W0 P 2&E (C-RTA, R
ey LR T RUED) 2 L CRFR LT,

AW 32 Tk, #Fn 5 B B2 (saturated fatty acids; SFAs)&EL T/8LIF R
(palmitic acid; PA), A7 7V & (stearic acid ; SA) . MUFAs LT OA, w6 FAs
ELTLA, VAE-y-U /LB (dihomo-gamma-linolenic acid; DGLA) "7 %K
M (arachidonic acid; AA), 03 FAs XL CTALA, EPA & () DHA %45 #r xt G &
L. FZ.EPA/AA L 06/03 DR EZFH LI, SHIZH — % Tl Warensjo 5[65]
DOFFECEIVAT T A CoA 7% F =27 —1F 1(stearoyl-CoA desaturasel; SCD1;
=0A/SA), D6D(delta-6 desaturase; =DGLA/LA), D5D(delta-5 desaturase;
=AA/DGLA) [ZOWTHEE A fa Fnfb B RIS AT H U, 22 10 ik 42 Ak o7 B A i

& B E M 2 7,

2.4 MikAENFERE KR R VA, EZI E(vitamin E; VE) D] &
Mg F DT ANRTX B TI/NF7 A7 =T —F (aspartate aminotransferase ;
AST), y" 7/ NWHINET A7 =7 —F(gamma-glutamyl transferase; GGT). JR & &

#% (urea nitrogen; UN), # & H (total protein; TP), 7 /L7 I (albumin; Alb),

ol 27— L (total cholesterol; T-Cho), /L7 A(calcium; Ca), MY

14



(inorganic phosphorus; iP)., ¥ i I/ & (free fatty acid; FFA), ~7 x4

(magnesium; Mg) & O' B ER % g (beta-hydroxybutyric acid; BHB)IZ>W\W T

HEh @ (7180 M (R A e NAT 74— VT 47 WA E R WTHNE LT,
i VA & O VE ORI E 1, @l i@k 7n~ 7 77—k (& E gk orn~ 777

LC-2000, H A%y ¥ (B, HEOICKOM E Lz,

AT —ZIEAT — Vi h FAs & B & OV IR A= 1k 7 A Al A 57 1 & £ 4 R
LU ORI, BAEDOAT — VR EOHER O i 23— o Bid @ 23 8o i i
DA ENEEFEGE L C Bonferoni @5 k12K 5% H LR E 247\, B E AT & %k IR
BELLCREMRE N ERENIUBOIEEAT -V ORE ML B RS L, £72, %
i W5 1 % B B OVHE 78 AS i b I 38 75 Pk & ifiL ik AR A 2 B 2 i 1S D T oo B S 1 1
Pearson OB 3 #r 2l WTHRIE L. W OB &5 R b fa bR 5% K& f & 722
HOELHIE Lic, 708, & COMEF M I21X EZR
(http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html) [25] % ff

AL,

3. R
3.1 AEE IS N R B oD I E AR

28 E IS I R R E o B E S B & Table3 [Z/k L7, PA [3A1H# T 163.9pug/m/
CARAE T o728, PR CLRE XA B CE L 270ng/m 7 /it THERS L7, SA IR A&
(ZHTHI T 211.7Tpg/ml Th-o7b DA, Al LLFE 400peg/m/7 A I2H BT ML
72, ®9 PUFAs (& £115 MUFAs TH5 OA X, IEHEATH 126.4pg/m/ T FH %l
LEBITR AT L, B T 174.2pg/mI S B MLZ, 06 FAs ® - > T

H5 LA X, IEFRTHICHB W T 428.Tpg/m 1 {XAE Th o723, I 6 B O #8 5 & )

15



MUz a1 oA B B A L, #5112 (total fatty acids; TFAs)IZxt 35k %
% 50% LA ECHERB L, i B CIX 1118.5pg/m/ Lle o7, DGLA IXAE & A <
25.5ng/m/ CTHY, FETY T 47.3pg/mIEEH L BT ECTCEORIEEMERL
2o —H VAA BRI M O 53.8ng/mInHHATH TiX 60.5pg/m/ & THI ML
OOF B ZEITRBO O 1% ] DL AR T b Al LR R E O CHEB L, o3
FAs ® ALA 3B & i1 39.2pg/m/ THo7bO M, FHTHY Tik 31.3pg/mlEH E
K F L7z, TOH%ITIEF % Y T 40.0pg/m/ £T - H EH LR, & EF# <
31.2pg/m/ ~EF UMK T L7z, EPA IR & AT #1213 5.9ng/m/ ThH 7273, HAi#lic
1T 3.2pg/ml e EITEMERY AL LT ETIRMEOEETH -7, DHA (T F i 4]
T 2.7pg/ml CTHATLONFRTICIE 1. 4pg/mI FTHE K FL A BT IcHE T
ERLELODEE THERS L=, EPA/AA HIZIEE AT < 011, hall LU 13 A &
IZIX FL 0.05 CHERE LTZ, —J7, 0b/03 LIXNE BRI T 9.6 Thoreid, F i<
26.TLHER ERHEZRD, ZO%AM EF B ECE A CHERB L2, SCD1 X H i 1 ¢
0.63 Tho7=n, THIHTO0.33 LA ERIKTZRD AL LT CTIX0.42 L F 0k
BHHiLTZ, D6D K& O DD 1G M 1%, WG IE B Al M L f LT ET I DL ©F

BEIZIK T L=,

3.2 MmiRAEERE

IfiL 7% AL B A O St & Tabled (2R L7z, Myl AST B 13E & & i < 67.51U/1
Tholei, PHTH CiE 85.21U/1 L0 m LR, IEF H &M Tk 92.3 IU/I LA
EhEE L7, M{E GGT E XA F fi H1 ClX 16.21U/1 Th-o7=23, H i <
25 11U/ LA BICEMEAR L, TO®%Rb EE CHER L7z, M UN fEIZAC & A <1k
9.9mg/dl ThH-o7=2, PRI ~% W T 16.2~17.3mg/d] H FIZEE Lo 7-, 1L
i TP fEIXATH TlX 6.6g/ dI THoM, H &M T 7.0g/d] LFEICHMERD, £

DFbE A CTHER L7z, My Alb i & O i T-Cho fEIXME & Al T 3.1g/dl K O}

16



87.0mg/d] MK TH-7=, Fai i TENEI 3.5g/dl K Y 166.3mg/d]l A
BlobhA L 2o%bEE CHER Lz, MiF iP5 & O i VA fEIXE & A i cixe
NEI 8. 1mg/dl & 85.31U/dI ThHole, IEEAT—YREERIC >N TR FL, %
< 7.3mg/d/l L 68.91U/d] LA BRI L2~ 7-, M1 VE {E XML A ¥ <1

87.1pg/dl LKfE TH-7=28, FETH X 319.7Tpg/dl EH B ICHEME IR0, 4 P ©

491.2pg/dl b EfE CThH o7z,

3.3 HE Wi e & i ik A AL 5 1 A i o AH B

i 1 1 &1 VR A= AL R A A O AH B £ $ % Tableb (2R L7z, PA J OY SA (X UN,
Alb, A/G (Alb/(TP-Alb)), T-Cho, Mg, VE LD TH E 72 IED E N A5, OA
X FFA, VE O TIEDOM 25 72, @6 FAs Tid LA & DGLA 78 UN, Alb,
A/G, T-Cho, Mg, VE L O] TIEDF R A5, AA 1L T-Cho EDRIZHT W IE DOHH
B4 (r=0.465) 3 A2 H 417273, LA (r=0.984) ®° DGLA (r=0.804) {% T-Cho LD fH T
WIEDM BB FE 23872, @3 FAs ® EPA |3 GGT, UN, TP, Alb, VE * D[ T,
DHA X UN, T-Cho, VE : O CZNENEA O %R ® 7=, EPA/AA 1% GGT,
UN., Alb, T-Cho, Mg, VE O] TA DB R ALH, 06/03 tiX UN, Alb, T-
Cho, Mg, VE LD CIEDOHE AR, SCD1 L ' D5D X UN, Alb, A/G, T-
Cho, Mg, VE L7 E 2 OB A AL, SCD1 & FFA L[ T i21E O

B »7z, D6D i GGT, TP, T-Cho, VE DO TCEDMHPEZR DT,

4. ZE

NI T, R OIRE TV — AN AW IO K S i Stk R gl
i (unsaturated fatty acids; UFAs) (3K F RIS T SFAs (2720, /NG TR
=i n49,58], Lol il k9 0 UFAs & &3 %< v — AV NKFEINNGE /1 % #
A% AR — R AL S TR IE ISR AT L. RN G O MR I 1 #EL AR L

17



WETHARRENHV[34], 2 ETIZH UFAs 2% <& Lkt 245 5 522 & CTfi B
> UFAs K IE I ICE R SE 2R A3 e s TE720311,33,68], B i 72 2h 1345
HILTWV R, RIF RO A IZE > TH G2 H FAs I E 1L, ML E»oWRIN S
oAl % %2 PN R ST IR o0 i A B & AR N G BR S A7 N IR oD ot B I
DM FT PO L TNDEE ZBIL, TOFN AT A THL, Ll BlfE, KEE &
e ZZ M pm EaARELz, B AR THEATIIZIT O TWDHH AR O R W hE0
e S RS B, R R ISR N OGN e AL R I KRR B A 5 2 TnbHEE 2 bID,

MEWI e X, AL BV OB E = 3 )LF —J{ T2 LR RF 1A IR O 3 22 700 Bl pk
3 ELTHEKRDIEFEMEMEF UL HOREFE THY, ZOMRB W ITRIEILE 2 E R 4 72
AEFTEMEAEA LT S17,8,22], A1 I51T D6 W5 e & 2F AR B RE o0 BE L |2 STl B
PEIZBE T2 & LT, ANARRIL PR AL 4072 2 il A fa T i 1 e o0 8 7245 5- A3 91 fa
DIEF I F - R E RO ISR BEL L5 2 BIHICHDOAT oA RERLES
RTAAY ) ANDEAEZRESELLOHE[61,66]121L 0D 5 KU D LR D
tk#[15], @3 FAs /i ICKBH F DB RO MI69] .V /) —LVER T LTI
(linoleic acid-Albumin: LAA) (55 Hy 7s MC LA it o 1 5 98 80 5 [ 197 22 L 234 15
ENTWD, F-, WHAFTIIBEAFMO 1 EELLTH AR OIEI BRI, 5
OA & A M1EH &4, SCD s 1 M 38 Bl LG 5 Al i 25 (b 0N 5 28 M D B i 72 &
MR S TI0[12,18,32], Smith HIXER W O BRI 4 ORI A Ak 2 # 34

DAZKF L BORE O &G B VXA PO PN i 5 L ik A 2o B D MLk o> 6 8 A Al L, B I A
B D Gy Ak 2P 2 X570 il 8 5 1E ORATIZ MUFAs O & &2l BR T 2L @& L Twn
5[55].

