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Philosophy Behind the Establishment of
the Ito Foundation

Approximately half of a century has passed since I established a meat
packing corporation for commercial products in 1928. While involved in this
business, I have had occasion to serve as chairman of the boards of trustees
of several organizations related to the meat industry, such as the Ham-
Sausage Industrial Association of Japan in 1972, the Meat Packing Industrial
Association of Japan, and the Hamburg-Hamburger Association of Japan.

In 1980, unexpectedly, I was highly honored to receive the Order of the
Sacred Treasure, Gold and Silver Star from the emperor in acknowledge-
ment of my contributions to the meat industry and improved human nutrition
during my career. This illustrious award provided a strong impetus for me to
act on my long-standing concern for the future of meat packing industries.

My commitment to the establishment of a new research foundation for the
promotion of meat science was based on two fundamental philosophies : first,
leadership of the Association of the Meat Packing Industry should be trans-
ferred to people with novel ideas and, second, an advanced system for basic
research should be established in meat industries. Clearly, fresh leadership is
needed in changing situations for intensive development in the meat packing
industry. Although some technical product developments have been achieved
in certain individual corporations, the lack of basic research in meat science
at universities and other research organizations certainly will impede future
development of Japanese meat packing industries. It is urgent to end the stag-
nation in the meat industry through research support.

On the basis of these philosophies, I myself will resign from any official
positions in meat-related associations and will establish a new research
foundation to support and promote basic and applied research in meat
science.

Denzo Ito, Founder
June 1981
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Dear Sir :

I am very pleased to send you and your organization a complimentary copy of the
research reports of the Ito Foundation. This research foundation was founded by the late
Mr.Denzo Ito to advance research in meat science. The research reports are published
annually. Unfortunately, the articles are largely in Japanease ; however, in the future we
hope to contribute to the international development of meat science. Any constructive
suggestions or critiques from others involved in meat-related research would be accepted
gratefully.

You will find out philosophy behind the establishment of the Ito Foundation described
by Mr.Denzo Ito, in the research report of the Ito Foundation, Vol.32 enclosed here. We
appreciate any interest you may have in our research efforts.

It is my great pleasure to publish this report as the chief director.

Sincerely yours,
Nov. 2014

Koichi Ito

The chief director
The Ito Foundation

Hoiihi Ao
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Functional peptides derived from fermented meat products

# W K
UM S B KC 2 TP S 27

Harutoshi Tsuda

(Faculty of Nutrition, Kyushu Nutrition Welfare University)

The purpose of this study was to select a lactic acid bacterial strain for use as a starter

culture for producing fermented meat products and for evaluating a functionality of the

fermented meat products. Lactobacillus plantarum JAB2001 was isolated from Japanese

traditional fermented food, funazushi. This strain was capable of growth in a ground beef patty,
and pH of the fermented patty reached 4.8 after 48 h incubation at 25° C. The extract of the

fermented meat patty showed an inhibitory activity against angiotensin I-converting enzyme
(ACE). The peptide that inhibited ACE was purified from the fermented meat patty by

reverse-phase HPLC and a size-exclusion HPLC.
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FIFHEE B £ U16S rDNA OFFEMTH#SE R & Bl
ERELZZDDTH B,

2.2 JHAPRI O &

Walker & Gilliland® /&2 B EIZ L TiT o727,
MRS AR B X Qoxgall (Difco) #0.3% & &
MRSHL AR 1 2 2 Al L 37°C T 6 IR 5%
EROBEZ620nmTHE L, WHE OHEE O L)

LEBE (%) #RD7z, FloxgalDi/MEE
BH IR %2 R 72

2.3 NLH PR

N i P R L, A e R i
Fiiy (WCERL98 g, BiMRHFL (FHD) 15g,
BT F 205g) #HWT37TC, 24KFRHIE 2L
7R, WA B X U40% XTIV Y (VT
<) BiE, ThEN25, 4B L1 0HEE TR
&L, HEBEHCCpHE2SICHE L2 0% A
THWEREAEWE Lco ALBRREWE37TCITHR
FL, 0,1, 23 X0 38MBZOERM% MRS
FERF A W CTHlE L7z,

2.4 NI s

N A pEss st (il2R7L97.6 g, BUIRASFL
15g, BT A05g, v VK04 g), 10%
MU Ty (FGHEE) W B X O pH40 T
37C, 1M EBZEO A TLHRREAWE ZhEh
9%, 1BLU3DEAETRALZLDE AR
BAEWE L7z, 85 Y v — (BBL) # HIWTAL
it & % 37C THEAIMICPR:EL, 0,6, 12
B L UURMGROERBZWE L 72

2.5 HEWOIERE
FHERNORHBIIPILSY 2B FICL 2
(Table 1), 5 hRKW, KEREBIU®Y 4 F
X 4mmo I Y FITLTHW 7z, BARBRE R,
TR PR 2 MIRSTRRSS b CREAAES 28 L 72 0 B33t

Tablel Component of fermented meat
Component Ratio (%)

Beef shank 723
Porcine backfat 15
Common salt 20
Potassium nitrate 0.05
Glucose 05
White pepper 0.2
Onion 9

Cell suspension 1.0
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BE (1,000x G, 1047) L CHW - WA G % #
DRL7-DOBLEREOKIZFE LD D% W,
AR AERICHARBREIRZ 1 %NZ225C, #80%
RHTCABMFMRT# L2 b DR BHRER L L7z,
FEWEATIA 3 g % 30ml oD I ZE R K IR L,
pHEME L7 F72, ARWBITZ OBE R %
MRSZER KM (pH5.4) 1ZHIKL, 48KEHI30C T
FBBRIOEHR LR E 2Rl TR 72,

2.6 ACEMZEIHHEOWE
ACEFH % 13 Cushman & Cheung® J7%® %
ZEZIUTORETWE L2, TVFFT v
RS (7Y FMiE, SIGMA) 1 unitZ 2 mL
D50% 7Y 1 — VIZEME Lomaiir L, il
JHREICIZ13 ) Be#E i (pHB.3, 300mM NaCl,
20 uM ZnCl:) THEMML 720 BIREE-v X F
a4 v (SIGMA) 53.688mg# LFtiE 9
RATE10mMLICHEE Lo b 0 & B e L
WHIRAE L7 AN Z SEEOKIZEE L
70C T304 M o mBSLE %, saLorEE (10,000 x
G, 2047) L, UL 7z E&E# opH% 8325 %
L7200, FREEELHEL TR bz RSz
k& L7z

RS0 u L B X CCACEH 25 u L 2R L,
7TCOKRBTIOHRIL SE7-0h, FEEWRS0
uL &Iz, 37COKETO05 MG S 72, &
D%, BOSEMIZ ROGE L & L T05N HCl %
125uliMz7z0b, FEER=FV 700 ul ZhNZ
WL 72, =008 (1200 G, 547 L, Lk
Jg il (WEME—F v g) 500 u L & ilBRiEIC & D,
IR AR IC 2040 B A T 72 BRI IC1.0mL D 2
MAKZEMAZ, ZOBEWOEINIGE (228nm)
ZPE L, W OB IRIR R 2 WE L7z, xf
HELZIZ R A D IR FERER B A iR S 2
BB KEH W2 75 v 7123 IRICH S50 0
®05N HCl 125 uL 2Nz 728 D% w72,
FHERE (%) XA FostaA TRz,

BHENGHE (%) = (Ec—Es)/(Ec—Eb) %100
Es, EcB X UEbiZZNnZNilE, siEB X
75 27 DODus% 78T o

2.7 ACERIENRTF FOHKE R
FEREAIN100 g % 500mL O K12 8% L 70T T30
S OB, mOsEE (10,000% G, 2055)
L7z XL 72 BB OpHZE ST L -0,
ISLDOHTH ) = Va4 M2 A% L7z ik
WEBRE LD DE T NERL — % —TH300mL T
TiAi L7zo WA Z MRS L, ROoNmE
Z10mLOKIZEMR L7z d 0%l L Lz,
ARt WMtk o~ b5 74— (L-6200
YA F &, HITACHD (2t L 720 7 7 513
TSKgel ODS-100V (Y —) % v, i#1.0
mL/min, WG E215nm TilllE L7z, BEIHIC
13005% TFAKERZ v, 005% TFAT &
M= MYIVRITT SV M. 5
(O L, SR 72T 53 & BRAS IR L 72 0 BRI
fiE L, ACERHEISMEZ % L7z. ACERE W
FARLZZWG% EROSMETHOGE L2,
ACEM G2 /R L7z W40, FHPLCY A7 A
LW 4 XHEBR S 9 4 (Superdex Peptide HR
107300 GL) =T M L, ACEMEEM %R
W& O LR oWMER s o VT T 1 —
WAL, W4T L7,

3. BREEE

3.1 FREHALHI 03 Bk

Lactobacillus plantarum JAB2001 & oxgall %
03% FLRMICBITHEFENII% & H W ix
RL7zo F72, RO oxgallZh)§ 5 R/MEF
RHIEIREEIX20% Tdh - 72,

HLE R AEETHEBT LI ENRDODLNEL T T
NAFT 47 ZHREIZ & - C, R %
AT HHREIVEATRTH L, R 16
BV TS, FUIETERIR 2 A5 % 720
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Figure 1 Viable cell counts of L. plantarum JAB2001 in simulated gastric juice (pH2.5) and intestinal juice.
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Figure 2 pH values and viable cell counts of L. plantarum JAB2001 in the fermented meat patty.

WO 2 A3 2 IR 2 0 L, HREER %
Ao MHITFROBE S e —REHIALEE 134 2 %A%
JETH BN, TOHROIBHET THRT T2, &K
WHkIZoxgall220% THHEEFTE 5720, HET
W % @9 A W RETEATE W,

ANLHHSB X N3 2 iP5 o #5
WAR L7z RABHRIZpH25ICHHEE L2 AT B
W 3EHM S N THRBOMMIIE SN Rd 5
7oo F7o, NLBFCIABEEZRL, WX
WinL7: (Figure 1)o

B OpHIZHFRHIA L FHETH 558, AL
B 3BREICETLEAT D, T2, AHERGHH
Y HI121E 2 ~ AR FEEE D B & S,

oz e, pH2HIZHE L NLTHBEH T3
W2 F TR Z HEREC & R, RO
BAEZTHILEZBBL, BiRhTAEFTLIIL
BTEDLEZOLND,

3.2 BEWOFREEA

B EARWHETHEE L -KOpHE L AR
ZWE L7z B OpHIXARIE [ St 12 4.8F B
FTHWAHLZORIZIET—EERSTe TDEED
AW HUIEH 9log cfu/gTdHh o 720 W ENE D
Y AN VAR DY e ML X (A NN A
HEL72Dh, FRENOEBZEGEEE 2R
MR, wI NG L. plantarum JAB2001 & [ % T
Holze Tz, BEEREMEDIZOITEHIRIIE
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Table 2 ACE inhibitory activities of 7 fractions after
reverse-phase HPLC, size-exclusion HPLC and
reverse-phase HPLC

Fraction* ACE Inhibitory activity (%)
1 ND*
ND

ND
ND
ND
ND
61.2
8 ND

N o O s W

* : Not Determined (less than 5 % ACE inhibitory activity)

RORZ BEFENBNIZA, TR SIZEREKD
AW &% 2 517z (Figure 2)o

ARG BI2ABAO T 2B ED—>
FAROERTH D, BIEIZHOM S R EFITK
ELwBEBXITT. Thbh, Hiy 87 Ok
B btuvitrsolromidKpdTE
LENDY, 722, BREFETELHAICIEA
DT AF ¥ =13 LAE(LL, miRbHILLT
%o D728, w#EZPHIZB B X Z50fFik &
EzHNb, EBE, Fix ORBEERENZ BT
fili L 7z B3 12 pH5.0 D B 5 A5 b 5Pl A3 v & v )
WD HY, KEitke V725G, B L2368
M CpHS.0ICET A2 e TE 2, Thi3A 5T
YT 3% EOFREREP R & A5 O FERERE P
Thb0, REKRIIHEEEREG~OREED
FWEEZLND,

3.3 ACEMHERTT FolEH

JAB2001#k CHAE L 7= S8R A B S o fliiE %
WAHPLCIZHE L, & \WACER G2 R L 721
SEA ZAPEEH T AL, mRICH WA
HPLCIZfE L, EWACERSEMEZ /R Lz E 5%
7 X BREHIEATICHE L 72 (Table 2)o0 Z Dk
R, W5 72BNV TR D Y ACEBHLE G4 23
RTE7e ZOWMABT7TIZEETNDACEHERY

F RO RIE, A APEBRHPLC O #G - A &
300 - 1,000 & M S 7z, F72, BT I/ BBE
Pl LTB Y, 35IEHF TORYIAGlu-
LysGInTdH 2R 2TV 5, HARAICIFRE
HF COBRSITRTF FEHL7AzH DTIZACE
FHEREPEAT L S e 2o 720

4. E 8

AWEFETIZE " U HIsRILIR I 2 )5 ) L 7Bk ne
FEREREN IO W THE L 72. Lactobacillus
plantarum JAB200LIZ A D37 4+ HTHEF T
HZENTX, 25CT36REFEL /2 & Z0pH
1350 CTdH o 720 ARWHRIEE MR LTl
PR L7720, ZORKTHE L 725 RaRHR
mn A RETHEI L 72856, RS TR EEER
BRGpBeE2 52U TE L, T2, 2
DFEF AN GO EITACEMEHEZ R L
7z7z®, HPLCZ M\ CTRETF I % HiEks
BikAize TORTF FOFEMET I BREYIE
AHTHL25, BEOLLBMT I /e HEATY
BEEZLNIZ, SHBIEZORTF FOT I/
Bes % &0 GEMLCIEAT L TV PRETH 5o

X W
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Elucidating the factors influencing the invasion to the meat inside
by food poisoning bacteria and antimicrobiological effect and

application of electrolyzed water

BoA # T8 oW B
(I B V77 £ AR

Yuko Shimamura and Shuichi Masuda

(School of Food and Nutritional Sciences, University of Shizuoka)

Elucidating the factors influencing the invasion of food poisoning bacteria to the meat
inside by and anticmicrobial effect of combination treatment with alkaline electrolyzed water
(AIEW) and strong acidic electrolyzed water (StAEW) on fresh chicken breast meat and beef
liver were evaluated in this study. When bacteria attached to the upper surface site of the
meat for 1h at room temperature, bacteria invaded internal 1 cm regardless of fiber direction of
the meat. Similarly, when bacteria attached to the lower or side surface site of the meat,
bacteria invaded internal 1 cm regardless of fiber direction of the meat. Although in the beef
liver samples with the thin skin, bacteria did not invade in more than 1 cm, bacteria could
invade liver without the thin skin from the upper surface site to 2cm. These results suggested
that the invasion of bacteria is involved in not only the structure of the meat but also the
gravity and gravy of the meat. Next, meat samples (each of 1 ~ 10 g) were experimentally
inoculated with bacteria, and subjected to dipping combination treatment (20C for 3 min) with
AIEW and StAEW. Dipping combination treatment with alkaline and acidic electrolyzed water
significantly reduced the pathogens compared to untreated controls. The reduction of about 1
log CFU/g was achieved by combination treatment. From these results, combination
treatments extended the shelf life of chicken meat and beef at 4C with marginal changes of
sensory quality. In the future, we should find more effective washing methods to control

microbial pathogens in meat.

59, KEOAWICHIG T X 2B H M O 13

REHEL o T2, BREOMAWHIEIZE

20114F, v 4 T & 72 5 5 W K i LT, 200247\ ok 7B Al K 75 22 S as I 2GR AE
O-NINZ X 2 M ERHEEAELZRIC, HEEOR SNTHED, f&i%%ﬂfﬁﬂc:ﬁﬁﬂénfwé“o L
WOREEIIRTERLENEE > TVd, ERIC ML, BUEEFKIMETROEEYOEMEIZEY
LTI, B BENERETEPMHELEINTS BWANRDGG T B, FPWHFITMHHT 5 EEDOE

1.B ®
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BABET L2EOMERDN DD b, EWIC
st U CHRVEE R 2 A L 72 BARI 22 Bk - 3%

PAFICBET 5 RIXIEEA TR TW AW, F
72, BEROETHERICBITAERICBWT, &
FRAHICKIICHE L TV BT TR, BR
WERIZ E TRA LG, TR K OMEo &
T, BE - BETEZVIEERD L, Z07:
B, BRNHENOETHERORANEEL G2 5
HTIZOWTHLRICT 52 &1k, HHRPiH%E %
25 LTHETHL, wEBITLIHRFLELTUL &
HEEE OIS, WAROMRE, W OFRE R IEE,

HEZRENEZSNLD, IROHICHET AR
Dlpv, 72, RIS 2 BUEY O A5 B &
LTk, BRICHEEN M~ ) v 225 v
NRIE (Ag—=ry, 74700 FY, FI=V
S) ISMAEMASNAET A EWIEINTn DY
A, EBEOEWE AVIEREEd 2L, wE
PEARB G EASV, 2T, AT, A
WOBRAEELS5Z2WTOMB, 7LHhY
P - BRI DR LB A W 72 B OB BB
O, TEIFKDE LB O A O SVE RGO
SHHIZOWTHE L, RN ERORKE )k
ZRETEEHIT, EHBROBRAOKEIZHEILT
& D HHBAM O 2 HINE L7z,

2./ &

2.1 BEANB~OETHERORANIEEZS
Z % NF DY

LYW OMHE D T7 AN £ 72 S PAT 0BT A
W, BXO#HESHY, T35 Lodry— (i
3emx A 3cm X HE 6cm) O LFREM, HIE
FOHE ., PR E M G AMI em?) I
Staphylococcus aureus C-29, Salmonella
enteritidis NBRC3313 # X O Escherichia coli
JCM2449% & % @ HAF T2 R—IN—F 4 A7
(10°~10*CFU/100 uL) % & &, ZiRT5 47,

1 RERIHE U7z, s, TGO, ORI H
51lcm, @QFMmMAS1~2cm, OFmMAD 2~
4cm, OEIMA?S 4~6cmlW Y 55F, %40
A OWEE WE L7z,

2.2 EKECBEE - RWTTEO RS

ok

FLnN—, BHLRAWEAI0 g ISR HR %
10°~10'CFU/g& % % £ H 1ML, 100 mLo
TR YEERK FATI+—5— (k) s &
A7, pHIL5, 20+ 57C) 2345 MRIE L T
DAEBEWZBRZE L720 KW T100 mLOBEEEMAK
(A7 +—%— () : ACCl4+15mg/L,
ORP=960* 5mV, pH25, 20+ 5C) TH I
& 512100 mLOMRYEEM K 3 77 L TR
W% AT, 100 mLo> 7 )V A 1) PR K TR
AT o 720 BRI, WA L-AROW
B lle Lz,

2.3 HFEREZRHIC X B EW OFHI

WAEHEOARW (BLRQW, FLHH, FL
N—) Z21EFBRICEMKTRHELTL4CTTO
~ 7 HHPRAEL, SRR B X O Hig A2
TRV & 5F L 720 TEMEK & RO LEE % 38,
WK Tl 72l E I bua—vk L7z,

(1) WHEoHE

WDt IE, fEFCR-300 (3 /)
7)) R L7z

(2) pHHlE

FAERY YTV 5 g IR K mLEMZ, 3
FH—T1HMAEIF A A L7 FETFARX
%, 2000 % gT205 M LaaE L, RIFEOWERD
pH#%pH A — % — (pH METER F-21; HORIBA)
XD HE L7z,

(3) ERTOIRERILEDORE

BERS 7 N10g1210% (w/v) P Zzuon
FEREAW20 mLEMZ I FH—C1HoHisEYF
A AL, 2300xg, 304, 5T Cumlorixir
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W, RiEEABLI. A5 2mLERILL T20
mMF ANV E Y — VIRER 2mLE A, BE
L7z, 97C i 205 MR L 720 iR T
WHIL 7214, OGEEET 2 B v T K532 nm T
W L7z,

(4) StedE7 3 7 BRALS ST

BIERH T IV10g 12 2 % AV R FOVEE
A0mLzimz, 15BAETFHAL XL, 3000xg
TL055 MmO o B2 A7V, W E 2 2 51210,000
Xg T/l L TR N5 EHRE R E Lz,
M7 1Z Amino Acid Analyzer L-8900 (H i7./™ A
Fr7/aY—X) #HW, 5752413 #2622SC-PF
(p46mmx80 mm: HVNA T2/ aI—X)
THHr L7z,

2.4 EEEMRAEIZX D AENOF

FERY Y TNIZOWT, 9% F /AL E LT
2 MWELF B (MR E) 2 & 2 EHRekd %
Tolze 72X NVONFIZ20CBME 1 44, 2060 &M
5%, 30fZ&tE1 4, 404t 1 448 X U401t
W18 THL, £/80NITIE, ERAKLBA L £

WEA GHRIX) e b2 2BYIL, the
NORWZMIIX EXHILT, &ZFHIEE IO
T, BRTw2h, LSS >TwE0%E 58
REREAC7 > 7 — MHMIZHEWVERL T 55
720 RHMHEEHEIZ, SRR, M, WWE, 2K &
FRHilio 5 IHHE T, RLBA CoHEX) &L
T, LTHRW (ETHH) @ 55, RBwv (R

ETHE (ETHERLHH,W) 1 HELA, 2
YhO—VIEKEHE -3 EIRELT, BHEiL
THHotze ¥ T NWEFHET B MTFIZ/ SR VI
—fE L7

2.5 htatue

7= Z I AR OTVIE B X O 2 & R
L, MEMTEMEEoORE (FHE) %170,
SO 1EStudent D THIE, A5 O Y
A 1d Aspin-Welch® M2 & ) BT I0A B A
otz Bk, HEAKMEIS%E L, Filk

E
T THENE L 720

Table 1 Elucidating the factors influencing the invasion of food poisoning bacteria to the chicken breast meat inside.

Vertical

Bacterial

direction Strains Control Surface Surface~1cm lecm~2cm 2cm~4cm 4cm~ 6cm
S. aureus 90x10°+1190 59x10%+1754 7.0x102=114 >10 >10 >10
5 min Sa. Enteritidis  6.1x105+2335 34x10%+189.0 32x103+886 >10 >10 >10
E. coli 82x10°+830 37x103+736 36x10%+19.0 >10 >10 >10
S. aureus 27x10°+448 19x103+725 52x10%2+126 >10 >10 >10
1h Sa. Enteritidis  6.7x105+1770 33x10%+1427 50x 103 £227.1 >10 >10 >10
E. coli 11x106+1555 35x10%+1314 52x103 +166.2 >10 >10 >10

%?gzc(ii%t:l Bsati;?;i:l Control Surface Surface~1cm lecm~2cm 2cm~4cm 4cm~ 6cm
S. aureus 90x10°+1190 61x10%+1167 84x102=+295 >10 >10 >10
5 min Sa. Enteritidis 6.1 x10°+2335 30x103 2250 32x103%+102.7 >10 >10 >10
E. coli 87x10°+100 82x103+830 35x10%+136.2 >10 >10 >10
S. aureus 29x10°*413  12x103+106 12x10%+987 >10 >10 >10
1h Sa. Enteritidis  51x105+644  22x10%+425 22x103+948 >10 >10 >10
E. coli 15x106+2982 92x10°+1457 52x103 +69.9 >10 >10 >10

Values represent the mean = SD for six independent experiments.
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Table 2 Elucidating the factors influencing the invasion of food poisoning bacteria to the beef liver inside.

Vertical

Bacterial

direction strains Control Surface Surface~ 1 cm lem~2cm  2cm~4cm 4cm~6c¢m
S. aureus 57x105+492  48x10%+2393 54x102+79 >10 >10 >10
5 min Sa. Enteritidis 35x10°+1816 33x103+643 92x10%2=149 >10 >10 >10
E. coli 69x10°=1780 58x10%+169.1 1.7x10%+1437 >10 >10 >10
S. aureus 75x10°+4865 70x10%+3584 32x102+114 >10 >10 >10
1h Sa. Enteritidis  74x10° 5435 21x103 %469 21x102+223 >10 >10 >10
E. coli 1.1x106+480.7 75x10%+3420 69x102+138 >10 >10 >10

Ifj(i)rrézc?otgl B&igehrlzﬂ Control Surface Surface~ 1 cm lem~2cm 2cm~4cm  4cm~ 6cm
S. aureus 57x10°+492  50x103+2668 58x102+96 >10 >10 >10
5 min Sa. Enteritidis  35x105+1816 30x10%+1230 13x103%+205 >10 >10 >10
E. coli 69x10°=1780 38x10%+2154 51x10%3+355 1.3x103+563 >10 >10
S. aureus 65x10°+2936 37x10%+3198 15x103+407 13x102+153 >10 >10
1h Sa. Enteritidis  83x10° %4507 26x10%+1433 33x10%+2637 71x102+165 >10 >10
E. coli 99x10%+5938 44x10%+1945 22x10%+1391 15x102+294 >10 >10

Values represent the mean = SD for six independent experiments.

Residual bacterial cells (%)

Fig.1

Values represent the mean * SD for six independent experiments.
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1)o LN —"TIZ, HEAIMFVAMHICHZ 75
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Effect of combination treatment with alkaline and acidic electrolyzed water on sterilization and quality of meat.
*represents p<0.05, compared to control.
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Fig.2 Changes in pH of treated and untreated chicken breast meat (A) and beef liver (B) samples during storage at
refrigeration temperature (4C). Changes in TBARS of treated and untreated chicken breast meat (C) and beef
liver (D) samples during storage at refrigeration temperature (4C). Electrolyzed water (EW) treatment
solutions were alkaline electrolyzed water and strong acidic electrolyzed water. Values represent the mean = SD

for six independent experiments.

*represents p<0.05, compared to control.
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Table 3 Sensory evaluation of chicken breast meat and beef liver treated with electrolyzed water (EW) during storage

at 4C.
Sensory Chicken breast meat Beef liver
attributes 0 day 2 days 5 days 7 days 0 day 2 days 5 days 7 days
Control 29+04 29+1.1 30+0.7 29+03 30+03 30+0.7 30+1.0 32+05
Freshness
EW treatment  3.0+09 29+08 29+0.7 26+08 30+0.0 30+038 30+09 27+08
Control 29+09 28+0.7 31+09 32+07 29+05 29+0.7 29+0.7 30+05
Fexture EW treatment 3511  34+10* 36+08* 3510 | 35+08* 35+08* 38%08* 35+07*
Control 30+00 31+038 30+05 29+04 30+0.0 31+08 31+09 3307
Pecay EW treatment  3.3+0.6 31+06 30+06  28+08* 31+02 33+038 26+0.7 29+038
Control 3005 3005 29+07 29+04 3008 29+04 30038 31+03
Odor EW treatment  29+06 30+04 28+04 27+06 29+08 28+06 28+06 29+05
Control 3005 3008 3006 3005 30+03 3007 30+09 32+05
Overal EW treatment  32+09 32+08  29=07* 30+07 30+06 32+09 29+06 29+09

Sensory attributes (scores) reported as mean * standard deviation, n= 2 X 3.
Sensory scores were based on 5-point descriptive scale, where 1 = poor,

*represents p<<0.05, compared to control.
2 =fair, 3 =good, 4 =very good, and 5 =excellent.
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1) Rahman SM, Ding T, Oh DH. : Effectiveness of
low concentration electrolyzed water to inactivate
foodborne pathogens under different environmental
conditions. Int. J. Food Microbiol. , 139, 147~153,
2010.

2) Zulfakar SS, White JD, Ross T, Tamplin ML. :
Bacterial attachment to immobilized extracellular
matrix proteins in vitro. Int. J. Food Microbiol. ,
157, 210~217, 2012.

3) Zulfakar SS, White JD, Ross T, Tamplin ML :
Cultured CzCl: cell lines as a model for assessment
of bacterial attachment to bovine primary muscle
cells. Meat science, 94, 215~219, 2013.
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Research on the objective evaluation for palatability of meat products (II)

b5 -l S 1) AR T B S SR B >
(IR BEER, SRR B2 SR B 5)

Seiichi Haga, Toshiya Hayashi, Kyohei Yamaguchi and Yukihiko Ogawa*

(Faculty of Agriculture, Meijo University, *Experimental Farm, Meijo University)

Evaluation of texture is essential criteria in developing and improving food products.
Sensory evaluation and instrumental measurements are normally used in research for food
palatability. However, understanding of the relationship between instrumental analysis and
sensory analysis is inadequate. In the previous study, we tried to elucidate the correlation
between sensory and instrumental parameters obtained from several kinds of model pork
sausages, and established texture prediction formula which can speculate palatability from the
objective values resulting in instrumental measurements by using multiple regression analysis
over the whole parameters. If the formula can express organoleptic evaluation value, it will be
very useful for not only food texture research but also food manufacturer.

In the present study, we tried to verify the usefulness of the prediction equation by using
instrumental parameters obtained from several kinds of model pork sausages with lactic acid
fermentation (2 strains of Lactobacillus sakei) and/or with additive (20% pork fat).

The effects of fermentation on the cohesiveness and cooking loss of model pork sausage
were analyzed. As a result, both fermented model sausages had significantly lower
cohesiveness compared with control sausage (p < 0.05), and cooking loss of fermented
sausages was considerably and significantly higher than those of control sausage (p < 0.05).

The cooking loss was markedly improved by adding fat (20 %) to the fermented
sausages. Then we tried to estimate the palatability from the objective values by using the
texture prediction formula. Subsequently, the organoleptic evaluation values of the fermented
sausages with 20% fat were estimated as higher than that of fermented sausages without fat.

Therefore, it is supported that this formula can presume organoleptic evaluation value

from objective data obtained from instrumental measurements.

IZOWTHHMITBRELTE Y ZORRE,
B4 e B AYH § A KB e iae R R DY, €
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TEAs, $abBHILERIERE, L bV Mg, st B DR O EE 3D < B TEHIC
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Table 1 Comparison in the instrumental parameters of various model pork sausages.

20% fat 20% fat
control D-1001 20% fat & &
D-1001 No.2
cohesiveness 038002 a 014008 b 017010 b 037002 a 037006 a 0.38+0.05 a
cooking loss (%)  279+140 a 105+178 b 132510 b 129+078 ¢ 370150 d 493+086 e

Values in same row with the same letters are not significantly different (p<<0.05).

control : 75C-heated sausage, D-1001 and No.2: fermented sausages with Lactobacillus sakei D-1001and No.2, respectively,

20% fat: high fat sausage
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Fig.1 Comparison in the estimated organoleptic evaluation values of various sausages calculated from texture

prediction formula for Elasticity (A) and Total preference (B).

control : 75C-heated sausage

D-1001 and No.2 : fermented sausages with Lactobacillus sakei D-1001and No.2, respectively

20% fat: high fat sausage
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Establishment of processing methods for producing meat products with

anti-lifestyle-related disease

i H ik
ORRUR TR R R A ERE)

Tadashi Yoshida

(Institute of Agriculture, Tokyo University of Agriculture and Technology)

The number of the patients of life style-related diseases is increasing for recent decades.
Recent studies revealed that the chronic inflammation occurred around adipose tissue would
play a crucial role in the induction of life style-related diseases. We in this study aimed at
demonstrating the anti-inflammatory and anti-life style related-disease activity of food factors,
focusing on the glycogen derived from meats. It has been reported, in the previous study, that
the immune regulating activity of glycogen depended on the molecular weight of the glycogen.
We therefore used the glycogen after treating with sulfuric acid for modulating its molecular
weight.

Our results obtained from this study showed that sulfuric acid-treated glycogen, prepared
from several origins of meat products, inhibited the production of inflammatory cytokine from
in vitro cultured murine splenocytes. The activity strongly depended on the period of acid
treatment and the origin of meat, suggesting that the activity depended on the molecular
weight. The swine liver glycogen that had been treated with sulfuric acid for 2 days showed
the strongest activity tested. The activity also depended the stimulation which induced a
similar situation with inflammation iz vitro. The glycogen inhibited the inflammation induced
by concanavalin A but did not inhibit it induced by lipopolysaccharide. The swine liver
glycogen treated for 2 days also inhibited inflammatory cytokine production when it was orally
administered to arteriosclerosis model mice. This result suggests that acid treatment of meat
glycogen might be a useful method for preparing an anti-life style-related disease food
material.

Unfortunately, we in this study did not show that the anti-inflammatory effect of the swine
fillet and liver that had been directly treated with acid. A further study to increase the
content of glycogen in those organs is required for development of anti-life style-related meat

products.
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Fig.1 Effect of acid-treated glycogen on cytokine productions from BALB/c splenocytes. Splenocytes from BALB/c
mice were stimulated with Con A iz vitro in the presence of acid-treated glycogens. The supernatant was collected
from each well 2 days after stimulation, and the cytokine productions in each supernatant were measured by

ELISA.
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Fig.2 Effect of acid-treated glycogen on cytokine productions from ApoE KO splenocytes. Splenocytes from ApoE KO

mice were stimulated with ConA (a, ¢) or LPS (b, ¢) iz vitro in the presence of acid-treated glycogens. (a, b) The

supernatant was collected from each well 2 days after stimulation, and the cytokine productions in each

supernatant were measured by ELISA. (c) The cell number in each well was counted 2 days after stimulation.
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Fig.3 Effect of acid-treated swine glycogen on high fat diet induced inflammation. ApoE KO mice were orally

administered with high fat diet and acid-treated swine glycogen. (a) Splenocytes from the mice were cultured for 2

days, and the TNF-a production in each supernatant was measured by ELISA. (b) Histological analysis of
abdominal aorta obtained from ApoE KO mice that had been fed high fat diet and glycogen for 4 weeks was
performed. (c) Total cholesterol concentration in the sera of ApoE KO mice that had been fed high fat diet and

glycogen for 4 weeks was measured.

DAVEB L 22 IR BIIR Y v oLk 1% % Bl 5 %
BRI EOBIUC X - T MO JAEgI3E
BCTE o7 (Fig. 3b)o S 512, HIRIIARE
27 3= Y RS TC D IMAE OMBRISIE
BIIRO LN o7 (Fig. 3b). & B, fHHH
MOMEF ORI L AT 0 — VRIS T
HIZZD SN -7z (Fig. 3c)o

W2, e VB X O & R L e L
SIS 5 2 L TRIEB L OCBIIREI L~ 58
% it e FBRICEIZ L7z (B3 . ZORE,
ML 2> & O TNF- o PEAE R B X OEHKE)IR

DHRIE DO VT HIZB W T L HRBBALBL A O IX
DN o7z (Fig. 4a,b)o K LRAB IV
BPli& % $65- L7z BEC B A7) a—47 v ol
WMEZFHET L L, AKTHZNZENH40 megB
YO0 mg /"~ A - 48 ELRY, BOKIZHE
LT a—4 & BINS 729500 mg
SR A AR &R T B & R &
5720, PIREMNRIBBD LN Lol EZD
Nbd, B, KeLWPB X O s 5
HWET, HFInTw/ir) a—rro—ii ki
HFIZHEH L TRDbNIZLEZOENDEDT, EBED

© The Ito Foundation



NGB TR 2 A 5 BAFEM ORI 2 B8 L 72 CHdf O iz 25

(@ 30 -

25

20

15 4

10 + T

TNF-a production(pg/ml)

BN S R |
Fillet Liver
Cont

High Fat Diet

Fillet Liver
High Fat Diet

Cont

Fig.4 Effect of acid-treated swine meats on high fat diet induced inflammation. ApoE KO mice were orally administered

with high fat diet and acid-treated swine fillet or liver. (a) Splenocytes from the mice were cultured for 2 days, and
the TNF-a production in each supernatant was measured by ELISA. (b) Histological analysis of abdominal aorta
obtained from ApoE KO mice that had been fed high fat diet and acid-treated meats for 4 weeks was performed.
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Intramuscular free fatty acids related to beef eating quality, Part Il
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Minoru Yamanoue, Masahiro Nishida, Syuji Ueda, Ikko Thara and Kiyohiko Toyoda

(Graduate School of Agricultural Science, Kobe University)

The aims of this study were to analyze the amounts and fatty acid composition of free
fatty acid (FFA) and taste-traits in water-soluble extract (broth) from Holstein beef after
postmortem aging and cooking, and to prove the influence of FFA on beef eating quality by
comparing to those results from Japanese Black Wagyu beef. Sample beef slices were taken
from carcass cross-section between the sixth and seventh ribs of the Holstein cattle and stored
at 4C antiseptically. At 7-, 14- and 21-days postmortem, water-soluble extract was prepared
from raw and cooked beef samples. The amounts of triacylglycerol (TG) and FFA were
measured and the fatty acid composition was determined by GC analysis. As the results, the
amounts of TG and FFA in water-soluble extract were not changed significantly during
postmortem aging, and cooking caused no significant change in those amounts. Fatty acid
composition of FFA was markedly different from that of TG and the ratio was in the order of
palmitic acid > stearic acid > oleic acid. The ratio of oleic acid was gradually increased in FFA
during postmortem aging of Holstein beef. On the other hand, taste-traits of water-soluble
extract measured by an electric sensing system showed that sourness was markedly decreased
at 21-days postmortem and acidic bitterness was increased during storage. The value of umami
of cooked beef samples at 21-days postmortem was increased slightly but much less than the
value of Japanese Black Wagyu beef. It is suggested that better eating quality of Japanese

Black Wagyu beef is possible to relate to intramuscular free fatty acid.
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Fig.1 Effects of postmortem aging and cooking (I, raw;
[], cooked) on the amounts of TG in Holstein beef
broth (n=8).
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Fig.2 Effects of postmortem aging and cooking (', raw;
[], cooked) on the amounts of FFA in Holstein beef
broth (n=6).
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Fig.3 Effects of postmortem aging and cooking on fatty acid composition of TG in Holstein beef broth (n=1~2).
Beef broths were prepared from raw (closed box) and cooked (open box) samples at appropriate postmortem
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Fig.4 Effects of postmortem aging and cooking on fatty acid composition of FFA in Holstein beef broth (n=1~2).
Beef broths were prepared from raw (closed box) and cooked (open box) samples at appropriate postmortem
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Fig.5 Effects of postmortem aging and cooking on the taste-traits of Holstein beef broth.
Beef brothwas prepared from raw (solid line) and cooked (broken line) samples at appropriate postmortem time
(7-days, — ; 14-days, === : 2]1-days, =) .
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A study on quantification and visualization for taste of wagyu beef using

a taste sensor
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Kiyoshi Toko and Yusuke Tahara

(Graduate School of Information Science and Electrical Engineering, Kyushu University)

1.

The project aim in this study is to establish an objective evaluation technique of
quantification and visualization for taste of wagyu using the taste sensor. The taste sensor (or
commercially-available Taste Sensing System) comprising lipid/polymer membranes that can
evaluate various qualities of taste has been used in food production andquality-control
applications. However, the evaluation of beef has been made by removing beef tallow so far,
because beef tallow had interference with the functions of the lipid/polymer membranes acting
as the receptor part of taste sensor. We evaluated characteristics of the taste sensor
membranes at 50 C (dissolution temperature of beef tallow) and the interaction between beef
tallow and the taste sensor membranes, and tried to quantify the taste of beef. The
experimental results showed that (i) the taste sensor enables the taste evaluations at 50C
which corresponds to the dissolution temperature of beef tallow, (ii) saltiness, sourness and
umami sensor electrodes can be useful to evaluate tastes of beef samples including beef tallow,
(iii) the umami intensity of wagyu using the umami sensor shows A3 > A5 > A 2.

In conclusion, the obtained data suggest the feasibility of the evaluation technique of
quantification and visualization for taste of wagyu using the taste sensor. The next step is to

evaluate the relationship between the sensor responses and sensory test.
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Figure 1. Taste sensor (TS-5000Z, Intelligent Sensor Technology, Inc. )
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Table 1 Basic samples used in the taste experiments.

oS AL
FEAER 30 mM KCl, 0.3 mM tartaric acid
R v 7w 300 mM KCl, 0.3 mM tartaric acid
FRIRA > 7 v 30 mM KCl, 3 mM tartaric acid
IR 7 30 mM KCl, 0.3 mM tartaric acid, 10 mM monosodium glutamate
SRY 7V 30 mM KCl, 0.3 mM tartaric acid, 0.01 vol% iso-alpha acid
WA 7 30 mM KCI, 0.3 mM tartaric acid, 0.05 wt% tannic acid
URERIE 100 mM KCI, 10 mM KOH, 30% EtOH
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Figure 3  Sensor response of umami sensor to wagyu.
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Development of healthy beef index and consumer needs survey for lean
beef

KTz
(RURB RS R b e 92
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(Graduate School of Agriculture, Kyoto University)

Three types of approaches (carcass data analysis, data analysis of fatty acid profiles and
healthy beef indexes, and internet questionnaire-based study) were conducted to investigate
the characteristics and consumers' needs of lean beef. Carcass and fatty acid data of ten grass-
fed Japanese Brown steers were used as an example of lean beef. The results from carcass
data analysis showed that grass-fed steers produced smaller carcass weight and rib eye area,
thinner rib-thickness, lower beef marbling standard number (BMS number) than concentrate-
fed steers of the same breed kept in conventional farm conditions. About 100 yen cheaper
carcass unit price of the grass-fed were predicted from the multiple regression equation
derived from carcass data of concentrate-fed steers. Moreover, the dark red meat and yellow
fat colors of grass-fed steers may lead to further discount of the price. For fatty acid profiles
and healthy beef indexes, grass-fed Japanese Brown steers had a lower n-6 to n-3 fat ration and
higher conjugated linoleic acid (CLA) content when compared with other breeds (Japanese
Black, Holstein and their crossbreds raised in conventional systems, indicating that beef from
grass-fed Japanese Brown steers may have positive impact on human health for the two
indicators. In contrast, the atherogenicity index and thrombogenicity index of grass-fed
Japanese Brown steers were significantly lower than those of Japanese Black steers, which
indicated that there was no advantage of beef from grass-fed Japanese Brown steers on human
health for the two indexes. These results revealed diverse impacts of beef from various breeds
and production systems on human health. Finally, it was shown from internet questionnaire-
based study that consumers in Kumamoto Prefecture (520 respondents) were willing to pay
about 1.55 times for purchasing Japanese Brown lean beef as high as beef which they purchase
everyday. Further, the payments were influenced by age and classification by perceptions on

beef (Japanese Brown oriented, social factor oriented and health oriented) of respondents.

PBHRL, TOLPEEFIHEBL TV EE
AONTWoE, FHZEI LD ETLHEDS, K
AR, DHETIE, BRI BRI A b ke, HEZ&EHHEE LTHARAORFER LIZKE

1. B :p)

© The Ito Foundation



40 PIR255E I FAIC Y S 2 B JE sl AR (Vol32)

CHEMBRLTEZZA, HBETIE, 4RI IR
Wi <, ha) —hEnizd, REICEVWA
mEFHISNAHETH %,

REARILCIEX, KEED S 7207208 A S 7z
(GRfE) RGP L LTl S ESh T
7205, STNS DERAIE I, HIERA T
B, WELRHETREL LTd#E L Twieas,
BTN S K BEBPEHTH o2, 22 THE
I S RIFIZHTTY v X v 7 — VL DR
WX BURD TN, ZO%, BEMMIZ19445E
iR e LCARICHOL LT ST TH El
PN R BREOUE Z BRARN S, ERREIO%
B shT&72%,

I TOYETRNRIIZEHEZ EHL L 72 B EH
Lo REDITbI, AT TR MED
BN BEMEOMMIIEM MY FI & Sh T
7S, DX BRATEIZBWT, BEMED
L, BRIIRMED S B -0 S GRS, ZEJE
REOWEHIA 7% <, IR, BB M2 HEK
BRI L TETWwD, L L, 5% #BE
MFED X9 72 MFEICBI LT, Wiz 3 SRR
Mol LA MRS 5 X 0, SR BUGENE % i
A LT TR OB LW IRE AR R 2 5 L
R ERAEZ O STREI D H SO TEE VD
LEZOLND, E6IZ, BLEDX ) RFRENA
DI T T 2 DD D B L FHFIITFHEH T &
W, ~"VY—=RPRELLHEREO=— X6
ZBHIENTE, Firze s EznsZ &bl
RASERR

ZZC, AWZETIE, 1 ITHAUEE CTEE S
M7= e BN DR AT C ORFili O W igtE %
Bt L, 45 2 ([ BARRCRUIE & 2 W o BRI kAL
B L ANV Y — R OIREE o FFE & R
L, 32, £ ¥—%v b7 yr—bMa2®BEM
FOERTH LR CTERL, HHEEORGT
WK % = — X L 1B AL A 2

ERHFNDLIEEZHME L
2. 75 &

KF7ETIE, UTO3207 70 —F%HwT
BTN O RETE 2 Bat L 720

2.1 WEMEEBBNEE O IEE & il

(!

REARVLITHRIC & 2 REARIL RN e X~ ¥ —FK i
TSR B W TG HEHR G- 0 b L TR
Bah, &% (1WA 3A) Kkizihbsh
7R BRI I 252521 105H 0 A P A & i v
720 RWFZETIX, DX BHBIEE O AK
BOMBMEWHS T 572012, 74 =)V FER
W HI VS i S R O S 7 ) W BT S A 72 29457
DETEMMEEB T OMAEE (BMSH ¥ /83—,
B ER, o— A NHE, NTOES, ETRE
BB X OWE, Rtk l) LoiExir- 7,
B FERFSEAT CRE S N2 BRI E
DA X, BATHTRE LN 570
T, BEAFED 7 4 — )V FRERED S HAEE
7 S B Bl & 3 5 mIE % Rk, 1BEM
TR 2351 O T % F v CROA i %
Ked7zo

2.2 JRBFEBRLEL &~V ¥ — 5

21 THWZZHHEE ST v 5 BB/
FI0BEOB A S 3720 — A2 B, VY
JAV—FEICI ) Z—F Ui L7212, 05N
KBALF D) A— R T ) — VBT VL
B-FA% ) —VBHRTAFVIZAFWMLL, D
#®, WAz I 7LV L. o
MR R A S, BFICAH LA U (C18: 1),
al) /LA VEE (C18: 3), FAHINT VA
(n-6 %MW n-3REPKE: ZZTiEY
J =Vt LV yEBo), ) s — VR
(CLA), 77 u—AAKiEE, mekkigEc
HFHL, ShHoozfEm LT, 3 TIC&kad

© The Ito Foundation



BT B RBREE O HOE & RGN OWE A = — XA 41

7TrFa—2 B AIND= (4 x3IYYAF UV (Cl4: 0)+789VIF U8 (Cl6: 0)) + (Ztiffy
AURN ER A5+ VMAS SRR G50, MEJBRIEE TIND=(3IV Y AF Y (Cl4: 0)+28V 35 Vg
(C16:0) +AF7Y B (C18:0)) + (05x (1LAiASFIIRIIME G+ n — 6 KL AMiASafIRIGEE +
3 x (n — 3RZMALFIRIRE GGl + 4 A HINT v R))

PRIAIBALE 7 — & R— 2 & L CIUE - ERL T
LEEMME, RKVAY A M, ZSHREORE (5
B, KFEFE) LHBL, BEMMEREIEE ;O
JTRAR R & AR R B3 2 B e I S 22 L
T2o B, T 70— AR L R
LRIz & - TRD 72,

2.3 HHEH=— XA

WIS vy =Ry b T v r— 1 &fto~wsn
IR, RERIBLICHERE OB L &2 W41,
20134E11H 14 H A 52013411 B 18HIZ AT T A ~
y—tv 8T rr—baERL, 20 oYK
520 A& PERI, EkE (205%4%, 30ift, 40mkft,
50X, 60mELL E) BIZ, TE 2D IHELRAK

Ch5 L9 T T A L7z, AREFETIIEE
FAE D FRHIEE & E B W Ol FUAfiA%, ok &
WRBTEME AN EAF T E, 25128
BN 2 & LR R o B S 1B B
T3 2 ENG & e 72,

TR &P R4 BRI 03 & T e oAl i
BlZ, DFIORT 7L 3 7 288502 X - THitifL
L7z bbb, FFEREEL TV LFROMM
B (BEAMA) 122w T, 984 52000 LA E %
TOI6ER (100 g 720 &4) TR %74,
GINTRE G &5 B IR & A R R BRI O ZF P D il
HISH T 2 X EEHEMEMA 72012, DT
£ B RFHAET 25720

B AR S P B % S R

HARTIZOEK, FRIETFREDY BZWITEFERL <,
FMWThHDL, LENTEF L, 200, BfAED
A TR IS B ORI 2D 5729,
EIBAT LR EDOBRMOFRERG T 5O
TTo LA LEETE, BIIGOZVERZEN
52 LIC L BRHENORE» S, Y EHOTA
ARESRE SN, RERAROERL EHFHKRDZ 5
FHWOEEIEANET>TVET, T2, LEOD
B ETEIAE 502 & B A0 5B il B 0 A R 0 A
SEMOMENS, KU () OBSET TR
A HHICERSELFRAEREEL T BRI 2T
WET,

PR LD RAABBGR SN E, WCHFET
BOEBRBATLIFRNLIDESTOMAL T2
100 g &7z BMoEH Blk) 2BER LI,
MIEASINZWESIE 0] EBEZ S,

@ UEIEAT SN0 H720 DEHITEMT
O M, BLCOLAT S Chak)

BRI B 5 S m

B (2L bFEND) v ) mED L
A, REARBRZPLICHEINTHE T BTN
BHISHEL, MEPBELZLIEHFLRTVENS
e oTwEd, /4, WHEKREDPESL, @
FEZR MR & &, MEWARD ) LRE LD 5
&, AVT—ERFERMATVET,

LRLD &) K E Fo BB AHITE S
ea, WSHETHLERBATLTALY RS
THWAL T
100 g H7z D BMOEH Blid) 2BERL7ZE W,
MBASNZWLER TOM] EBEXLES
(B A]

Ll M, mdCbiAT S Chmier)

© The Ito Foundation




42 PIR255E I FAIC Y S 2 B JE sl AR (Vol32)

O XD IR G W BRI L
T, WS HETLHLERBELTVWATHWID
M THMEAT 20 CGAERAE) 2 HHME
(100 g H7- 0 &%) TEML, LR oFic
o0&, UToOX»O@ENED T L I 7 288K
ZHEH L7
VAN

= (BRI + S TRAD W B AR

TIT, HEZETLITARENLIAE VD
L, WRHIFO%FETEOL) BFREZRL
BEHLTOLIVWE W) BEER>TWLZ L E#
LTWwh,

RICBEAFEZ B L-RBROD 5 W EH (361
%) 2, WEHMEEAONSICET 5 8 o
([Ya—y—TFEbrw], [BELKIZIND
51, [azodhslbwdid s, [HRyWARKD
BEEMbR 5], TR P%RL, Sl LT
Wb, [~V —Thb], [MlitgrEm], [Zh
GOFIZAL V] 247w, KEMEHEICEL
T6EMOFHE ([FEHIZZEIEI ] 26 [F5
72K ZH)Ebhw] £T) oMELELRIC, €
NoORIE% AL, ERGAIT %K
ML 7.

R%IC, HEOFWEEMEERFNTLIT
L8R, BT L I 7 28BS 5 EK
BT D720, /N 2 G AT - 120
/N 2 EATIHTIC BV TIE, MR & 4ERE % B
Bohak, e o Eln 12285 e LTI L
F720

3. BREEE

3.1 BTBMMEBENIEE o WIE & i
([
Table 1 1%, ARHFZE CH 7248 BRI O BT

Table 1 Comparison of carcass traits between grass-fed
and concentrate-fed Japanese Brown steers

Grass-fed Conc%ser:itrate-
Number of animal 10 294
Slaughter age (month) 27.1 253
Carcass weight (kg) 4270+284 4700+41.8
BMS number 22+04 3209
Rib-eye-area (cm?) 423+56 500+6.8
Rib thickness (cm) 6.6+0.5 71+0.7
Fat thickness (cm) 22x02 27+08
Meat color (BCS) 52x06 39=05
Fat color (BFS) 6.0+0.7 28+04
Carcass unit price (yen/kg) 1058 =673 1159+ 184

a:Predicted from the multiple regression equation

B & 74— FERAEHOEITIEE £84-0
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T) Ao, BAHAMEFHLzEZ A, 10581 &
Y, WEATHEES LD B 100MBERMIC R 2 &
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(cm), SFTIZETIRWIIE (cm), BMSIZBMSF
YN—=%RL, BEREOT A Y —13ZORED
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Table 2 1%, BUBEE 8 EHAIRE 2 52 o g i e
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FER CHLIE R E AR T E V2 S N BB
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I L 745 TH Do FRIC B OREE & B
MEWEEZLNTVWRHHAICH L THRET 5

B AR EATR (. kg) =966.7-1.13**CWT +390*REA +32.66**RT — 36.16SF T + 123.95* *BMS
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Table 2 Comparison of fatty acid composition and healthy beef indicators of grass-fed Japanese Brown steers with
steers of other breeds under conventional fattening systems

Holstein

F1 Japanese Black Grass-fed Japanese

Brown
Number of animal 20 9 9 10
Slaughter Age (days) 6474 7473 914.2 8289
Carcass weight (kg) 4514 4924 518.1 427
Myristic Cl4:0 2.83® 3202 2290 2.52°
Pentadecanole C15: 0 1.05° 1.352 111 0.27¢
Palmitic Cl6: 0 27552 27832 23.78" 26.722
Palmitoleic Cl6: 1 3.22P 3.692 3842 283"
Margaric Cl7: 0 081" 0.76"> 0.73> 0.75"
Margaoleic Cl7:1 0.64"> 0.62° 0862 049¢
Stearic Cl18: 0 11.94° 9.83¢ 941¢ 14.342
Oleic C18:1 44.66> 46.15° 51492 44.22°
Elaidic t9-C18: 1 0.222 0.18 017> 0.212>
Trans-vaccenic t11-C18 : 1 080" 0.68b¢ 0.55¢ 1.102
Linoleic Cl8: 2 2072 1.85% 1.772b¢ 140¢
Linolenic C18: 3 013 0.09¢ 0.10P¢ 0272
Arachidic C20: 0 0.061° 0.057° 0.056° 0.1012
Icocenoic C20: 1 0.15¢ 0.26° 0372 0.19P¢
Saturated fatty acid SFA 45462 44.242 38.59P 46.402
Monounsaturated fatty acid MUFA 50.91° 52.27" 57884 49.73b
Polyunsaturated fatty acid PUFA 287 2.62 262 2.90
Omega balance n-6:n-3 17.182 2063 17.762 5.32b
Conjugated linoleic acid CLA 0.344 " 0.386" 0.384" 0.865%
Atherogenicity index AIND 0.7352 0.677P 0.565 ¢ 0.7022b
Thrombogenicity index TIND 1.5742 14992 1.181° 1.6482
Fat content 78¢ 170> 3422 104¢
Melting point 3562 331" 276¢ 3742

Comparisons within a row with different superscripts are significantly different at p<0.05
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Table 3 Eigenvectors obtained from principal component
analysis for consumers' perception on Japanese

Brown beef
Question PC1 PC2 PC3
Juiciness and tenderness 0.36 0.10 -0.62
Resilient 0.39 -0.05 -013
Rich taste 042 -0.02 -0.27
Delicious lean 042 -012 -0.08
Flinty 0.40 -0.28 0.36
Healthy 0.37 -0.24 0.53
Expensive 0.22 0.68 0.10
Difficult to obtain 0.16 0.68 0.32
Proportion 0.52 0.17 0.08
Cumulative proportion 0.52 0.69 0.77
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Table 4 Least squares means by the effects on purchased price of beef, premium index * for lean beef and premium

index for Japanese Brown beef

Purchased price

Premium index for lean beef

Premium index for Japanese

Brown beef

Gender *

Male 405.12 151 1.62

Female 352.9° 1.46 151
Age group E3ES S %k

20s 3276¢ 1652 1.65¢

30s 3137¢ 1.54# 1.542b

40's 353.00¢ 1.492be 1.492be

50's 404.7> 1.33¢ 1.33¢
60s and/or over 49512 141P¢ 141b¢
Regression coefficient for principle component
Japanese brown oriented 1.7 0.028 0.043**
Social factor oriented —281** 0.107** 0.072%*
Health oriented -57 —0.092* —0.134%*

+ : Premium index was obtained as (everyday beef purchased price + willing-to-pay value) /everyday beef purchased price

* 1 p <005 **: p<001

abc ; Comparisons within a row with different superscripts are significantly different at p<0.05
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Anti-obese action of a porcine blood-derived food ingredient

Hiroshi Kamisoyama

(Graduate School of Agricultural Science, Kobe University)

It is well known that edible meat products and by-products are notable sources of

essential nutrients such as protein, minerals, and vitamins. However, there is little attention to

the biological functions of these products. In Japan, blood is not usually used as a food material,

and therefore, has been wasted as a by-product. In the present study, we have investigated the

effects of dietary heme iron on the lipid metabolism in high-fat diet-induced obese mice. Dietary

heme iron tended to increase the relative weight of gastrocnemius muscle and decrease the

relative weight of perirenal adipose tissue in high-fat diet-induced obese mice. The plasma

levels of triglyceride and nonesterified fatty acid were not affected by heme iron. Dietary heme

iron significantly increased the levels of the mRNA of carnitine palmitoyltransferase-1b and

uncoupling protein 2 in the soleus muscle. These results suggest that the natural ingredient

heme iron promotes fatty acid oxidation in the muscle, which in turn, results in the decrease of

abdominal fat in the high-fat diet-induced obese mice.

1.B ®

LA 2 Mz DD H HFEAENTB VT,
TR, RIS 2B O
MIBEFELZNESDORTVEY, TONEER
AL L 2 ZEBOFTNE STV 2 ERIEL %
FIESEIT AR )y 2y Fu—20RE %
5 MG DR RI % PRI RZRB I Tw R
Vo 72, 2014EOWHODFFRIZ L L, s
ENZ BT 560520 E o SknE OEE 1 AT D30%
(FRE) 2595, T, 4%, MR
FBIENR DAY R) v 7y Ru—AaTFfini-oH

O [Pillis] OEEHIIHEICH T 5 LS5,
WOk Tld, REOFEREW Z i LCTEH
T 5 AR T W5, BIZIE, MEE 77 v
Fy—t—YLLTEING, AEEIZBWVT
b, WERIEWOH B, HILE R RSSO W 2l
FIEAE LT, Zofodpn ZlERHEICO W T
AR - EEHE LT, e ENRAERICHI S
TWB A, PAFRUEHIZE A2 5 MR D v
T, PEEZBWTREER 2w E b dH
D, ZEOEHEZET TR (Wi, BB
) ShTwb, i, s A RFHEOH
DD CTEELRREE o Twb, SO

© The Ito Foundation



43 PIR255E I FAIC Y S 2 B JE sl AR (Vol32)

Table 1 Composition of experimental diets

(g/100g diet)
Control Heme iron
Casein 21 18
L-Cystein 0.39 0.39
Corn starch 20.94 2094
Sucrose 89 8.9
Soybean oil 2 2
Beef tallow 329 329
Cellulose 6.5 6.5
Mineral mixture!’ 13 13
Vitamin mixture?’ 17 17
CaHPO4 - 2H20 071 0.71
CaCOs3 2.1 2.1
Potasium citrate 1.3 1.3
Choline-tartrate 0.26 0.26
Heme iron 0 3

1) AIN-93G Mineral mixture (Japan SLC, INC.,, Shizuoka, Japan)
2) AIN-93G Vitamin mixture (Japan SLC, INC., Shizuoka, Japan)
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Table 2 Primers used for quantitative RT-PCR

RPS17

Forward 5- CCG GGT CAT CAT CGA GAA GT -3

Reverse

5- GCG CTT GTT GGT GTG GAA GT -3

FAS  Forward 5-GAS AGC TTG GCA CAG TGC AA -3

Reverse

5- CAC CCA TGG ATC ACC ACA AA -3

CPT-la Forward 5-GAA CCC CAA CAT CCC CAA AC-3

Reverse
ATGL

Reverse

5- TCC TGG CAT TCT CCT GGA AT -3
Forward 5- CCT CAG GAC AGC TCC ACC AA -3
5- TTG AAC TGG ATG CTG GTG TTG -3

UCP1  Forward 5-TGT TCA TTG GGC AGC CTA CA -3

Reverse

5- TGG CTC TGG GCT TGC ATT -3

CPT-1b Forward 5-GTG CAA GCA GCC CGT CTA G -3

Reverse
UCP2
Reverse
UCP3

Reverse

5- TTG CGG CGA TAC ATG ATC AT -3
Forward 5- TGA TGT GGT CAA GAC GAG ATA CAT G-3
5- CAG TGA CCT GCG CTG TGG TA -3
Forward 5- TTT TGC GGA CCT CCT CAC TT -3
5- TGG ATC TGC AGA CGC ACC TT -3

HSL  Forward 5-GGC GAA AAG GCA AGA TCA AA -3

Reverse

5- CAT CGT GCG TAA ATC CAT GCT -3

LPL  Forward 5-GAT GGA CGG TAA CGC GAA TG -3

Reverse

5- TAC AGG GCG GCC ACA AGT -3
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7 R &) AV CTRRNAZMB L, EHA
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PCRICH W72 75 4 < —13Table 2 127k L 720 %t
FHRNTIEAF 2 —F ¥ POREIZ X V175 726

3. % R
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Hig 2 A S, BRI E R 2 BN X & 2 e &
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T EDD, ANABIZ= Y A O NG SR IHE
MEHT LUREEITR Sz,
KEBEENLBRBMEZBNT, EITAHO
CPT-1b3 & UFUCP 2 ® mRNA & 234 &2 84
L, UCP3 ®mRNA#H &3N3 A% 7R L7z,
CPT-1bix 3 b ¥ N 7ICBU 2 RIiEED B 1
Lotk L LTamohTnwb?, £/, UCP

© The Ito Foundation



50 SER25AEE AP B B B AT R (Vol.32)

50 150 0.05
40} 0.04 1
Y C) — T
— ~100 - - =
5 30 | % %; 0.03
g E =
> 20 3 $0.02r
8 S 501 5
@ g
10+ 0.01
0 - 0 - 0 -
Control Heme iron Control Heme iron Control Heme iron
Z02r 6 2r
& I s I s
o m 5r %
o . » i i % 15 1 P =0.105
3 = =
g 0.1 g 3 = ’
g0 Z 5
2 = fo
k<) S 2r =
c 2 5 osf
S TS
o
“ 0 0
Control Heme iron Control Heme iron Control Heme iron
% Sr P =0.06 03
5 =
X g4t I o
© o
E] I Eo2r
e 3 o
g g
1 2 - E
: g 011
S 1f 3
7 (%]
©
(O]
Control Heme iron Control Heme iron

Fig. 1 Effect of heme iron on body weight, food intake, and the relative weight of liver, brown adipose tissue, adipose

tissues, and muscles in high-fat diet-induced obese mice. Data represent the mean * SEM for eight mice in each

group.

2B X OUCP 3 13 eIk g IgAL o JLHERE 22 D
HKAPMESNL Z LPMESNTWEY, Th
SOARLLE A DRERN S, KBEENLBOKYS
XD, EAERICBU B IRIEE B ERILATTAE L 72
ZEAVRIE S N,

Sl KBEENLBROBGITE D, FRHIZE
T A BRI pERALASTTHE L 722 LAURIB S L7z
B, RIS, BRSBTS BRI E B R A
BIFIRET 2 2 MO NT W5, HIZ, KFE
BRICBWTIE, NASEEICLD, REL) o<

7 A DRI ERAHIIN T B EBZ R L7z Zh
e, NASFRGHEICB W TIE~ Y X OB & )3
MUTWREEDRH Y, 2O EH, ~NLdkia
HERC B 2 I PR ML Ok A I B - L
TVAHEEL H 5. 5%, NABMSD, <7
A DI ITTHEICOVTHNL LEND
59

OTAS GRS SECREE R s i e
HSLOmRNA & % B & & % ff{1h) 2 78 L 7225,
P BRI TR I BE (I3 B R 2L s3 8D b7z

© The Ito Foundation



JR ML A BT F2 64 12 & 2 PRGN 05 36 A i B o 51

=157 ’g 1r 6
5 5 =
> 208t 5 957
g g >
£ 1t 5 S 4r
= Zo06f =
~ © ;: 3 L
2 E o4 =
To5 ¢ & & 2t
o 002t 2
= = 0. [=4 L
8 @ g 1
@ g m
T 0 T O 0
Control  Heme iron Control  Heme iron Control  Heme iron
27 161 P =0.09 27
D~ 0] (0]
22 g2 12 2215 |
=2 25 25
85 82 82
g8E ' g 08 1 gE 1
ek gL 3]s
ht = <
£5 £304 1 2505
= T -~
=< = =
0 0 0 -
Control  Heme iron Control  Heme iron Control  Heme iron
2r 05 r 1r P =0.06
= = % 2
S S04t Sos
= * & 2 2
g S Y
e 5 03 E 06
L 1t < <
C & 02r 204
o o O
O -] -]
o 2 0.1 202
) o 9]
3 1%} %)
= s 0 s 0
=
Control  Heme iron Control  Heme iron Control  Heme iron

Fig. 2 Effect of heme iron on the mRNA levels of lipid metabolism-related genes of high-fat diet induced obese mice
Data represent the mean = SEM for eight mice in each group. *and**, significant with respect to control group
(P<0.05 and 0.01, respectively).
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Effects of meat supplementation on hippocampal protein phosphorylation

and gene expression

Bom

(IR 550

Atsushi Toyoda

(College of Agriculture, Ibaraki University)

Recently, the number of patients suffering from diseases related to brain dysfunction such

as depression and dementia has been increased in Japan. In this study, we aimed to elucidate

the chronic effects of meat-containing diet on the molecular function in the brain. Particularly,

we focused on the hippocampus which is related to learning ability and mental disorders, and

we observed the chronic meat containing diet-induced molecular events in the rat hippocampus

comprehensively. Wistar male rats were fed the dried beef-containing AIN93G-based diet (10

g/kg of diet and 100 g/kg of diet) for 4 weeks. Body weight and feed intake were measured,

and no difference between the groups was observed. Also, using the antibody microarrays

(KINEX™ ANTIBODY MICROARRAY, KINEXUS, Canada),

the hippocampal protein

expression and their phosphorylation were observed. We found that 29 hippocampal protein

expression or phosphorylation were changed with chronic feeding of dried beef meat-contained

diet (100 g/kg of diet).