AEIOPE T, BFRTHICE O TRE Tho72 LA L, BIEE RO 5 &5t
PR IVAEEICEA LA L, Evic bIZR MM BEM 2GS LZEE F o
fii A PR AR 1Y @6 FAs s E AR50 LTRYI13], 4 H D 06 FAs 1>
LA X% O DGLA O INITRIE S B OZ BN EREREE 2T,
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— 7 A Bl OWFE Tk /R GE PE(L IR 1 (platelet-activating factor; PAF) . 7
QAL Zvs byt mafafN oo REEE AT = — 2 — LR PR ESNDRIE
P ATy JARNERINDET IR IR — RO i L725 06 FAs 77 —Th
%5 AA[7,38,6912 >\ T, PRI TH FHIMEZR O bo0 | JEE MM 2@ L TUE
[l Bk O CHEB L, IRIEE RO LG 03T Lh AA OB ZFHZEITRNIENRS
Wiz, Fai# LI ¢ D5D & D6D {EHEOIK FRROLNTZIENE, 2O K ffi
EEERIEHEOIKR T2 LA RE EAEAA BEZENS -HLAR2N 1 BREE ZLN
7o F1o. Trevisi DITFHLF OBITHIZBITENL — A NA XL I T2 03 FAs 8L A
D HIZXY, BIER ORIEDEBLZFHD | TRVFXF —NITURERE LI EAWME
L. 7R R E5 8K RIEMREMEAT A= —Z— DAY, RIE DI £0ITKF L
TR REME AR L TRIIB9], A F O I WTAERK 20~22 VA i T 5S4
7-H & 500g DT IVT 7N Tr~AFa—T7 0 JEE %MD AA B S 128 H
BIZE R LE=onb L,

i FAs ¥ B & ik A AL 5 i A L O B M I2 >\ T, T-Cho X SFAs & U 06
FAs LD THWIEDMHBENRED LN AA EOMBIEL085 <, ALA LSO 03
FAs &k O fa fnfb i F TG M 1T A DM BE Z5E 72, £72, T-Cho |& VE O] TH i@
WA EZRIEDM B (r=0.838) 3 bivTz, IEH B 44 @ i THEE L7 VE 13 @3 FAs
DAL ICH A ENDETEOREFEHEZRIL, SOICRIEF HBMEF A MDA B Rk
O G THEMEE TH52L00[59], IBE 4 ITB WV TIE 06/03 b 23 F Wk g
THIEE MR D E B s MR- T aob Ly, FFA 1% 09 FAs(OA), SCD1
EOM CTEDOHBE AR D, FFA XA FICB W TA DT L X — T R 8 TIRAE
Widh B Ok FELTHE M T 2228 mbhThAA[63], FFA O k5 I i & LTk i
i icE R &N OA LOBEMEIZOVWTIIAARALEZL, SHICRFI B ML ETH

Do
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ARWFFRICED, HART—RIITE L L TWAEE FECEBRIN R BEMEMEEE
FoREHE P ICHITLM T FAs By REOFEM A S0l o7z, IEHE R EEHIT
D L5 EPA DR T2 06/w3 LD b F- MBI, 20— 75 T, RAE M A
aY JARDIE LD AA OF B2 EH TR T, REBRMEMEF 420X
w6/03 LA E VIR IE THIRE e D E Y S Al 2 TS AT REPE VR IR S
Too LAL BB R 12D EPA OfK T b, B2 E oK BEICKEE AT
ZRMERE T DR RS A INLZEnD, IEEHE o el 28 L7 E 1) e lEE A

TUADHEFF IS LE THHEE 2B,

5. /N 1%

AR BAROER B RGITRBEA . &8 AL 7 A2 5% B 20 52 TR R k)
ZHICEDTBEVERN OAEENIT O TS, ZOR B, FEW R & R, b H
RIpE DM R EVE IR B S IN L | 7 2k 22 il 38 (2 LD 90 0% AR T 3 HERI s, A
ETIE, RO REICEEREEHZFE O3 REEFDO DTHAIEEICEHL, &
%9 ~30 PHORERMMEEE M4 120 SEAEM R FELLC M P AENiBEOHER %
AT DB IR BLY T S A IR £ b 7 e A il & o B P A B B2
HZEHHMELTEE AT =V > Tl o4 fEE FAs ¥ A48 & L, ik At %
o A A S i L7z,

©6 FAs © LA ZIEE PRl CH BICH ML, L ECamE i frL7za3, AA
TIFEAEEALNRLHEB LTz, —F7 . @3 FAs ® EPA I & A DL A & 7ol
ZRL, w6/w3 O PR LN o7, M FAs 2 B & ik A Ak 5 B A& i & D B
HHEIZDWT, T-Cho 1X SFAs & Y @6 FAs O] TH#WIE O B AR D BN
AA EOMBIIEL05 <, ALA LA D @3 FAs K& OV S Finfb % 38 15 4 & 13 & O FH B

iz, £/2. T-Cho I VE LD TH WA E R IE OB N b T,
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UL EDRER . B AR T— R K LWL J7 15 T/ B S0 72 B Fo il e e &

FoOEBEWMPICRTLM Y FAs BB OFEM BH] bt oTe,
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6. X%

Tablel. Feeding amount in the fattening period.

Fattening stage early fattening stage2 earlzft;n;eddle late middle stage late stage finishing
Age after birth (V)| 9 10 11 12 1314 15 16|17 18 19/20 21 22 23|24 25 26 27 28 29 30
Ricestraw 0y p 9 3 ¢ gly 1111111111 1111111111
(saturated) |« >

Basic "szzzmate‘l 55 55(65 75 9 9101010 10 1010/10 10 10 9 9 8 7 6 5 4 4

Concent~rated fe.ed 12 3 5

for previous period

ConcentratedAfeed 1 1233333

for later period
Haycube 2 2 2 2 2 2 2 2|2 05 0.5

< > «—>
Oat hay 2222222

1 Feed amount of daily / head (kg). 2 Stage classification by age after birth. early fattening stage: 9~13M, early middle stage: 14~16M,
late middle stage: 17~19M, late stage: 20~23M, finishing: 24~30M.

< ' Arrow period same amount.
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Table2. Components of the concentrated feed used.

Concentrated feed for previous

Feed name period Basic concentrated feed Concentrated feed for later period
Crude protein % 16.0= 13.0= 8.0=
Crude fat % 20= 20= 3.0=
Crude fiber % 8.0= 8.0= 8.0=
Coarse ash % 8.0= 8.0= 8.0=
calcium % 0.40= 0.05= 0.01=
Phosphorus % 0.30= 0.20= 0.20=
TDN % 72.0= 72.0= 76.0=
Riznr:zteilzal ri\ﬁ(})ﬂ(rs/f) Raw material name’ r}ﬁilzl(l:/f) Raw material name rxil:)ﬂ(l;/f) Raw material name
cereal 52.0 Heat-treated corn 67.0 Heat-treated corn 96.0 Heat-treated barley
corn corn corn
flour wheat barley, brown rice
Heat-treated barley Heat-treated soy
Heat-treated soy
bran 24.0 Bran 24.0 Bran 1.0 Bran
Corn gluten feed (Corn gluten feed)*
Vegetable oil 18.0 Soybean meal 7.0 Soybean meal
residue Rapeseed oil meal
others 6.0 Molasses, calcium 2.0 Alfalfa meal 3.0 Molasses
carbonate
Salt, Petrified seaweed Calcium phosphate (sugar)?
Saccharomyces Salt, Saccharomyces

Servisier yeast
Alfalfa meal

Servisier yeast
(calcium carbonate)®

1 In principle, the raw material names are shown in descending order of blending ratio. 2( ) Raw materials in parentheses may not be

used due to changes in raw material procurement.
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Table3. Concentration of blood fatty acids at the fattening stage.