Especially, phosphorylation of the tyrosine residue (Y13) of cyclin-

dependent protein-serine kinase 6 (CDK6) was enhanced. Conversely, dephosphorylation of the

threonine residue (T202) of extracellular regulated protein-serine kinase 1 (Erkl, p44 MAP

kinase) and extracellular regulated protein-serine kinase 2 (Erk2, p42 MAP kinase) was

remarkably induced with chronic supplementation of beef meat-contained diet (100g/kg of

diet), In the future studies, hippocampal events involving gene expression and cell morphology

should be elucidated.
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Effect of livestock by-product on serum triglyceride level

A I
(BRSP4

Yoshiharu Okamoto

(Faculty of Agriculture, Tottori University)

We examined effects of degradation product from porcine liver (Liver Hi®) on the
improvement of triglyceride and cholesterol using high fat diet fed mouse model. C57BL/6
mice (male, 6 weeks old) were fed high fat diet for 28 days. Mice had been drank diluted
water with or without Liver Hi® ad [ibitum during the experimental period. After the
experimental period, blood, liver and epididymal fat tissue were taken. Serum blood chemistries
including triglyceride and cholesterol were measured. Intakes of Liver Hi" did not influence
the changes of body weight and the weight of liver and epididymal fat tissue. Intakes of Liver
Hi® decreased the level of low density lipoprotein cholesterol. However, intakes of Liver Hi" did
not influence other parameters. Furthermore, intakes of Liver Hi” suppressed liver
steatohepatitis. These results indicate that Liver Hi® has a potency as a new functional food for

the patients of hypercholesterolemia.
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Table 1 Effects of the degradation product from porcine liver on body weight change and organ weights

ND HFD HFD+L 2% HFD+L 5%
Initial body weight (g) 213%11 217+10 218+12 21312
Final body weight (g) 231+13 259+11 256+12 254=1.1
Liver weight (g) 1.0£0.1 1101 11£01 12+02
Epididymal fat tissue weight (g) 03=0.0 08+0.3 08=0.3 08+0.1
Data represent the mean =SD in each group (n=5~6).
Table.2 Effects of the degradation product from porcine liver on blood biochemistry
ND HFD HFD+ L 2% HFD+L 5%
Glu 55.6+54 1150+ 324 109.0+50.1 118.0+524
TP 50+0.3 50+0.2 54+04 49+0.2
ALB 27+03 26+02 27+03 25+0.2
AST 583+56 138.0+133.0 115.0+67.0 720+421
ALT 275+98 101.0+129.0 82.2+92.2 31.8+35.6
ALP 405.0 +29.0 347.0+265* 326.0+37.4* 300.0+26.2**
T-Bil 06=0.0 05=0.1 06=0.1 06=0.1
BUN 257+19 258+46 265+52 284+45
Cre 02=0.0 04=0.2 03+0.3 02=0.0

Data represent the mean =SE in each group (n=5). **: p <001, *: p <0.05 compared with the ND group.
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IR ED L L 5% 1V TV LY (£ V5 —
Ny b, HED) WATT, BEMAHIRE D FRILE
FEhiL, ZOBIMERLFIC X 0 555 L7z
D, N L R R R PRIRIDHLR 2 f ik L o
WE 2T o 720 AR —FIE, & > MYta
% N L, MARE I BRER 24T - 720 MIE500 % g,
4°CTI5 MmO L, g7z, Hon
I T AE LA B L O IRE (2L AT

— B LOHWIEY) Tu7 740y Ik

(Lipo Search, ZH1 4 54 b - "4 FF v 7Kk
St W) 2EM L7z A bEmA Tl
My (Glu @ mg/dl), #&% ¥ %28 (TP g/
d), 7v7 ¥ (ALB: g/dl), 79=>7 3
J HiEBEEFE (ALT :U/A), TANSEFUVBT
J MR (AST U/, TV A VKA T 7
% —¥ (ALP : U/), #¥ ) V¥ ¥ (TBil:
mg/dl), WKFE&EF (BUN :mg/d), ZL7F=
¥ (Cre : mg/dl) Zil%E L7z,

RiRIZ, P9 = BERAE TR L7z, BEAR
FEAL, —ICHL I 5 BT @ % Tukey Kramer's
testiZ TIT o 720 fERERS %Rz A EAED D &
L7z

~
~

3. BREEE

3.1 AREZALZ S IR
REZAL 2 & O g #r T O 2R % Table 1 12
RL72, 28HHIZHWT, HFD#:, HFD+ L 2%
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Serum cholesterol levels
* %1 p<0.01
180.00 1 % p <0.05
160.00 - [J ND
[FJ HFD
140.00 7 [ HFD+L2%
M HFD+L5%
120.00 A
100.00 A
80.00 A
60.00 -
40.00 A
20.00 A *k .
|'—| 0
Total CM VLDL

Fig.1 Effects of the degradation product from porcine liver on cholesterol concentration in blood

(H:3) k.

HB L OHFD+ L 5 %8 CAREICEILED 5
Nl o720 [ARRICHFIB I X OVKS 35 PR IR G A%
# b, HFD#, HFD+ L 2 %% 35 X O'HFD +
L 5 %M TOERIIAD SN o7,

PLEX D, LN—HIOFGIZ XY FhK, A
ANORREFREOETRI 52w L5
Ne ol

3.2 I A LA

ML A AL 22 AR A O 5 e % Table 2 1277 L 72,
HFD# 2BV TGlu, AST3H X O"ALTIINDH#: &
LT hAmimssiEiR s/, HFD+ L 2 %
BELUHFD+ L 5 %1235V T, ASTIZHFD#
B L TIRE 2 /R g 23 5 7z, HED,
HFD+ L 2 %3 X UHFD+ L 5 % BBV T,
ALPIIND# & Jig L CHEICEMEZ /R L7z (p
<001 : HFD+ L 2 %% X O'HFD + L 5 % &,
p <005 : HFD#) . Z DI »0HEHIZBE L T,
ATEHNERITRD SN o7z,

INETICYH, @IREAMICE Y WEHALP

p <001, *: p<0.05 compared with the ND or HFD group.

MBERAT L LG SN TV L0320 B4R 2%
BEEIAHTH LY, ZoRICELTIE, 4%
R LR S LS T (W

3.3 ML AFu—VBIOKRE a7 7

AT

mEaILVATu—= 70774 VOEREY
Fig. 1lZ/R L7zo MR Eo# 512Xk ), HFD,
HFD+ L 2 %3 X UHFD+ L 5 %#o#Ha L 2
FO—VIEEIZER L (p<005), ZO9H b
WAL E Y K&\ (VLDL), KItE ) R&EN
(LDL) B URILEY R&H (HDL) Z& M
HHGICE Y, MERORE EAPHER SN,
VLDL® & U'HDLig 1, L N—Hif512 X 5%
LIIHERR S N 2o 720 MIELDLIEE X, LoN—
Hi#% 512 X D HFD#E L ) M Z R L7z 4FIC
HED+ L 5 %#2B VT, HFDEE & B L CTH
B Z R L (p<005), A4m3Irmy
(CM) IZIZBAL DR S N Do 70
mFER R 72 7 7 4 v ofEH % Fig. 2 1R
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Serum tryglyceride levels

100.00 -
90.00 1
80.00 ] ND
£ HFD
70.00 [] HFD+L2%
60.00 I B HFD+L5%
50.00 -
40.00
30.00 1
20.00 1
10.00 ﬁ]i
000 & el
CM VLDL LDL HDL

Fig.2 Effects of the degradation product from porcine liver on triglyceride levels in blood

(n=3)

L72c HFD+ L 2% B X U'HFD+ L 5 %# 2B
W, IR ERRT B X OYVLDL#E EE ASND#
BIXUHFDE &KL, EAMINEzRLZ, L
ML, AEAIEESNAR 257, LDL, HDL
BLOCMBEEIZ 4 HHICBWTERIBDLN
Lol
HEARNICBIT 2L A7 a— L EHE, UTo
EBOTHDYY RNOa L R 7 a— W
B, BEMER, 3L AFa— VORI, A7
O—VOEREPRIC L D HI S TS, i
HiZEIhsal ara—id, N SIRILE
NI @8I N % o 2> 5 1ZVLDLASHL A I 55
W, M CTLDLICE TR#EbE, 20k
LDL I3 &ALtk o M N I 210 (247459 5 LDLZ &
I &0 MO HIZH Y A AU TRR LR & 4t
WMEN, ZOBBIE7 1 —FNy Z7HIENC X L
fiEhTwb, —J7, HDLIZ#®FEZz L A5 a—
W % RRSHLAR A S P~ % L, IR & LCHk
Mg 2 BERED D 5o LDLIE, ISR & I H
HLDLZAMRIC L D HUY A, HDLIZAFHREIC

»HHDLZEMRICEI VY AT Do FFIRICHL
DiAENzaL AFa— VRIS D
A ALATO—=LOF FHTHIIHWMEN S,
L72h35 T, GhlOfER» S L S—HHEIUIZ L D
KIEHLAE T ORY SAA DB, K TOHLY JAH
DY, T DR RN D2 - S RAED W
FINPANEIEE ), LDLBARALNI-EE X
bNb, LM L%ads, ERRFRIHIERZAT
HTHY, SHESRIMHAVBLETH S,

3.4 MRkFIBIgE

Ry v MGAff O SRS HEmR T40085) %
Fig. 3127k L7z NDEIZBWT, MR IXIzE
ARSI N 572 (Fig. 3a)o HFDRETIZKR
NSRRI (RED) B XU, Mo 22z
P, PRIEZM (KB »HER S 7z (Fig. 3b).
HFD+ L 2%3B XUHFD+ L 5 %#ECix, B
WIBEINDLLODZDOKE SIIHFDHRE L 1L
WLCTNE otz T2, ZREN, RIEE
EIRECTH -7 (Fig. 3eB L Ud ),

AR, AGEEEZ I L& T DRk e R EHEDR
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Fig.3 Histopathological findings of the liver

b

The tissue sections of the colon were stained with Sudan three stain. Data presented are for 1 mouse each from
ND (a), HFD (b), HFD+ L 2% (c) and HFD+ L 5% (d) groups. Bar =200 x m.

We 72TV a— VERFREESEEE 725> Tn
%%, BIRPIEOENDL ZOEKD 12EEZ 5
NTHH ", SBHFDE TR S 2Bl s
L O, W 22 e vk, MR AR S 7z,
ZO—FT, LN—Hi#GHTIE, EH#EOKE
SDUNE BRI, TRIEIIRETH - 72,
IO ORI, LN—HIOHGIZ XY fFiETo
PEEROBPIRE 572 £ 2 bN b,

4. E 8

AT, IR EEECE 7V & v CRIF
B 7K 531 7 4 > PP AR I R R R D MRS % 47 -
7o WRHFRBMAK 3 ff R0 L ), LDLa L &
T 0 — VIREE OB K OB T O Be ik,
Z2fu itk - RIFEEOWA DR SNz, b
OFERE, FRIF BN K 53 8k 1 1 % b VG I 2 1
LDLI L A 7 1 — VO # 12 F %) %= B ae &

MEBRVIBIEERBLTCS, L2LARD
5, ZOVEHER RPN L S L SHOM
HPLETH D,
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Studies on relationship between blood glucose level and plasma

aminoacids, omega 3 fatty acids and thrombotic factors

v W - it RES- - G SaATT - s WA
(KTFRIERFERAE Y V) 2y 7, BEBRER PR, ARBER R E R )

Akira Tanaka - Keiko Kamachi + Katsuyuki Nakajima* - Akikazu Takada™**

(Nutrition Clinic, Kagawa Nutrition University,
*Gunma University Graduate School of Health Sciences Postgraduate School of Medicine,

**Hamamatsu University School of Medicine)

The purpose of this study is to clarify the relationship between glucose intolerance, serum
remnant lipoprotein cholesterol (RLP-C) levels and plasma amino acids levels. Leucine,
isoleucine and tryptophan are reported to decrease serum glucose levels. And nateglinide,
inducing substance of amino acid is used as the oral hypoglycemic agent. The increase of
serum RLP-C levels is the atherosclerotic risk factor.

Hemoglobin Alc (HbAlc) value is used as the marker of glucose intolerance in the study.

Plasma amino acid levels, HbAlc values and serum RLP-C levels were measured in 17
subjects (2 men and 15 women), who consulted Nutrition Clinic. HbAlc valued between 5.2 and
71% (Table 1).

Only plasma tyrosine value showed a significant positive correlation with HbAlc value
(r=05501, p =0.0271, Table 2). Tyrosine is the precursor of catecholamine and thyroid
hormone, which increases serum glucose levels. This may explain the relationship between
plasma tyrosine value and HbAlc value. However, there was not a significant correlation
between plasma leucine, isoleucine and tryptophan values and HbAlc value.

Plasma valine and leucine values showed a negative correlation with HbAlc value (r =
— 04978, p = 00497 : r = — 04330, p = 0.0939, respectively). The branched chain amino
acids, valine and leucine, are reported to decrease serum glucose levels and improve the insulin
resistance. Serum RLP-C levels are increased in the insulin resistance state. This may explain
the negative relationship between the branched chain amino acids and RLP-C.

The subjects investigated in the study were small. However, The study showed the
relationship between a part of amino acids (tyrosine and branched chain amino acids) and

glucose intolerance, RLP-C.

OHEZWSNIZTHIETH D, MthEREREED
JEEIZHbAICER W, TI /2 FIAI2E0 %
Argeo HigwE, mipEmekE b7 I ikE TIJWBLANLVEHEL.

1. B i)
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*#1 WEOxS

SiE P51 (ﬁ) BMI

HbAlc LDL-C HDL-C RLP-C

(%) (mg/dl) (mg/dl) (mg/dl)
1 i 51 272 5.6 197 55 45
2 i 58 29.1 5.7 183 55 46
3 i 35 339 59 138 50 6.8
4 7 34 284 54 90 60 28
5 7w 56 30.2 59 143 49 55
6 7w 54 236 5.2 129 71 24
7 7w 58 310 6.0 122 85 4.3
8 7w 65 28.1 7.1 131 59 35
9 7 50 275 54 176 66 5.0
10 7 55 28.0 54 127 56 3.0
11 7 60 258 57 161 63 4.0
12 7 57 277 59 107 65 3.7
13 7 57 45.7 6.7 87 39 2.7
14 7 50 20.8 53 113 77 35
15 27k 54 29.1 59 131 51 135
16 Bk 51 244 6.4 105 84 37
17 Bk 47 26.0 6.5 98 45 87.7
73X BRIZIMAEE % TV 5 T REME AR S T 720

Who FEBE, Avufrry, ufry, FYTh 5

77 v HEDT I BIIHE T OB LT 2 . ’

il L CbifiE 2 TP A ek ER S, MY T 2.1 x %

b7 7 b B EEE A A S hvTw
510, F7, BERBEFETEIMEPT I MR, K
ISR T 3 VB TH B Z E RIS LT
Wb, 61, TIVBFEYWTHLFT I =
FIZRETMAHE IR & LT S hTw b,
CDOEHTT X7 FRACHNIHE R NG DI E & 5 <
BELTWbrIEAELON, TI /7T AHICK
D, TRTOMAPT I 7 BL NV L TFFERA TR
RE & OB 2 MRT L 7oA ZE DR RIL, 73 R
(X B BERIEZ B L ORI O BEEA D
%o

AN, M7 I JBRLAVEIR L AF Y b
) RER (RLP) 2L AFu— e ME, B
X OV RE R & M IR R & 0 BHE & BRET L

WP RBRFERE S ) =y 2 22 L1THIO
B (B 26, ZY15H) 2RGE Lz, il
34~657%, BMI20.8~457, HbAlc (NGSPH) 5.2
~71%, LDLI L A7 1 — L iti87~197mg/dl,
HDLZ L A2 50— V39~84mg/dl, RLPI L A7
T —)L24~87.7mg/dlTHh -7 (F1),

2.2

TIJ)ZSAZEY, MEoOmBh T I L
NNV ERPE L7z, MEEERIET 7% F VB,
EPA, DHAf#H, I fREIZLDLI L AT 0=
(LDL-C), HDL2Z L A5 ua—) (HDL-C), L &
Frbhalarua—) (RLP-C) ##lE L7z, fif
PERERE E D FRIE & L CidHbAle (NGSP) fiiz M
Wiz,
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%2 HbAlcflE (%) &7 3/ #&E (nmol/ml) @
[543

73 W HbAlc (NGSP) fH
AT = B P i

D ZER] r =05257 p =0.0553+
=% r =04638 p =0.0801 +
fvad vy r =02734 p =0.2433
= g7 r =02783 p =03173
Fayy r =05501 p =00271*
rN)FET Y r =0.0458 p =0.9667

* p <005 + p<010

HbAlcfE & &b 7 I 7 ML OB,
HbAlcf & i+ B IGRfE & O AHBY, 1l RLP-C
filie &b 7 3 7 B OREIZ A YT < v O
BFR BT L 720

3. BREEE

3.1 HbAlcfli (%) & Kk 7 I/ &
(nmol/ml) DORHE (%£2)

HbAlcfiE AEME 2RO -0 Fr Y D
ATH oz O, FHEMGEINZEDI-DIZ T IV
IV, TI9=VTholze fVEALT Y, 1
A4y, MIT 77 VIIBEE RO L7,

FOI UL, TINT I LA END
TIJEET, HEET I JBIISEISNS, Fu
YU, WRBALVEY (FA4uxy oy, bY
J—FHfu=y) AT UFE, ATFa—)
7IV (F=n3Iy, /¥ 7Yy, ¥R
7)) OHEBWETHY, Fud ob5IcLD
M7 VTR T v BIO =233 AEDHN
FTHIEPRMESN TS, BIREARILVE Y,
AT A—NT I M EAERASH Y, HbAlc
i a Y Sl & DIEAHBI DR K & 7% 5 T hg
HrEZHN5,

L2, ZROBETIE, TR oM
EhctwsrAftvuafyry, a4y, )T h

7 7 VIZHbAlcHE & DR % RO e h o 72,
3.2 IFRLP-CAli & &l 7 3 /7 Wit & OB
b

MHRLP-CfE & FEMEAZRD-DIE, 75
IV (r=06834, p=00035), N> (r=
—-04978, p =00497) THho7z. TDh, HIH
H 2 Bd720iF, af > (r=-04330, p
=0.0939) TH -7
MARLP-C® b 13 By IR A AL A & o fé B 71
LLTHmshTwsY, /2, IHRLP-CAtE,
PRI, A KY) w7y Fa—a, 4 A VK
PEOHRETEATAZENEHIN TS,
4nl, MAPRLP-CME & 5 IE8E 7 I VR TH 5N
v, uA vy EAOHEBEMMD 5\ ISR %
D7z, IEEAT I 7 BRIE, R T OB ALK
P L CHLiE %2 TP A RN S, 4
RFBE TIRILT T 3 8, BRI T I
PRETH S Z LRI T3, Flo
MRS, ERLP-CHUETIEA » 2 V&P,
T R RS 2 OB 2 A LTIl I8 7 3 e
METFTLTWSZ LA HE Sz,

3.3 HbAlcfl & &£ IMFHERIiEE (75 F F v

B, EPA, DHA) oO#I

HbAlcfli& 7 5 % F B, EPA, DHA L O#]
i, #hZh, r=03249 (p =02032), r =
00173 (p =09474), r =01113 (p = 06706)
VTN ARLEEZED %057,

4. 2 8

WPRBERFEFREI )=y 7 2% L1T0 %
MR, T3 7 TA5MCEBMMET I
e MR RERE S B L Ol L A > M & o B
MR L7co HRERERE & 08I T d 5 HbAlcfH
FIE EAEH O 5 HIRBAVE Y B LS T
I—VT I VOFYWETHLT O v EARIE
M ZRD7z. 72, IMAPRLP-CAl i S T 1

© The Ito Foundation



Mg & mrbh 7 3 2 B, 4 A7 3R, M5 o I B § 5 e 65

MDD 55T 3 /7 WEE & A EMHM % RO
2o S ORI VEBITORTH - 7208, F
Oy ryBIXOBBSET I Ve E—HOT I R
CIFREREREE B X 0L A v MU E iR
PEASHERE S 7z

x #
1) Doi M, Yamaoka I, Fukunaga T : Biochem &
Biophys Res Commun, 312, 1111~1117, 2003.

2)  FHIRCW, WL, TR AT I R
7%, 175, 1~7, 2006.

3) HIRXW 73 7 EEWigE, 1, 9~17, 2008.

4) TIkehara O, Kawasaki N, maezono K: Biological
and Pharmaceutical Bulletin, 31, 469~472, 2008.

5) http://jawikipedia.org/woki/F 1 ¥ ~

6) Akira Tanaka. : Postprandial Hyperlipidemia and
Atherosclerosis. J Atheroscler Thromb, 11, 322~
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Sekine, Fujie Numano, Fujio Numano, Gerald M
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Studies on relationship between the composition of blood amino acids and
fatty acids and atherogenic lipoproteins and/or thrombotic factors in

patients with coronary artery diseases

AREE Frid - AR - B #k - B B g AT - D WAL
(RIS, LT HRIERFENIE S Y =y 7, PHERFRFREEFR, O IRERRFIR )

Shinji Koba, Youichi Kobayashi, Yuuya Yokota, 'Akira Tanaka, Katsuyuki Nakajima, *Akikazu Takada
(Showa University School of Medicine, !Kagawa Nutrition University, 2Gunma University Graduate School of Health Sciences

Postgraduate School of Medicine, 3Hamamatsu University School of Medicine)

Background: Metabolic dyslipidemia is a main feature of coronary artery disease (CAD).
Atherogenic lipoproteins such as small dense LDL, oxidative stress, and thrombotic factors
play an important role in the development of acute coronary syndrome (ACS). Recent studies
suggest that some amino acids and fatty acids regulate key metabolic pathways. The aim of
the present study is to examine relationship atherogenic lipids including remnant-like particle-
cholesterol (RLP-C) and malondialdehyde-modified LDL (MDA-LDL), and composition of fatty
acids and amino acids in patients with ACS.

Methods and Results: The blood samples were obtained by venipuncture on admission.
Plasma fatty acids were measured using gas-chromatography and plasma amino acids were by
Liquid Chromatograph Mass Spectometer. Thirty % of 121 patients with ACS had prior history
of CAD and 72% and 27 % had hypertension and diabetes, respectively. Compared to normal
range, ACS patients had higher levels of taurine, asparatic acid, glutamic acid, alanine,
cystine, phenylalanine, f-alanine, and ornitine, and lower levels of asparagine, glutamine,
tryptophan, and arginine. Diabetic patients had further lower tryptophan levels, which
supported previous experimental reports. On the other hand, non-diabetic patients had further
lower arginine, a precursor of nitric oxide. Correlation coefficients between glucose-related
factors or atherogenic lipids and cmposition of amino acids or fatty acids showed that glutamic
acids were significantly positively associated with non-HDL-cholesterol and MDA-LDL, which
supported that glutamic acids induced dyslipemia and oxidative stress. Not eicosapentaenoic
acid but arachidonic acid, dehomo- y linoleic acid, and docosahexaenoic acid were significantly
associated with non-HDL-cholesterol, MDA-LDL and RLP-C. No amino acids related to HbAlc
and glucose levels on admission.

Conclusion: These suggest that amino acids have important functions in both nutrition and
health, and affect diabetes or dyslipidemia related metabolic disorders and atherosclerosis.

Further studies are required to compare these results with healthy subjects.
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1. H :p)

B IREE R TIACHYEIR SR %2 B3 2 523
%<, ZOERTH 2 HIRBEILERNE ) KEAH
L &J v b R&HRsmall dense LDLTH %,
IS ORI LERYE Y RET EBILA LA
RIMfeRE T & OBF#EAER ST b, AR
HEEREDTF - HHRIITEDS - a2 RN Y
EOUENLETH D, LaL, WRIGHIRE, i
KALHIRE, EARREORRIZOWT, K2
HEROEMDDH B, T I B AREIR A
WETLIEFEHMEINTBY Y, ek T I/
BraORAREZHIRT 2 REPENICEHLTHA
B 7 A% o ARIFFE CLE BT RIE R O

1)

T3 MRALE, RIS, IR EGRE ) K
HAZWEL, £ OMHBEZ G L 720

2. 7 &

SVERERE PR C A B ISR I 2 SR L, 17
L BEE orHEL 720 AT D NRIIR 4 551 % 77 A
rua~< N5 74—, T3 /M3 & i
krva< b7 774 —EEGSHEFCHE L7z, i
WLAT Y MY REAI L AT T — )VIE0RER
#1T, smalldense LDLZ L A5 — LB I
IDLa VAT 0= VIEAREY =T AETHEL
7o RERIZPATIZ 8O ATC, 2 2 m B OMBIE
Spearman M AN A B CREHT L 725

1 FIRER
2% 12141 Bk 10140 w2060
A, R 63.6+13.6 673139 754+86
BMI, kg/ni 238+4.1 241+43 226+31
e A ZE O BEAE 18 18 0
5t Sl B R M4 7 A D WEAT: 34 29 5
L% A 5 it 151 5 3 2
TR B O RELE 15 11 4
F LT 87 69 18
fo MR 31 24 7
{% WU LT B 42/43 42/41 0/2
Ea WA T S Mk 36 30 6
HE PRI 16 e S 19 15 4
Eiil EH, g/d 71£07 70£0.7 7308
it 7hv73v, g/l 40+06 41+06 3907
HbAle, % 6.18+1.22 6.15+1.26 6.28+1.01
Total cholesterol, mg/dl 1882+455 1874 +437 1921 +54.7
Triglyceride, mg/dl 131.8+97.3 1329+973 126.5+99.5
HDL cholesterol, mg/dl 459+122 450+11.1 50.3+16.4
LDL cholesterol, mg/dl 117.8+38.7 1185+ 38.6 114.3+40.0
Non-HDL cholesterol, mg/dl 142.3+439 1424 +434 141.9+476
o 7R REHAL mg/dl 1236+24.2 1222+228 131.0+29.8
5 7 R RHAB, mg/dl 973274 974+273 96.6 +28.2
i Small dense LDL-C, mg/dl 331+205 334+205 31.7+212
RLP-C, mg/dl 593+4.79 6.15+5.12 483+221
MDA-LDL, U/1 1535+71.6 154.7+727 1474 +66.9
VARE-p-) L VER ug/ml 379149 38.3+14.9 359+1564
7 7% N Vg ug/ml 179.6 £52.2 1788 +52.8 183.6 =50.0
IA ARy F TV, ug/ml 68.0+385 59.3+36.7 81.8+427
FaHAFH U8, ug/ml 1336+51.2 1272+455 165.8 =66.0

S + R HEAR 7 Small dense LDL-C =small dense LDL-cholesterol, RLP-C = remnant-like particle-cholesterol,

MDA-LDL = Malondialdehyde-modified LDL
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B2 SNAMARLAT 3 BEBRIAON BT & 2
PHEREEE M R Kl TR PR

Taurine 108.8+484 324 2711 39.5-932 107.3+46.7 113.1£535
Aspartic acid 132+155 2.3 710 24L°F 126+14.7 151+17.7
Asparagine 44.7=127 248 99.9 447-96.8 448+133 442+107
Glutamic acid 1024 +46.2 330 264.0 126 -62.5 98.8+43.6 1129+52.2
Glutamine 4978 +1156 1122 8387 4221-70338 5024 +123.1 484.3+90.8
Alanine 418.3+141.7 162.9 1226 208.7—-522.7 4179+1478 419.£124.7
Cystine 248+135 6.0 1111 13.7-283 240£130 269+14.9
Phenylalanine 714+208 413 174.8 426-1757 708+215 733%185
[ -alanine 404+169.2 30 1200 (=) 214+1389 90.8 £226.5
Tryptophan 414+114 88 736 37.0-749 425+116 372+101*
Ornitine 102.7+34.5 434 2398 31.3-1047 105.0+36.8 96.1+259
Arginine 51.9+246 5.0 126.6 5361336 49.1+236 60.0+26.2*

* b <005 vsIRERTIE

3. BREEE

177 Ao %E, M CRE 21T o 7228, Bk
FEMERE 2 Mg SNIZHEBI, BEAER, o 3 RIEN;
FRBLAIR & % 721210 (BPELOLN)  Cf#dT

L7zo BEERZRILIIRT,
#130% (L EENIRE B OBEEEZ A L, &iE
72%, BERWTIE26% THP L TV 7z Small

dense LDL cholesterol & MDA-LDLIZ 38 2 > H &
Bl D s D — N LD A FEIEMET
Ho72

3.1 73 WEEBERIE O

S L I LR Z RS 7 X/ R & BRI
DEWIZ X B HEEE2ITRT,
B E B B Tl Taurine, Asparatic acid,
Glutamic acid, Alanine, Cystine, phenylalanine,
B -alanine, Ornitine & fH T, Asparagine,
Glutamine, Tryptophan, ArginineZs&fE%z 7R L,
HE R 9% Tl Tryptophans X 0 &4, Arginineld
FERE PRI T & D IR EZ R L 72,
g pAINOEERE 2 PRAE L, MR TIEH 24§
I ENMEINTNL Y, BVEIEREIEERE

Tryptophan??®

“C“Tryptophanﬁi‘ﬁﬂﬁ THAZHER BT X D ARAE
BRL7-Z 81, BEOEBRIIFRRERL
720 —HALEFZOTEMAD Arginineld, SWVEEE
e CIRME 2R L7228, FERERRIGHIC & U il T
Ho7z

3.2 fFMONRIIR, 7V BRICKITT

T AEAAMEE Y RE-y-) /L VR
(HHBR ¥ p —0293, p =0001), 75 F F Vi
(p —0212, p =002), Glutamic acid ( p —0.23,
p =0011), I, AEZIEMEEZ, FathAxH
TV (p0224, p =0.013), Citrulline ( p0.278,

4

Foe

p = 0002), Cystine (p 0283, p = 0.002),
Phenylalanine ( p0.284, p =0.002) (238D 72,

3.3 HR#H~—F—LOMENT
FEIERNIHR B G HELZ R L T o /2
1026128 WT, ABRROIMEZ VI — X,
HbAlcIC B3 2 iR - 7 3/ BRIZED %
"o 72
3.4 MRWLEEMERE~—%— (non-HDL-
cholesterol, RLP-C, MDA-LDL) & o [ i
K-

B L OBEMICHERTELRH LT
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#3 BIRMACEREMRE — b — LRI - 7 3 VB8R OB (Spearman D NAFLAHBI 7%

Non-HDL cholesterol MDA-LDL RLP-C
Exil RIEY 4zl RIEW 4=l KW

(48| 0.220™ 0.229* 0.254** 0.226* 0.228* NS
T3 NS NS NS NS 0.204* NS
GRET X R NS NS NS NS 0.252%* 0.339%**
Glutamic acid 0.233* 0.378% *** 0.213* 0.292%* NS NS
Alanine NS NS NS NS 0.231* NS
Valine NS NS NS NS 0.271* 0.284* *
Isoleucine NS NS NS NS 0.217* 0.406% * * *
Leucine NS NS NS NS 0.213* 0.242*
VRE-p-U LV 0.598 % * * * 0.539°% *** 0.615% *** 0.574% %% * 0.657% *** 0.583% * *
7IF NV 0.555% * ** 0.523% *** 0.495°% *** 0.433% %% * 0.599°% * 0.591 % *
IA ARy T U NS NS NS NS NS NS

F Iy AFHo o 0.355% * ** 0.265* 0.287% ** NS 0.246™ NS

*p <005 **p<001, ***p<0001, ****p<0.0001

o 728561T, BIIREALERMEY REHDO I L A
70— )V OIFEECTDH % non-HDL-cholesterol, Il
Fe & B34 5 RLP-C, ERILLDLOREITH %
MDA-LDLIZ32% 5 2 Gk - 7 3 / Bk % it
L, #REEIITIRT,

TNVE I VR, NREREERILA PLATE
BRI EDPMEINTVESY, Z vy I U
AHEALLDLTd %5 MDA-LDL & IEMBE %R L 72
Zl, HEOEBRIMIZEH R L7z, JRE
v—h—b A ARy BEUSORERNE
iEEAFIC Y AR E-p-) J LVEE, 7% FUEBA
EMBEZRLZ2Z L, w3REw6 RO
DN R L 72,0

B FEAE AL SR R B L BT B T THT
ETHY, S, HEANLOLERIMAERT &
B Z MG 5 FPETH 5,

=1

4. E 8

R LAY RER (LAF Y MY RER
X small dense LDL 7% &), BER{L A b L X R4
N3k R, AV EE R O FE & B3

%o AAE, T X WA - BRITIRRALL O B IR AL
PERENR AN OB SN TV D, Al
FEBEREFEIERE O 7 X VAL, MR, Bk
LR ) REAZWE L, € OBz ZHb L
720

SWETEAEMERE I X 2 ARSI ERIR I 2 $RICL
M3 & M4 % 0 L7z s o IRIIER 4 451 %
HAZ2UI NTTT4 =T, 73 /BFEH %5
K7 a< b 777 4 —HESHEITHEL
7oo MLV AT ¥ MRYAREAI VAT H—)VIE
TeIEW A5 C, small dense LDLI L X 51— )L
BLUOLDLA VAT OU—VIZHFEI =T AET
WoE L7zo BEMATIE 08T, 248K OM
B X Spearman O NEALAH B TRENT L 720

1218 (BYEI0LN) TRENT L 720 #930% (258 H)
PREEE DO Z A L, SIMHEIZT72%, HERWIX
26% TEHPF L T 7z JeiEfl & i U, S e
¥ B % T & Taurine, Asparatic acid, Glutamic
acid, Alanine, Cystine, phenylalanine, [-alanine,
Glutamine,

Ornitine & 1t T, Asparagine,

Tryptophan, Arginine?¥Efi%/~RL, BIKHE Tid
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Tryptophan#®s & Y X fii, Arginine (% IEHE IR 7% 1
T2 IR L7z FERERTIHEIRIE 1G5 & il
AL TWZdo 721026012 B8 \WT, AR LG
Vv a—A, HbAlclZBHE§ 5 NGIIK - 73/
RIZBD Lo 72,

BB X OFHERNIREIR T E 2R LT
o 728561 THREfE & B3 2 N1 & Miad L 72,
Glutamic acid %% non-HDL-cholesterol & MDA-
LDLEHERIEMBEEZR Lz = T F T
YU, VRE-y-V VU, TIFFY
e FayAFH o vEElX, non-HDL-
cholesterol, MDA-LDL, RLP-COWF & b IE
B 2R L7,

BLEXY, 737 BIdRES L UM H %
mHEREE A L, BEIRE A R EIRMEALIC S 2 )
139,

X Wk
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BEWEHOBI L P 7 3 /B8R, 4 X7 3 a1
Je Ol K- O B E L B & AF5E

Studies on relationship between meat intake level and plasma aminoacids,

omega3 fatty acids and thrombotic factors

RO - NI BESE - s AT - B B
(VBRI RS TERLEE,  2BEI R R B 220728t SNPOIEA [RLEFE7T Y 27 1))
Tetsuya Takao', Mutsumi Ogawa', Katsuyuki Nakajima® and Akikazu Takada®

(1Faculty of Life Sciences, Showa Woman's University, 2Graduate School of Health Sciences, Gunma University,

3NPO “Food and Health Project”)

The subjects, they were over 50 years old, male, not disease, not on medication and no
dietary restrictions, were tested for food intake level, blood lipids level, remnants, insulin and
amino acids. The average age of the subjects was 62.8 £ 10.2 years old and BMI of the subjects
was 24.2 * 26kg/mi . The average energy intake of subjects was 2020.3 + 261.8kcal/day,
average protein intake ratio was 17.7 = 2.6 %, average lipid intake ratio was 27.3 = 39 %,
average carbohydrate intake ratio was 46.7 = 6.9%. Lipid intake ratio of subjects was slightly
greater than guideline level and carbohydrate ratio was somewhat less tendency. The average
meat intake ratio of subjects was 180.7 = 70.0kcal/day and seafood intake ratio was 134.3 =+
29.7kcal/day. Meat intake of subjects was significantly higher than seafood intake. The average
blood HDL-cholesterol level of subjects was 55.8 = 13.4mg/dl, LDL-cholesterol wasll17.8 =
32.4mg/dl, total-cholesterol was 1979 + 33.6mg/dl, triglyceride was 1280 + 88.8mg/dl. Blood
RLP-cholesterol level that is the important factor as thrombus was 85 * 11.2mg/dl Identically,
blood RLP-triglyceride was half of subjects were less than 15mg/dl. The blood EPA and DHA
level, that are w -3 fatty acid, of subject were 79.8 = 41.0 u g/ml and 151.4 + 54.8 u g/m. The
blood dihomo- y -linolenic acid and arachidonic acid, that are w -6 fatty acid, of subject
were 358 £ 85 u g/ml and 1875 = 31.4 u g/ml. The insulin level of subjects was 6.5 + 3.1 ¢ IU/
ml. The blood total amino acids level of subjects was 28704 + 273.7 nmole/ml, each amino acids
were 0 to 637.2 nmole/ml. The fasting blood glucose level of subjects was 105 * 17.2mg/dl
There was no strong correlation between the protein intake ratio, meat intake ratio and blood
lipids, remnants, insulin and amino acids. From these result, it was suggested that normal meat

intake dose not affect blood lipids, remnants, insulin and amino acids.

HeAEF O & MR O AREE % o€ 5= 19 12 E

L. BYSVEZ AT L 22BFZEfid e v, i

HHERZOMICEHE TN W NI~ HIENDLAECHIR, FH—2A A VvF-—EThHh
LB G A TwAEEZLNTWAS, LrLH X, RoKAE & g LTIt O b5 % $9 5
KO - BhEOEE DEFOP TORFNER FIRECHOEN TS, 61T, BINAXCH

1. B i
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ERR LT A00E7 I VBo—MTHH 4V aA
N) T 77 ohEDT I
VAR RO A S A& ) L C i i A T 5
RS SN TwD, 72, i, b7 3
BT I VREEWEEWNEST LTI T
AN ES N, X ) EFEE T I
B & OBE X RT T 2 F0BH E R Y OO
HbHo SHIT, MAEE MAERRTTHSHL A
+ > &, DHA, EPAZ XD w-3 Witk & o
DIHENT VS, £ TR TR, WEBED
HHENEORNE, AE BRI, IR
DOFERCIRIE LR T & % 52 51 £ F U R
HEAPHSCTHEL, I oFEESe w- 3 B
e, MERTFTHLIOLLF YN, T3 BE
WiE L7ze TNHDWERERE VT, AFHHEL
DOWFE L MR & O B2 BE L7z,

vy, aAf vy,

2. B &
2.1 #eE

PRI X BB O EFHIREZT> Tew
ANefEFEHEL, 209 5504 U Lo B % AR
FEOWERE & LTz BBRE OFEEIIRFAI LT RS
L UNPOEN [HEMETT Y 27 M I2LD
110720 BB DER, HE, KEIT7T7r— 1
WX DR L 72,

AFFLIERA L TR bR ARG R E &
ZHIRE LR E 2172,

2.2 AHEAGHA

Wb O EFEICRNZ 1 » ARV L3I &
g mARRHAR (FFQY ICXhitEL
7oo AAATHICEY, HEEHENZ AL F—& (4
V¥ —i, kcal /H), MBIz A X EILE
(P2 AECEIE, %), HEERELE REt
3, %), e RAKACIILE (GRARILI IR, %),
e AERICE (AFE, keal /H), JEEMA
BEIGE (AEE, keal /H) HxHM L7,

2.3 EH ORI A

EEORRZ, 7¥r— M AROKS 70
7 4 =R EO—DThHh 5 HARGEHPOMSH
i 2 FCIlE L 720 POMSHEAARIZ30M] 0 #%
225 7%5 5 BECHET L7 ¥ r— MeXoH
FIHART, B8Rk, #M19o, By, W&, 957, #’
HLOD 6 D DA REE D & 555 R A D IR 2 52
TLHNVUWRTH 5,

2.4 MPIREEB L7 I BEOWE

10RF [ LA LA fo i, #BRE oo i & ik & 0
DFRMIZ & DRI 720 DIRIMEE % 510 BE LS
KD, WARL, WES TORM-80CITRAFL
7oo BAFRE, DUTIORL72HHH 2 HASt A -
T = s TIVIIZRGEL THEEIT - 720

M fEEME LT, HDL-a L A7 a— )b,
LDL-aVA7u—)b, Ralbx7u—j, ~)
7Y+ R, RLP-2VA7u—), RLP-+V 7
Ve R, VRE-p-I I VUEE TTF R,
EPA, DHAZME L7zo FKIZA > 2 ¥ Dill
ExITo Tz M7 I /W & LC, Taurine,
Aspartic acid, Hydroxyproline, Treonine,
Treonine, Serine, Asparagine, Glutamic acid,
Glutamine, Sarcosine, a -Aminoadipic acid,
Proline, Glycine, Alanine, Citrulline, a
-Aminobutyric acid, Valine, Cystine,
Cystathionine, Methionine, Isoleucine, Leucine,
Tyrosine, Phenylalanine, a-Amino B
-hydroxybutyric acid, f -Alanine, f -Amino-iso-
butyric acid, y-Aminobutyric acid,
Monoethanolamine, Homocystine, Histidine,
3-Methylhistidine, 1-Methylhistidine, Carnosine,
Anserine, Tryptophan, Hydroxylysine,
Ornithine, Lysine, Arginine il € # 17> 72
NOOWERRLY, 8T I/ HeE, LWHT I/
Bei (EAA), FEZHT 3 7 i (NEAA), 4
g7 3 2 Wit (BCAA) %5 L7z,
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Fig.1 Relationship between age and meat and seafood intake ratio.

2.5 AL

MPERE L, 10 RPL LM RE:, Ny Tt —5 4
TOMBPEEF (X574 £—7 I =GR-102, TV
TAAE) AHWT, BEE A & ANE L7z,

3. BREEBE

3.1 #ra

ARWFFETII2BHAIGTEL, 2670 2 WEHE L L
720 BEBRE O TIEEH 12628 £ 1027% T, 50~59
114, 60~69i%13 7 44, 70l EIZ 84T,
RS OPFIRA LTI TH > 720 BBEOF R
1694 = 74cm, AR %69.2 +93kg, BMIId24.1 =
26kg/miTHh > 720 2013412 BT %2 HAAND60~
645% D ¥ & K 1X1672cm, A EIL65.3kg,
233kg/miTH BHEN LY, KWFFEDOPEE I,
HARANDPHW MG EETND EEZ BN,

3.2 AIFHENGRA

BB D T AL F —7132020.3 + 261.8kcal  H
Tholo FHRIEH L NNV OV IEAERE
65.0kg., 50 ~69 & B D = v F — LB &
2,100kcal /H® IZHA, RRENETH 572, 72

AELBHHFITT£26%, NREHLH273+39%,
BAAL HHA6T £69% Th o720 ZDOFHND,
HARNO EFEIEHE (20104FE) 12 X A IRE
OFENUL A HER TH 520% DL 125% K> 12
HARRPem L, R OERULRS R TH
%50% DL _E70% i 2 AR TR LEVETH -
726

P 13180.7 £ 70.0kcal / H, fAFHE13134.3
+297kcal "HTH Y, BERHICBIT2HHEDHE
B I3 OBIE SN THEISE > 72,
WERE DR T AV F—7 L IZFVIEOHY
(0356) %, 7zA X< EILFE L OBIZETVIEDOH]
B (0320) =7z, Tz, FL A= LI
5VIEORBI (0.300) %, fad & IiZEVIEOH
B (0.266) %787z (Fig.1)o

3.3 BN

T RUEE & AR, BMIZESe W OEHUE M
OB & v o7z, AFEIORE L ORICH
BIIRED N dr o 72

3.4 IMPRREE, 73 EREEB X OCIpEE
BB OHDL-2 L A 7 2 — V13558 + 134mg/
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Fig.2 Relationship between age and blood amino acid level.

dl, LDL-2 LV A7 u—){X1178+324mg/dl, h
V7Y k) Fix1280+888mg/dl, #I L AT
o — V131979 +336mg/dlTdHh - 7z, HDL-I L
250 —)1340mg/dIPl Lk, LDL-2 L 25 1 —
Wix120mg/dIRi, MY 27U 1Y) Fid150mg/dl
Kiili, #a L 251 — ) id200mg/dlA i 25 1w
it INTwaHEr56"Y, WEREIILDL-a L AT
TO— VRO L AT a— )V CIERO ERIZEN
iz’ LTz,

MmNy 2aF >y e LTEETH SHRLP-
IV A7 —VIE85+112mg/dITH - 72, [k
DORLP-bY 7Y &) FTR#EBHED KT
15mg/dILFTH o720 RPL-2 L AT 0 — )LDk
HEAHIZ75mg/dILL T CTH HFHN S, Hhrahfidik
WA B2 A2 R LTz, BBaE o) b
fEZ 82 72D13308% 24725 84 Th o720

w-3MEHiMCTH HEPAIX798 £41.0 ug/ml,
DHAIZ1514+548 ug/mTdH - 720 w-6 IRIHE
THDHLYKRE-y-U /L UHEIZ358+85 ug/ml,
7IF N UERIZ1I875+314 ug/mlTdH - 72,

BWERE DA VA 1365+31 u1U/mITH -
720 BEEM 2 AT DR VEROSHEIZ1.84~12.2 u
IU/mlTHh b &b EBERIIIEENTH S &
EZONTe PRED ) B 1HHA ¥ A1) v Ik
iz 16l 72,

WERH oMk 7 I/ B = E Taurine79.7 +
13.1nmole/ml, Aspartic acid3.9 = 0.6nmole/ml,
Hydroxyprolinel3.9 = 39nmole/ml, Treoninel26.2
+ 25nmole/ml, Serinel00.9 £ 159nmole/ml ,
Asparagine44.8 = 6.0nmole/ml, Glutamic acid56.5
+189nmole/ml, Glutamine5439 =+ 62.6nmole/
ml, Prolinel81.0 +62.7nmole/ml, Glycine207.3 +
299nmole/ml, Alanine384.5 £ 89.6nmole/ml ,
Citrulline27.2 = 7.7nmole/ml, a-Aminobutyric
acid24.3 +6.2nmole/ml, Valine238.8 = 33.7nmole/
ml, Cystine2l.8 = 6.2nmole/ml, Methionine27.9
+44nmole/ml, Isoleucine69.8 = 15.7nmole/ml,
Leucinel31.8 = 20.5nmole/ml, Tyrosine651 +
11.8nmole/ml, Phenylalanine60.3 = 6.9nmole/

ml, f-Alanine6.8 = 0.7nmole/ml, f -Amino-iso-
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Fig.3 Relationship between meat intake ratio and blood HDL-Cholesterol level.

acidl.9*2.5nmole/ml,
Monoethanolamine8.2+*1.1nmole/ml,
Histidine84.2 +9.3nmole/ml, 3-Methylhistidinel.4
+2.2nmole/ml, 1-Methylhistidine6.9 = 9.7nmole/

butyric

ml, Tryptophan60.5*9.1nmole/ml,
Ornithine594 = 135nmole/ml , Lysinel93.0 =
23.3nmole/ml, Arginine94.6 = 20.2nmole/ml T
& o 72 Sarcosine & ¥ a -Aminoadipic acid it b
L—Z& LT & N7z, Cystathionine, «a
-Amino f -hydroxybutyric acid, y -Aminobutyric
acid , Anserine ,
Hydroxylysinel3 M Sz o 720 7 3 /B
i 13 28704 = 2737nmole/ml , EAA9923 =+
98.6nmole/ml, NEAA18781 * 213.3nmole/ml,
BCAA440.3+676.2nmole/ml T - 72,

BB O 22 JE RIS AR X105 = 17.2mg/dITH -
720 BEWR IR O 75 Wi & e T & % 22 I W I A Al
126mg/dl” Z B2 2 WRFE I3 HTHY, 24
505t 1 AIET0RITH - 7z

ER L AFRIE IREH, LoaF s b, 402

Homocystine , Carnosine ,

VY, TR REE OBRERET L. 2 DR
EWEIREE, LAaF U, TIJBELOMIC
HBIERO SN oz, L 7 I /BB TIX
Glutamine & {2 R 5V IEDOFHES (0463) %,
Proline & 12 % R i\ & O M B (0526) %,
Citrulline & (2R MW IEOME (0614) %30
72 (Fig.2)o

T AECBEISR IR E B TIEDHA & D25y
WIEDAHMB (0277) 207z TOMONREH
RV AT v ez AE HIRD I % 52
Do lze 72X B HEE L Tryptophan & 12
RRHVHEOME (0414) 2ROz, Tl
WV 2R T 7 3 BEIERRD 5 R 72,

WHERLIREECTIE, HDL-aLATu—)L&
DR RV OB (0539) %R 7%k
(Fig.3)o HDL-I L 2 7 0 — V3 #Efl D 40mg/
dI¥ # F 5 8EE 24 THo72 (Fig.3)o Z
NS ORERE O AV F—m 34 4 2581kcal / H
B L U2262kcal “"HTH Y, 72A X HEILEIZL
21% 3B L 1U24%, NREHE1X34% B 1°30% & #E5R
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Fig.4 Relationship between meate intake ratio and blood taurine level.

HHOPTHLRWETH 572, SHUITHL, KK
LR II41% B L V043% TH > 720 TRV F—
BISHO L WHEIZI39%B L U126% & 2,
CO28%EE R WHEBREOFI84+25%I21E
RTEHWEE > Tz, WHEELEPAL O
W E OB (0340) 2B D7z, TR
ZHR L AF Y b EMICIIHBZ RO o 7,
WHEEA YAY) Y EDMIZE W IED M
(0253) 2ROz, WHERmET IV BETIH,
Taurine & I2R R B WEOHE (0513) z#ild 7z
(Fig.4)o ZNUAHIBCMHBEZRT 7 I K
OB Lh oz,

f g E L DHA & o B2 R R 50\ Ik o MY
(0470) %, [FERICEPA & ORIZR RV IEDH]
B (0400) %07z, farfim s ZoMoRYg
H, LAF U bBIOA A Y EDORITHEZ
RO Loz, AR L Histidine & 1205 W
AOME (0402) %R 72. ZHLAMTHWAH
MZ2RTT I BEITED S 207,

W OEIE L MPHDL-I VAT H— LV ED

FHCR RV IEOM B 2 B 7243, WIEHOEIE
X0 T, HRz ANV F-BRFEESE b ¢
Br G2 TCnbefgEsh, SHBERAHEHR
LTHRET2LENH L EEZONL,
Dok gir s, 50Nl EoERO T
BT, BFPOZAEEERLAEHOBIE
FiREE R R, 4 A Y, TIM
WCKRELREBEL 2 hnEiERsSN:, Lo Lk
BEHSL R FENDS, SHERE 2T Lt
2, WED SEBIE N TIHICHEET S b T v X
JeliEE OWE R, HRFRPLIERAEEEE L oL
AT FICLY, EREOBMAMERICL 2 5
WEELDPMICHERTELLEZ LN,

4. & =

RS0 UL Lo B26% 2 iEE & LT, &
FHHCRG & MR ONREHE, w-3RIR, -6
PeliE, MEEFTHEOLLF Y, 738
FOMREBGE L7z, #EBE OFi3628 £10.2
e, BMIIZ24.1+26kg/mTdh > 7o Hhig O
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5T AV F — I 132020.3 = 261.8kcal “H, it
SETz AN EIBIULER177 £26%, 2RI
o273 +39%, A AR AL 38 46.7 =
69%TH by, IREBIILEIRLREL L, KKIL
WEIULERIZ R D o T HREICBIT AR
FHE I 13180.7 = 70.0kcal / H,  fA- B X
134.3+297kcal "HTH Y, WHEOBIUIMLAH
DOFENUZ AR THEICRE 2 > 720 #BE#H OHDL-
IV A7 10— )ViE558+134mg/dl, LDL-a L A
70— V131178 +324mg/dl, IV AT 0— )
121979 = 336mg/dl, MY 7Vt FiZ1280=
8838mg/dITH > 7z, MRKFOLLF Y MK
HEHELTHEETHARLP-IL A7 10— L1385
+11.2mg/dl, RLP-FV 7'V &) NidBERE o
BTIomg/dILLFTH o720 w-3{EETH %
EPAIZ798 = ug/ml, DHA1X1514+548 ug/m
THolzo w-6 R/ THAIKRE-y-) LV
B21335.8 85 ug/ml, 77 F N 131875 +314
ug/mlTdh o7z, BB DA > A1) »id65+31

ulU/mlITH > 72, HAMEITDRVEED L ¥ A
) U HEMEAEIX1.84~122 4 IU/mMITH D Z L0 5
WERZ RN TH L EEZ DN BT I/
% 1328704 = 273 7nmole/mlTH V), %4 DT
3/ BE1Z 0 ~637.2nmole/mlTdH - 7z, ZEJEIEIL
PEEIX105+£172mg/dICTH - 720 BLED XS 5T
o, AR AEELRRLRHEOBENE
&, R O T & AU i B B8R R
Fo ARV Y, BT IV BRICKE LR EE S
RV EHEE I NI,

X #

1) FREES -,
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2) SRR ¢ AP AT - By RE D AL

3)  JEAEGEAE © HARNOEHEIIERE20104F EERR,
p45~117, FH—HM, WL, 2009.

4) HABIREALSE  BIRBLERE T A 7
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2007.

5) AARRES HERWRBOWHE, 2013~2015, p
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Study of the porcine blood heme-iron intake and the nutrition ingestion
condition
—Effect of the heme-iron on the body composition for the growth phase

sport player—

wo kX T
(R 2 TR SR HE AL 274

Yoshiko Sakamoto

(Department of Health, Sports and Nutrition, Kobe Women's University)

We have demonstrated that if total energies and various nutrient intakes from the food
did not satisfy the reference value, the blood hemoglobin level was decreased. In order to
maintain the blood hemoglobin values for the growing athletes, they needed to intake not only
the heme iron but also nutrients in regard to hemoglobin metabolism. About the changes in
blood hemoglobin values before and after intakes of heme iron supplements, if the total
energies from the food of the athletes were deficient, we howed no difference in the effect of
the intakes heme iron supplements. On the other hand, if total energies and various nutrient
intakes from the food is satisfied and blood hemoglobin level is high, hemoglobin values are
maintain or increase depending on the heme iron supplements. We got an indication that
regarding the changes in body composition of before and after intake of heme iron
supplements, when the athletes implement the suitable nutrient intake, adequate training
philosophy, and the supplementation of heme iron, they can increase skeletal muscle mass and

protein level, and they can decrease the amount of body fat.

T\, B AR REBEBNRITE TR

1. B :p)

HEMCBI 2 AR—YEFIL, BHEEFICL
BRAFEEICNZ, PL—= U 7SI 5 BRI
HEOMMCHAE 72X VL DRFREZLEL
T57%% BTEAHO, LELRIAVF—HEIESR
KEFZOTRIT T L RIEIERITHEL, HARA
OEFENULED 128, ¥¥ IV, 32T VED
KEFRDAR=VBRPENOBHY 2 BICEIIR SN

W, LM E WEEE TS 2 LA
5100 TIEAR L, RERE, E7ah, %
RZUEE, BERER EHA REEORERIZ AR
%%, KRS, MU WEB2RNTE 2 5 i A
A=V HMEIFIENTVEY, AK—YRFEDH
Mg, AR & FREICHERE O T2 b 725
T, BEIAMOBESIERMHETH->TD, M
LS 72 & CRMIIARIMERRL ~NE 71 ¥ 2 %
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YL, BOfEREETL2ZEHH0 Y, @Yk
FREFOBERE LRI ARGz b L—=2 7
A2 —DIEEPLELEZEZONS, 22T, &
Wi7el%, AW DPLERAR—Y TH LY v
H—BFOMPANEZTE ME & ARMK % 2
L, HBET AT — @RI A - 708 H%
BIRHA R EN TV BRI WTREREZITV,
BT B =2 A R — 7 #F O BLARN 2o MUK & 528
BIRR L OB ZBETT 522 B XU, EEWY
AR = BFOHFEWHRA L GHEINOLEN %
Wi+ ArZ L ZHMET %,

2. /7 &

BN R, FEEHF OB v 7 — IR
L, 37 HMETOWEEIT) ZLDTELET
WE Ny T F— 22550 L FTAE22% . WET— A
1, WX AKETIIEICEMICBY, 2FA&%ZH
EELTWAHENEHLNVOF—LTH b,

2.1 REHENURDH A

SREORER, Hie L7z 3 HHOBFENE
ZHEETHELTH 5, HaaXiAETHE
FMICRALTE B 9o TRLFT— - HFEFHI
BIIHEEIEY 7 by BV EEEVer. 5 (T
) EHOTHEBT 5,

2.2 AR—=v MmN

FREAIMPAE O CRAEREE 7 b
JASU (YA Xy 7 Z4L8) % Hw Tl E
ryuv  HENET 5.

2.3 TANF—HEERE

A =7y —HJA307IT (F 20 »4LHL)
ZHWC, TAVF-HEEEZNET %,

2.4 HfkEH

B RIISECA213 (SECAKEE) # MW, fR#l
WK T4 —a KT ar7+HI4%F—
InBody720 (BRR&HE/ N4 F A R—2418) %2 [
WTHET %,

REBHBIML, EFHFERLLTVWT HIZ,
WMIZEOBHMENELHAL, MEEzfH-LT &
HFE AT, BHATLMHO3HMA T —
Ay — A LI ANVE—HEREZIET
%o [FRFICHEEFOGEGHI, ~NEF/OE UMH
WEZITH . 7TH XY EHEWH KA L $35ng,
H%, by 7F—2025% L HALEDI3HIZ3 7
HEER SR, ¥ 79 22 PZ2ERLTWARVE
AEIREEHITH AT EIZEF4 1, M
E7OYE AMENE E HEREHIZ AT o 720 TALED
F7) A MEHGE & IR oM, A X
0 EEAEZ I T 5 72,

ARIFZEIE, P& FR¥e MuBlshA R B A
(KT H25 - 14) OfEFEERAD S 2, *f
LB L ZOREZ I LT, FAEE IR E 2E
LA L7-0b, BERFE X200 KD 72054
HLZOREE, Yy —EOEEB X UERE
ICHIC L Y FEEE2) 2 TiT-> 72,

3. BREEBE

3.1 T AV F— - REEENURG & 'S
gV Ul

by TF—2n (DT 1R, AL T Y XY
MERGE (DN 28), ALY 7Y 22 MR
W (DT3B 12o0nwT, ZHOI AL F—
P, TAVF— - REFRENELOHPAES D
D3 s HEDOZEALZTable 1 IR L7z T 4%
VF— - FEFER IOV T EFNR TR HLHEE
ELT, TANMF—IZHARANOEFHEIIEL
(20104ER) V' oxf 5 & FEAR OB, SAE)
LAV 3EL, ZZAXKHE, IRE, AR b3
I ANF 5P F:C=15:25: 600D T %
WF—HHRTH L7z, 2OMo%RERIL, HA
AN O EHEHILRE (20104E) 2BV CTHESRE )
WMESINTVDHOIFHERERZ, FEIN TR
Wb (YA, Vy, VA, EFIUD,
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table.1
and after ingestion of the target person

The energy consumption, energy intakenutritional intake and changes in blood hemoglobin concentration before

Energy Energy

consumption intake Protein Fat Carbohydrate potassium Calcium  Magnesium Tron Zinc Copper selenium
kcal kcal g g g mg mg mg mg mg mg mg
o 1”2%1) 2707 2676 923 787 3864 2838 559 281 87 116 141 77
SD (*) 307 536 137 167 96.9 654 240 67 22 24 032 19
o 1“1"12; 2464 2995 1094 942 4105 3095 588 318 93 138 180 101
SD (+) 228 558 208 276 805 829 220 84 24 35 072 37
& ‘;“33) 2342 2415 850 80.0 3275 2335 560 243 78 107 140 72
SD () 372 806 370 482 730 938 575 79 26 47 052 28
Reference 3100 3100 1162 86.1 4650 2700 800 350 95 130 0.90 3%
VitaminA  VitaminE VitaminB1 VitaminB 2 Niacin VitaminB6 VitaminB12 Folic acid  VitaminC ~ HGB pre = HGB post
ugRE mg mg mg mg mg ug ug mg g/dl g/dl
frfi“g) 650 212 142 145 37.80 153 70 327 148 146 144
SD (%) 282 59 0.39 0.35 6.80 0.39 34 82 139 10 11
o ‘;“1"12) 688 95 170 168 2373 171 82 380 134 149 153
SD () 176 17 0.83 044 9.79 058 41 110 57 09 13
o i“g% 481 188 120 131 3100 150 59 268 106 148 145
SD () 270 74 067 0.65 16.00 101 34 72 61 08 08
Reference 900 80 150 170 16.00 140 24 240 100 140 140

Y¥3IVE, ¥¥3IVK, NV T UBR) BH%E
DmE L7z,
IANF—FRL TV DX 28 L 3/ TH-
T2 LT ol ¥ I VE,
FATY Y, ¥ IV CrRBERBERENREICE
WTC2HEDRL CHEML T, 8, kLY, 54
7Yy, ¥¥3IVB6, ¥¥3IUBI2 I €
ZIVCIZDoWTIE3HEDL, AYTAIT1HE
2EEDSILIEME 22 LTV ie 72AECHE, K
1, ANy oL, =Z74AYwA, 8 ¥y
A, E¥IVB2IZoWTIZ3REE LM &
L TwWidolze ZNUANOKRERIZONT
X, 2HEO AN Z W LTz, IfiiPANE
ryav iR, 2HOARNER LT, BiEE
DFEFIZBVT, 17 HHOADEIT, 724
514 DET2S, MPANEZ7a UMK T LTH
D, NAEY T A Y b OHKBHEITIL AN E 2

Oy OMMOEEED B L5, Dok R
o, WEMAR—yBESIMPANETOLE L ME
ZHEFET B 7201213, NABOBROAL ST
NEZTE A G-T % A A E O IR & il
T EIRSLETHLIEDNELONL, T2,
AR=VETHI LI >THMT ARV F—
WHEICRG 2T AL — - EBFEFE OB
WETH DL EDPRBEINT,

3.2 72y MENGZROMPANET T Y

“MEDZAL

by FF—20% 7Y X v MEIET oML~ E
FaY MERAR— Y ETFORMETH 5 14g/d]
DEo#ET (F1-a#f), by 7F—20%7
Y Ay MERETOMAPAE 7 0 ¥ o flips14g/dIk
WOREF LV 1-b#), ALY TY 2V ME
WHT oI ~E 7 1 ¥ A 14g/dILh F o R T
(LVF 2-a®f), HALS 7Y 22 MERGE o
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table.2 The energy consumption, energy intakenutritional intake and changes in blood hemoglobin concentration before
and after ingestion of the target person

Energy Energy

consumption  intake Protein Fat Carbohydrate potassium  Calcium  Magnesium Tron Zinc Copper selenium

keal keal g g g mg mg mg mg mg mg mg
g(rﬁipl});a 2744 2668 912 794 3835 2824 550 278 85 117 140 74
SD (#) 264 193 147 176 837 653 254 67 20 25 031 16
ity g ;b 2590 2700 96.0 765 3956 2881 586 290 94 115 143 88
SD () 371 617 72 111 1233 602 161 59 25 18 033 21
gf:;”j;f 2500 3065 1101 936 4282 3134 594 326 95 143 191 100
SD (%) 235 582 326 20.1 786 879 241 90 26 37 075 10
gfr‘:“:p,?;b 2303 2681 1063 968 3306 2017 564 281 86 119 130 106
SD (%) 59 259 85 192 101 508 59 30 03 16 0.14 17
g(rr‘:'ip%a 2377 2282 8L1 712 3183 2453 598 247 75 100 139 70
SD () 167 646 370 376 61.2 871 606 81 25 45 053 29
gfﬁ“js ;b 1855 2880 983 1108 3598 2826 427 229 85 132 124 79
SD (#) 204 927 214 5.7 83.1 809 113 4 24 27 029 8
Reference 3100 3100 1162 86.1 1650 2700 800 350 95 130 090 3%

VitaminA  VitaminE VitaminBl VitaminB2 Niacin VitaminB6 VitaminB12 Folic acid VitaminC HGB pre HGB post

u gRE mg mg mg mg mg ug ug mg g/dl g/dl
g(r;"iplé)'a 656 76 142 146 20.1 153 67 332 166 151 145
SD () 255 18 041 038 5.1 039 35 81 151 05 10
gfﬁ”:pé;b 630 77 142 144 223 153 77 313 91 131 139
SD (#) 335 10 027 0.5 25 034 26 70 32 03 10
g(rr‘iipg)'a 680 97 176 170 241 176 83 383 139 152 154
SD (#) 192 18 090 049 106 061 43 115 59 07 12
spoup 2 729 85 148 158 223 150 52 363 110 136 150
SD () 15 05 028 005 48 042 08 83 33 00 17
g(r[‘;“:p;)’“ 440 65 120 119 181 124 57 254 92 151 148
SD (%) 276 25 071 056 96 054 35 63 10 05 06
gfg“j’g;b 623 81 122 175 218 249 65 320 154 137 135
SD (%) 27 28 005 061 41 134 17 57 78 02 04
Reference 900 80 150 170 160 140 24 240 100 140 140

MAEZ O U Ml ldg/dikmOEF LT 2- WEEMPFANEZOE Y035 HEoZ L%
b #), HALEMPANEZ OV fliddldg/dILE Table2 128 L7z,

OEF (LLF 3-alk), HALMPNETTE Y IANVF—=DFRRELTEBY, HMEEZ T
flips14g/dIkm O ETF (LLTF 3-b#E) 1220 T LTWwWaDIF2-alE?Z 3 Thor05, 1-bhE,
FEHOT AN F—Hm, TALF— - FEZEH 2-b#, 3-bHEIALF—PRLLL TV,
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table.3 The blood hemoglobin concentration and physical situation of the target person

Intracellular Extracellular Skeletal
HGB : g/dl Height : cm  Body weight : water water muscle
(SD) (SD) kg (SD) content : ¢ content : ¢ mass : kg
(SD) (SD) (SD)
groupl pre 146 (1.0) 1719 (58) 609 (58) 247 (38) 148 (1.3) 310 (28)
(n=20) post 144 (11) 1727 (60) 609 (64) 258 (24) 149 (15) 316 (32)
aroup? pre 149 (10) 1700 (5.9) 569 (44) 238 (18) 142 (10) 291 (2.3)
(n=12) post 151 (14) 1715 (6.1) 578 (49) 244 (22) 144 (12) 209 (27)
group3 pre 148 (08) 1663 (5.1) 539 (58) 222 (24) 131 (15) 269 (3.1)
(n=9) post 145 (08) 1677 (5.3) 515 (60) 225 (24) 132 (16) 273 (31)
Amount of Body fat Amount of Mineral
body fat : kg BMI (SD)  percentage : %  protein : kg  content : kg
(SD) (SD) (SD) (SD)
groupl pre 54 (19) 204 (15) 89 (27) 109 (0.9) 372 (033)
(n=20) post 48 (17) 202 (17) 78 (23) 111 (10) 375 (040)
group? pre 51 (16) 200 (12) 89 (25) 103 (0.7) 351 (02)
(n=12) post 19 (15) 196 (1.2) 85 (25) 106 (0.9) 359 (0.30)
group3 pre 58 (2.1) 194 (1.4) 106 (34) 96 (1.0) 325 (0.36)
(n=9) post 58 (21) 193 (1.3) 105 (34) 97 (10) 331 (037)

T2 AEE, BAKAL 34 T OB TR A L
flizx Thlo>TWwids, E5E563 2-affiumdi
WO WERETh o7, EIE2-al, 2-
b#, 3-bBETHREMAMHZLTBY, 3-bH#
PibDEDolze AINVYTL, ITEAYTL, ¥
Y IVAFETORTEEMEZMZL TV Edo
770 BBHE, ANV A, kLY, EF¥IVA, E
¥3IVB2, ¥¥IVB6, ¥¥3IVCUMDK
BREET2-afFPROBNEI S o720 1-
aflf, 3-alf, 3-bMTIPIANETTE AMlHD
WAL, 1-b#E, 2-alf, 2-bEIEH L
PDLEOSERELS, TALVE—FHRICRE S ik
WATETORTNIE, AL TY AV F2E
WLTHIMPANEZTY v D AR E 2
BWZ EAURIRE N, 3-bHEE, AT —
BRRL TS, RED» L0 A0 F—EIE
NENWT LD, TAVF—RREHRELT, 72
AT L RKRAC OB D LZEVEDTRIZ S h
720 F72, MHAANEZ OV U HSEMTH - TD,
IANF—FRICHG s 7o AN F— - FEHRE

WATETWIUE, ANAYTT ) X v M2 EET
HZ L THEREE 1L, SHICEMsSEsZLHT
BThbHEEZ D,

3.3 ¥ 7YX MEHEIR ORGSO

W EA 7T HE10A @ 210479 2 L Dk
72by TF—LOET18% (LLTF 18, AL
FTY &y MEREEY (DT 28F), B A
T & MNIEEIEE9 4 (BUF 3% 122w T,
M A~E 7T e & ARHLR D ZAL % Table 3 12
R~L7z.