Fattening stage early fattening stage ! early middle stage late middle stage late stage finishing
n = 25 n = 32 n = 32 n =16 n =15

TFAs® Qug/m)) 11305 +  196.0 20182 + 3941 7 21636 * 4099 7 21893 £ 3281 7 22203 = 2369
SFAs (pg/m7/) 3949 + 54.5 649.7 + 1187 7013 £ 1323 7 7059 + 1028 726.3 * 56.5
PA 1639 + 24.5 250.2 + 439 ™ 270.1 + 46.6 * 269.3 + 35.0 279.9 + 24.5
SA 2117 # 35.8 371.0 # 73.4 7" 399.7 + 84.0 404.9 + 66.5 414.8 + 36.3
MUFAs (ug/m1/) 145.8 + 35.0 141.4 + 16.9 160.2 * 31.5 170.0 + 34.2 204.5 * 359
©9 FAs 134.8 + 31.8 128.4 + 14.7 1459 * 28.7 154.0 * 31.2 184.3 + 31.3
OA 1264 + 30.3 120.0 + 14.6 137.1 * 27.7 145.8 + 30.0 174.2 + 30.0 ™
PUFAs (ng/m17) 589.8 + 157.6 12272 £ 2751 7 1302.2 + 267.8 13134 + 2273 7 12895 + 1683
6 FAs 5309 £ 152.6 1181.8 + 2674 " 12574 + 2592 7 12631 + 2201 *" 12467 + 163.0 ™
LA 4287 £ 1364 10414 + 2492 ™ 11220 + 2337 7 11346 + 1929 " 11185 + 1546
DGLA 255 + 6.2 473 + 137 480 =+ 14.0 45.0 + 157 462 + 77"

AA 53.8 + 15.8 60.5 + 12.5 56.8 =+ 14.7 55.2 * 11.3 57.7 + 10.2
»3 FAs 56.9 + 13.5 44.3 + 88 ™ 44.0 + 91 " 495 + 8.6 417 + 58 "
ALA 39.2 + 10.5 31.3 + 6.8 " 331 + 74" 40.0 + 7.4 31.2 + 46 "
EPA 59 * 1.9 32 * 0.8 ™ 2.7 + 0.8 ™ 2.8 + 07 " 2.9 + 0.9 ™
DHA 2.7 * 1.5 14 + 0.5 " 1.2 % 03" 1.2 + 03" 1.7 + 0.6 "
EPA/AA ratio® 011 =+ 0.03 0.05 * 0.01 ™ 0.05 = 0.01 ™ 0.05 * 0.01 ™ 0.05 * 0.01 ™
©6/03 ratio 9.6 = 3.0 26.7 * 29 " 28.7 =+ 2.2 " 25.7 + 29 ™ 30.0 =+ 19"

SCD1(D9ID) * 0.63 =+ 0.27 0.33 = 0.06 0.35 =+ 0.05 ** 0.36 = 0.07 042 =+ 0.07
D6D° 0.06 =+ 0.01 0.05 + 0.01 0.04 =+ 0.01 0.04 + 0.01 0.04 + 0.01
D5D® 221 * 0.75 1.39 =+ 0.55 1.22 + 0.24 1.32 =+ 037 1.26 =+ 019
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The values are expressed mean + SD. *P<0.05, **P<0.01 vs early fattening stage. 1 early fattening stage: 9~13M, early middle stage: 14~
16M, late middle stage: 17~19M, late stage: 20~23M, finishing: 24~30M. 2 TFAs: total fatty acids, SFAs: saturated fatty acids, MUFAs:
monounsaturated fatty acids, PUFAs: polyunsaturated fatty acids, PA: palmitic acid (16:0), SA: stearic acid (18:0), OA: oleic acid (18:1e-
9), LA: linoleic acid (18:2@-6), ALA: alpha-linolenic acid (18:3@-3), DGLA: dihomo- gamma-linolenic acid (C20:302-6), AA: arachidonic acid
(20:40-6), EPA: eicosapentaenoic acid (20:5@-3), DHA: docosahexaenoic acid (22:660-3).
3 EPA/AA ratio = eicosapentaenoic acid / arachidonic acid, ®6/w3 ratio = @6 FAs / @3 FAs. * SCD1 (stearoyl-CoA desaturase) =OA/SA,
5D6D(delta-6 desaturase)=DGLA/LA, 6 D5D (delta-5 desaturase) =AA/DGLA
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Table4. Blood biochemical test values at the fattening stage.

early fattening stage' early middle stage late middle stage late stage finishing
n =25 n = 32 n =32 n =16 n =15
Average age(Month) 100 + 0.8 146 + 077 180 + 07" 205 + 06 7 25.4 + 0.7 ™
AST® (U/D) 675 + 380 852 + 344 923 + 298 ° 842 + 305 813 + 126
GGT (IU/) 162 = 7.1 251 + 113 ™ 296 + 90 302 + 138 ™ 223 + 5.1
UN  (mg/d]) 99 + 33 62 = 277 65 £ 217 173 + 317 113 + 20
TP  (g/d)) 66 £ 04 68 £ 05 70 £ 037 73+ 05" 73 £ 04"
Alb  (g/d)) 3.1 + 0.2 35 + 03 ™ 3.6 + 02 ™ 35 + 02 ™ 3.7 + 02 ™
AG 09 + 02 1.1+ 027 11+ 01" 09 =+ 01 1.1 + 0.1
T-Cho (mg/d/) 87.0 + 195 166.3 + 330 1700 + 334 7 1727 + 268 ™ 1711 + 236
Ca  (mg/d)) 95 + 04 93 + 03 93 + 03 95 + 02 93 + 04
iP (mg/d7) 81 =+ 1.1 78 £ 08 73 + 08" 69 + 077 71 + 1.0
VA IU/dD) 853 = 21.0 825 + 23.8 689 + 1797 449 = 90 533 + 13.7 ™
VE  (ng/dd) 87.1 + 313 319.7 £ 979 3708 + 862 3462 + 757 " 4912 + 1134
FFA  (mEq/)) 1933 + 1224 1217 + 342 1686 + 66.9 171.8 = 57.1 2204 + 828
Mg  (mg/d)) 21 + 02 24 £ 03" 25 + 03" 23 + 02 23 + 02
BHB  (umol//) 3447 + 1816 280.7 + 51.3 2665 + 641" 286.8 + 78.8 252.7 +  50.0

The values are expressed mean + SD. *P<0.05, **P<0.01, vs early fattening stage. ! early fattening stage: 9~13M, early middle stage: 14
~16M, late middle stage: 17~19M, late stage: 20~23M, finishing: 24~30M. 2 AST: aspartate aminotransferase, GGT: gamma-glutamyl
transferase, UN: urea nitrogen, TP: total protein, Alb: albumin, A/G: Alb/(TP-Alb), T-Cho: total cholesterol, Ca: calcium, iP: inorganic
phosphorus, VA: vitamin A, VE: vitamin E, FFA: free fatty acid, Mg: magnesium, BHB: beta-hydroxybutyric acid.
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Table5. Correlation between blood fatty acids, SCD activity and Blood biochemical test values.

SFAs 09 FAs 6 FAs 03 FAs EPANAA  o6/w3 ) 5

PA' SA 0A LA DGLA  AA ALA EPA  DHA ntio?  ratio  SCPL D6D Dsb

AST  0.209 *  0.163 0.070 0235 7 0058 0025  -0.114  -0.333 7 -0.239 ' -0.349 ™ 0.274 " -0.187 © -0.318 ™ -0.082

GGT 0311 ™ 0.307 ™ 0.142 0.346 ™ 0.076  -0.048  -0.083  -0.480 " -0.368 “* -0.481 " 0.386 " -0.272 ** -0.499 " -0.142
UN 0529 ™ 0555 ™ -0.017 0.621 ™" 0531 ™" 0192 " 0.065  -0.459 " -0.507 ™" -0.579 " 0.532 " -0.561 " -0.358 ™" -0.531

TP 0243 ™ 0.249 ™ 0309 ™ 0195 " -0.075  -0.262 7 -0.179  -0.461 77 -0.247 7 -0.361 "7 0.329 7 -0.004  -0.415 " -0.010
Alb  0.642 "™ 0678 ™7 0284 7 0598 "7 0512 7 -0.044  -0.084  -0.484 ' -0.357 7 -0.500 " 0.645 7 -0.458 " -0.299 7 -0.643
AIG - 0.441 ™ 0470 ™ 0.048 0.429 ™ 0536 ™" 0.155 0.053  -0.130  -0.171 -0.219 © 0.365 " -0.409 ** 0.002  -0.514
T-Cho 0.927 ™ 0.892 ™ 0.334 ™ 0.984 ™ 0.804 ™ 0.465 ™ 0.249 ™ -0.394 " -0.418 ™ -0.657 " 0.765 7 -0.599 " -0.514 " -0.568

Ca -0.195 " -0.139  -0.046  -0.233 " -0273 ™ -0.229 ° 0.137 0166  0.090 0.293 ™ -0.233 ° 0.097 0078 0126

iP 0098 -0.053  -0.172 0122  0.077  0.054  0.285 " 0.248 © 0.016 0.223 ° -0.272 " -0.054 0242 7 -0.021
Mg 0460 ™ 0517 ™ -0.035 0.455 ™ 0502 ™ -0.001  -0.058  -0.391 " -0.361 " -0.402 " 0.441 ™ -0.519 ™" -0.144  -0.565
FFA 0079  -0.057 ™ 0528 ™ -0.075  -0.084  0.045 0.048 0129 0435 0136 -0.183 " 0542 "7 0168  0.234 "

BHB -0.137 -0.133  -0.189 © -0.124  -0.067  0.078 0.303 ™ 0173 -0.017 0114  -0.261 ™ -0.085  0.045  0.056

VA -0.170  -0.113  -0.328 " -0.181 © 0.054  -0.020 0070 0225 " 0.028 0.275 7 -0.254 ™ -0.122  0.337 " -0.069
VE 0.831 ™ 0.845 ™ 0.453 ™ 0.864 " 0.641 ™7 0.245 7 0.054  -0.527 " -0.417 ™ -0.676 " 0.798 ** -0.503 " -0.524 " -0.567

The numbers are correlation coefficients, * P<0.05, ** P<0.01, *** P<0.001.

I PA! palmitic acid, SA: stearic acid, OA: oleic acid, LA:

linoleic acid, DGLA: dihomo- gamma-linolenic acid, AA: arachidic acid, ALA: alpha-linolenic acid, EPA: eicosapentaenoic acid, DHA:
docosahexaenoic acid. 2 EPA/AA ratio: eicosapentaenoic acid / arachidic acid. 3 SCD1 (stearoyl-CoA desaturase)= OA/SA. 4 D6D (delta-6
desaturase) = DGLA/LA. 5 D5D (delta-5 desaturase) = AA/DGLA.
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I

BB AR Y A 0B 3 R VAR e BUBE IR R ASHE Tr | R ROK PE A O #5 FE HE R I
%& 2020 FOREOK A4 O 38 7 80 43,900 7, il £ 58 500% 2,555,000 51 &7
STEY, 10 FaiLbit 358 1 7 Y7200 BIIKIL 41.8 BHMD 58.2 T ~EH N
LTnal43l, WHAREOELEE B AR IZRE I EAE N 22 HE o m Iz 3 ]2

B, HAEZRORWREH O REGEOR G EZHBL VD, F 2 EICBWT, 2
DIDTEATHNAT O TV LIREF B OL a3 oM FAs IR Ex
R T 5701, BEMEMINE Lo FAs REOHB AR AELEZA, 06
FAs Ths LA EB PRI NS INL T, ZO% S EA#E R 75LLH10, 03 FAs T
&5 EPA I E H AT LR ICH B L, 206 R 06/03 A LA 32528030
binkileol,

— G BESTICBTLEENEOR EEHBELTET ST 0 7 ZOF] I, A
AT R0 ZOH AMERE S TR B 7220 R EL T, b — A Ol B O
EZERIL L, V= A LG NIAEY O ART AL, L — A D% & R FL I
T HH M AEAEZALITIL, SHIC BB HICBIT AW E &EOBMN[23,47]728 4
PEVEICB T2 AEIC 2, BERORGEIE 7/ a7V ARE O EF[47]%, Thl
(IFN-y, IL-12) % O'HL R IE (IL-10) J& B IZBEE T2 AR A OB 38 | 2 sidsxt
MAYIZ Th2 (TL-4) K R JE & B (TNF-a) IS E IS E T2 AN A L FEAZK T
SELHAAEME, SHITIEIFN-y LRV O H B F R 2 e 8B R ICKR T TIEH L
B BTSN TV5(9,20,501,

LU, 7o AF T A7 ANTINOONE ] Z I T A =X LD W TUIREITA W
REBEL IR EMMERE ST aNAT T4 A% G 5 L2 o i FAs I £ (2
R FTHRBIZOWTHAE LB E 1TAHLNLN,

RETIT, 7o AF T 7 2% BB PR OREMBEMRFTFIC2 VARKEL

T.BERGRENSE KR TH% 6 WH ETomd FAs 2 B O] & & i ik AL F &
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EREML, TONRATT A7 2AE G FAs AR IE TR EZH LN TLHIE2 AL

L7,

2. MBIk
2.1 A A Ok R
— B E[F UL A & Tl O 05 15 Tl B SAv7z 18 58 O R IR 1Y IR 72 B B
M E 2l L, R X BB ICBE L ThD 9 TH RIS, e, FT 47 A
¢ G- 1 (probiotics group., n = 9) E72 i3k B (control group . n =9) IZT7% A
TP LT, BER CHL #E Y 722 221370 < SE B i TR VR 2 137 e AT 1 7 A b
BEC18.050.5 W H BT 17.620.56 W H THY, el BEEITE o7, %

7o WEIEBH AR R (2 32 0E L= i il AE L R E O TR EMEITR OO oTz,

2.2 RBROME

AR IS 5 LB o1 B A5 5 & LR JE f B O 4> & Table 6 IR L2 4
BT ER BT XM BE LB U, HLEEHCIIR bOET AT 7 LT s~ T a—T 2l L,
JE A BT B B A A E AL L CRA B R A E LT, Eo, MAE LB ISR G Ofa
BT TUIGE ST, TaNAF T4 7 AR G W& T O 1 ERTAD 2 DA B T7Vv77
NT 7 ~sAFxa—T7%H & 500g BINAS 5 Uiz, IEE W | HLE & o B A3k i 1)
RS, BREROKEL, T e 4T 07 2L LT BIO-THREEACE (HU i 38 T
EMW, KA EZHEH L, 207 a4 T 47 AD 1g 121X, 1 X108 D Enterococcus
faecium T-110, 1X 106 @ Clostridium butyricum TO-A }% U8 1X 106 ® Bacillus
subtilis TO-A N E F A, hy7RLRIZED 1 H 1BV 50g @ BIO-
THREEACE %% 5 L. % 5 W B TR B 46 B 2~6 2 W H B L U7, of I X7 e
AFT A7 A 5B HI D 2 DA B ETCOM 7oA F T 47225 INTELT ., [F

— A BBEREO N T4 T 47 AR LR RIS BRICH LT,
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i 3% 2 B OB ZE B f 4 (XY= 7 T VP-H100K, 7/VE W), ) 2 F L
T, 7anAF T4 7 A i (Pre) . 2 W H % (Postl; 7a A4 T4 7 AE 5T
E) B G5B 3 7 A (Post2) , 8 7 H (Post3) Dk 4 [AISH § AR 2> HER M L7, 7
e, o7 VIiTER T 2~3 B =N ICHFE . 3,000 rpm T 20 55 i & Loy HEL

Tz B, WE B £T-60CTHR AT LT,

2.3 I i 208 W IR NG e IR o W) E

2.4 Mk FMHAE K N VA, VE OHlE

W2 ELMEBRICEMLZ(F 237 .2.4 ),

2.5 MR AT

i FAs B K& OV IR A AL i AT TR R A2 L L OR Lie, 2 BE DR
MIHERE OR B, 22K ERE T 5y #53 H1 (one-way repeated
measures ANOVA) [ZE-> TR L, 20#% . £ | K E % Bonferoni O 5 LT
STEMLTHEZEEZRD, —F . BEMOLEIT, %5 #%EO4H % Bartlett B
ECHER L, RIC TR 8 2 O W (two-way ANOVA) TH EMZHERL-OHIC
Bonferoni ® S {EICE>THRE LT, £/o, T XTOH 70 (n = 72) Ol FAs 2
JE L if 3 A AL R A AE SO B X, Pearson O ST ICk>THRELZ, WFho
BE RS R AR E 5% Kl THEMHVEHEL, T XCTOHGH I i2ix EZR
(http://www.jichi.ac.jp/saitama-sct/SaitamaHP files/statmed.html) [25]% fii

AL,

3. R
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3.1 1+ FAs & B

MR IcRTAERFOM P ORIEE T FAs R E % Table7 /R L7,
ANOVA & TR AAFRITR O DI/ o 7203 AL U722 T b R 8 CIRE [ 4% 6 &
FER CWKONDIH B IZHOWTH EANRESNT, TRIIL, Tr 14T 17 28 58

TlX, Postl (28175 ALA O E 1% 42.6ng/m/ & Pre fE &b LCH EZH ML
72 Postl IT8175 EPA BINIZIZA B Z2 1780 -7, @3 FAs 1T 54.4 4 g/ml
EPrefEELEE L TCHEICH ML, MUFAs © Postl T 190.1pg/m/ &6 & 728N
ERD, ) XREETIE, EPA OZ& ) Postl C Pre fH & LT IO M 2R L
T 2o Tz, Post2 IZEBWTEI T w4 T4 7 A HEED OA Liifi BE D
ALA 7 Pre X0 E2H <, Post2 TO 06/w3 XMl B T Pre ff LVH A EICIK)
-7z, Post3 O A D OA & DHA X, Pre fELVL A EIZHE o7,

X RRBE LD #E TlE Postl 1235175 OA K N ALA DR E N T aAFT 47 A% 5.
BECHEBIZENoT, ZORE R 7oA F T 47 2% 5§ Tld, Postl ® MUFAs, »3
FAs IR E DX IVE B I2E <, Postl ® 06/w3 thiX 26.6 L7220 xR LIVLH
BAE 2T, SBIZ, Ta A F T 47 2 5 ia AT &2 0 ~N— AL T 4 FAs #i2 £ 0
B A2 BE M T L72fE 5. Postl o7 a AT 47 2% 5D TFAs, PUFAs,

LA, ALA |3 BE L0b fF B ICE o7, (Figureb)

3.2 MmiRAELERE

IfiL % AL R A DO L& Table8 (2R L7z, [MERIC ANOVA TORE HAEHICAH &
PR DN o7, ZEEBRKRE TIXT a4 747 A% 5.8 O T-Cho 1% Pre
RED 167.9 mg/dl 75 Postl T 197.7mg/d ] ~E B INE 7] 238 0 7253, & BB BE Tl
EAL BB O oT2, Postl TD Mg 137 a4 4T 47 A% 58T 2.4 mg/dl, VA IX
48.71U/d1 L7205 RBEICH W TH Mg 28 2.2 mg/d/, VA 1% 39.11U/d/ & Pre ffi &

VA L TRV CHEAELZRD-. L, 7axstT T2 58O VA 1Z. [
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I 39] > 5ck B BE L D EL i T Postl 2 O Post2 ICBWTAH EICEEER LIz, 7a3(F
TA7 A G EED Alb & Y A/G 1Z, Post1 Jx OF Post2 TxFBEELVL A EICHE Do

oo DI, TaNAE T4 AE 58O VE (X, 70 AF T4 7 A 5-4& T RFD Post1
25 Postd ETOERTOMM CTHRMEELVY 100pg/d/ RVEE CHEB LA B ICE -

7:’
—o

3.3 JE Wi &afn ik A= Ak 5% # A il > +H B
FAs bk AL HmEMEEOMEBIZB W T, T-Cho I PA. SA. LA, DGLA. AA,
ALA ) NEPA L ERIEOHBEA L, /2. FFA L OA O], &51C VE & PA

K OA OIZH BERIEOMBEANALNT, (Figure6)

4. B4

RHFGE TR L7 7 a A4 T 4 2 A%, Enterococcus faecium T-110,
Clostridium butyricum TO-A K& (¥ Bacillus subtilis TO-A ORAW ThHb, 20
BE TN T 47 AT LSO YISO R Shu, M7 2O T # O3 AR KT
S, B AW B L1, Vo F o R RO 7 2 AT TR (PED) (25 Y L7 i
TEOGEPE R BT HREDH R PR E SN TNAI60], NZBNWTH, 207 mA
FT 47 AWK A #IZIR I THY BEE S U BRI 5 1 % B g R A OF
DOE W [41]50, B ERTIE Y 21T mZ T AV AU G vh O &L O T 0O K 22858 1%
[21] 3% STV D