1 BEIARREOMINIR S b o 7228, TN
EOWIML, ARIRPiE WA L7z, 28 3L
HIHE, BRHEOMIIN SN S5, KIEN
WL, 2HETHAL, 3HTIIRELREMIINS
Nhehofe Tl HREAECHEBEIZIHE 2HF
THMUZ=A3HETIIREREIIR SN0
720 SWEMOBEIZDWT, —IChEE M
(Dunnett) %47 724558, a5 %Ki % A
HETHLEAMMICARLZEIRON G o7
VS, B (PAE=017) IZDOWT3H LD D 2
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T3 Amemicd b, KEEE (PiE=
0.13) &ARMEMIE (PM=012) (ZBWT3HX

DY 1HDIE D WD > 720 T2, T2A
WECHER (Pii=018) 338 E b 2HNIE)
AHIMER T 5720 SO END, WY RHHE
BEINWTFTrL—= 7 %2IT0, ANAERHT T X ¥
FEENT 5L T, XORRNICERIZAECE
EERHEREECL, HREHEZRS T LAUR
iz,

LI OWFEDRR I E LT, NAGKYT ) A v
N ERUEE & BRI, BERTHROZLZ B
B 72D T & LR, SO AIZIESD
EVMTLEV, a2 15012479 2 &5 T
Elarotze KL, NRBFREZHLPLL, &HEO
ANBEFRBPrSENVE L 5L 5 ICHEL, =4
VEF =T L AFHEPCRM &, ARV T,
FEY RN 2 SR ORI B HHLAS, LD X912
R < DT DNT, X0 FERI 2R & L
TIT)VLENH DL EZD

4. 2 0

IANVF— - FFEPURM & P ANE O Y~
flilZDOWT, 37 HEOANLEY 7Y X > MER
AT o728, TANF — - RFEFENE DAL
27z LT iug, Ao e SIS
T L7 WMEMAR—YEBERIMPANETOE
% HEFFT 5720121, NABOBRO AL S
T, NEZUEENIE ST B REHR O LB
72 THENSLETH LI ENEZOLNL, £

7o, AR=DETHI LI THEMT ST 00
FHBRICAAG AN F— - REEZROHE
WHLETH B I LHRE SNz,

F7Y A MEEI B OB ANE 7T ¥ U ED
ZALIZOWT, TRV F—FERICRAE D R
HTETWRITNZE, ALEF 7Y 22 2B
LCHIMPANEZ T Y v O IR @ 2 7%
WZ EARIEENS, 3-b X, TALVF—IT
TR LTV, RED SO A F— D
LIl TAMF-JREFZLLT, A
B LR OB O LR S 7z,
T/, MPAE/OE MEPEETH-TH, T
ANF =TI G > 72T AV F— - AR
B/ATETCIUE, NAFZY 7Y 2V P2 ERT
52 L CHEFEE 2213, S HIHINT 5 2 L AURIE
SNz,

P70 R v MR % DR O EALIZ D W
T, WYRKEENTT, PL—=r 727w
ANLGHTY) AL PEERT LI LT, LR
R AE S EBHEZ P L, HIRN=
WO T LRI NI,

X Wk
1) EAEGBEFRE  HRAORFHEGERE [20104F
W], p. 118~275, #—Hktkk, ®EL, 2010.

2) RN AT ALVF 4 v 7 bL—F—HMEH
FERAN AR—Y LR BREAABARKRTHE
48~55, WHIE AN HAKE S, HEL, 2009

3) W ZE2z  HARBIKRAR—VE®-EE 16
(2), 216~220, 2008.

4) Eift AR, 46, 529~534, 1997
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Development of a biomarker of new pathway for the synthesis of fatty

acid in bovine intramuscular adipocytes

oo FfE

(WRARZF R

Yasushi Mizoguchi

(School of Agriculture, Meiji University)

Intramuscular fat deposition, known as marbling, and fatty acid composition are
economically important factors contributing to the quality of beef. The mechanisms by which
acetic acid and glucose are involved inlipid metabolism are unclear. In this study, to understand
the molecular mechanism of bovine intramuscular adipogenesis, we examined the effect of
acetic acid and glucose on the differentiation of adipose tissue (triglyceride (TG) content and
fatty acid composition) and the gene expression levels of fatty acid synthase,stearoyl-CoA
desaturase and glucose transporter 4 using a clonal bovine intramuscular preadipocyte (BIP)
cell line. The BIP cells were harvested at six day after adipogenic stimulation. The gene
expression levels were validated by quantitative real-time PCR. Lipids were extracted as TG
according to the Bligh and Dyer method, and the amount of TG was measured by enzyme
method. Treatment of the BIP cells with 100 mM acetic acid significantly increased the
expression levels of three genes, compared to 10 mM acetic acid treatment (P < 0.05). TG
content significantly increased with elevated both acetic acid and glucose concentrations (P <
0.05). Saturated fatty acid proportions were significantly higher in 1.0g/L D-glucose than in
45g/L D-glucose (P < 0.05), whereas those of monounsaturated fatty acid were significantly
higher in 45g/L D-glucose than in 1.0g/L D-glucose (P < 0.05).
acetic acid and glucose is essential for fatty acid synthesis and accumulation in bovine

These results indicate that

intramuscular adipogenesis.

HEFEHMORIEIRKD LN T WD, B LWRH

&, BEWIZEHEO BN 72 Tld 2 SR OB B K
v 3 B SCHE A AR P A BRI 23T 5 % 3L EHBLTwD, EiRIE, RESTTT2H

1.B ®

RTHY, BWFFHMOPTHELZEEATH 5. Ik
Z R & DR CAIZEE TG SN b 4,

HEZITAIZ T L] %4 - [l %
RKOB L)Y, BRO=—ZTHE LA

AT 5o REMICE®EGZE T 2 0EME
ik (Saturated Fatty Acid : SFA) & jRFEZMIZ
—HEEAE LA A MR R
(Monounsaturated Fatty Acid : MUFA) T® 5,
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A ORI FNR IR B2 R - & - ) FIRIC
WEL WD, AMgfRiROTBTd A+ LA VR
FEERR BRI L 5. 2, A LA VERIZD £k
B, 7o, KTEIRITE OB AR5
M2 B b TWd, LA V#IZE)
WREEALDOFRIER 23 5 2 &, faflgliEcH %
AF 7Y YERIZLDLI L AT a0 — Vol
Mo E, ) ) — VIRIZHUESER - AIE
i AR o3 ddr B 2 &, ZAliASFIIRIEE C b
57 7 FF UERIGEEAGEFRIRRA D B L%
&, A RBERH LY, TOXIIFROE
X, vl ol k] - [HEetkgs & LTo)
M1 AIfREE N Tw 5,

FPEE A X BRI % 720 TEA 45
ThoO, KNTHBEREZT>TW5, K%
B <Tdh 5T VRGBT EITHEME
Malidke (BEfg - B&lg - 7o vt V) 24k
F—Je LTHVTWV S, 7V a— A0 AN
AR DRI AR & CHBRL TW 5 iy S
T2 YA, o VRN SR
MHED LX) A5 2TV TIARH
BHEPZ WV, Z 2 TAMTEE, BEAMOWRE
WD 2 MANIRIE 2 o8 . S - /llatkcd %
oY o W N IR B T OBE M 2 #k (Bovine
Intramuscular Pre-adipocyte (BIP))® o431t %
WaWiscHEe 7N L3 2, HEMEREROTTYH H
MG Z D OWEMER L U7V O — 2 OJRERLT
BIZAL AR IEER A B & ORISR C# 9  &
fZYoRE¥EE - V7)) F (TG &=k
IR A O B & 72

2. 7 &
2.1 e
BIP DA - 3 ALFEE D I & M3 HEEI

Peo 72 HALFHER M, K7V a— AR
(10g/]) BLXOEZ Vv a—iEE (45g/1), FEE

BEE (0mM - 10mM - 100mM) (ZFREE L 72, 8
Ry58lE - TGE = - RIS AT 1%, 201k
FHE% 6 HHEICFEM L 72

2.2 BEETEBEOWE

FT7 =TT AEIC K ) F MO ARNA % b
IX L, DNase I JLEL-CIRAE L T\ % DNA% 53 fi
L7zo ZD%7 =/ —)v - Zaakl LHTHE
HExBREL, 2@RNAZHH L7z, cDNAIEZ4
RNA % %! & | random hexamer % i \» T i ix
B RS % AT WA K L, & &M Real-Time
Polymerase Chain Reaction (RT-PCR) % J{ W\
CHRARTFBURNT % i U 7zo FNT 7 23 3HR 52
#Tag Man 70— 72 Hv, AACHEIZX D
AL L 720 R THMT 2NEROa Y Fa—)b
W2, "I AF—YE UV IBIRTTHHT) VT
Ve K3 - Y EBOKERESR (GAPDH) % H
W7z, fRAT XSG {5 -1k, Fatty acid synthase
(FASN) , (SCD) .
Glucose transporter type 4 (GLUT4) @ 3 3#E(5
TE L7

2.3 TG & IRIMRALK DM &

TGHlH 12 Bligh and Dyeri#:® 12 & - THii L
720 TG &l % (X triglyceride E-test kit (Wako,
Japan) &M W-BEFEICX > TE L7z, |/
WHEBHUSAE A 2 v~ b 75 7 4 —FFFTIC & D il
EL7ze IVAFIVER (C14:0), IVAML
AV (Cl4: 1), SVvIF U (C16: 0),
NRIVI MLA VR (CL6: 1), AT T VI
(C18:0), AL 4 v (C18: 1), V.=
B (C18:2), VL (C18: 3), fafifi
itk (SFA), —ffliAfafiligike (MUFA) &
ZHIL L7

2.4 FEEHET

MERTHRAT IZSASIC & > THT o 720 K ilifE T O
mRNAFHE L TCEHERICB T AL 7V a—
A DFEIICLMIEZ, IRIRAEIZB T 5 7V

Stearoyl-CoA desaturase
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Fig.1 FASN messenger RNA expression levels by treating with 0, 10 and 100 mM acetic acid at day 6 after

adipogenic stimulation in BIP cells. These cells were cultured with 1.0 (A) g/l and 4.5 g/1 (B) D-glucose.
Different letters indicate significant differences (a>b, P<0.05).

Table 1 Fatty acid composition by treating with 1.0g/land 4.5g/ID-glucoseat day 6 after

adipogenic stimulation in BIP cells.

Fatty acid composition Low glucose High glucose
Cl4:0 723+21 496+24
Cl4:1 041+047 023+0.1
Cl6: 0 59.36 +2.32 59.65+3.1
Cl6: 1 0.67+0.36 1.14+045
C18: 0 26.21 +3.262 16.37 £2.39>
C18:1 6.11+1.95" 1568 £0.672
C18: 2 0 1.93+0.76

SFA 92.8 2682 81.0+1.70>
MUFA 712+268 17.07 =091

Values within a row without a common superscript are different (P<0.05)

O — APEFE DT Student's t-testiZ & o THE i
L7zo RERIZPFIHME + BEHERE TR L, P<0.05
DORFICHEIFICHERETH 5 L HIWT L 72

3. BREEE

K7V 3 — AREROFASN#m -5 E 1,
W2 08 B2 10mM & e L C100mM iE2.24% (P<
005 ML 7z (Figd A)o &2 )V 3 — A RS
DOFASNEET-FB R, FEREIRZ10mM & ik
L T 100mM & 29 £ (P < 005 # hn L 7=
(Fig.1 B), FASNIZESIENIMERZHE L, 7

£ F WV Co-AR~ T = ) Co-AM & RFEFI6D Wi
MREM AT 27, K- BV a—AREICE
T 5FASN# A58 (Data not shown) ¥ X
C16: OBAITEIE L h>72 (Tablel ) DL
DT EH 5, FASN# A FEHLILNERR AR
L, Cl6: OHEGITHEL RITT RN S &
ZH LT

K7V 3 — AREROSCD# =T33 E1E, FE
P % 2 10mM & B L T 100mM 2695 (P<
0.05) ¥IML7Z (Fig.2 Ao &7V I — ARIER
DOSCD#IET-FEBEIE, FEREREEE10mM &tk L

© The Ito Foundation



ORI S 2 8 72 % IR A R ER OTRSR & N A F < — 7 — DI 87

(A) (B)

4 4 ~
o a E)
33 T 33
< <
2 Z
€2 =
2 S b b
T 4 5 4 T
‘1l m ; l .

o, Il o

omM 10mM 100mM omMm 10mM 100mM

Acetic acid concentration

Acetic acid concentration

Fig.2 SCD messenger RNA expression levels by treating with 0, 10 and 100 mM acetic acid at day 6 after
adipogenic stimulation in BIP cells. These cells were cultured with 1.0 (A) g/l and 45 g/l (B) D-glucose.
Different letters indicate significant differences (a>b, P<0.05).
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Fig.3 GLUT4 messenger RNA expression levels by treating with 0, 10 and 100 mM acetic acid at day 6 after
adipogenic stimulation in BIP cells.These cells were cultured with 1.0 (A) g/l and 45 g/l (B) D-glucose.
Different letters indicate significant differences (a>b, P<0.05).

T100mMI3.3f% (P<0.05) #imL7-: (Fig.2B)o
K-\ 7V a— A EEICBIF5SCDEE T3
HODEIE % H o 72 (Data not shown)o L2 L7%
A5, MUFABIG MK Vo —ABEL Y L&
TNV a—AREOTBHE (P<005) IZEH o
7z (Table 1 )o SCDIZBaFIIRIGRE % — i A~ S A1 i
BB IC BT 2R TH D, I NVI—RAITLD
MUFA#EI G ORI LT, SCD#EETHBE
MRERLL NS, SCDY V87 BRI
DD D EELL T2,

K27V a— 2 EEREOGLUT 4 #fs I8 &
1&, BEMRIREE10mM & FiE L C100mMIZ9.0f% (P

<0.05) ¥MmML7: (Fig.3 Ao M7 IV — AWE
REOGLUT 4 #1288, BERRIEEEE10mM &
B L C100mM 716 (P<005) HimL 7
(Fig.3B)o GLUT 4 Bz 113 E I IRIEHIIE R 15 14
B CHRERINICHBIL 7V I — ADIY JAARIZEE
B S TnaS Y, @HGLUT 4 A&
WKHEELTWSDS, 4 YA ORI LY, Hi
R A LA~ NS v 2a—r—2a L, M
FENAD 7V 3 — 2D Y sAH 2 BN S & 57,
A VA VHBIC & B 27V 3 — ALY sAAK OB
ML EROGLUT 4 N3 % O Tld e <,
GLUT 4 OMEIE~D b5 v 2Au—r—3 3 I
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Fig.4 Triglyceride levels by treating with 0, 10 and 100 mM acetic acid at day 6 after adipogenic stimulation
in BIP cells.These cells were cultured with 1.0 (white) g/l and 45 g/I (black) D-glucose. Different letters

indicate significant differences (a>b>c>d, P<0.05).

I3 EZLRTVLY, BREMMMGAN
i 5 i B R R B (BIP) % I W 72 BF 98 T,
GLUT4 3RHL TRV ERE SR TWSY,
RWFZRIZBWT, Za— AEEEIC L 5GLUT 4
EBIZT OB EOEIE R ) > 72 (Datanot
shown)s L2>L7&H 5, FEREIZGLUT 4 &5 T
FEBEAWMIMLE (Fig3A,Bo 2O 05,
GLUT 4 BZTRBUIZ NV a— A L) HFERIZK
BT EER LT

K7V a— AREREOTGERIE, BERRIREEO
mM & F#E L T10mM T3 164 (P<005) 12
100mM TIZ#L7H (P<0.05) (2Héin L7z (Fig.
4), 45g/L D-glucose @ 5- 2 LN 72O TGE &
VEFERRIE B O mM & FiE L C10mM Tld A 12465
(P<005) 12100mMTIZ#144% (P<0.05) 123
U7 (Fig.4). BEMREE % O mM - 10mM -
100mMICHEE L, VI — ABELRKB X O
LS E L &, TCEHERIFMEEE LY b iR
ECTHE (P<005) ZHImML7: (Fig.4). YL
DZENS, BFRBI U7 VI —ZADTCER
DBIMBER RN D B 2 & ZmR LTz TR
RIZ 52 % 7V 3 — AP O & Table 1 1278

L7z IRIERFOSFASIA L, Bl EE RS & Mg
LCHBISHML7: (P<005). —7, wHhikEERy
OMUFA&I AL, RRER & K L CHEICH
mL7z (P<005), ZHidFI2CI8: 0&C18:
1OHEBRIZED2DDOTHELELEL, C16: 0
FEE TNV I RREITEEL 2o, TGH
I ERRIR EEARAF I A RSN L 72 7 ¥ DR
MBBICBVWTHRBEORBE #5352 LT,
TGERERDWY Lz vy ENH LY, 2oz
&S VIR & 5 A PRI o [ TR
BWANZALD R L 2 ERBE L MEIC
In vivolZ BT, Z v 3 — A5 A IR 5k
CHBTEF NIy FD50~T5%% DT W5
L s N TWBE Y, REFZEICBWT, Fba—
AP ERAFI TGOS B ML 722 & (Fig.4) »
5, BIPIZBWT IV a— 2ok SRS
EAEFITEZ 5TV D EEE L7,

4. B 8

BB 0 WRIG A 5k o> T B2 B AR 3 s VE R
JEEECH L DIR LT, HEHEWEZ VI —RAT
H 5o RFgeiE, FREMEIRIIEEO —FECTH 2 FREE
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Functional analysis of beef flavor-related genes
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(RHRZ AT

Shinichi Yonekura and Shohei Hirota

(Faculty of Agriculture, Shinshu University)

1.

The fatty acid composition of adipose tissue in beef has been recognized as an important
trait because of its relationship with beef quality, including favorable beef flavor and
tenderness. Previous report suggested that polymorphisms of FABP4 (adipocytes-type fatty
acid binding protein) 174V might be genetic factors in part associated with palmitoleic acid,
indicating that I/I homozygote exhibited 0.5 % higher percentage than V/V homozygote. In
this study, we explored how FABP4 could potentially affect fatty acid composition in cattle and
used bovine intramuscular preadipocyes (BIP). As BIP cells have the capacity to proliferate
and differentiate into mature adipocytes, they may be useful in studying the mechanism of lipid
metabolism. Firstly, we established FABP4 (I/I) or (V/V) overexpressing BIP cells and
confirmed that I/I homozygote exhibited significantly higher unsaturated fatty acid
composition compared to V/V homozygote. FABP4 have been proposed to play a role in the
transport of lipids to specific compartments in the cell. In the next, therefore, we examined the
subcellular localization of FABP4 (I/I) and (V/V) during intracellular lipid droplet formation.
Although FABP4 (V/V) tended to move into the nucleus, FABP4 (I/I) was mainly localized
the lipid droplet. Because FABP4 is thought to govern the transcriptional activities of their
ligands by targeting them in the nucleus, we examined the stearoyl-CoA desaturase (SCD)
and liver X receptor a (LXR a) mRNA expression levels of both FABP4 (I/I) and (V/V)
overexpressing BIP cells. SCD and LXR a were indetified as responsible genes associated with
fatty acid composition. However, there were no difference between FABP4 (I/I) and FABP4
(V/V) overexpressing BIP cells. These results indicate that the difference of fatty acid

composition may result from the difference of trafficking among FABP4 polymorphisms.

DOEWRMISHEL, B0, SR, IR
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BAOMEIHTT BB O=— X3Sk TH
D, HEFEZWMREIE L7202 WH & HAEIZH
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AYRTHECTEELNFLLTERSATY
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VF B UREEDY T A5 % 72 O A BIFAR IR O E & 25% <
%% EAOHR TR OBEIRATEH ) 3L %5 2
O BRDDY, Fiz, AEFIRIIER LA A 0 #
B S EW R E 2 ), [EBR] 23 %48
By, S50, SRRSO RIS
IAVATU—VO¥NE TR I ENL, RNfafl
JeiME & A B LW L IEBEIC BRnwE ST
Who WHEZ M S8 & LCRRPIRD
DAFIFNRNIE & i % 15 S8 2 B s A ) T
5EEZONDLH, REHWTHL4TIE, V-
A AN X0 faE R o A SRR IR 1 S
LI N L7720 X MR ICHETH S,
AR, G rsfrE ot L 6, FABP4
#1Z U®LXRa, SCD, SREBP—1 7% E# o
BN A B R O 2 T s 2 i N BRI o
ARG ROmEWEERNT I &%, KH
Bize s JEAREERAELOH O E o727 fi
ZXFABP 4 113174V D% BAS{i4E L, FABP4L/
IROKWIZFABPAV/VEID b DI LN, REafIfE
FgEEAHNZ LMo TnwEY, Lil,
N DBIET-Z RN & DRI A SRR & =
DENWEERMT O, TOERFUIRZAHTH
bo ZONRICH A A = X A DMIIE, FHROX
LbBVLEMEANOBEELRIEFHMALL & 5
CENWFEEND, Lo TAMETIE, VY
FABP4 AN H L, WATIC L CARERINR i
GROBEVSPEINLON, TOXA=AL%EH
LI THIEEHME L

2. 7 &

AW IR RBMAESY (124 Hils, X380 o
Mo B i & 0 & LRtk T %
bovine intramuscular preadipocyte (BIP) % M
W7z ZOMBLIZGFP E 72 1dRFPZ A1 L 72
FABP4 I/1}. O'FABP4 V/VIH X7 ¥ — %8 A
L, FABP4 %58 E 0@ %2 a7z,

2.1 BIPOX:#E - 4L

BIPIZ10% FBS&ADMEM T} 23 2R 0, fIR
ERIRBAZZ M L v BRAHSEE0.85 x 10 cells/
cm* CBIPZ R L7z IV TNV Y MIhoT
AR LB o (B #2855 #1112 50ng/mlA >~ A Y
v, 5mM#* 27 ¥ Y, 10mMBEEE, 0.25mM 7
FH ALY R WA (HEBRL, 5
BRI E AT 5 720

2.2 FABP43BINT & —OfEL

FABP4 I/18 £ O'FABP4 V/V®OcDNA %L %
pEGFP# & U'pRFP~X 2~ % — (Clontechft) (23
AL, FABP4 £#InTFRIDOFEH X7 ¥ — (GFP-
FABP4 1/1,GFP-FABP4 V/V RFP-FABP4 1/
LRFP-FABP4 V/V) #fEK L7z,

2.3 JEE R

BIPANONR 7 & =AYV R T =7 ¥ a vik
% 72, TiidLipofectamine 2000 (invitrogen
) o7a b aVvIiH#ERL 7z, BIPO FT ¥ 2
Zx7vaviZid8Ear vy oMl
ML, SMEFET sy v A 7223 ay
L722%3H, 3070V MELEZ ERER
L, LB ICER L, 2B8—HBHOMT VA
Tz vaIilHwiTIAI FEIE10ug/
dish& L7,

2.4 JRIITRML O fEHT

b4 H HOFABP 4 £#t a1 H o st Bl %
HEL, ZI20ABEMNLHEEZRL T TV
{LL-EE 2 L, Az a~< b5 7125k
MU7ze o7 — & R E T 5
ARSI & CHEM L 72,

2.5 HOLBIE

SME2HEB X U4 HHDOFABP 4 % a5
DFBMNL % 4 %PFATHE L7z, IRiiwICt
B L CHRIGTHE & Akt 8B IC 00 2 H &2 750
BODIPY 493/503B8 X O'Bifitax HiyE L T
DAPIZ LI L 7215, AR L — W — AR B
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Table 1
No. Genes size (bp) Forward Reverse
1 SCD 100 tectgttgttgtgettecatee ggcataacggaataaggtggce
2 LXR a 170 gaccgactgatgttcccaag acagaagacacggaggagga
3 GAPDH 204 aatggaaaggccatcaccate gtggttcacgceccatcaca
LR 2 S L 72, Jalzxh U, A A4 09 L BE 2 i 2 6 i 18 % it i

2.6 M—FVRNAHIEEY 7IV% A4 APCR

b — & VRNAHIHHIZIZ TRIzoIZ T L7z, 1
dish 2% L TRIzol ImlZ i L 7z, BIP® 43t
#0,2,4,6, 8HHXFABP4 &33O 5
{L2HHKE U4 HE»S b—% VRNAZHIH L,
R E T -80C THH RS L 72, TaKaRa
PrimeScript RT reagent Kit with gDNA Eraser
(Perfect Real Time) ®FMIZHEVy, cDNA%
B L 7z o PCR K& 3k %8 12 13 TaKaRa SYBR
Premix ExTaq (Perfect Real Time) % f\y, v
TV A LAPCREAT 0720 BBAETHW 2T
7 A = —OHFEACY X Table 1 1252 L 72,

2.7 MREEHFEREAT

HAZURNTTT 4 —DFEREVT VI A A
PCROAERICIZ, AFa2—FT > FOTHEEHW
THEBEEZRKD (n=3, p<005), 72V
TV % A4 APCR BIP/LEFE I BT 5 A ffi i
IR A 1 B AR T D S BLZEH)) A3 L 0
HHICHT2HE%E (n=3, p<005 %KD
720

3. BREEE

3.1 FABP4 I/IK OV/ VIS O A fafl g
JilgE & o i
13 U ICFABP4 /1 O'FABP4 V/V % 4L
OBIPMINEIZE A LT, FABP4 %i# {18 % %
B2 BEEBMLE ZNEIUER Lz, Shb
LB A N 2, FABP 4 £33 0 %
1t 4 HHIZB 2 A Eafgims & % ik 5%
BEBI o7z 5t 4 H HOFABP 4 458310

L, #A7u~x b7 74 =T L7zL A,
SRR M 2\ 2569 2 AN B MR T IR 15 o> 92 I i
IZFABP4 I/I5 BIM g T1d34 0027 72 1),
FABP4 V/VFHMNE 0325 +0.0812 X, HEIC
MW EDVHLRE 5T,

W I 2345 O BRI B 2 PRBFEERL &
FABP 4 %8571 & OF B % AT L 720F 7828
T Twbd, ZOiER2 HbFABPA VTR DK
IEFABPA V/VIID & D2, Bk —
OARBANGETH BV I A LA VEOE
FEMFEICHWI EHE SN TnEY, 4h
BN R in vivoDRERIZIEF I, ABF
FEIZH W 72FABP 4 %81 R O FE B,
FABP 4 O % RS A FafI NG le & 52 R IAT T %8
Zin vitro CIENT T 2DIHE L 2ETVTH B S
LGRS Nz LA L 2SHFABP 4 O£ IS
FUA YRR ) — VRS R D Te A eI IR G
BoOGHBEICAEREAZEART LV G R
., invivokin vitroTIEHE T DECD D 5 D
blhhneEZ 5N,

3.2 FABP4 ##{zFRIOMILNRIEOBILE

FABP 4 3 MIfa I Y & £ 7RIk & 14 %

R B 2 H 2 L E X SN D HkY
YR ETH B KRFERTIIFABP 4 O =14
DENNI X o T, L EMRPTHENDOBATIZEALAE
L %5 %#~X72. BIPIZGFP X UFRFPZ AN L 72
FABP4 #HEBETRIOFHENY ¥ —%EAL,
FABP 4 O %8z 7 % BIPIZ BRI B < £ 72,
Z 0%, SHMLFEEREME T, HMEBRICBIT S
FRETHOMBANRIEZ B L7z, $4bb,
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GFP-FABPA4I/I DAPI

GFP-FABP4V/V DAPI

merge

merge

Fig.1 Subcelluar localization of FABP4 in differentiating BIP cells 2 days after stimulation.
BIP cells were transfected with GFP-FABP4 1/1 or GFP-FABP4 V/V. These cells were treated for 2 days with

adipogenic facors and, after fixation with 4
in nucleus, FABP4 V/V was (arrow).

GFPB X U'RFPORAEZMETT5 2 £12L D
FABP 4 O# = TR OMBHNISELZ ML 2 L AT
Xbo ZOMR, FABP 4 135 LBFIZ D 5§,
WEAE TR & DI E I RS 275, —i
PERIRIHICOBITLTBY, ToBITEAY
IR TR OE A L T2 2 L5 5 2
L oze BNOBATIE, LRI T I E s
TRELIFEAERSNRWA, MLl 2 0
HIZBWTEANOBITO MR S, FABP4 V/V
RIZFABPA VIR HARBATES WOTEW Z &8
Hohk kol (Fig. 1)

FABP 4 Of~OBATICHE L, #7:CFABPs
ASPPARSD V) 77 ¥ WIS J 33 i 50375 1 460 B
IR B VT, COS- 1M b T v R
7x2 Y ayE N7zFABP41, PPARr®OY 4~

% PFA, stained with DAPI. Although FABP4 1/T was not localized

RS DB ICOBRBHNNERITL, VTV
ROEAE L R WA T, BANOBITHE O
BWEWIHENH LT, T UICBVTHSH
DHFHFABP4 DRI EE RITLTWEHD
TlEZwhrtilibins,

FABP 4 oJgliH~O#ITIE, b4 HHICH
W TCFABP4 I/I#IZFABP4 V/VIILZ L~ PR %
NOBATEG WD EWZ L0355 - 72 (Fig.2)o

FABP 4 3412 B TR 2 M o %
FHCEW S 2% 7 v SV B Ch D, BIIEF TIC
FABP 4 2B~ G ik % i3 % & & 2SR s
TV 2h5, NElE~ IR % i3 2 & v ) A
5oL ZAsEw, LHL, FABP773I)—0
1 & LAHER E OB D IO WTIBRIZFH LT
X, FABP7 7 3V —offiz L LT, BIHH~O
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GFP-FABPA4I/I
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Fig.2 Subcelluar localization of FABP4 in differentiating BIP cells 4 days after stimulation.
BIP cells were transfected with GFP-FABP4 1/1 or GFP-FABP4 V/V. These cells were treated for 2 days with

adipogenic facors and, after fixation with 4

W% 2 B > TV B I REMEDSIE R S Tw
%%, FABP4 HIRIIMIIIC BT, JRIiEE% ik
i ~EE L, EHCEGLTwahrd ik
Vo Z2IH5, M4 HHICH I 2FABP 4 %5
ZF RO RRIFHBATEE GV 0@ W%, PRI ~E
WS N A BRI R EARLZL, R,
AEIFIIRIE & w (S 2L AT F N REMEAYE 2
bNb,

3.3 FABP4 &% BIMIIIC B 2 AEaf1 g

T £ 1 B S T D FE B

FABP 4 O TRIOE A, REafiaig s
% EE T (LXRa, SCD) O#FIZHZ 5
MERMGETT 5720, FRBMIBICB Y 5 i#isT
PR E IR L 720 13 U S BM L o ik iy
WMET D720, BIPHHLHEIEICE T 5 K#EIZT D

% PFA, stained with BODIPY 493/503. Although FABP4 V/V was
not localized in lipid troplet, FABP4 I/1 was (arrow).

BB % AT L 72 ZORE, LXRa, SCD
12, b2 H BB CRBIEOZ8 A LA
DoHNTz, HMLaTOFEHEE 1 & L2k, LXR
a3t 2 HHTRBE (1.7£002) NE—2712
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HTHEE 87+01) RE¥—=22hD, Z0Hk
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3006 THER L7z &2 Tl T ORI
My FE Lo/ b2 HEB X4 HEICAHH
L, FABP4 &5BMIBIC B 5 W5 T O
mAERK LA, L2Lafb2, 4HHE D, &%
BAHILICB U 5LXRa ESCDOREHEIZ, &B
5HEVITRO LN T,

AWFFe T35t 2 H HIZB W TFABP 4 #{5 T
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Study on the effective chicken production by selection for Cholecystokinin

type A receptor gene

oo

ihe W MK A RA IR
CBK FFIRL #4 7E kBe3l,

fEE:*
FIRIGR AR

Kazuhiro Rikimaru, Daiki Takahashi, Takeshi Ohkubo™*

(Akita Prefectural Livestock Experiment Station, *College of Agriculture, Ibaraki University)

To examine the effects of cholecystokinin type A receptor gene (CCKAR) polymorphism
(A/C) on the growth traits of Hinaijidori chickens, the feeding trial and the analysis of the

mRNA expression of CCKAR gene on expression sites were conducted. Twenty individuals of
each three genotype (A/A, A/C and C/C) were raised until 23 weeks of age. The data showed
that body weight at 23 weeks of age and average daily gain between 4 and 23 weeks of age of

A/A individuals were significantly superior to those of C/C individuals. As for feed conversion

ratio, A/A individuals were superior to A/C and C/C individuals though there was no
significant difference in the feed intake among the genotypes. Expression level of CCKAR
mRNA in the pancreas, duodenum and liver tended to be high in the A/A individuals, and this

might lead to improve digestibility of nutrients and growth. A/A individuals also tended to be

heavier than C/C individuals in the field tests. These results suggest that it is possible to

producechickens which are well grown efficientlyby selection for CCKAR gene.