A A ORBREE TIX, Tr A AT 7 ZIRIMNC LD HAER OF BEITR D LR
Moo, LWL, ML L2 B\ R E TR K E&K TROTa AT 17 A% 5 T
G RTEHBRLTHREROM f FAs IRENA BICHE MM L, — 77, s EET
I%, postl ® FAs JR £ I1X EPA O AT IMEM 2B, BEERWZ LI, K& T

X Postl O R T SA OREICAH B ZITROLNRNDST2N, T a4 T 47 A
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HHED OA T A BBEIVL A BIZEWEZR LI, > T, 2070 A F T 47 AT
X, SA 726 OA ~D AR FAFIE IS ZRE T2 K BB Db LR, o, T A
FT A7 A 5A& T % ALA ZBR WV Ciin B FAs 8 1% I F L. Post3 Tlxt R
BELOE T L L, 2O BT aNA 4T 47 AP 54& T #% 121t o FAs J2

st U CHREGE M 225 BITR O LT WL ENICEE TH2L<r 2 IZHKR L, BHIMH
R IHFONRNIENRBR SN,

TONAFT T4 I A 5% O HEIZEB1T5H ALA, EPA @ Post2 ETOMK Ay 72 8 0
X BS T TN > TR BSNTET VTN T 7 s A X a—T D BEE g
DULENBDD, LnL, 7ansAd T4 7 A 5 FED Postl TO ALA 1%, xf BAEE L0
FEicmEm <, AR LT o (4T 07 21F 03 FAs © ALA (5% LT I3 {12 1 2h
ENBHBHZENRBENT-, Herdmann 5HiE ALA ¥R0N R &4 88 U721 2F o 4 Py i
i lE. ALA & 03 FAs V88 T, AFESRM T TOLEFIC 03 FAs DIE K132 T
LS LTWAL18], ABFZEICIB VT Post2 ICHB W Tl B T 06/03 O T 23 8] 42
A, RIESS HI B DO EAT = — 2 — 2 E T L5700 1 DOFELL TR

BHRHBMICBTIET VTN Ty A~AXa—T OIEHET A FT 47 AD0F HITA %D
REPEBEBRDATREMEDN SV, LU RARMEE THHZ LB N (3 — TR E .
BEHR MG HEESSICRFLEDILERD D,

IR A AL AR A DR R, T a A d T 47 2% 5 #EO T-Cho & ) VE 1%, # 5.4 &
e LT G TREICHI I L, VE 133U & T T/ BRBELVL A BICE M CHEB L
oo SHIT, TaNAF T4 I AEL GFED Alb & A/G X, 5 T# 1 7 H THD Post2
EFTHREIVLA BICE ST,

U EOFERNS BB R B IICBITIET 0 AET A7 ADOE G, NEE X VB
DO IFOWALERIICE BE G 2, M FAs BEZROLIETCRERMEIEE F 0

EHENMEICA R R 2T W REME RIS,
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5. /NG

AR TIZIEE P ZY KT LR EMMEMEE T ORI BRAH I T7 A
AFTAVAE G O BEER LN THIEE2H IS, M FAs iR E D21k 36 JOL K
AL FRAEMICOWTHAE Lz, FUIEF B O F IS4 18 B Ok K /Y 12 FE e
BEMBHMILE T2, 7o (4T 472 58 (n = 9) 3G BEE (n=9) 127
LU THR L, 7oA 3T 72 EHETIZ. 1B 1 A 50g D7 (4T
A7 A% 18 AH Wb 2 WA MBEEL Ml LT oA T 7 2 5, 2 A
%.3 WA %8 WA %DF 4 Hl, Ak HIZHHE RS M LT,

TaNAFT 4 AP 5B TIE, PA. LA, AA Y ALA 37 0 A 47 ¢ 7 A% 5 i
CHBL T, & TRICESRDE M ZFE 7, SHIT, 2 H LK E DR R, 7rn
A AT 4 7 AP G- 4T RIS R oo BREE L DL 23 T, OA KUY ALA O JiE 73
AEICEL, 06/03 LA B IR o7, ik A b5 & Tl VA, VE, BLV
Alb 7285, &5 T RIS E LB A B ICEm o7,

L EDOFRER EE R ZNCBTLT0NAFT 47 ADOE G I2E0, —H ot FAs
BRENZEATDIENHA SRR, BREMMELE S OEEEICHE R R R0

AIREME SRR ST,
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6. X%

Table6. Feeding management status, viable agent administration period and blood sampling age.

Age(ﬂiils“th 17 ~20 21 22 23 24 ~ 30
g;i’;s;izg 1! 1 1 1 1 1 1 1 1
Basic ctﬁ;tcde?trated 0 10 10 9 8 7 5 4 4
Concentrated feed for 1 9 N 3 3 N
later period 3
Alfalfa hay cubes 4 )
Probiotics' <:>
administration
period I ' I I
Blood sampling ° Pre  Postl Post2 Post3

1 Data are expressed daily feed amount (Kg/ head). 2 Mixing ratio of raw materials: Cereal 67.0%, Bran 24.0%, Vegetable oil residue 7.0%,

Others 2.0%, Total Digestible Nutrients: 74.0% or more, Crude protein: 13.0% or more. 3 Mixing ratio of raw materials: Cereal 96.0%,

Bran 1.0%, Vegetable oil residue 0.0%, Others 3.0%. Total Digestible Nutrients: 76.0% or more, Crude protein: 8.0% or more.

4 An additional dose of 500 g / day was given for 2 months according to the farm feeding program. 5 Pre: Immediately before the start of

administration, Post1l: 2 months after the start of administration, Post2: 3 months after the start of administration, Post3: 8 months after

the start of administration.
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Table 7. Blood fatty acids concentrations during the test period.

p-value'
Group Pre” Post1 Post2 Post3 - Croup <
Group Time i
TFAs® (ag/m2) Probiotics  2166.4 + 495.2 2497.6 + 429.0 2350.4 + 420.4 2281.0 + B856.6 0.184 0.631 0.506
Control 2184.8 + 4405 2188.2 + 262.2 2132.6 + 433.7 2290.8 + 243.4
SFAs (pg/m2) Probiotics 724.8 = 156.4 803.0 = 111.8 750.6 = 119.0 747.6 = 115.1 0.045 0.752 0.519
Control 696.7 = 137.1 683.9 £ 100.1 677.8 + 122.9 7380 = 685
PA Probiotics 280.3 +  50.5 3063 + 45.6 290.7 +  46.4 286.8 + 387 0.027 0.849 0.546
Control 268.0 +  54.0 2622 + 335 260.7 + 425 280.7 +  29.3
SA  Probiotics 4129 + 103.7 461.2 =  65.0 4249 = 73.2 4280 = 775 0.075 0.716 0.552
Control 398.0 +  80.8 3905 + 675 385.8 + 782 4246 +  40.7
MUFAs (pg/m2) Probiotics 165.6 + 18.6 190.1 + 20.1 *## 195.9 + 292 * 217.0 + 27.5 *F 0.003 0.000 0.385
Control 146.9 =  35.0 154.2 = 269 165.4 +  35.1 213.8 £ 42,0 **
®9IFAs Probiotics 150.8 + 16.2 170.7 + 17.2 ## 177.1 + 255 1962 + 241 0.003 0.000 0.406
Control 134.2 + 320 139.3 + 245 149.8 + 320 192.8 +  36.3 **
OA  Probiotics 1415 =+ 15.5 161.9 =+ 15.9 ## 167.3 = 24.2 * 185.9 =+ 23.5 0.003 0.000 0.404
Control 125.8 = 306 1314 = 237 1415 = 306 182.6 =  34.5 **
PUFAs (ug/m2) Probiotics  1275.9 + 327.1 1504.6 + 310.8 1403.9 + 295.6 1316.4 + 247.6 0.475 0.565 0.554
Control  1341.2 + 273.1 1350.0 + 184.7 1289.4 + 300.1 1339.0 + 147.7
©6 FAs Probiotics  1230.8 + 317.0 1449.2 = 301.6 1345.8 = 284.1 1271.4 = 241.1 0.508 0.580 0.556
Control  1297.7 + 263.2 1303.2 = 178.9 1238.9 = 290.3 1295.0 = 141.3
LA Probiotics 1095.6 + 289.3 1299.3 + 267.7 1203.0 + 254.6 1143.7 + 214.6 0.534 0.564 0.533
Control 1161.1 + 229.7 1166.8 + 157.6 1111.1 + 253.9 1166.8 + 130.8
DGLA  Probiotics 469 + 16.1 52,7 + 13.6 50.9 + 17.5 47.3 + 14.7 0.371 0.878 0.860
Control 481 = 16.3 477 + 12.4 44.0 = 19.1 45.1 = 8.6
AA  Probiotics 581 = 16.7 65.9 + 19.1 61.6 = 15.9 57.3 =+ 13.4 0.316 0.749 0.806
Control 56.2 =+ 16.7 58.6 = 12.9 55.2 =+ 14.2 58.6 =+ 9.8
®3 FAs Probiotics 44.2 + 10.6 54.4 + 9.6 *# 57.0 + 11.5 43.9 + 7.0 0.040 0.003 0.499
Control 42.7 + 9.8 46.0 + 6.3 49.7 + 10.6 ** 431 + 6.3
ALA  Probiotics 33.2 = 8.0 42,6 * 6.9 # 46.5 + 101 *F 328 = 5.3 0.042 0.000 0.486
Control 322 + 7.5 35.8 = 5.9 40.6 = 9.0 == 32.0 + 4.9
EPA  Probiotics 27 + 0.9 3.6 + 1.1 3.2 + 0.9 2.8 + 0.7 0.136 0.117 0.779
Control 25 + 0.8 3.1 + 0.9 27 + 0.9 2.8 + 1.1
DHA  Probiotics 1.1 + 0.2 1.3 = 0.3 1.1 =+ 0.1 2.3 = 0.3 ™ 0.723 0.000 0.884
Control 1.1 % 0.3 14 = 0.4 1.0 = 0.0 2.2 + 0.2 **
EPA/AA ratio * Probiotics 0.05 = 0.01 0.06 = 0.01 0.05 + 0.01 0.05 = 0.00 0.097 0.022 0.973
Control 004 + 001 0.05 +  0.01 == 005 + 001 0.05 + 001
w6/w3 ratio Probiotics 27.8 + 2.2 26.6 + 1.7 # 23.6 + 0.9 ** 28.9 + 2.2 0.000 0.000 0.619
Control 30.6 =+ 1.6 28.4 =+ 1.6 25.0 =+ 2.6 ** 302 + 1.6
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Data are shown as the mean + SD. ! P-value of main effect and interaction by Two-way ANOVA, followed by Bonferoni's multiple
comparison method was used to determine within-group differences. * p <0.05, ** p <0.01, compared to before administration (Pre): # p
<0.05, ## p <0.01, compared to the control group at the same time. 2 Pre: Immediately before the start of administration, Postl: 2
months after the start of administration, Post2: 3 months after the start of administration, Post3: 8 months after the start of
administration. 3 TFAs: total fatty acids, SFAs: saturated Fatty Acids, MUFAs: monounsaturated fatty acids, PUFAs:
polyunsaturated fatty acids, PA: palmitic acid (16:0) , SA: stearic acid (18:0) , OA: oleic acid (18:10-9) , LA: linoleic acid (18:20-6) ,
ALA: alpha-linolenic acid (18:3w-3) , DGLA: dihomo- gamma-linolenic acid (C20:3w2-6) , AA: arachidonic acid (20:460-6) , EPA:
eicosapentaenoic acid (20:50-3) , DHA: docosahexaenoic acid (22:6w-3). * EPA/AA ratio = eicosapentaenoic acid / arachidonic acid, ©6/03
ratio = @6 FAs / @3 FAs.
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Table8. Blood biochemical test values during the test period.

p-value’
Group Pre? Post1 Post2 Post3 . Group X
Group Time Time

Average age Probiotics 180 = 05 200 + 05 21.0 £ 05 260 £ 0.5 0.001  0.000 0.984
Control 176 = 05 196 = 05 206 = 05 257 = 05

AST® (U/)  Probiotics 787 = 15.7 772 = 16.4 64.7 = 10.3 711 £ 58 * 0.031  0.088 0.920
Control 869 = 155 93.9 * 464 72.8 + 189 81.8 = 119

GGT IU/l)  Probiotics 284 =+ 56 291 = 74 25.7 £+ 5.7 266 = 7.2 0.099  0.485 0.900
Control 24.7 £ 42 268 =+ 9.0 249 = 7.3 230 = 55

UN (mg/d/)  Probiotics 170 = 1.7 183 = 2.7 168 + 24 111 = 1.0 0.311  0.000 0.666
Control 154 = 2.7 176 = 2.6 164 = 3.0 114 = 2.4 **

TP (g/d/)  Probiotics 70 = 02 69 = 03 69 = 02 69 + 027 0.002  0.848 0.488
Control 7.0 =+ 0.3 7.1 + 0.3 72 + 04 7.2 =+ 0.3

ALB (g/d/)  Probiotics 37 = 02 38 + 027 36 = 02 *# 37 £ 02 0.001  0.003 0.149
Control 3.6 = 0.1 3.6 + 02 34 = 02 37 £ 01

AIG Probiotics 1.2 = 01 1.2 £+ 01 % 1.1+ 01 % 1.2 £ 0.1 0.000 0.015 0.398
Control 1.1 = 0.1 1.0 =+ 0.1 09 = 0.1 1.1 % 0.1

T-Cho (mg/dl) Probiotics 167.9 + 39.3 197.7 + 41.3 189.9 = 36.2 170.8 = 29.0 0.283  0.365 0.562
Control ~ 172.1 = 324 1770 = 251 171.1 = 35.0 172.0 = 239

Ca (mg/d/)  Probiotics 94 = 02 94 = 03 96 + 04 93 = 02 0.927  0.022 0.998
Control 94 = 01 94 = 03 95 = 02 93 = 03

iP (mg/d/)  Probiotics 7.2 = 04 71 = 04 68 = 06 66 =+ 06" 0.607  0.010 0.568
Control 74 = 09 6.7 + 0.7 6.7 £ 0.7 6.6 =+ 0.6

VA (IU/dl)  Probiotics 75.8 = 15.2 487 = 7.3 °H# 59.9 = 97 ¥ 511 = 128 77 0.000  0.000 0.725
Control 655 + 14.1 39.1 = 104 ** 467 = 82 ** 461 + 6.1

VE (ng/dl) Probiotics  393.6 + 99.0 4649 = 104.3 # 4631 = 926 * 669.8 + 103.7 ¥ 0.000  0.000 0.398
Control  367.9 = 81.1 3465 = 89.0 355.6 + 90.4 561.2 + 65.8 **

FFA  (mEa/l) Probiotics 160.8 + 51.1 1839 * 33.1 213.2 + 33.1 223.8 + 109.8 0.401  0.012 0.793
Control  152.6 = 78.5 151.0 + 42.7 187.7 = 69.6 234.4 + 986

Mg (mg/dl)  Probiotics 26 = 0.2 24 = 0277 24 = 03 24 = 027 0.001  0.002 0.964
Control 24 = 01 22 = 02 * 23 + 02 * 22 + 01 *

BHB  (umol//) Probiotics  307.7 = 78.4 303.4 + 38.8 375.9 + 429 325.1 + 525 ** 0.000  0.001 0.810
Control ~ 247.0 = 34.4 2632 + 638 326.4 = 85.2 249.0 + 455
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Data are shown as the mean + SD. ! P-value of main effect and interaction by Two-way ANOVA, followed by Bonferoni's multiple
comparison method was used to determine within-group differences. * p <0.05, ** p <0.01: compared to before administration (Pre); # p
<0.05, ## p <0.01: compared to the control group at the same time. 2 Pre: Immediately before the start of administration, Postl: 2
months after the start of administration, Post2: 3 months after the start of administration, Post3: 8 months after the start of
administration. 3 AST: aspartate aminotransferase, GGT: gamma-glutamyl transferase, UN: urea nitrogen, TP: total protein, Alb:
albumin, A/G: Alb/(TP-Alb), T-Cho: total cholesterol, Ca: calcium, iP: inorganic phosphorus, VA: vitamin A, VE: vitamin E, FFA: free
fatty acid, Mg: magnesium, BHB: beta-hydroxybutyric acid.
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Figure5. Comparison of increase / decrease in FAs concentration in both groups.

The graph shows the mean and standard deviation of the increase or decrease. The test result immediately before the start of
administration was set to 0, and the subsequent increase or decrease was shown in both groups. To determine the differences between the
groups used Bonferoni's multiple comparison method. ! Post1l: 2 months after the start of administration, Post2: 3 months after the start
of administration, Post3: 8 months after the start of administration. 2 TFAs: total fatty acids, SFAs: saturated fatty acids, MUFAs:
monounsaturated fatty acids, PUFAs: polyunsaturated fatty acids, LA: linoleic acid (18:2@-6), AA: arachidonic acid (20:40-6), ALA:
alpha-linolenic acid (18:3w-3), EPA: eicosapentaenoic acid (20:50-3).
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Figure6. Correlation diagram of fatty acids and blood biochemical test
values.

This figure shows the items for which a significant correlation (P <0.001)
was confirmed by Pearson's correlation analysis, and the correlation
coefficient is shown in parentheses. ! T-Cho vs PA (0.858), vs SA (0.724), vs
LA (0.973), vs DGLA (0.697), vs AA (0.811), vs ALA (0.860), vs EPA (0.662).
2 FFA vs OA (0.610). 3 VE vs PA (0.629), vs OA (0.749).
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F-HWNIEE ORI, S ENAEMEBH kObLDE V=2 EWY
HBEPEGRLELDORHY, 18 & X8 B OF — 8 N Tl 5 I A fa fnfig i e
TR BRI L f (b 384T 5L 3558l — 5. Polan 5[4911X LA M5 A
KFEWRMEZTAHDITIL 2 OB RHLZE, TR0 1 BT LA 225 OA ~

DEHTHY, H 2L OA 7D SA ~DEMEE 2354, LA N&EREICHFEL T
DRFIZ OA D SAICEM T 255 2 BEE N TERICHFINDIZLEZBEL TNDH, A0
FICHBNT, EF ARG AHOIM P FAs I E OHEB %2 R 58, OA ITIEE % 5 £ T
B AT = VI RERBAL BN AL > 7228, LA IR E H Al Zog & icH L
S ZOZEMBIRIEE B 2L 4G T AR E 4 TIXE 1 B ThD LA D OA ~DE
DEHDRBICHDHZEN R STz, ZLTC, AR CBE SN E H A L O
LA QS FE LR MNIE, 5 ShRESEE O FELL TRy Era s RNy Era s 0
T G-I ZAL THDHEE 2 DAL, I EBFOW L K O — B 38 #3375
MRNEMIEOKEAFMEL, hUvEra R My Era G & T LA O8I, ##k
M #5 5T ALA O M %78 ® 7= Montgomery H DO &5 [37] 21T 55 R Tho
7o

LA OB E 28N, 20 F it PUFAs TH5H AA O MNE#FH E 555 2007
P, TRICKLTAAFIEF PRI CHEFRMLZbOo0 | JEFHIMAE L UZEH
BROMETHRBL, BEHEOZHEN/LTLL AA OG22 A <SS ITEmNZ LR
B Bk o7z, Bric H[131H £ W (150~200 H) D E W 6 68 il B > TH i A O
AA T L2 po 72282 & LTRY, A R E o A7 LU T R S =R g fnfk
B 15 (DSD, D6D) DX F 723 LARE B A & AA REZ(LA L 1 ZEKE
Z 2 bz, SCD X° D5D, D6D 72X DR fa fr b i% # 1% PUFAs R o8k L7 D% &
THH, NCBWTTE R A AV AR GUME A2 Ry 7 Na— A OB 72 B0