1. B g}
IR, A OEED S EPNIC BT 5 O A5
PR LT b, T2, BAFEMR O I

FDICED, PEEAEA L, Bk LA % 4
%&<én1wéoﬂ%ufn4ﬁ—tmﬁbf
BAEND, SHEH80H L EEEWHE
%%7%oﬂﬁmiﬁaxbwﬁ%ﬁu@ﬂ§ﬁ
HOTWDLZ R, AERYTIE, X)W
BAEFEC L BEE I A S OHIIEATELEE 0 I E &
oTWhb,
Fxix, ThiIT,

1)

=7 M) OFEEIEE

TLRETZHET S0, WHNBOF MR
FEHCTREREICHET 2w MBS
(QTL) MM Z1Tv, =7 b OREKEMEET 2
ETFHMESNLEEETE LT, Will&z F %40
HIEMEEZH) RTF FARLVEY L LTHISR
TWwW3aL YA MFoVAZREREET
(CCKAR) L 3BERHE L OBMEZE P S H I

7oV F72, FoRMRRIIBIT 5 CCKARBART
O —HiHLA (SNP) (A/C) L RFHY
& DOBIHEEIZOWTIRNT L2/ S, AT Y ViR
HLAMAREZ HDLIMRERFOZ L EZH LRI
L72%, 512, 8% % CCKAREE T OSNPH
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Table 1 PCR primers for amplification of g420 C > A polymorphism in the cholecystokinin type A
receplor gene

PCR amplification

Primer set Primers (5'—37) PI’(%(%)[;Ct Target position genotype
A C
CCKAR-Hinai 1 GAATGTGTGTCTGCGTGCTT 225 2420 C>A + —
GGATCCACAGGTTAGCTGCgAt
CCKAR-Hinai 2 GAATGTGTGTCTGCGTGCTT 225 2420 C>A — +

GGATCCACAGGTTAGCTGCgAg

The underlined bases shown in lower case represent induced mismatches. The bases shown in lower case only at
the 3’end represent the target single nucleotide polymorphism (SNPs). The genotypes that could and could not
be amplified by PCR are shown as”+"and “—", respectively.

HROLMNBZMEE LT, #F - fRHERR -
SR SR FE DI - T 24T o 745 R, AARL%
A BRI oE{E 7R (ACK, CCHL) fREfk
0 REVEN, FRIEREIREINDL L
RRERLTze SNOHDOBRED S, CCKARBIRT
ZAREE L L7838 e A AL FE O W REME S HL 2 C
X/ L2L%An, CCKARBIIET DR ED
SNPEIZS, 7Zt, BHEICREWRERZRT DD, £
OB THIIZHS 2 & o Ty,

% ZTARMIZE T, CCKAREET-1E#H % v
SR B AEEOFHILE HIgd 720, 2
=T X VEBELTCiET S [HNE] 2 Hw
T, 8725 CCKAR#EET OSNPE! % £50 I Hh
HEEN L, CCKARBIRT OSNPHI A A 75
DHEBEHFICRIZTHELWUS 2T S L DI,
CCKAREfE T O mRNASSHL & O K % 1T\,
CCKARE(T OSNPRIAHEEIE I AT T 45T
IO W TG 21T - 720

2. 7 &

2.1 HEEAE B X OB

FRH IR & pE B Tl H IS AL L 72 e i o
A HRBICH WA, TRICRKRLAEKFET
CCKARBAE T OSNPRI % ¥ #, 4 HlIZSNP
B (A/A, A/C, C/C) TEIZ20MF 25T 7,
2.2 HEnTRHE

N #4281 5 CCKAR AR T-OSNP
) %2 13 Rikimaru et al. 2 DI TIT o 72, fijH
a3, 1EEO 7+ 79— K754 <3—
(5-GAATGTGTGTCTGCGTGCTT-3") & 2fk
FHOVN—ATF4<3— (ATINVT I3 —:
5-GGATCCACAGGTTAGCTGCgAt-3", B &
*~tCcC 7T IV NVv 7T 73 4 <% — 5
-GGATCCACAGGTTAGCTGCgAg-3") % il &
HhET, ABXUCT Y VEKRETAPCREE
W2 L7z (Tablel ),

PCREIGIX, 74+ 7 —F7F4<—2pM,
4 ul ®2xPCRX v 27 A (EmeraldAmp : # 7
FNAF, K, HA), DNABWK L ul, WK
AROKZRAEL, RERERI u 1ITHEL 2.
PCRY¥ A 7 Vid, B (98T, 108H), 7=—
Y 7 (65T, 308, ML (72°C, 3080 [H)
DHFA 7 VE30EHED R L7z, PCREIBE, AT
YUVBLOCT IV EBKRET HPCREGTEAS 2 u
1% 1 XTAEN Y 77 — & L7220% 7 #
O— 27 V& A TERKE 21T, Btz F o
7 A Gt LC, PCRIGRIEY & M U7ze &Rk
OB TRNE R, fE BTG T 5 4 Bl %
T 1o 72,

2.3 fFEEA

#SNPEIO N3 % 4 A & AT C©
% 26385 F TR HMFBE L 72784 7N 2T
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Table 2 Comparison of the g.420 C > A genotype of cholecystokinin type A receptor gene between the phenotypic values
for growth traits of the Hinai-jidori chickens!

Genotype
Traits A/A A/C c/C

n =20 n =20 n =20
BW-4 week (g) 335.6+25.0 335.6+24.8 355.6*21.0
BW-10 week (g) 1,108.6 +127.5 11141+1218 1,177.4+156.3
BW-14 week (g) 1,7305+1279 17186 +140.2 1,7625+175.8
BW-18 week (g) 232011303 21979=179.0 2,265.1=176.1
BW-23 week (g) 28732+2148% 27439 =199.04 27034 +1741°
ADG 4-10 week (g/day) 184+32 185+29 200+38
ADG 10-14 week (g/day) 222+30 216+28 209+26
ADG 14-18 week (g/day) 21.1£342 171+37" 180+32P
ADG 18-23 week (g/day) 158+442 158 +4.1" 128 +25"
ADG 4-23 week (g/day) 19.1+1.62 181+1.5 178 +1.3>

BW-4 week, BW-10 week, BW-14 week, BW-18 week, and BW-23 week: body weight measured at 4 weeks, 10 weeks, 14 weeks, 18
weeks and 23 weeks of age. ADG 4-10 week, ADG 10-14 week, ADG 14-18 week, ADG 18-23 week, and ADG 4-23 week: average
daily gain between 4 and 10 weeks, between 10 and 14 weeks, between 14 and 18 weeks, between 18-23 week, and 4 and 23 weeks
of age.

abMeans within a row with no common superscript differ statistically (P<0.05). !Values are mean * SD.

Table 3 Comparison of the g420 C > A genotype of cholecystokinin type A receptor gene between the feed intake and
feed conversion of the Hinai-jidori chickens

Genotype
Traits
A/A A/C c/C
Feed intake (g/day)
4 ~10weeks of age 73.1 72.8 72.2
10~14weeks of age 1024 102.9 974
14~18weeks of age 100.1 87.8 929
18~23weeks of age 135.3 135.4 1274
4 ~23weeks of age 105.0 1024 100.1
Feed conversion
4 ~10weeks of age 397 393 3.60
10~14weeks of age 4.61 4.77 4.66
14~18weeks of age 4.76 513 517
18~23weeks of age 8.56 8.68 10.18
4 ~23weeks of age 5.50 5.65 5.62

HL7Z U To 4 o0l %65 L #EH&ER (CP15% ; ME2800kcal/kg) : 4) 23
7ot 1) AGEEF YA SR (CP22% G F T LI RSE (CP16% : ME2,900 kcal/
ME3,000kcal/kg) : 2) 1008 ¥ < v 4 1 i k- kg)o FAIBEMMA, KNI ARERE L, B
(CP18% ; ME2850kcal/’kg) ; 3) 14z g Tk  BIRHIZAKEEREE L,
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2.4 WEHEH

(1) ZFEEHH

4 AFELRE, 10, 14, 18, 23MESICIRE, ik}
HINEOWMEZIT> 720 4~10, 10~14, 14~18,
18~23, 4 ~23:BEHIZ BT 53 H BIAE 13 K8
W2 BT AR, SRHEORE (4 ~10, 10~14,
14~18, 18~23, 4 ~23:8fH) (ZFFHEIE & F
WHBARE» S E L 72,

(2) CCKARBZTOmRNAZIH &

CCKARMBZF OmRNAZEIL R OWEIZIE,
Bl & BN L L 7 N B o i % H 7z,
4 B X 108 R ICSNPEL Z & (121050 & %
L, JHhE B, iR RS L7, o hk
HMAEEE D, Trizol A v BY Y, HYTH
V=T, TAUA) EHTHRRNAOH 247 -
72t%, EBHIZDNasel (70 A4, HE, HAR)
WM ZIT, BIGEHORNAZRE L2, 1 u

A)
0.045 -
0.04 -
o 0.0351
T 0031
2 0.025
& 0021
S 0015
< 001
0.005 -
0 :
A/A A/C c/C
C)
0.00004 -
0.000035 -
o 000003 -
'S 0.000025
g 000002 ;
3 0000015 {
< 000001 1
0.000005 -
0 :
A/A A/C c/C

g D % # RNA % OligodT17 7 9 4 ~ — &
ReverTra Ace (BE#H;, KK, HA) Z2HwT
42C T45r M o E e 2t L7z CCKAR:#
T OmRNAFRIIL, 50N E Y % F
M L, BEWMWTI A~ — 5"
-ACAACAACAGCACAGCCAAC-3' (77—
F) B X "5 -TATGAGCAGCAGGAAGGTGT-
3, ZHW2Y T IVE 4 APCRIC & Vb L7z,
PCRIZ95C 5%, 60C30% 194 7 VvE3 5K
x40 4 7 v & L7ze CCKAREETDmRNA
BB L-7 7 F mRNAZEBUZ R § 5 Ml T
i% Lf:o
(3) BFHEA
BTN HbER %2 EPE L T B R % 5 IR

L, HafREICERINE X OMRENE 217V, T
FEDREF HH & CCKARE = 1-OSNPE! & o Bk
PTIZDOWTHEEZIT 5 72,

B)
0.0018 -
0.0016 1
0.0014 -
0.0012 -
0.001 4
0.0008 -
0.0006 -

0.0004 +
0.0002 A

Arbitrary units

A/A A/C Cc/C

A) : Pancreas
B) : Duodenum
C) : Liver

Fig. 1 Effect of the g420 C>A genotype of Cholecystokinin type A receptor gene on CCKAR mRNA expression in the
pancreas, duodenum and liver in the Hinai-jidori chickens at 4 weeks-of-age.
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2.5 WEEtLH
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(2 & ) SNPHRUE D Feik 2 47wy, PAEA0.0554K i
RICHREE L7

3. BREEE
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B O LK

CCKARAE T OSNPHI & N HLFE O 58 ik
D H# % Table 2 1278 L 720 18581 £ T4 SNPA!
B CHREICA SR ZEIIRD SN o725, 238
W CIZA/ABREARDC/CREAR X 0 AKE D 1
(P<0.05) Eolzo 14T TOFYHBAE
WCHBGZZIRBD N h o 72205, A/ATREAR
1314~ 18 B 12 3V TA/CEMAK S X O°C/CRIE
K, 18~2338iHZ B\ TC/CRUER X b T3 H 1Y

A)
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0.5 1
0.4 1

0.3 1

Arbitrary units

0.2 1

0.1 1

A/A A/C c/C

0.0045 -
0.004 +
0.0035
0.003 4
0.0025 4
0.002 -
0.0015 A
0.001 4
0.0005

5 N s

Arbitrary units

A/A A/C c/C

REDPAFEIC (P<005) BTV, TOREE,
A/ARMERIE 4 ~23E 12 B 1T %P3 H Bk E
ASC/CEMAML X ) AEIC (P<005) BERTWwi,
C ORI, FEBHEO%REIIBIT B BE2SNP
Lo TRLZLILEAZRBLTVS, A/AR
TR MO SNPRIUER X ) WA TR Tn DB 2 &
&, A DBURTICIENE 2 V7R &b —3
LTz, SIRHERGRZ iy 2 &, Waho
FRHEIR 21T & A ERIFERD DN h o 7275,
18~233H i 1 B W TC/CEUE R 13 A/ARIE 1A %
A/CHUER X0 SPRHEIUE 25 % R4 2 W BT &2 7R
L7z (Table3). F 7z, filtgisRaEILA/ATEAK
H—FEN TV (Table3)o SN HDFERD S,
CCKAR#fzE T DSNPRUZ LN DO A TR L, 2
V=Y v VIETH DN OREF I HEE &
1T EDIRBEEINT, LALEAS, JLNFET
13 4 ~ 1458504 H HER 2 35 v TSNPALRH 12
B)

0.0003
0.00025 1
0.0002 A
0.00015 1

0.0001 4

Arbitrary units

0.00005

0

A/A A/C c/C

A) : Pancreas
B) : Duodenum
C) : Liver

Fig. 2 Effect of the g420 C>A genotype of Cholecystokinin type A receptor gene on CCKAR mRNA expression in the
pancreas, duodenum and liver in the Hinai-jidori chickens at 10 weeks-of-age.
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Fig. 3 Comparison of the g420 C>A genotype of Cholecystokinin type A receptor gene between the marketing body

weight of the Hinai-jidori chickens at the field
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Possibility of DNA discrimination of a meat-type brand chicken“Chosyu-

Kurokashiwa”created from the Kurokashiwa Chicken, a national natural

treasure of Japan
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Masao Sekiya',Yumi Okumura?, and Masaoki Tsuzuki?

(!Yamaguchi Prefectural Agriculture and Forestry General Technology Center, Livestock Technology Research Department,

2National Livestock Breeding Center, 3Graduate School of Biosphere Science, Hiroshima University)

In the present study, we genotyped 54 microsatellite markersto examine the possibility for

DNA discrimination of a meat-type brand chicken “Chosyu-Kurokashiwa” created from the

Kuro-Kashiwa breed, a National Natural Treasure of Japan. Allele sizes were compared among

two native Japanese chicken breeds [Kuro-Kashiwa (KRK) and Japanese Game (JG)], a
foreign breed [Rhode Island Red (RIR)], and two kinds of crossbreds [F1 (KRK & x RIR %)
and JG & x F1 (KRK & x RIR %) %] using 272 blood samples. As a result, the Kuro-Kashiwa

breed was revealed to have private alleles at seven loci on the Z chromosome (ABRO60S,

ABRI1002, MCW0258, ABR100S, ABR0376, MCW0128, and ABR0289).

Therefore, DNA

discrimination of “Chosyu-Kurokashiwa” would be possible by establishing a parent stock that

has the private alleles of the Kuro-Kashiwa.

1.B ®

I AR S Bl 2~ & —TlE, R aw
(M (KA2Lb)] 2 Eillu—=F745 >
FL v F (RIR), #HE, 74 7)< A0y
7 (WPR) % 2HC L 72 VU2 MERE % BA S 75 A
L, WM MEE (R CHEE (KAL)
(e KA R I 5 %650%) 2 /EH L7z (B4
5, 2009) '

IR ORBHMEHTIE, o [RPEIBE
] ZRIRICKBLL7-bDZa~v—Y v Vil &
L, [RINE2LD] AL TRRERT T VN

WAL, SER2IAED HAERE - Woe % BlfG L C
W5 (FEREE k53280875, 2009) .
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WORMHFEOLFERIE, VAT M OV TR
5 [IOE» Ubih &0 REHH#ES (B B
Lbih &0 RPg#S) | B Lshb e e i
SERE254E 5 A T R — YR IR
CHb7I v R LTSN R L, BEZRT
T O M RIS 2 B fifi U, #B R UL LS I
ZIENT T F72, FH2HERIZIZ 4T F 0%
FEARBIA A X, SRICOWTIE, YHiE5H
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B, FRE8 TP HIFL CHBRAN—HE %>
TRY ATV D,

A PO BN AR W HES L TR 2R hud %
LRVHHO—2E LT, MINMBEOESX T T
Y FHIEE T TWw 5, MKW ODNAG T
HOMEN.AZF 5N b (Rikimal and Takahashi
22007 ; HFRFEE4721053 %9, FEHO AR %
RBa—F Ul 74 ~—2y +, Bili¥y b
ORI —F > o).

[EME] CEERERAo~xf 70754
F~v—4— (DNAY—#—) PFEFET 5 LM
5227 5> TWwbH (Osman et al. 2006) *,
[RMEAL D] [HBME] ol 3 >0 mmf
ERMLKMBTH L0, [RINELLD]
DODNAGBIIZ Z D~ — 1 — DG AT e A 2>
DLUENH D 72, [RECHEE] 1, £7
M) oMz [RIR) oMK LT [
MRS | AR L, wic, THEB] ofix [
RHER ] OMEICACE LT =M ] % /i
L, &BIC [ZxHiE] otz TWPR] O
WZACRE L TR L 72 TIUeehEs | % S RIE ek
L72bDTHDB I EnD, Witk (Z getufk)
FICEEBEA DY — A — %A L TW AL e
Hbo TDIzD, HNHBEODNAGKG & R,
ZYtafh 1 TEMHE] LMoL oiEvi i
FTIENTENE TEMENLD] ODNAGRI
NBHTE WD D %o

Db Z 26, REIZETIE, TRNE2LD]
ODNAGR Z W HEICT 5720, [RINE2ALD]
2B B BHH A ODNA~Y — 5 — DD
HICOWTHERT A EAHE L,

2. /5 &

2.1 fEkIE
AFFETIE, IR RS H L v ¥ — &
B THRA L T2 B3 (HE30H), v—F

TAZ YRy F (86574 « ME287), #H (833
St HEL6T), B O M % RIRDMEIZ AR S &
PEM L 72 e scE®s (1E303)), 7 & TNICH
78 (833R) DMt B IR OMEIC R S
HEH L7 B =00 o 55 2 AL (64078,
ME128%F) % Hv 7z,

2.2 DNA#HiH, PCRIIG, ~—A—% K>

7

EERBEOIMIE A S 7 =/ — )V 7 aakv Ak
(Sambrook and Russell, 2001)* {2 & b 4l L
20ng/ ul \ZHHEELZ2DNA%Z 7> 7L — M
\», Osman etal. (2006) ¥ X UFRikimal and
Takahashi (2007) 2ZZ#IZLC, Table 1 |1Z/RL
7254~ — A — % PCREEIC & 1) HalE L 72

PCRIZEELTIE7 4+ 7= FBL PV N=TF7F
1< —%ZNZN625pmol, dANTP % 0.2mM,
MgCl: % 2 mM, BIOTagTM HS DNA
polymerase (Bioline, Taunton, MA, USA) %
0375U & L, fHEflsul TRIGE 72, PCRIUS
GfL, BEM%94TC T105, T D1#%95T % 30%5,
7 == ¥ 7 %55C T308, (kPG %72TC T30
a3 A 7 VDR, RH%IZ72C T 5 5 MHHR
FEL7:o PCRTZ2, HE)JDNAY — 27 L v % —
(ABI3130, Applied Biosystems, Foster City, CA,
USA) ZFHHWTHE =D —DI ALY T EAT>
726

3. BREEBE

BMHE30PIZB TR I N/, 3 DDDNA
~ — % — (LEI0092, LEIO096, MCW0330) K
2B ST Y IV A4 X% Table 2 1278 L 726
LEIO0963 £ NLEIQ092\2BF AT ) V¥ 4 X
1%, Osman ef al. (2006) &R 2R TH -7z,
MCWO300 TR EN/z7 ) V4 1%, 274bp
F7213286bpTH 1), Osman et al. (2006) D
REZEEIZ-BLTWidbol, ZhUE, St
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Table 1  Microsatellite markers used in the current study
marker chr I(’K,?E; bp Forward primer (5'—3") Reverse primer (3'—5") References

LEI0096 2 200 GATCAGATTGGTTCCCTGTG TGGGTGAAGTTTCCTCGTAG Osman et al al. (2006)
LEI0092 6 210 GATCTACATTTGTGCAGTGTC TCCTTGGTCTGACTCTCCATG Osman et al al. (2006)
MCW0330 17 280 TGGACCTCATCAGTCTGACAG AATGTTCTCATAGAGTTCCTGC Osman et al al. (2006)
MCW0292 Z 42 90-130  GGAGGCTCTGGGTGTTCC CAGCAGATGGGGCTGAGAG
ADL0022 Z 45 140-170 ~ GCATCAGAGGAAGAAGGAAA GGTCAAGGAAATCATAGAAA
ABRO608 z 88 218 GCAGGAAGGTTCACAGAAAG TTGGCAATAGCTTCAAAACA Rikimaru and Takahashi. (2007)
MCWO0331 z 125 213224 CAGAGCAGCTGGAGATGTAAAG AGAGGGTAAGAAATCCTGCTG
ABR1001 z 130 328 TTGAGATGTTGATGTGGAAAACG CAAGAAGGTGAGGAGAACAAGGA Rikimaru and Takahashi. (2007)
ABR1002 z 131 347 TAGGAAAGATGCCCGATAAAA CAAGGGTTGGGAATGTAGTGA Rikimaru and Takahashi. (2007)
ABR0633 7 135 266 AGTATGTTATTGCCTGTGGC TTTGGGAGAAGGAATGTTGT Rikimaru and Takahashi. (2007)
ABR0588 Z 183 130 ATACAATCCAGCATCTCACA CCCATTATTCGTTATTCTTACTT Rikimaru and Takahashi. (2007)
MCWO0055 Z 183 182-196 TTTGTAGTTACCTGGTACTGA GTTTGCATTGTCTACAGCTCCTTG
ABR0080 z 206 147 TTGCCCTGGGGCAGAACACG CAACAGCTTTCGACGAGACGG Rikimaru and Takahashi. (2007)
ABRO112 z 218 230 TACTTTTATCCTGCTTCTCA GCTTGTAGGGTAATCCAATG Rikimaru and Takahashi. (2007)
MCW0258 z 218 139-162  TTCTTAGTCCTTGCCAGAGGC CTGCAGGAGGATGTGTCCTAG
ABR1003 Z 230 160 AGAGGTAGGCGATGGACCAAA ATGCACCAAGTGACCAGGGAC Rikimaru and Takahashi. (2007)
ABR0620 7 237 265 GCCAGCTTCAGGGAACAAAA TGAAACGCAAAATCAACGGA Rikimaru and Takahashi. (2007)
ADL0273 Z 251 135-146  GCCATACATGACAATAGAGG TGGTAGATGCTGAGAGGTGT
ABR1005 Z 284 218 GTAACACTTCACATTCAAGAGGCAT AACCAGCATTTCCTTCAGCAA Rikimaru and Takahashi. (2007)
ABR1006 Z 286 188 GCATCGCATTTAGGGTAAGTAT AGTTTCACTCACGGGAGTTTTA Rikimaru and Takahashi. (2007)
LEI0171 z 287 350-376  GAGTGTAGACAGTAGTGTATC CTCAGGGCACCATTTTCACTG
ABR1007 z 289 230 GTCCCTCCCCTTTGCCACAAC TGCTGAAGACAGACTGCTGATAG Rikimaru and Takahashi. (2007)
ABR1008 z 294 267 GGGCTCTTTAGGACAACTCAC ATCAATATGAAGGCAGTTACAAGA  Rikimaru and Takahashi. (2007)
ABR0082 Z 295 221 TCCTGAATTTCCAAATAAGTTTTA  TAATCACAGCCCAAATCAAAG Rikimaru and Takahashi. (2007)
ABRO0089 Z 295 221 ATAATCACAGCCCAAATCAA CCTGAATTTCCAAATAAGTTTTA Rikimaru and Takahashi. (2007)
ABR1004 Z 30.2 216 TGTACTCAACTAAGACGGGATT TGTTATGTGATGTGAAACCTGA Rikimaru and Takahashi. (2007)
ABRI1014 Z 314 139 GGACAGCCAGTTGCTAGCCTTG TGCCTGCTTGACCACAAACCAC Rikimaru and Takahashi. (2007)
ABRO311 z 316 214 CCTAAAGCAGGAAGGCAGAA TTGGAGCATTTGTGGAGAAG Rikimaru and Takahashi. (2007)
ABRI1013 z 314 138 GAACAAGGTAGAACTCGTCGGT TGCTCGGGGAAGTATCACAAC Rikimaru and Takahashi. (2007)
ABRO0505 z 321 226 TTATTTATGGCACTCCACTG TATTCCTTGTTTTGCTTTGA Rikimaru and Takahashi. (2007)
ABR1012 Z 321 267 CACCACGATACTTTCCCTTTA AACAATCTTTTCCCCCCATAC Rikimaru and Takahashi. (2007)
ADLO0201 Z 323 130-150  GCTGAGGATTCAGATAAGAC AATGGCTGACGTTTCACAGC
ABRI1011 Z 324 220 TATCACCTGTGACTGAGGCATT CTTGGAGAGATTTTTTGGAAGC Rikimaru and Takahashi. (2007)
ABRI1010 Z 32.7 268 CTGCTTCAGCCAGTCTCAGTAT CTTTTCACAAGTTTTCCCTTTT Rikimaru and Takahashi. (2007)
ABR1009 Z 336 202 GCATTTGATTAAGTGTGCTC CAGGTAAGTGTCATGGTTGG Rikimaru and Takahashi. (2007)
ABR0598 z 345 303 CAGGTCCTTTGCTACTTACA GTACTCCGCAGACTTTCACT Rikimaru and Takahashi. (2007)
MCWO0241 z 345 268281  AACCAGTTTGTTAACATCAGC ATTGGAGTTGGTACCATACTC
LEI0229 Z 356 200-303 CAGTTTCCAAAGGCAAGTCAGG CGGTTAGGTTTGAAGTGCATGG
MCWO0154 Z 359 168-193  GATCTGTTTTATCACACACAC CCATTTCCTTTGTTATCAGGC
ABRI1015 Z 36.6 319 CATCGCACCAACATCCACCTT TGCATAAAGCCTGCTATGACC Rikimaru and Takahashi. (2007)
ABRI1016 Z 36.7 134 CCTTGAACAGAAAGCAGGTGG TCGTGGAAAACATGAGATGGC Rikimaru and Takahashi. (2007)
ADL0250 z 370 168 AAGCCGTACTGAGAAGCACT CAGGCACAGTAGAAAAGAAC Rikimaru and Takahashi. (2007)
MCW0246 z 370 230-238  TCATAAGGCAGAGAATTCATC TTTCCATTCAGACAACAAGGC
ABR0254 z 383 323 TTTGGTAACTGAGTAAATAGC ACTTTGTAGGAAATGGACTT Rikimaru and Takahashi. (2007)
ABR0621 Z 406 372 ACTTTCCCTCTTGCTGGACT GTTGGCATGACTTTGTTGCT Rikimaru and Takahashi. (2007)
LEI0254 Z 425 70-110  AGACCACTGGCTCCAACTC GTCTGGAACTCATCCTTCATC
ABRO376 Z 432 166 AGGGTATGGATGTCTTACTA CACAAAGTTCCTGAATAATA Rikimaru and Takahashi. (2007)
MCW0294 Z 439 304-320  ACTGAACAGAAACAGTCTTCC CTTCTCTAGATGTCCACTACC
ABR0241 Z 484 102 ATACACTCGGCAAGCCAGAC CCCGGATCAGCTCATAAAGAC Rikimaru and Takahashi. (2007)
LEIO111 z 49.3 95-135  CCCACAAAAGAGACACCGTGG CCTGTTTGCCGTACACTTGGC
LEI0121 z 50.7 280 TTGACGTCCTGGATAGATTAC ATTATCCAGAACTAACATCAAC Rikimaru and Takahashi. (2007)
LEI0144 Z 51.1 255275  GATCAGTTATCAATGGCTGGC CACTGAGGTCTTCTAGATGAG
ABR0524 Z 589 276 TCCTACCGAAGGCAACAGAA GGCCCACTTAGCAGATGGAGAAT Rikimaru and Takahashi. (2007)
MCWO0128 Z 589 166-178  CACATCCTTCTTAGCAGTCAC CTGATGAAAAATTGTCCAAGTAG
ABR0657 Z 64.6 197 CAGCAACAAACAAATACAAA AGTAAGGTATCATCAGAGGG Rikimaru and Takahashi. (2007)
ABRO0289 Z 64.6 274 TTCTCAAACTGTTAAGGTCCAC AACTCCCACTCCACCACAAC Rikimaru and Takahashi. (2007)
ABR0651 z 786 193 TGGGAAAAGTCAGTAGAACA TGCATTATTACATCCCATCT Rikimaru and Takahashi. (2007)
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Table 2 Allele sizes (bp) at three autosomal microsatellite

loci in the Kurokashiwa chicken

Marker allele size (bp) (Osman et al al. 2006)

LEI0096 223 or 240 244
MCWO0330 274 or 286 286

LEI0092 245 or 270 or 287 263

Table 3 Allele frequencies at each locus on the Z chromosome in each chicken population

Name and pize of - KuroKashiwa RIR 1G KRKS xRIRS 0T (KRKS
ABRO608
203 0 0 0500 0 0333
213 0 0.103 0 0017 0
220 1,000 0 0 0615 0482
222 0 0897 0500 0368 0185
ABRI1002
256 0 0 0 0 0019
348 1,000 0 0 0615 0484
353 0 1,000 0094 0385 0115
356 0 0 0781 0 0.242
358 0 0 0 0 0134
359 0 0 0125 0 0006
MCW0258
148 0 0 0341 0000 0326
150 0 0.749 0659 0285 0189
154 1,000 0 0 0619 0485
158 0 0251 0 0097 0
ABR1008
279 0 0240 0 0.143 0
281 0 0.760 0523 0237 0448
285 1,000 0 0 0619 0436
290 0 0 0477 0 0116
ABRO0376
156 1,000 0 0 0600 0419
164 0 0237 0400 0.149 0.266
168 0 0763 0600 0251 0315
MCW0128
160 0 0 0 0 0006
166 0 0862 0281 0374 0238
170 0 0 0719 0 0405
172 0 0138 0 0 0
174 1,000 0 0 0626 0351
ABRO289
271 0 0683 0397 0328 0212
273 0 0172 0061 0008 0133
283 0 0 0542 0 0294
287 0 0.145 0 0035 0
289 1,000 0 0 0629 0361

RIR =Rhode Island Red, JG = Japanease Game, KRK = Kuro-Kashiwa
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A L7z 1Z0sman et al. (2006) 23FA L 725
MO TRIIDH72D DD, 1SRGk
DHERDFHTIE WD THHEEZ LN,
B, #EE, RIRICOWT, Z3ffkosl
DDNA~Y —H — BT BT ) VA &
LA, 7T<—5h— (ABRO608 (220
bp). ABRI002 (348 bp), MCW0258 (154
bp), ABRI00S (285 bp), ABR0376 (156
bp), MCW0128 (174 bp), ABR0289 (289
bp)) KBWTEMBRAEOT ) VEHERL
(Table 3), F72, BMIZCRMBIIBVTIh
SOERMBEGDOT I VEZTXTHLTWSDIZ
2%, MEISTITH - 72

DEDOKERENS, ZO7v—Hh—IZBWTEMN
HHROT V)N ERET L MRS (R CHE
R L7es, [RINE2LD] ODNA%
WPITTE DR AVR STz, STk, MO FEREIC
DWTHREBRICT Y VA xR, FEHE%E
FED D B BN D 5 o

4. 2 0

Kxisah THRAE Ka2Llb)] 2d i
BJE S M7z [RMEALD] ODNAGRY %

RS 5720, BMEIFAEDDNAY =/ —D
FAEDHIIZOWT, BMFH, RIR, EHEE LK
L7z&Zh, 7<—7%— (ABR060S, ABRI1002,
MCW0258, ABR1008, ABR0376, MCW0128,
ABR0289) WENIZBWTEMTEEHF DT V) IVH
ABEINT. 58, ZOTINVERAT HHEE
WS AHZ LX), [RMENLD] ODNAGK
WEMT K S D W REE DR S 7z,

5| F 3k
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Identification of a key molecule responsible for the structural stability of

sperm nuclear chromatin and its application to the assessment of fertility

potential of boar sires

(SRS SR RIS DI R 31| B SIS = ¢l
(A5 R B B SRR - 5 U o B BT SE T N R R 2 > 87 —)

Tetsuya Kohsaka, Akira Igawa, Itaru Minagawa, Masatoshi Shibata™
(Laboratory of Animal Reproduction & Physiology, Graduate School of Agriculture, Shizuoka University,

*Shizuoka Swine and Poultry Experimental Station)

The prediction of male fertility is an important aspect of livestock production. We recently
developed a useful procedure for diagnosing subfertilityin boars, and demonstrated that the
structural stability of sperm nuclear chromatin significantly decreased in subfertileboars
compared to fertile boars. However, it remains unknown what factor (s) actually rules the
chromatin stability. Therefore, we identified the key factor (s) responsible for the stability of
sperm nuclear chromatin, and established a novel procedure for assessing the fertility potential
of boar sires using the factor. Using frozen semen from both fertile and subfertile boars, we
succeeded in defining free thiols (SH) as a key molecule which rules the stability of sperm
nuclear chromatin, and provided a clear-cut evidence that a decreased chromatin stability led
to the increase in free sperm SH content and substantially decrease in the ratio of disulfide
bonds in subfertileboars. Furthermore, we successfully established a novel method for
evaluating the fertility potentialof boar sires based on free sperm SH groups. The application
to freshly ejaculated semen fromthe genetic conservation program was found to be quite
satisfactory; that is, the assessment was well reflected in conception rate, which wasextremely
lowin the semen having high levels of sperm SH content. These datasuggestthat the decreased
stability of sperm nuclear chromatin in subfertile boars compared with fertile boars is
associated with incomplete oxidation of the sperm SH groups and that the levels of free sperm
SH groups correlated most strongly and negatively with fertility potential of boar sires.

M A, FIROEER; I FE~OF R TR S 7z
Z &, BERMEOFMIC L YRR EZ RAFISHER:
RO N TGO RFITAE £ E D, FH214E LD HEEICHETEL I LR ENETF LR,
FEICIERI44% IS ETHIIML T 5 Vo Esm |k TINTEBOR N LT v FIHIEZH#NT TE 72
DERNZIE, HHORAESB X ORI B O RIZ L2 L—HT, WToOENRBREIZERETHS

1.B ®

© The Ito Foundation



TYREERY v T v OWTELSENER Rl DRI ORE & TNEHRIRE L7l k- ieR il e 109

A, ZIRHGE OO TECKERE (LUF, K2k
WEIER) OFEFH D4R kv, THFBITOR
WAy ORIG7), REE, BEBMAR L) T,
EHRBROBBEICA-TLE Y, RihTh2 L1
WlETH B, 20720, KR BB
LT 2 0k &2 2 A G ENER O —>Th
5o fEoT, ZOX) R EFMICHETE 2
7 WEHAR O B 38 R AR B 22 I O B2 \ IR 3R 7
nT&7,

INFETIT, Fxld LELOBMEd O FFE I
DA, T2V FL Y (AO) 2HWTT
YAEFH 7 1= T OREER eV % B L NV
THIEICHET& Ml I L 72 T4b
t, RZIERE CIE ORISR EEDIE L KT
L, ZHELOMTIEOHBEO®H S Z L 5Hh->
2o LML, BTH2a~F » oG Etoid
WAMINZ & o TRERT SN D75, 0L
LZWEDOEREIAHTH 5720 L LD LEST
RRETEIEL, TNEEEE LB T2
FERERTHIIE SR T &, IR OE T ¥ KT
DEPERTEMMDRIKBG LD 225 b 0 L HfFT
&5,

RIFETIX, WTEruo~xF 2R %
DNA—7nm % I Y a7y I VN
VANT A RS (SSHER) OFM & k5l
F A=k (SHE) THEmEM4T, Eo 0%
D BIT % 7V IS BT A7 u~F ol
ERENEF ARG T THAH I L BT H LI
(2, ENAIBEEL L7cHi e 7 & K1 e ATl
LR L7z,

2. A5 &
2.1 7T¥KH

T HREWNIE, RSB & O SR 2 v
720 BRI YIIZERE CRASEZETICHREL T
Bwierauy 772135 v FL— RO IEFH

W ERZIERR T b0 —77, S RS
MR H/NREGEL v & — CTRFERF O T 2
Ty 7 Al L) T CHRIE RS & 20 BRI L,
ETFFHTERFGMU 28, 15CITHREE L THER
e L 72,

2.2 FTBHREARO/ER

ot 3B & OISR RSE37TC IO Th Wi
TNE #% flj ¢ (0.01 M Tris-HCI, 0.15 M NaCl, 1
mM EDTA, pH74) T Lyt L, FEEHKT
1 x107 cells/ml @& %, AF74 FF T RIZH
L7z,

2.3 AOZHWIHFB I u<F v O

FEPEEEAT

W7 a<F v Ol ER S O JETIT -
72 Tbbh, KT REKEARZMpH - FIETE
A2 L CDNAZ BB % 5l L 7214,
AO#ett (Sigma, St. Louis, MO, USA) % 17\,
HOUHMEE T (M & © 460~490nm, WL
F : 515nm) THIZL, W TFBDNADZEMER X
DRI 7 <~ T ORERE e & 5T L 7z.

2.4 KT OilEHESHA &R O E

SRR 35 & O fF 5 HORS 9 %2 TINE % il i C o oL
Vel L, [FRREE ORI CRETIREE © 1 x
107 cells/ml) % FHH L 7=, WEMESHESEZ K
07z, WEHESHEDERIE 2-= 0 R HFRET
To72%,

2.5 FETHICBT 5 ERESHEE O 54 & H0otoE

Ji£

Wy BIC B 2 ERSHE OMMIZIE, €77
2 E ¥ < v (mBBr : Sigma, St. Louis, MO,
USA) &M/t Friesh i 2 12, BTS
(Beltsville thawing solution) °* TH & L 7214,
mBBr (EE02mM) Zi@mL <, 37C Tl54r
BIRUG & 72, #mOWEEER, A74 77 A%,
WL, HOGSMEE T (IR © 395~425nm,
WL 5+ 450nm) THE B R o0 it BESH AL O 55
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iz ARz, 51T, HILHEIZBZ - 90004 — SEMTFSHEL D EM L7z, 2B, 4 TFSHE
WA 27 aotiEE (Keyence, KBr) Tl X ICLIL % i L 7245 T 1ICmBBrz s €72 &
L729 EDOHOLMEE & L7z

2.6 FFBIZBIT BSSHA DN 2.7 WTEBENEE (CASA) ZH WK

AR BITHSSHAGOEGIZL T ORI & T-HEDIAHT

DHIM L7z, $&bb, 25TROIZEIGHEEZ ¥ TE B BE TR RS 2 W R IZCASA T

Fiz

Fig. 1
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Identification of free thiols (SH) as key molecules that rule the stability of sperm nuclear chromatin in boar
frozen semen.A) Stability of the sperm nuclear chromatinas revealed by acridine orange (AO) staining.
Denaturation rate of sperm nuclear chromatin in the subfertile semen was significantly higher than that in the
fertile semen, revealing a decreased structural stability of sperm nuclear chromatin in the subfertilesemen.The
data was from Kohsaka et al 2). B) The levels of free sperm SH groups. The levels were significantly higher in
the subfertile semen than in the fertile semen. C) Distribution of the free SH groups in the spermatozoa with the
permeable mBBr. When staining intensity of free SH groups was compared between fertile and subfertile semen,
the intensity in sperm head seemed to increase in the subfertile semen compared to the fertile semen. D)
Cytochemical quantitation of disulfide bonds (SS bonds). The ratio of SS bonds was significantly lower in the
subfertile semen than in the fertile semen. Values are the means * SEM. Asterisks indicatesignificant difference
(P<001).
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ZHER Hm-BOTAB L 72 %% ChE il EE © 1 x 107
cells/ml), 2 X-CEL + % » »N — (Hamilton
thorne, Beverly, USA) 1ZEA L, 37C ol
T ReAs L7 AHZESEE T Y T iog 21T\,
CASADHTIZHE L 720

2.8 ZhaHisE

M7 5 ORI EEERY 72 ) OS2 IREEE R SRk
BMELTEL,

2.9 WEEhuLH

WEAR I PFI9E + FREFE TR L2, AEED
Mz 1LGB-Stat % Ji\»C, Fisher®LSD#i L O
t M T o 726

3. BREEBE

—MRIZIEFRE T Cld, H AR TR 28Tk
PMMETHEA 7O Y I VICHELET DL H O
SHEED AL S N TSSHGEZ ML, K1 r o
~F v OfEREEE 72O L, WT O %
FIERIFTIEMONTVEY, X512, 20
50 5 70 K- O BRI IP T E A O R AT
HHEDBLHIPLIH/HINTERLY, ThET
12, Fex 372 IRZIRRRIC BV, KT on
XFVOMERENEPE LK TLTwSLZ LR
L, 2OERSTOY I Y OSSKEEEDOAY
— Pk F TN X DR R R L7

REBRTIX, KT a~F v oG eEts
F B ESTANERESHIE TR 2wk 2, EW
R & ARSZIERE % W Tl L 7z R RE
T, W DNAOEERPHEREIIEL, BY
U F v OMERERNFE LK TFT LTSI E
ZEEICHSAICL TS (Figl A) #, £2 T,
WERESHIL G R 272 & 25, 2B T3,
IEFREBICHART, BT olEsSHAES ®E2A R
WEWZ AV L7 (Figl B)o kiZ, ##HESH
HEEFRMICHET S REBEEE T —7
mBBriZ#H L, W28 % iEsSHO 55 4i % i

A closed strain herd of Duroc boars

Semen

!

Evaluation of the fertility potential
based on the free sperm SH groups

e Verification by the

conception ‘ - stability of sperm

rate nuclear chromatin
using AO staining

Selection of boar sires
having high fertilizing ability

Fig. 2 Establishment of a novel method for assessing
the fertility potential of boar sires based on the
sperm free SH groups.
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Fig. 3 Free sperm SH content and nuclear chromatin stability in freshly ejaculated boar semen from a genetic
conservation program. A) Boar semen assigned to high and low levels of free sperm SH content. B) Stability of
sperm nuclear chromatin as revealed by AO staining. The chromatin stability significantly decreasedin the semen
having high levels of sperm SH content. C) Conception rate. The conception rate was extremely lowin the semen
having high levels of sperm SH content.These data suggest that the levels of free sperm SH content correlated
most strongly and negatively with fertility potential of boars. Values are the means + SEM. Asterisks indicate

significant difference (P<0.01).
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Fig. 4 Comparison of sperm motility characteristics between semenwith high and low levels of free sperm SH content.

There is no significant difference between semen groups in the motility parameters, such as the percentage of

motile sperm, velocity (VCL : um/s), and linearity, amplitude of lateral head distance (ALH ; gm). Values are

the means = SEM.
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Rescue of potential oocytes in livestock ovaries by artificial control of

apoptosis inhibitor

]
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Noboru Manabe

(Animal Resource Science Center, The University of Tokyo)

Many primordial follicles are present in livestock ovaris, which are discarded without
being effectively used in the slaughterhouse. The aim of the present study is to save the
oocytes with excellent genetic traits in the ovaries, which are discarded without being
effectively used.

Less than 1% of primordial follicles are developed and ovulated, and the remainders are
eliminated via atresia. The endocrinological mechanisms involved in follicular development and
growth have been characterized, but the precise mechanisms involved in the regulation of
follicule selection remain unknown. Recent our studies suggest that apoptosis in follicular
granulosa cells plays a crucial role in the oocyte selection. Notably, death ligand and receptor
systems and their intracellular signaling are the key mechanisms regulating granulosa cell
apoptosis. In this study, I revealed the mechanisms of granulosa cell apoptosis regulated by
death ligand and receptor systems and their signaling pathways. Moreover, the roles of
apoptosis inhibitory factors (cellular FLICE-like inhibitory protein, X-linked inhibitor of
apoptosis protein and decoy receptor 3), which are useful to assess the damaged and/or
healthy oocytes and save the oocyte including the follicle, were revealed. We have developed a

method to save the oocyte with the help of these inhibitors.
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Control of lactational estrus in the Kagoshima Berkshire
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Michiko Noguchi, Erena Ikoma* and Seiji Hobo

(Joint Faculty of Veterinary Medicine, Kagoshima University,

*Livestock Research Institute, Kagoshima Prefectural Institute for Agricultural Development)

During lactation, sows generally remainanestrus because reproductive hormones in sows
are inhibited during suckling. However, development of mature follicles, lactationalestrus and
ovulation are observed on commercial pigfarm and these could be due to management during
lactation.We investigatedfrequency oflactational estrus and effects of spraying boar-pheromone
on induction of lactational estrus during lactation in Kagoshima Berkshire of a commercial
farm.In the experiment 1, ninety-eight sows were used. Data of reproductive performance
(number of piglets, intervals from weaning to estrus and fertility) and sow's body condition
during lactation (lactation length and back fat loss)were investigated. Blood samples were
collected at weaning from all animals. Follicular development, lactational estrus and lactational
ovulation were defined as progesterone and estradiol — 17 £ concentrationmeasured by time-
resolved fluoroimmunoassay. Intervals from weaning to estrus and fertility were significantly
different between summer (August and September) and autumn (November) seasons.
Estradiol — 17 f concentrations in November were significantly higher than from during July
to October. Lactational estrus was observed in one sow (1.0%) during experimental period. In
the experiment 2, pigs were randomly assigned to a control (n = 9) or treatment of boar-
pheromone from 14 days after parturition to weaning (n = 10) group. Vaginal electrical
residence (VER) measurements were carried out between 14 days after parturition and 7 days
after weaning in all sows. Data and blood samples were collected as experiment 1. Lactational
estrus was not found both control and treatment groups. There was no difference in values of
VER during experimental period between groups. From these results, we determinefrequency
of lactational estrus in Kagoshima Berkshire is lowon a commercial farm at least under
management fromSeptember to November in Kagoshima. These results also suggest it is

difficult to induce lactational estrus by spraying boar-pheromone in Kagoshima Berkshire.
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Table 1 Reproductive performance in Kagoshima Berkshire on commercial farm from July to November in  2013.

Jul Aug Sep Oct Nov
n 19 19 20 20 20
Parity 46+06 41+05 46+05 43+06 47+06
Total born piglets 9.3+08 10.0+0.6 86+05 86+038 83+06
Live born piglets 79+06 77+05 77+05 73+0.7 70+05
Lactation length (day) 278+02 26706 282+04 2718+05 278+05
Back fat loss (mm) 06+0.6 15+05 09+0.7 05+0.7 2707
Piglets weight (kg)
At birth 1.76 +0.08 1.75+0.03 1.62+0.06 1.64+0.06 1.62+0.04
At weaning 7.74+0.28" 707+0.25" 724+022° 734+021° 8.66+0.232
Progesterone at weaning (ng/ml) 0.34+0.03 0.29+0.03 0.29+0.06 023+0.04 1.01+0.54
Estradiol-17 8 at weaning (pg/ml) * 0.53+0.10" 0.85=0.08" 099=0.11" 0.79=0.13" 348+0.992
Wean to estrus interval (day) 4.03+0.07" 4.84+0.18 475+0.142 458 +0.092 4.00=0.04"
Fertility (%) 579+116°¢ 684 +11.0° 65.0+109¢ 90.0 6.9 950+502

a-cValues with different superscripts within a low differ significantly (P<0.05).

Values are presented as means = SEM.

AFERD SN, Kb e Y 250 VigERB
FOTZANT VF— V17 BI04 %01 ng/ml
BXU110£27 pg/mlTHh o7, 77 TiX, 23
WM o172 R AEc Xy, JNCE L
HHB L OUPRREE IS D % RV V50w
ENTWL T HINCEZIIE, A TVt —
WIT B RAFEL, TOFRFIHET 2 KA =
A NI IF—=NIT BIRED EAPEHEI NS,
T/, PIRICER SN BEOREICLD, K
Wiih 7 ey 270 VEER EAT Y, T4
bH, BAHOIRRIE L, AT 7 ¥ EHKY,
F AL QM B X OHERILEY % EICHRT 5

i, I B L OEREOZAIX, XE T
BRDGIro T, BAROTO Y 2 AT 0 VRE
BIPZA NI TG —=NITBBEICBNTYH, K
BCEZRDO SN Dol BIAMIBI S 4 2
7z 0E AT V=R OH S VERIE O ZAL
WA THBICOWT, Fig. 11CR L7z, VERME
&, v, KRB BLXUT S ICBWTAH
IRV E  OLEE) EHBRD b7z, I
HEEL L OREBEHOBEE LTH LR T,
bo FRIZ, 7HICBWTIIVERIEE 70V 2 A
TaUEE (r=072~074) BLXUOTZZANTY
F— V1T BIEEE (r =—-050) & DOMICHERE

ZEMD, DL HARMZETES S h7zfFEs WHEZSRRO N e, VERED S
I LEBIRICB W THRICEIVNIEN . KO L RIROA IS HERE TS 5, 13928~

PRI Z B ERIGER ICE b D EERZ LR
720 =T, 1A TR HEIN S & OBEFLIF O
KINEDFEE DI E o TSR BEEGED 5
cZehD, BEANLVAFAM IR TO RV
[l Tl FLH e RN A E F I TIN5 %
EEME S R S 7z

CRET B AP TR, BRI o7 5 B

29H M DRAEAT - 72 BRI BT, BEFLAT 18
[ H 2 & HERK & Hefi U 72 B BERK CR2FLR 56N
HEIRASFRO b B E G (63%) &, #ilL Z%2o
720 (15%) LHRTEWY, KifseTid, xt
MIX B & ORI (RAIM27.7£03H) 2B Ww
T,%ﬂmMB%®wmﬁuﬁ%&QWu%b
SNTY, HELEDT S % 7B & FBRIC

© The Ito Foundation



PIR255E I FAIC Y S 2 B JE sl AR (Vol32)

Weaning
1

1

|

1

1

1

1

|

|

1 | I I N |
543210123456

Day from weaning

124
310 —@— Control (n=9)
—O— Treatment (n=10)
290 -
5§ 270 1
S
o
Y 250 -
©
3
G 230
>
210 1
O d 1 L L L L L L L
12-11-10-9 -8 -7 -6
Fig. 1

The mean value of vaginal electrical resistance (VER) before and after weaning

in control group (n=9) and treatment group (n=10) in Kagoshima Berkshire. Error

bars indicate SEM.
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The effect of a novel reproductive center stimulant to follicle development

of Japanese Black beef cows
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Fuko Matsuda and Satoshi Ohkura

(Graduate School of Bioagricultural Sciences, Nagoya University)

One of the biggest problems of domestic animal husbandry is the decreasing fertility rate
in cows, which is now less than 60% in Japan. In this study, we aimed to evaluate the
possibility of a novel inhibitor of dynorphin receptor, PF4455242, as a new drug that stimulates
reproductive center of cattle. First, we examined the effect of PF4455242 on luteinizing
hormone (LH) pulses and follicular growth in mature Japanese Black beef cows. PF4455242
was dissolved in vehicle (distilled water) and then infused via jugular catheter at the
concentration of 1 mol/kg/h for 4 hours. As a negative control, vehicle was infused in a same
manner as PF4455242. Plasma samples were collected from these animals every 10 min
between 8 h before and 12 h after the start of infusion. At the same time, the changes in
follicular diameter were monitored every 6 hours between 8 h before and 56 h after the start
of infusion. In vehicle-treated cows, LH pulses occurred every 3 to 4 hours before, during and
after the infusion. In a cow treated with PF4455242, two LH pulses occurred sequentially soon
after the start of infusion. These results suggest that PF4455242 may have effect to increase
LH pulse frequency in cows. In PF4455242-treated cow, follicular diameter of 48 h after the
start of infusion increased 1.6 times compared with that of the start of infusion, but the
difference of the growth rate with vehicle treatment were not clear. Next, we performed
immunohistochemistry (IHC) to examine the localization of dynorphin in cattle hypothalamus.
Neuronal fibers in the hypothalamic arcuate nucleus were stained by IHC, indicating that
dynorphin affects the frequency of LH pulses via kisspeptin neuron that is known to locate in
the arcuate nucleus. Further study is needed to confirm the effect of PF4455242 to stimulate

cattle reproductive function and its action site.
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Fig. 1 Effect of iv. infusion of PF4455242 on luteinizing hormone (LH) secretion in cyclic adult Japanese Black beef
cow. A) — C) and D) represent plasma LH profiles of cows infused with vehicle and PF4455242, respectively. Blood
samples were taken every 10 min between 8 h before and 12 h after the start of infusion. Shaded periods represent
the infusion period. Arrowheads indicate peaks of LH pulses.
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Fig. 2 Effect of iv. infusion of PF4455242 on follicular growth in cyclic Japanese Black beef cows. Black curve
represents the change in follicular diameter of a PF4455242-infused cow (#6510), while the other three curves
represent those of vehicle-infused cows (#6527, #6535 and #9202). Follicular diameters were measured every 6 h
between 8 h before and 56 h after the start of infusion. Shaded period represents the infusion period.
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Fig. 3 Localization of dynorphin in the arcuate nucleus (ARC) during follicular phase in cows. A representative
photomicrograph of dynorphin immunohistochemistry is shown. Neuronal fibers containing dynorphin were
detected in the ARC (white arrowhead). Scale bar =100 z m.
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Studies on the induction of embryonic diapause of bovine blastocysts in

pseudo-pregnant mouse uteri, in which diapause conditions are created, or

under i vitro culture conditions

o R
(HUHB R K2 b B )

Masayasu Yamada

(Laboratory of Reproductive Biology, Graduate School of Agriculture, Kyoto University)

In the present experiments, we examined whether day 8 blastocysts from bovine in vitro

fertilized embryos (day 0) could enter into diapause following their transfer into mouse uteri

in which diapause conditions were created, or under in vitro culture conditions. Seven days

after transfer, diapausing bovine blastocysts were not able to recover from the mouse uteri. On
the other hand, all of bovine blastocysts cultured in KSOM medium with 0.6% deionized BSA
and 10 mM threonine degenerated within 3 days in culture, whereas when cultured in medium
with 25 % or 50 % fetal bovine serum (FBS), it appeared that about 40 % or 60 % of the

blastocysts remained alive with morphological characteristics of normal expanded blastocyst

for 5 days, irrespective of the presence or absence of threonine in the culture medium,

respectively. However, it still remains unknown wherther such bovine blastocysts in extended

period of culture have an ability to develop to term following transfer into bovine surrogate

recipients.
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Fig. 1 Morphological observation of bovine blastocysts transferred into pseudo-pregnant mouse uteri in which

diapause conditions were created.
A: Blastocysts before embryo transfer

B: Degenerated embryos recovered from mouse uteri 7 days after embryo transfer
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Development of rapid and non-destructive diagnostic system for cow's

estrus and pregnancy
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Roumiana Tsenkova, Go Takemura, George Bazar

(Biomeasurement Laboratory, Kobe University Graduate School of Agricultural Science)

The purpose of this research is to develop a system which enables us to diagnose cow's
estrus non-destructively, rapidly and easily by means of near infrared spectroscopy (NIRS) and
Aquaphotomics proposed as new NIRS analytical method recently. Aquaphotomics is the
method that can measure changes of solutes in solution by observing water NIR spectra which
is changed by changes of solutes, so this method is very useful to measure changes in bio
systems.

This research examine the possibility that NIR spectra of milk and blood serum of a dairy
cow can be used to measuresexual hormone (progesterone) which changes just before estrus
period. Six cows whose estruses were induced by hormone infusionwere used and milk and
serum samples’ NIR spectra were acquired and measured over the examined period. Sampling
period contained planned estrus days in the middle of it. Progesterone concentration of serum
samples wasmeasured by enzyme immunoassay which was used as conventional method to
measure sexual hormone. With it, the important wavelength ranges which showed changes of
progesterone were investigated. From the results of partial least square regression,1384 ~ 1397
nm, 1409 ~ 1446 nm were found to be very important ranges to show changes of progesterone
in milk and serum respectively. In the future, with knowledge acquired, we will try to

construct small and cheap NIR sensor for easy and fastestrus detection. .
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Fig. 1 Concentration of serum samples measured by EIA
(Left : 1% experiment. 3 cows named 166, 190 and 191. Right : 2"! experiment. 4 cows named 170, 171, 185 and 176
(no hormone treatment cow ; control cow). The lines at 6/4, 11/5 and 11/12 are removing of hormone
preparation, insertion and removing)
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Fig. 2 Raw NIR spectra of serum and milk samples

(Left : Raw NIR spectra of serum. Right : Raw NIR spectra of milk. )
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Fig.3 PLS regression Y-fit and regression vector of serum.

(Left : One example of Y-fit (Cow E).

Right : Normalized regression vectors of all cows.

The range @O is 1384~1390 nm and @ is 1409~1420 nm. )
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Fig. 4 PLS regression Y-fit and regression vector of milk (am).
(Left : One example of Y-fit (Cow F). Right : Normalized regression vectors of all cows.
The range @ is 1390~1392 nm and @ is 1424~1446nm. )
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Fig. 5 PLS regression Y-fit and regression vector of milk (pm).

(Left : One example of Y-fit (Cow F). Right : Normalized regression vectors of all cows.
The range @O is 1390~1397 nm and @ is 1413~1444 nm. )
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Study on improvement of bovine embryonic development under heat

stress by regulation of lysosomal enzyme activities

eod B —- BB k8
(ERR B8, * UL R e > & —)

Ken-ichi Yamanaka and Miki Sakatani*

(Faculty of Agriculture, Saga University, *National Agricultural Research Center for Kyushu Okinawa Region)

Previous studies have reported that cathepsin B, lysosomal cysteine protease, had a
negative correlation with the quality of bovine oocytes and embryos. Cathepsin B increases in
poor-quality bovine oocytes and embryos, which is associated with low developmental
competence, than in good-quality ones. Therefore, the objective of this study was to investigate
the effects of heat stress during fertilization and subsequent embryo development on i vitro
development and cathepsin B activity of bovine embryos. The developmental rate to blastocyst
stage was significantly decreased by heat stress (40.0 C) during in vitro fertilization and in
vitro culture. Next, intracellular localization of an active form of cathepsin B was observed. The
active form of cathepsin B was significantly observed throughout cytoplasm in embryos
exposed to heat stress during iz vitro fertilization and iz vitro culture. On the other hand, the
developmental rate to blastocyst stage of embryo exposed to heat stress was significantly
improved by addition to fertilization and culture medium of cathepsin B inhibitor (E-64).
Moreover, cathepsin B activity of heat stressed embryos was decreased by addition of E-64,
and was similar to that of control embryos. In conclusion, the present results implicate that
there is a negative correlation between the developmental competence and cathepsin B activity
of bovine embryos exposed to heat stress, and also its developmental competence can be

improved by controlling cathepsin B activity.
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IR A I LA % %1) 72HSIX TldControl X & J
B L Co#Es X OO R EI A BT
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Table 1 Effect of E-64 on in vitro development of bovine embryos exposed to heat stress during iz vitro fertilization

No. (%) of cleaved

Mean no.+ SEM of cells

Treatment No. of embryos embryos No. (%) *of blastocysts in blastocysts
Control 373 252 (67.6) 42 (16.7) = 130.5+5.032>
HS (Heat Stress) 399 170 (44.2) © 10 (5.9)° 1262+7.762
HS+E-64 (1 uM) 288 174 (604) 2 14 (80)° 1375 +10.45%
HS+ E-64 (5 uM) 369 224 (60.7) 2 41 (183)= 1520+8.11"
HS+ E-64 (10 uM) 377 194 (515)" 18 (9.3)° 129.0 £ 87720

*The percentage is the ratio of blastocysts to cleaved embryos.

a-cValues with different superscripts within same column are significantly different (P<0.05).
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Cathepsin B

A7

Fig. 1 Micrographs of the active form of Cathepsin B localization in bovine embryos. Intracellular localization of the

active form of Cathepsin B was detected as red fluorescent dots (white arrow).
form of Cathepsin B was classified into the following three categories: (A),

The localization of the active
there is no fluorescent dot; (B),

several fluorescent dots were partly observed; (C) fluorescent dots were observed throughout cytoplasm.
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Table 2 Effect of E-64 on the localization of Cathepsin B of bovine embryos exposed to heat stress during in vitro

fertilization

Treatment No. of embryo examined A (%)* B (%) C (%)
Control 30 16 (533)2 8 (26.7) 6 (20.0)
HS 36 7 (194)° 18 (50.0) 11 (306)
HS+ E-64 (5 uM) 24 13 (54.2) 2 7 (292) 4 (16.7)

* The localization of the active form of Cathepsin B was classified into the following three categories: (A), there is no fluorescent

dot; (B), several fluorescent dots were partly observed; (C) fluorescent dots were observed throughout cytoplasm.

a. bValues with different superscripts within same column are significantly different (P<0.05).
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Table 3 Effect of E-64 on in vitro development of bovine embryos exposed to heat stress after fertilization

Treatment No. of embryos No. (%) of cleaved embryos No. (%) *of blastocysts
Control 130 82 (63.1) 18 (220) =
HS(Heat Stress) 132 80 (60.6) 2 (25)°
HS+ E-64 (0.1 uM) 125 78 (624) 3 (38)be
HS+ E-64 (05uM) 128 77 (60.2) 9 (11.7)=
HS+E-64 (1 uM) 118 81 (68.6) 7 (86)bc

*The percentage is the ratio of blastocysts to cleaved embryos.

a - cValues with different superscripts within same column are significantly different (P<0.05).

Table 4 Effect of E-64 on the localization of Cathepsin B of bovine embryos exposed to heat stress after fertilization

Treatment No. of embryo examined A (%)* B (%) C (%)
Control 44 28 (636) 13 (295) 3 (68)2
HS 36 13 (36.1)" 12 (33.3) 10 (286)°"
HS+ E—64 (05uM) 42 26 (61.9) @ 12 (286) 4 (95)=

*The localization of the active form of Cathepsin B was classified into the following three categories: (A), there is no fluorescent

dot; (B), several fluorescent dots were partly observed; (C) fluorescent dots were observed throughout cytoplasm.

a. bValues with different superscripts within same column are significantly different (P<0.05).
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Effects of functional components in grass on enhancing immunoglobulin in

colostrum

AR B & Zx -4 HOH

i

ES
H

AR R B A ZE )

Shinichi Kume, Mengdong Wang and Yasuharu Taniguchi

(Graduate School of Agriculture, Kyoto University)

Passive immunity is critical to the survival and health of neonates, and colostrum is a
source of nutrients and immune components for neonatal calves. An adequate immune system
is required to prevent diarrhea in neonates, and colostral IgG and IgA of cows provides
protection against microbial antigens. Although  f-carotene supplementation has been
enhanced the retinoic acid-mediated immune response in neonates, the exact mechanism of f
-cryptoxanthin or astaxanthin for enhancing mucosal IgA production in the small intestine and
mammary glands is still unclear. The present study was conducted to clarify the effects of
supplemental f-cryptoxanthin or astaxanthin in maternal mice during pregnancy and lactation
on IgA antibody-secreting cells (ASC) and mucosal IgA induction in the intestine and
mammary glands of lactating mice, and to clarify the relationships between fat-soluble vitamins
and IgG or IgA concentrations in colostrum of Japanese Black cows. Because supplemental f
-cryptoxanthin increased the numbers of IgA ASC in the jejunum and the mRNA expressions
of IgA C-region in the jejunum, ileum and mammary glands of maternal mice at 14 days
postpartum, supplemental  f-cryptoxanthin may be useful for enhancing mucosal immune
induction in lactating animals. The concentrations of IgG, IgA, [ -carotene, vitamin A and
vitamin E in colostrum of Japanese Black cows varied widely. There were positive correlations
among fat-soluble vitamins in colostrum, and there was a positive correlation between vitamin
A and IgG in colostrum. These results suggest that the improvement of vitamin status in

Japanese Black cows is effective to increase colostral IgG concentration.

LT 7 ¥ P03 ELE] & Fh
L, BEMEFFOREYE & B PRI E L 72

B ®

Wi NIHFLPar 2 M L7z LarL, BEM

PEHIZEATVDE OO, THiZEIZL ST
DFRFEHGINIE R BANEE BB AE B 122 R 094
Kaedb7eb LT, RENIEE O, BHKE
BOFMHMAFBHEET (A —UHRLE 2

MR malikofEsra 7y G (1gG)
Lt ru 7)) YA (IgA) AR LT, FHoO
BET DT —ADBEHRD LN 720, TS
DRIER G OBATHRFHO L HEERELT, TH
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Fig. 1 The structural formulas of f-carotene (a),

REDEWETFHTHIENEELEZ 5L,

SRR REBR 2T TR, REOAIEBEGE
RIIENRE T =D SR S T T b 72
B, TEOTHIFE Tl ik o R rE% 5 % 1
M2 EIRRNTH S, FFIZ, ZL - Zlhik
A RE T PUA R 72 & O BAKIR AR D S
MDA, BEREVERL 206 L7 THi 7% & OB T
Bhi )5 13 D BAFS S HUAE W R o0 T A 2 T RE LS S
5o Tz, WEBYTHHPIIBETICEEICE
THTWBEL-HIaF sy REYIVELREEAR
FIH L ClEREZ MEFF L T 528, UEIRE S 1X
B-H T X BHETFHO TP % W
WL, Lo L, BEMEENFICREOK
HARB G E N WA ICEOITR o g-ra T v
HREPARLT, THOTFTHBERELEDLZ L
e s niz,

—J, BEMHEEZMFOMARICEEICETN
TWBRIERTIZIgCTH 525, IgAEZ D/
Wkt % DR L O IR R A S O A &
DRAER; C2, FETF4 0 FTRTFP Clami

[ -cryptoxanthin (b) and astaxanthin (c).