HEINTWAI65], Lol 4 OfE Ik 0N i Fn Al % 608 M &R R Bk e o B i iz >
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TIX PUFAs 23U B - T B RE O H IR B A5 25 W REME AR e Lo | & (511,
B REM D 1 AELLTH AR O OA & A FE 2 H S SCD s oL
D ENHLLNDEDOD[32], PUFAs fU#t LR B IRZ LD EMEIZHOWTIIRER
e 3% A% IDICHM AT BV E Thd,

Trevisi HiE, LA OHFERT% O @3 FAs & 5 DR IE S EAEFERE NNIZ R IT T
BEAREL, ZOMM CIIRECHBULIRE TCRIEFEEAT 1 =—F— (A2
ARRLYAIAL) O S SR TR F YL oYz, 2o fay ) (FDE L
IEATER IR TH2 03 FAs X 1N 06 FAs DL FEEZE T T 52> THE I THLH L
WAL T5[69], 4 EI O A Tk, B EH R I2fE Vv EPA & O DHA OfK TRl
RIEMENREAT 4 =—2— DR L7325 PUFAs DR T 3228 H bnk7eo7-, Bl
TE | B A 3B OINAE 1) 12 8 2 4 E W) 25 995 JiE 22 #F (bovine respiratory disease
complex; BRDC) Tld Mannheimia haemolytica (Mh)72¥ O A @12k, % i M
YA AL OFFE NG| & Zxh (28], BHE W BRI B T2, EHI2, 2k W 4 (6]
L7 bR EF ICIVEMEIL TP HR AR ERDIG A D <0, N DM &R &
FIEFETFICB WAL IEEAT 42— 4 —Chbm A2V /ANIM D THERAEHNE
BAEATHIENHELE SN TRYIZ8], F1CB 1T 03 FAs L)@ i fe L OB @ 12>
WTCESHIZHEM ARG 2D 2L ERHL, 4, BEF%H TRDOLNT ALA O — i
PED LRI, TAT7NT 7 ~AX2—T DB GICLb0EE 25050, EPA,
DHA K (X EPA/AA WICH B2 ERIIR OO o, BIE, FHOBE =~ LY
2D AL B E W2 T, ALA & &2 E VE R, d e 2 R e T % 03 FAs
sRAL B B OIS L HDHWITE S Y R ICFI T LRV 03 FAs IR O %h 31 7220 1 15
DI BRSNS,

HARICBIZREMMIEE O RN EEMELC BN ZEOm L2 H
ELT- 23 WA LLAT O VA Ofl RS 5-[2,45]7238 K LTWDHA3, i D VA il (R X

fii] BFE O T EEB IS A K B % 255 58 L, 502 e OIR T Rk B9 IZI3E IS
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ELHIEHLMOENTNDI27,67], AWFJE CHER LR B 28\ CThil & O fi 48 & Bl 7'n
7750 T VA ORIRA G2 FEH S TR, IBF %N IEE % BT T
VA B RAR F LTz, 20 VA il F FAs 2 EEOHBEEEZ725E, OA LD T
AERFHVAOHMENRDONT, WHALEB MBSV TEFABRZ T2LENIEE R
AN ER L, NG N BE i K % % (elongation of very long chain fatty acids protein
5;Elovls) g Mifg 7 % F 25—+ 1(fatty acid desaturase 1;Fadsl). f§NiMe
FHF 27—+ 2(fatty acid desaturase 2; Fads2) B EREDEMICLY 09 FAs
OA 7HI—FRfE (mead acid; MA) MUE E AL SN DI DZERBESNTND
[22], F7o. 8 A OIF A 2 o B A A A ORI K O P o I 1 15 # Rk % 7
HLT w9 FAs O INA R L, 06 FAs OBIA R ICEKR 20 TldinneEZ L1
TW5[61], OA DN EYEE IZ OV T I I AL #2500 OA B sl =4
H78[35], AL IR B8 C i i 0 B U e ERY 2 U YR KOV i P R B T SA o)
ARWA L, OA B M T AZENHE SN TWBL6], BL EDOZENS, KIFFEIZEHBNT
e Sl VA L OA OB E L, VA DR FIZE i BHE R & O FIZE R 7260
TIEIRVWNELE 2D,

FH2EOMAEMBICIV, REMEEFT4FoORFTHE P IcRT5MH FAs OH#ER
D D ETe o722 A B E Lz H FAs 1340 J YE R G O 6 i 1Rk 721 ¢l
WIRPERE T ORE G EE AL R 233 5- L CnbHEZE 2 HILd, ATIIIBENME#ZELNEFD
PUFAs Ut i & 952120, w1 & (high-fat diet ; HFD) ICXo TREH S
AR Rt T2 EO|PiEZ 5 25203 RBETnA[36], £ZTH 3 & Tl
i P3O T o L O AR FNIC R DT 4~ O R BB O LTV A[9,17,30,44]1 7 0 A AT
A7 ARG LTHEOMmMF FAs IBEICKIZTTRELZFTHEL,

BE, A RO S FEEIBIC IO TIRE KA i 28 2 B O A7 2 X0 BT 1 FE Y 720 o
fil A A e KAL T2 ZEANE K Sdv, A FEVE O AL 248 I L7l 38 6 i ~ S48 %

R T TND AN, i 28 3 P E I 3R AR5 0 ISR W T, MR SR R E 21X LD LTS
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B 2 2B E BRI AN T A ICHD, ZOMBISH T5 - oD ISR ELT
K& A 70N AF T4 7 AOH MBS E B SAu, SN L CR M HE & 3208 & o
PUBE A O L LT & O MR M IR S 1ok 77220 R 3 s s v b [24],
Ll 7oA F T4 7 AIME HSNAEKRICEVER A O R A=A L5 H L TEY,
il HE VAT Ak 72 h R R0 S0 9 R B 4D R R ISk AF T o7 [44] L R EVMFRREE DT AT
27— L OB BRICE LR E DT aNAT T4 7 AR EZ R T ZENEHEETHD,
B DT aNRATT 472 5 D& 125V T, Beauchemin HITEHF I T
oy h AJE FLEE W ( Enterococcus faecium EF212) L 1} (Saccharomyces
cerevisiae) & G- L7t . 7t A UBIRE O LA BB REE O T L—ACNO
pH B AR SO T + 248 ~0f B £ RO Lo BBl Zshize Wi LTng
[5], £7-. Colombo HIIEERFH K DT L AL G T4V ALK B O T a4 4T 47 A
(Bacillus subtilis) DIRA W % £ 5 Sl 58 2F O &5 2 1 16 0388 2 1 25 Ak
Sk, IR ZR (bovine respiratory disease; BRD) 16 Ikt A & 32k 3 &
. RIER N P HESNZEWMELTWS[10], LL, 2D T anAF T4 7 ANRT
FORE RN E R T EMRAN=ALI AR AT oL EE P& NOREM
AR IS0 A4 T 4 7 A8 538 FAs B ~RIETREL ML T
B, TRAX—JRELTOHRRLT ZONEMPIREAT 4= —2—LLTHIEH T2
R ~E DI BE R IZT0ER NI TAZ81T, REMMEIEE FIC 3567
ONATT AT ADIEF A =X LN O W TH =R BB G LD REERH S,
ARIOWFZEDRE R T oA TT 47 A G5 RETIE, 2B OM P FAs & 3K 5
AT ELL B L TR G4 TIREICH BT L7z, 512, PA, OA % OV ALA O 1%, #
B TSR o5t B DR E L L CH B ISR 2o, Tans A AT 7 AD I
I V= A OMAEBRICEEZL 2 SOIBAME & 2L EASELTLITID,
=A@ pH O T 24 LI1,50,721, # 5Bt FAs O AL - WU 2% F /(2

RiET2LE 26N,
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Adachi HIFENTH A HERERLERENEET RS X EEFEZEHICB TS
T-Cho & VE OfEAH ML Thiz&@ & L Tnal2], 512, Kato 51X T-Cho 2
T B OEE K OANTREEOEBNHBEBKRIHY, ZNODNRT+—v Aal
BT DO DR R R AR IEE ThHAHZ AR B LTV 5261, 4 | O A R
5, T-Cho 1T LA Lix b WIEOMHBEAEBR RS, 7o (AT 72 5BV TKR

B TREORERE WMAMICHo7, LR T BT R coTa it T 172
O H 1, AR OB E IO A BRI R AL IO T A RRME N R B ST,

— T AR OMA LR TIE. FFA £ OA OBICIEDHBBER/HH bR EN
oo FFAIZ, ADZXNX—NRIURRETORBIE B O RELTH P TH I3
HZENRMBILTVAI63], Nogalski HIZWFED L VR E MR EBAE WFRET
X EEEE o8 BIZXY, It o MUFAs, £I2 OA VL BN +52
EEMIELTWAI40], 2D ZEND Post3 IZBWTH B TR LN OA O NI, (&
WA R TR  KIREICE B Sz OA OB M 28 BIc>W L% E 354
BERHLPELARN, S ORR CTIE7T oA F T4 7 AR 54 T %, FAs [2X 355
BTW R KL L, Post3 IZBW T RIELO A B Z TR OO -T2, & 2 HTHS
MmElpoTe VA EOREPEREL BB LT, 4B IOICEEFOEFEMICH I L2058
R R G, R REEORFEERILERHLEE 2D,

TONAFT 4 7 AR R R IAE AR oo [62], AR L2E S T roN A
FT A AT GICIOBE ST FAs IR T BN H—OHEKOIEMICEsb D7
O EAERICEDLDORO0EIREICT HZELTE oz, L, AT F
® PUFAs O Nl B % (B A T TOAIREHR I Sk E S TEY, IBE CTF
S5 FAs o3 T H I, IBENOABE O PUFAs RIS AT L, 15 £ OREFEICE
BAEG 2D RRIENREINTWSI36], EHI2, A IO THEHA LT e 147+
72D 1 Wk Toh% Bacillus mesentericus TO-A O¥ 3 1113, Bifidobacterium

O ZE T 52 [52]°, ALA L# 8 8 7= Bifidobacterium NCIMB
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702258 DA A5 ICED | TN D EPA 2 B Lfid o0 DHA 2 B2 38 L= & o i [64]72
EEEBERTLHE, SRR LIZE S T oA TAIAET N T 7 VT 7 AF 2—T LD
FZ. RO N A K OV R Sk ALA O EOM A /ERH ZE o, B E %
W EEHITIR F 75280 RSN EPA DK FEMEL, ZEMRIFE N7 A%
FI27200F R FBELERVGLNBLARN,

el T BREMMBAMNFOIEE T % MICBT27 aNAF T 17 28 51k, il K
O EWIIZBE LT FAs OfHHICR B Z K IFL, <o FAs IR ERZE LT

HAREME N RS, REMMEIEE & 0L EME EICHFET60EF 2607,
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AR REMEAN M OMEIL BFRHASABG 2T RELERIERE 25D

BAHBE OB EIO WA POIE A LR ERIEFE B OS2 LR L=

BRAOMBEEA~LEBITL, MEHEIOH FHICK SRKBEERE ICLOENRD
A IR A~ERESENLDDOHD, TOM AR, PP IR E B, T HERREDE
PE & E P PR RS HE L 5 2R 7o 2 I K5 MR T AN SnG, EZTARMPET
TR ORI ICHERKE 2R S>3 KRKERD DTHHREICIEAL, ZNET
MR EMMTONTOZRWREME T ol f FAs OB BEZHAOMNICTHELD
(2L ITAE L BESIR TS H ST AT A F T4 7 A $E 503 o FAs i 12
LETHELZHEL EEFFOLENER LTk T2 DMEEZHONICTLIZEEHB
L7,

2 ETIEAER 9~30 WA OB EMEMIEE 4 120 AR A LU T, M
FAs REOHEB ZM A& T2Leb MK (b F R EMEOBMREZT AL, Z DR R,
PUFAs O T w6 FAs ® LA [ZEF Hai ¥ CH BB L, 1 W1 ECm i 24
B8, AA IZIFEA L AL < LT, £7-. 03 FAs @ EPA 138 7 Al 1 X
A ERBAEZRL, 06/03 D EHDBH O Ro70, K A AL F f A & o B
EHBE, X —RH OFEM I THS T-Cho & SFAs & (' 06 FAs @ LA,
DGLA (D[ THMWIE DA B SR O L2, AA LD 1E55<. FFA 1Z 09 FAs &
D CTIEDMHEAZE DT,

U EDOfRERNPS, BEMMBEMEEF CIXEEFREBELLICLA XKLL 06 FAs
D EFE 03 FAs OF BRI PR OLIL FERELT 06/03 LD EH PRI
o T HTORIEMETATT IARORKE LD AADFER EFITRDOON T, 06/03
A m vk e CHAE E R e O Y Bl 3R L T WA R REVE VR R ST, Ll

A IRf W E B B An 12 F WD PT RIE P A =2 VAR DL S L7325 EPA O F 288 570
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Ll ol 2t BRI AN ABERIZ LS THHIENTUADO R BE V55D TIEZR
WinEE 2 b,

HI3ETIIEFPIRMOBEBMMEIEE FICT o (3T 47285 L, Mt FAs
I B e OMIL i B AL S A D G IR A T 2 7 m s F T o 2 b 0 BB
AL, [RUIRE RS O F e 18 85 O PR i 1t B 70 52 =6 Fn Fl ik B & 4+
B, 7 uanNAtT 47 A% 5 B (probiotics group, n=9) &% A (control group,
n=DICTUH LG L, TaNAFT Ty VAR G TIEL 1B 1Y 720 50g 07 an
AFT 47 A% 18 B H WD 2 WA M G- Uiz, 7o nat 707 2% 5 thai k 7' m
NATT A7 2 5B bk % 2, 3, 8 WA D 4 M ZnE i LB Icft L7z, rdg
T A7 AP 5 RETIE, PA, LA, AA X N ALA B, 7u (4T 7 AF Gai L LT
Pe G4 T R ICEIIN O 8 AR LTz, EBIT, FusA AT 7 28 Hf& T B R Y o
X PR BE DR LD L Tid, OA K OV ALA O 8 B IS &0, T R
MUFAs |3 EIZEK, 06/03 HIAEILE)»Te, £, et d T 07 2 58 O T-Cho
F T EATEOB R G- T RFICEINME M 2R L, VA, VE, & O Alb 28, & B #& TR I
[Fi) 5 H o> ek B BE L0 b B S| Do Tz,

L EORE RS BB R Z BRI a0t T 7 A0 5%, il Bt O b &%
WA MELCTREM BRI EELRIEL, — oM FAs IRENENMTLZENHL
e BREMMIEE A OEEMRICHEZLEOT /RN RSz, Zi 7 e
AT T A7 AN P E B 2 2 45 T DIEE 4 OF — B K O N Ml & # o185 5 M EE
W L CLEERRIERH 2L 6L/ R EE 2T,

A %Iix, J0E AT s T 7 ABBI ORFREEHITE 5 R %5 0 K OV

B OB O R AR L OBE M R EFE M 2 A = X ADOR R THDHH B
BAPRICBTLT 0 NAF T4 7 A 51%, RO N B K& OV B ok FAs @
R W DA B AR 22 8D | i )R il B O 2 48 IR A7 L2 BUAE O BB R f e A= o

fAlZ B RO T CIRE NTFUAZRETHIODH 72— F LTS H BRI FF T&2,
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SUMMARY

In recent years, the breeding of Japanese Black cattle has shifted from a
family-owned small-scale breeding system to a cost-oriented breeding
system centered on large amounts of roughage and concentrated feed
purchased from overseas. As a result, chronic inflammatory diseases such
as respiratory diseases, arthritis, and otitis media increase, and it is
presumed that the immune system is weakened by special feeding.
Therefore, in this study, we focused on lipids, which are one of the three
major nutrients that play an important role in individual immunity, which
have not been reported in detail so far. The purpose of this study is to
clarify the dynamics of blood fatty acids in Japanese Black fattening cattle
and to investigate the effect of probiotics administration, which has been
widely used in the livestock field in recent years, on blood FAs
concentration. And it is to clarify the effectiveness for improving the
productivity of fattening cattle.

In Chapter 2, 120 Japanese Black female fattening cattle 9 to 30 months
old were used as test cattle to investigate changes in blood FAs
concentration and their relationship with blood biochemical test values. As
a result, among PUFAs, LA of ®6 FAs increased significantly in the early
middle stage of fattening, and the high level was maintained until the
finishing stage, but AA remained almost unchanged. In addition EPA,
which is an ©®3 FAs, showed a significant decrease after the early middle
stage of fattening, and an increase in the ©6/03 ratio was revealed.
Looking at the correlation with blood biochemical test values, T-Cho which

is an evaluation index of energy metabolism, was positively correlated with
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SFAs and LA, DGLA. However, the correlation with AA, which belongs to
the same ©6 FAs, was weak, and FFA showed a positive correlation with ©9
FAs.

From the above results, in Japanese Black female fattening cattle, an
increase in ®6 FAs, mainly LA, and a significant decrease in ®3 FAs were
observed with the progress of fattening, and as a result, an increase in the
®6/w3 ratio was confirmed. On the other hand, no significant increase in
AA, which is the base point of inflammatory eicosanoids, was observed,
suggesting that the qualitative equilibrium of lipid function may be
maintained even when the ®6/03 ratio is high. However, at the same time,
it became clear that EPA, which is the base point of anti-inflammatory
eicosanoids, decreased from the early stage after the start of fattening,
suggesting that even minor stress factors may cause imbalance in the
immune system.

In Chapter 3, probiotics were administered to Japanese Black fattening
cattle in the late middle stages of fattening, and the effects of probiotics on
fatty acid metabolism were investigated from blood FAs concentrations and
blood biochemical test values. Eighteen clinically healthy Japanese Black
female fattening cattle raised on the same fattening farm were randomly
assigned to a probiotics group (n = 9) and a control group (n = 9). In the
probiotics group, 50 g of probiotics were administered per animal per day
from 18 months old between 2 months. Blood was collected total four times,
before the start of probiotics administration and two, three, and eight
months after the start of probiotics administration, and submitted to the

test. In the probiotics group, PA, LA, AA and ALA tended to increase at the
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end of administration compared to before administration of probiotics.
Furthermore, the concentrations of OA and ALA were significantly higher
than those of the control group at the end of probiotics administration, and
as a result, MUFAs were significantly higher, and ©6/03 ratio was
significantly lower. In addition, T-Cho in the probiotics group showed an
increasing tendency at the end of administration than before
administration, and VA, VE and Alb were significantly higher than those of
the control group.

From the above results, it was clarified that the administration of
probiotics in the late middle stages of fattening affects the fatty acid
metabolism related to the digestion and absorption of feed, and the FAs
concentration in some blood increases. It has been suggested that it may
help Japanese Black fattening cattle productivity. This is considered to be
the result of probiotics having a stable effect on the maintenance of
homeostasis of the rumen and intestinal flora of fattening cattle fed with a
large amount of concentrate.

In the future, it will be necessary to search for more useful probiotics
preparations, examine the administration time, administration period,
dosage, etc., and investigate detailed mechanisms such as the relationship
with immune function. Administration of probiotics in the late middle
stages of fattening period in Japanese Black cattle is expected to be
applied as an effective means for enhancing the interaction between the
intestinal bacteria of cattle and the metabolites of feed-derived FAs and

adjusting the lipid balance.
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