HDIgGZ T Th{, IgAZ ¥R TZ L EET
Hbo LaL, [gGIllikd 5 &, HEMMEEH
FOIgAICBT A8 F IR w0, fiE
7es ST BEFLR DIgA A B 2 BRFETEK 5
OYERIREE & FE ST 2 L & b2, WAH O
IgG L IgA % [IKFIZ B 2 BERE M o D #8512 %
ML T, FETHOTHIZ EOBRN%Z THiT 5
CEPMEEEZ TS,

Z 2T, AT T T - WA Y A% HE
BerLvELTHHL, £2hb o~ ZI2HERRME
B &G LT, BT OIgAEADIERET %
FERINCIRIA G % & & I, BEREVERCNC X B B
HFOIgGEIgADYERNREHLNMIZT 5. 4B,
RFFETIE - a T v e AR ESTE S
TWEL-2)TINFH U F L ETAYFH U F
ERMBRER S E LTHEL, BT rIil&
LRV R L7z (Fig. 1), &Iz, 2
BRI DML Z RN L T, FFALHOIgG,
IgA, p-7m7y, ¥¥IVALEYIVEGR
AR, AT OREERS (B-AuTy, ¥
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YyIVALEYYIVE) t®EIuT) v (IgG
LIgA) EOMBEBEFRREZHL2IZLT, BE
FIREZEIH N O BERE G G- L DR FE D720 D
T — 5 %15,

2. /7 &

2.1 BIVTIFHUFUETRAYFH VT

¥ OFGG-RER

REBIITR~Y A (B-2 ) 7 M*H v F Ui
HRBg 3008, 7 A Y ¥ v F UG akER 17
PT) % BEREPERCSTIX &R HRIXIZE D 4T, BRReE
B X TR REL %65 H H 2 5 40 it 14H H £ €
BREER S 25 Lz, 2d, ZokEBTik
Nishiyama & ® /%% L MBI, HHRNEW O
IgAZFLHEDIgA L LTz,

B-7 07 bFH T F IR HIZ50ppmE N
LTI~ 7 ARG L, 5007 Hik & 14H I
WA T AL EZDOFY T A BRI S T2, B
B, =7 A3500 2 HBICHERES 5 IE3 D121
Bl& Lo $72, TAZFH U F Vi3
120ppmiBiN L TR~ 7 2 1Z#5- L, 14 H
BRICWAI T AL Z DR 7 R BRI ST,
B, H~w X5 7 HRICHERES 5 L3I
Myl& L7z,

IR~ ™ A L WA~ 7 A DR & SRR
FHEHWE L, REEHRISWAS 7 A0 510
H, M (ERBIONE) BIXOARE, -
A= 2053 00E, BAEY, M Lo
AR 720 M, HANEW, Meb L 0Eo
IgA#ERE & IgGi B IZELISAIE T, /Mg & LB
IgAFE MR OFHINE e e taihc, ML 7L
BOIgAFEAEICHET 2@z T ORI (IgA
Cregion) ZRT-PCRIETH ARz, HOHNIZT—
ZIZSASOGIM 7 1 ¥ ¥ % % v TR L 720

2.2 BEMEZMFoONI T RE s T v

& BEREVE R 55 B AR D 1R

TR 2 P e C i 28 L C v 2 LB IR B0
A OUH CEREK « AL, PRI © 286 H)
BRI ARSI FL A K100 g FRELL C, #FLH
DIgG, IgA, p-huF>r, E¥IVABLUE
yIVEGRENEL, WP oEERs (B
SuFy, EFIVALYYIVE) ERES
a7y (IgGeIgA) OMBEEFRE & %72,
F 72, SURET ORI IE H ARSI A D B
TDNZREZ /2T X, TAREAF )T
YIATITAFAL VL=V rKE L,

BN D 53 W 5 DR OB & AR
R, 2OFFO5REOKRE L FlE - KR E
DFERD Z AL 720 WA OIgGHE & L IgA
HEIIELISAEET, F0fbhop-nus >,
Yy IVALYY I VEGRIIEEEA o< b
75 7 CE L7z,

=

3. BREEE

3.1 fEra 7Y YEAICBT LR S
DYERIEFE OB

WAL~ 7 A DORREE B X O RHE IR & BT
<Y ADOWEKIZZ -2 )T NFF T UG
WX BRBIROLNLD o720 -7V T F
B F UG T T ADGIAH B O 22O
TgAFEAMBL A L7z (P <005) #%, FLIR
BILOMEGOIgAREAMBEIZIZL-2) 7+ *
HrFURBICE A RBIEIROON Lo T
(Fig.2)o F 7z, FAAF~ 7 A0ILiE, HHNEY,
B X OCEOIgATEEIZIE -7 ) T M F 9~
F UGS X B REERD LN o7 (Fig.3)
B, B-7 VT NFYUF UG THOMI4AE B
B BIMR, 2B L ORI OIgAOmMRNASEH
WAVE BT L 72,

WAL~ 7 A ORREE B X O RHEIUR & BT
T ADEERIL, TAYFFUFUMEICLS
WEIIRD N ol 2BBOIAEF~ T A
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a) Jejunum

16

Number of IgA cells
™
T

7 days 14 days

b) Mammary gland

Number of IgA cells

7 days 14 days

Fig. 2 The numbers of IgA antibody-secreting cells (ASC) in the jejunum and mammary glands of maternal mice of
the control (M) and f-cryptoxanthin ([J) groups after 7 and 14 days postpartum (Mean=SE). * P <0.05.
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Fig. 3 IgA concentration in small intestine and stomach contents of neonatal mice of the control (ll) and f-cryptoxanthin
(C]) groups after 7 and 14 days postpartum (Mean = SE).

DIMLE P IgARRIE L 1gGi 21 1 Eis & b d8m
L (P<0001), 727 A% FH¥ v F U5
Lo T2 BEOHALF~ 7 2D MG P IgARE S
®imL7z (P<0.10) (Tablel), 7 A% ¥4 5
CHEGAZ K o TRARDFLUIRIZ B B Ig AR LA
Bhasmi7z (P<010) 2%, Z28 Xm0
IgAPEAMIBRICIE T A ¥ v F V512X 5
WEITRO LN o7,

B-2 VT EHFUETRAIFHUF U
B-huFrEEICART )4 FIZHEsh,
B3, B, KEW R EICETNRTVWDE I E0D,

B-HaT UHBEARRLHAEITIEINS 2R
ELTHHT LI EHNURETH S, RENEEDS
WA A p-huaTr rERGLEZ A,
s DR B ) > 7 SHLER IS B B TgARE AT
BoassmL, FLROIgAREAEMEE L L~
IgAGWRD B L7222 2o, p-huaF
WIZGERIEREN RO 5 2 L ATRD B,
EHI, B-AuT NGOV F A VR
KE AL CTMEOIgAEAMBE L BE» S0
IgADPMEBR L7220 b, f-haF ik
B E R ENRII LT ) A VBRI R
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Table 1 IgG and IgA concentrations
groups after 7 and 14 days postpartum (Mean = SE).

(ug/g) in serum of maternal and neonatal mice of the control and astaxanthin

Days Control Astaxanthin P
Mother
Serum IgG 14 651 +186 752+197 NS
Serum IgA 14 734+ 186 916+198 NS
Neonate
Serum IgG 7 402+43 319+43 NS
14 730+95 522+105 NS
Serum IgA 7 05+0.1 04+0.1 NS
14 2504 35+04 i)

T P<0.10, NS, not significant.

Table 2 Correlations between IgG, IgA and fat-soluble vitamins in colostrum of Japanese Black cows (n=9).

Mean SD Min. Max. r
1gG IgA
Age, months 634 20.0 340 1106 051 0.04
Gestation length, days 286.4 54 277 294 0.39 0.49
Calf birth weight, kg 336 32 28.0 39.0 0.71* 0.68*
Colostrum
B -carotene, wug/dl 1328 54.0 40.0 206.7 0.55 -0.06
Vitamin A, ug/dl 409.7 245.1 69.0 849.0 0.67* 0.07
a -tocophelol, ug/dl 711.3 3245 117.0 1129.0 0.64 0.11
IgA, mg/ml 83 9.6 13 25.6 0.62 —
1gG, mg/ml 1287 377 64.9 168.8 —_ —_

*P<0.05

ThbILPHgINzY,
RFFEDOERIPHIE, -2V T VFH T F v
BWIA T ARG T 5 L AP ADIgA W
ORI S Thro2b 00, WIEMICE
VF % 2R OIgAREA MR & FUIR, 2286 X O
W DIgAOMRNAEH B Z N E /22 &5,
-7V T XY U F R p-HuT s EEHUL
B RIELER R DD B L E 2 NIz, DHHE
TWEL-2)TIFEHFVF U IEADAICEEICE
INTVEZD, IV a— 2k EDRHIC
Lo THOBERIEOYUHRSIFRFTE 5, £z,
TAZEFH TV HAEN L TIgAZRRBATS
ELMEDOH B LHHELEE SN2,

3.2 #FRIET T T v LR O B
R fE

BEMEZME OMATIgG, IgA, -7 T
Y, EYIVABLIUOVY Y I VEGEOFIHE =
BEHERREE, £ N2 N1288+37.7Tmg/mL, 88=*
9.6mg/mL, 133*54 ug/mL, 41025 g/mLB
FOT11£324 ug/mLThH Y, EHBKRE D7
(Table2) . HEAFZ DM f-HhaT &
¥y I YAP<L005), p-hurr&¥sy I VEP
<001) BIXUEYI ALY Y I VE (P<005)
BIZEZNZNEOMBEA»RD S, 727
DEY IV ALIgGHIZS EOMBE (P <005)
BRD LNz, L L, PR ONRGEELE Y I~
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EIgAMNZITA B AR BIMRIIRED bk o 72,

BEMMEME ;O D O FHgGHE &
(123mg/mL) & lt#§ 5 &, FHIgATE I
415mg/mL & FFEITENZ ESHE SN TWBE Y
25, RABRTHIZITEPL7METH o7z, LA L,
WMILHIgG L IgA G R IZZEH AW ICKEh o 72
7o, LRV DOIgGLIgATEDOMAZ G L
TV AEAITIHHEN TV L MFLEA 2 &% 4
WD ENUELEZ BN,

—Ji, RWETIRPMATOL S I v A L1gGH
WCIEDOMBDED 572 &, BEHEEGME
FoOvy I VRELZYUHETE DL LW IGER
DM 5B EIRBINT, UL, AWZET
BRADOY » TNVEBL R WDT, SR E
B LCHhA0fEra 7Y v L RETEE 7 3
YOBITDORANZALE S LIIHETT 5 2 L3
BThHbo

4. B 0

I DIgG & IgA % [ IFIZ 5 & % B EE Tk 70
DORGEERIET H72012, W~ R f-7
VI EH U F T AFH U FUERLSLT
BEFLH OIgAEEDIERET 2 T L L b
2, BEAMEZMEAOMALTONREELY Y I v
707 Y OBRE RN, TORRE,

(1) B-Z7V T FFHrF /5 TREDIgA
pEAE A R L AU, B X T O IgA D
mMRNAFBHENBIM L 22 &, -2 7 b
FHUF R p-HaT v EEM LGS E
WENRDD %o

(2) BEMMEZM;OMAH G, IgA, B-
AuTy, E¥IVABLUOLYY I VEGRITE
VIR IR E D o 7288, BEMMEZEGE O
HIRATE Y 7 3 VERIICIEOA BRI
BNz THRL, MAPE S I v A LIgGRHIC
LIEOH BB R SNz 720, Bhitor
I URBEYETE D LML PIgCE RO
T5HIENRBEI NI,

X Wk
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Evaluation of a new functional feed to possibly enhance anti-oxidant

activity of milk, meat and other tissues of ruminant

AN S

(LR R R AR RE)

Yasuo Kobayashi

(Research Faculty of Agriculture, Hokkaido University)

Possible improvement of antioxidant ability of cattle was assessed by feeding cashew nut
shell liquid (CNSL) that contains antioxidative phenolics such as anacardic acid. Antioxidant
ability was evaluated by superoxide dismutase (SOD) and diphenylpicrylhydrazyl (DPPH)
scavenging activities and also formation of thiobarbituric acid reactive substances (TBARS).
No clear response to CNSL feeding was observed for antioxidant activity of rumen fluid, blood
serum, milk and feces of Holstein milking cows. Rumen microbiota and fermentation did not
change significantly. Anacardic acid was detected in the rumen at much lower level than other
phenolics (cardanol and cardol), suggesting decarboxylation of anacardic acid into cardanol
that is much less antioxidative and bactericidal. Thai native cattle and swamp buffaloes showed
clear response to CNSL feeding with increased DPPH scavenging activity and decreased
formation of TBARS in rumen fluid and blood serum. Rumen bacterial flora apparently
changed with CNSL feeding toward higher abundance of Ruminobacter amylophilus and
Succinivibrio dextrinosolvens that are known to be antioxidative. Anacardic acid was detected
in the rumen at the level reasonably high enough for exertion of antioxidative and antibacterial
actions. From these, it is assumed that CNSL feeding to cattle could improve antioxidant ability
when functional anacardic acid is stably present in the rumen. This favorable action is probably
accounted for antioxidative property of anacardic acid itself and changes of rumen microbiota
and fermentation toward the formation of antioxidative compounds. CNSL would be a
functional feed material for reduction of oxidative stress, prevention of metabolic disorder, and
even maintenance of animal productivity, if the main phenolic anacardic acid stably functions

through the gastro-intestinal tract of cattle.

FICBVWTHETHPVEBIEIN TS, ZOF
WA RS, fRHEH O R 2 RKE RN
TAEOHFORBRLLHBEEIE L ozl RV AGFRIEHHDFE o TWwb, EET
BN CREMICA P LAY 2D, RNTHEE & R 7z -V, REOFY THiZR &0
MRFENERT 5 L CREEEOR LR O TEIE BILGHICER L, REHET 52 & TMis

1.B ®
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EFEVOPBILIEEZ O & HI1F 5 2 L ITRDIFIA
&% (Aoki et al., 2010, 2013 ; Zhong et al,2012)' ™%,
7e7Z LEHERSEE T 2 P ORI THED £\,

F Y a—ikil (CNSL) &, #¥a—F vk
FEDORIEW & L TREIZHEL S b FEgE8 o 1
HThy, BRMZEATHEEHZAL W
b0 COEMZE Y D% EORHRE ML (A
BHIR GG T5 2 ET) V— X VIR TR
RELZZ, ML RAELTHONE XY DIk
W (20~30%) ZEL Z EAREZR 2 & 23R &
T (Watanabe et al., 2010; Shinkai ef al.
2012)*~%s $CTICHARENT [fF] & L TR
WENTVEY, Iy a—BBOEKTTHS
T/ =V (TFANVEFE, HIVE=LVBX
NG ) =) IHRRILEEEZ AT 5 2 EAHIS
NTw2 (Trevisan et al., 2006)®'s L7z%> T,
CNSLZ#5$5Z LT, X% &S HER
BRBEREICHEIKT 2—5T, REDOHBRLIEZ
LR LICET S L 09 9 O DORED
Wfrc& 22 H %,

AWFgeiE, 7 VICCNSLEHI 2455 L, A
DYEACTEEN DB Z M T 25D TH 5,
CNSL#F G- A DL T T, MM — X i)
RMEAR 2 FRILL, 2o OFiRILE D2 H)
PHEBOFETE=SY) v 7L, EHHEE RS
Z & T, CNSLKGIZ L Y 7 VKN THIRILRED
B LEDSEPNDNEPICOVTHRET A L%
FHMWE Lz 72720, REHRNTHRILIEED
EADH o725, TOBBHY (X A=ZX20
WR) 2SR E %%, D720, CNSLOFIERL
B THDLTF AR, HNVE—VBLOA N
¥ —Vvofifimz gL, HILETOHELZIE
BTFprILE L7z, ZHTLY, REERHNODIEE
(LGP D 1R B2, OFRRAL 55 O HHE W % 528
B, OEILEAD R SR D2 L% A L 721
BB EED, OHDVIEZONHICLELD

P OV TREEZRALZEE L, ZOEHE
FOiEEL 2 OHOHKE Lz,

2. 7 &

2.1 FEER1 : RANVAY A HRILEANORKS
ATHDKRIVA Y 4 VFWAL (612+54kg) %
e e LT, ShBICIETMR (REA
iR, FI92AHAL L=, A=A L=, T
VI 7T 7A~AFa—7, €=MV T) &k
5.1, CNSLO#5-121322% CNSLEFH] % Hiv: 720
TMR & CNSLEFNLRA L, $14 O 2 12513 T
W5 U7e 480 % 2 7V —F125000F, IR
W (19HM) —CNSL#&5-H (19HBE) olEFT
L, WHEZ0HTHo720 KARAD2H
Mz, Zobtos D2 RRBHE L
Too WX R, MR, ABIOEREOH TV
PRI, PUEBILREOIRIE L LCSOD (R —/%—
F % ¥ Fil§ZEE), DPPHS ¥ 4 Vil £i6 Mk fE,
TBARS GERACIREAERRE) OWE LT - 720
HbET, V=AU, LBIOEMEIFET S
CNSLE&H 7 x / — VEL5 O E %2 HPLCIZ Tl
E L 720

2.2 FEBR2 1 ¥ AR R OWRKEANOK

5. iR

V=AU h=a—LEEE LT AR 4
CE91kEA412 + 20kg) B L OFHIRKA 40 (CF
K491 = 44kg) #HER L7 Fr v N, &9
AL, KUz L T 2 RE R % 5
SHRIZEREMSG (1 H 184720 1kg L, Hl
filRE LChib B2 HHRAEREDI0% L NIV TH
L7 o8, HHRERIEISH O LOFHIL7:
D W7z, REBBII 6 A E L, WD 2
B[] % BT, ko> 4 38 2 CNSLA G- & L7z
xR IZCNSL % & & e v 22 8H) 2, CNSLAG
HziE, CNSL#5% (CNSL22%4) % CNSL
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MEWFEGHE T4 ¢ /100kgfhkE,HE %5 &
HNTHEG L7 L — X U & RO >~ 7))
VT RATo T2 FEER L & B ) ETHIR LG
BOWICT7 =/ — Vil aflE Lz, st e
CNSL¥ G- o — 2 VA 5DNAZMH L, X
IEMTE D 16S rRNAM AR T & X & > At o
merABET2ENET L2720 —r54 75 ) %
PERE - AT L, V— X VHFERBEIZD W TN
72

3. BREEE

WAL TV ORBRALIEEICB VT, w
T b CNSLAR G- D BT Tl R o 72,
CNSLEH D7 =/ — Vilsrid, SEBoL —x
VMR EMTIYR RSB ENT, —F
CNSLI G TEINET ) =V DV F—=VDE
B, KROFEWSTHLTFH NV FBOE
I 5720 ADDIRING T = 7 — Vs3I
Ml E e h o7z (B T RO1ppmBLT) . % 3,
V=X VRBRREDZELD, IhE ToHE
(Watanabe et al., 2010; Shinkai et al ., 2012)*°
PHLFHREINDDDIIRL, WMOT/hSho7z
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(Wb 7F—F/REF), CNSLIZIZT F AV F
W, ANY =, A EF—=A%60%, 10%,
20% D& AR THAEL TWwWA (Paramashivappa
etal., 2001)7, ZofiE N, Rl — 2
YNOT F AV REEIEE (8915%) 12132 222K
Vo BESLLIEEDN— X VAEMHDT F ANV
WEBREBL, ALY —VICHHRLTWw5 & &
bid, DF ) AR TS LBt Lk
FRWEOEABASN Lo 7201, CNSLIZ
GINDLEE T ) — VS THHT F ANV N
(FURRALIG Pk 2 © O RGEIR RS L D DIT R
(Trevisan et al., 2006; Watanabe et al, 2010) * ¢’
WV — R TRRBIN, ZORHIPET LS
L2k B g EIN,

& A FE R OHRIRK T, CNSL#E 512
X o T— A Vil B X UL OHUBALIE A3 L
L7z (DPPH7 ) — 5 ¥ H Vil ER OB & 81k
{LIRE DA, Fig. 1 B X UFig. 2 HiRAWIHE
THRWSODIZDOW T T =7 7RET), wihd
CNSL#5-43H X 0 & 28 H CTHiETD 2 M@
Zholzo EHITIV—X VHIRIERIEE Y —
BRELSE L Thbh, V=X YNOT O

Blood serum

0 Control period b
b O CNSL period (2 wk) |
@ CNSL period (4" wk) -

Thai native cattle Swamp buffaloes

Fig. 1 Effect of cashew nut shell liquid (CNSL) feeding on diphenylpicrylhydrazyl (DPPH) scavenging activity in
rumen fluid and blood serum of Thai native cattle and swamp buffaloes
a, b: Different letter shows statistical significance (P<0.05).
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Fig. 2 Effect of cashew nut shell liquid (CNSL) feeding on formation of thiobarbituric acid reactive substances (TBARS)
in rumen fluid and blood serum of Thai native cattle and swamp buffaloes

a, b: Different letter shows statistical significance (P<0.05).
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Basic study for the establishment of the method to increase

carnosine-related dipeptide levels in meats

P = -
(AR AR B R A 7 )

Shozo Tomonaga

(Graduate School of Agriculture, Kyoto University)

We evaluated three analytical methods to quantify carnosine-related dipeptides (carnosine,

anserine and balenine), their constituent amino acids ( $-alanine, histidine, 1-methylhistidine

and 3-methylhistidine) and taurine levels in meats. We found that two of three methods may

be useful to investigate the ways to increase carnosine related dipeptide levels in meats.

1.8 ®
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Study on improvement of immunity by early nutritional development in

Japanese native chicken production

K H g Z-8 A M o—-1 ) e
CHASBRER 2= B Ko S T 2 B - = T BT

Yoshiyuki Ohta, Jun-ichi Shiraishi and Kaoru Nishikawa*

(Faculty of Applied Bioscience, Nippon Veterinary and Animal Science University,

* Animal Science Laboratory Mie-prefecture)

In order to establish the method to produce the safety chicken meat without using
pharmacy, possibility of improvement in early immune formation using in ovo amino acid
administration was evaluated. 20, 24, and 88 Mie-special Jidori breeder eggs were incubated
under 37.8 C and over 60% RH condition, and assigned to 2, 2, and 4 treatment groups of each
10, 12, and 22 eggs with same average weights in Experiments 1, 2, and 3, respectively.

In Experiment 1, eggs were administered 5 % sheep red blood cell (SRBC) into the
under shell vein on Day 17 of incubation. On Day 18, distilled water or amino acid solution
consisted of whole egg protein (WEAA) in Experiment 1, and none or WEAA solution in
Experiments 2 and 3 were in ovo injected to each one group. After treatments, eggs were
incubated again, and hatched. In Experiment 3, in addition, newly hatched chicks of one
residual group were administered WEAA into the crops, and those of another group were
injected WEAA into neck subcutaneously. Chicks were fed commercial feed from half day post
hatch to 3 days of age, and then they were bled from the heart. After bleeding, they were
sacrificed to collect the organs in Experiment 1. In Experiments 2 and 3, chicks were grown up
to 18 weeks of age, and they were sacrificed to collect the organs.

Because SRBC antibody titer was increased by in ovo amino acid injection in Experiment
1, immune formation of chicks might be escalated at early period.

On the other hand, body weight gains of female chickens which administered amino acid
by all methods were higher than control chickens in Experiments 2 and 3 ( p < 0.05), and
there was no difference in ratio of edible meat to other parts among all chickens.
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Table 1 Effects of in ovo amino acid administration at Day 18 of incubation on early performance and immune response
in Japanese native chicken, Kumano-Jidori (Experiment 1)

Injection Control (water) Amino acids
Initial egg weights (g) 47427 478+23
Body weight of hatched chicks (g) 299+24 302+19
Body weight/egg weight (%) 629+24 632+15
Body weight gain (g/3 days) 79+28 106+28
Intestine weights (g) 154+0.17 166+0.18
Liver weights (g) 1.13£0.08 1.18+0.10
Yolk weights (g) 0.74+0.51 0.94+0.36
SRBC antibody titer 1.22+044 1.90+0.32*
Intestine immune gene expression (/GAPDH)
TLR-2 117+0.19 1.54+0.22
TLR-4 1.21£0.28 148+0.37
CD3 0.93=0.11 1.27+0.70
IL-2 1.22+041 1.94+0.88

1'Values are means +SD for 10 eggs and chicks.
*Significantly different from control (P<0.05).

Table 2 Statistical statements of effects of in ovo, oral, or neck subcutaneous amino acid administration at Day 18 of

incubation or 0 day post-hatch on intestinal immune gene expression in Japanese native chicken, Kumano-Jidori

(Experiment 3)

L2 CDh3 TLR 4 TLR 2
Fore Treat NS NS NS NS
Sex NS NS NS NS
Treat x Sex NS NS NS NS
Mid Treat NS NS NS NS
Sex NS NS 0.05 NS
Treat x Sex NS NS NS NS
Hind Treat 0.05 NS NS NS
Sex NS 0.10 NS NS
Treat x Sex NS NS NS NS
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Fig. 1 Effects of in ovo amino acid injection at Day 18 of incubation on growth performance of Japanese native chicken,
Kumano-Jidori (Experiment 2)
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Fig. 2 Effects of in ovo amino acid injection at Day 18 of incubation on carcass quality of Japanese native chicken,

Kumano-Jidori 18 weeks of age (Experiment 2)
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Fig. 3 Effects of in ovo, oral, or neck subcutaneous amino acid administration at Day 18 of incubation or 0 day post-
hatch on intestinal immune gene expression in Japanese native chicken, Kumano-Jidori 18 weeks of age

(Experiment 2)

AOON, F AIZB W TIIRERLHRRERIC 2T
DN oTzhy, X ATIXin ovoT 3/ HBHEY-
WCEDABRIEKREIKRE L olee EEIHE
BEIZEDLLT, KERKZOLDEIEDLL VT T
WENREL o/ L2VRENTZ. ZOMMET
04— HAML 7R VERBOMBRERLD Y,
H RN TIRIMBE R HERTA, H Lidanvs
aZAFuvEIAtary, BXOTFAMATH
YEWSLATEA FERIVE VIR TD
HUREMEAVRIB SN, AZBERIIONE T T
45— RBETAHIEIZXY, B2 SHICT
LT ENTELEIESN, FTNHDOHNA
ZHEIGEERFAENRIC RS EE LN,
—77, B ORIER AT 1B v TI8M ik
T X G ORBENBIR SN0 RGERITIC
BIFBIL2 OFIHT, MR THEICKL

ol (P<005), 3 HEEEICIIAE TRV
M7 I BEGXTEWEIAS RO N2 & p
5, ERKIERL 25D, TOBIEETHRR
MEL %% 2 LATRENTZ, B RIZETRIED R
VIRV HIZRIZRE D FRICH o0 e vs, &
DBOBNIEET 28D 5 LGS N,

E SIS D W TR L 7238k 3 1B w
T, &2CTO7 3/ BEGHICBW 15T T
SHRX & ) ARE o720 BICE2T7 I /8
OFBIT D AER 2 MR RS WFTE B LA
oz shiz, —HTHEE S HIZBWTHZ
DBIIARED IS, 18I ORE 132D
RO LNz MUXKBNTHESINTWS
MU 2 1) C 15 i DA R R AT By s BlgR S o 2 &
&, RBR2 EIC, WER 3 ARk T b7 2
& B AERATEY E FEIVED 2 TR &

© The Ito Foundation



168

PIR255E I FAIC Y S 2 B JE sl AR (Vol32)

—l-intact M —@—inovo M

-{J- intact F --O-inovo F
4000 T

Body weight(g)

Sex: P<0.0001

Treat: P<0.0001

Day: P<0.0001

Sex X Treat: P<0.0001
Sex X Day: P<0.0001
Treat X Day: P=0.0068

3000 A

2000 -

1000 -

Sex X Treat X Day: P=0.9490

—A—SCM

——Oral M

-<>- Oral F

--A&-SCF

0 T T T T T

2W 3w 4W 5W 6w 8W 10W 12W 14W 15W 16W 17W 18W

Fig. 4 Effects of in ovo, oral, or neck subcutaneous amino acid administration at Day 18 of incubation or 0 day post-

hatch on growth performance in Japanese native chicken, Kumano-Jidori (Experiment 4).
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Promotion of myogenesis by administration of taurine during the fetal

stage in the pig

ok B ®B-n WO T
(B ATBOHR N3 - 0 TE S BT (TR S Bl o4 o 5 0 56T

Masaya Katsumata and Aiko Ishida

(NARO Institute of Livestock and Grassland Science)

The purpose of this experiment was to test whether adding taurine to diets of sows
throughout pregnant and lactation periods would promote myogensis of offspring. Taurine
(15%) was added to a commercial diet for pregnant pig and to a commercial diet for lactating
pig. Sows were given the diet for pregnant pig from dl to d105 of pregnant period and
thereafter they were given the diet for lactating pig until weaning that was 28 days after
farrowing. The control sows were given the same diets without taurine on the same schedule.
Piglets were reared under the usual management of NARO Institute of Livestock and
Grassland Science. Adding taurine to the diet enhanced plasma free taurine concentrations on
d25 of pregnancy (p < 0.01). Birth weights of piglets of the taurine given sows were lower (p
< 0.05) and weaning weights of piglets of the taurine given sows tended to be lower (p <
0.10) than those of piglets of the control sows. Adding taurine to the sow's diets did not affect
ratio of type I myofiber of longissimus dorsi muscle of the 1 day old piglets. The number of
myofiber per area of longissimus dorsimuscle of the 1 day old piglets of the taurine given sows
tended to be higher (p < 0.10) and those of the 5 weeks old piglets of the taurine given sows
were higher (p < 0.05) as compared with the piglets of the control sows. Adding taurine to
the sow's diet did not affect mRNA expression levels of myosine heavy chain protein isoforms
in muscles of offspring. We failed to detect myogenesis promoting effects of taurine in this

experiment.
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Table 1 Effects of taurine supplementation to sow's diet during

pregnancy and lactation periods on concentrations of

plasma free taurine of sows and offspring (nmol/ml).

Control Taurine
Sows at 25t day of pregnant period 83+22 491 £22%*
Offspring 1 day old 163+ 38 106 =37
Offspring 5 weeks old 216+ 34 143+33

#* 1 P<001
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Table 2 Effects of taurine supplementation to sow's diet during pregnancy and lactation

periods on the number of piglets born, birth and weaning weights of piglets.

Control Taurine SE
The number of piglets born (all) 11.3 12.0 19
The number of piglets born (alive) 10.0 108 15
Birth weight (kg) 14 1.0 0.1*
Weaning weight (kg) 9.1 78 05

T 1 P<010, *: P<005

Table 3 Effects of taurine supplementation to sow's diet during pregnancy and
lactation periods on the ratio of myosine heavy chain type I myofiber and
the number of myofiber in L. dorsi muscle of offspring.

Control Taurine
1 day old
Ratio of type I fiber (%) 5508 53+0.7
The number of myofiber (number/mm?2) 1799 + 302 2614 =262 T
5 weeks old
Ratio of type I fiber (%) 116+14 99+14
The number of myofiber (number/mm?2) 97172 1242 =66*

T 1 P<010, *: P<005
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flig 570121, M LBEFAOWERSY 7)) Vi
BERMET S E & BT, 2MEPHEALEEZ: Lo
¥4 v 7 TOROMEELERES 7 ) % WE
TOHLUERD D, T2, 5EEOETOMmMEES v
U RIS 2T e h o 7

Table 2 1226 %, ‘EWERE, HEFLAKEOKER
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Fig. 1 Effects of taurine supplementation to sow's diet during pregnancy and lactation periods on mRNA expression of

myosine heavy chain protein isoforms in 1. dorsi muscle of offspring of 1 day old. Least square means * standard

errors.
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Fig. 2 Effects of taurine supplementation to sow's diet during pregnancy and lactation periods on mRNA expression of
myosine heavy chain protein isoforms in biceps femoris muscle of offspring of 1 day old. Least square means *

standard errors.
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Fig. 3 Effects of taurine supplementation to sow's diet during pregnancy and lactation periods on mRNA expression of
myosine heavy chain protein isoforms in 1. dorsi muscle of offspring at 5 weeks old.
18SRNA expression was used as internal standards. Least square means * standard errors.
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Fig. 4 Effects of taurine supplementation to sow's diet during pregnancy and lactation periods on mRNA expression of
myosine heavy chain protein isoforms in rhomboideus muscle of offspring at 5 weeks old.
18SRNA expression was used as internal standards. Least square means * standard errors.
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Fig. 5 Effects of taurine supplementation to sow's diet during pregnancy and lactation periods on mRNA expression of
myosine heavy chain protein isoforms in biceps femoris muscle of offspring at 5 weeks old. 18SRNA expression
was used as internal standards. Least square means * standard errors.
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Screening for natural product that changes the meat characteristics
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Takafumi Uchida

(Graduate School of Agricultural Science, Tohoku University)

Our goal is to produce healthy and tasty meat with low fat and high protein. We speculate
that some natural compound may help produce healthier meat. In order to identify the
compound from natural product libraries,we screened for inhibitors of the peptidyl prolyl cis/
trans isomerase (PPlase), Pinl, because we found that Pinl inhibitors might reduce the
content of fat in meat.

Pinl binds to phosphorylated Ser/Thr-Pro motifs in a variety of proteins and catalyzes the
cis/trans isomerization of peptidyl prolyl bonds. Recently, we found that Pinl enhances the
uptake of triglycerides and the differentiation of mouse embryonic fibroblasts into adipose cells
in response to insulin stimulation, and suggested that Pinl downregulation could be a potential
approach to the treatment of obesity-related disorders. Therefore, we designed a screen to
discover potential small molecule inhibitors of Pin 1.

In this study, we focus on screening inhibitors from natural compound libraries, because
they could be added in feed. As medical drugs, natural compounds have been recognized as
evolved and privileged structures with a greater likelihood than many synthetic compounds to
exhibit specific bioactivities. For example, 73 % of cancer therapeutics approved to date are
either natural products or their derivatives. In spite of these successes, natural resources have
not been widely screened as drugs over the past two decades, due in part to persisting
difficulties in the systematic isolation and synthesis of such molecules. However, Cyclosporin A
(CsA) and FK506, which are in widespread clinical use as immunosuppressant drugs are
natural products. Their target molecules are the PPlase subfamilies, the cyclophilins and the
FK506-binding proteins (FKBPs), respectively. These facts suggest that natural products
represent a good source to screen for additional PPIase inhibitors.

We have established a screening method to efficiently assay for Pinl inhibitors and applied
the method to identify a Pinl inhibitor from the eatable foods and plants. We found an inhibitor,
974B from seaweed. The crude extract of seaweed showed similar effect to the purified
compound 974B, which suggests that feed containing seaweed may reduce the fat in meat.
This study was supported by “The Ito Foundation” in addition to a Grant-in-Aid for Scientific
Research from the Ministry of Education, Culture, Sports, Science, and Technology of Japan,
and Science and technology research promotion program for agriculture, forestry, fisheries and
food industry.
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Effect of grazing on meat quality of Japanese Shorthorn under complete

grass-fed beef production system

AN BB A AT
(LRI ERHIR 7 4 =V K3 A T2 Ak v 8 =, * LA A B P2 B B3R

*

Hideki Ogasawara and Kazuyo Okayama

(Field Science Center, School of Veterinary Medicine, Kitasato University, *Department of Applied Clinical Dietetics,

Kitasato Junior College of Health and Hygienic Sciences)

To further understand the complete grass-fed beef production system, we produced the
complete grass-fed beef in Yakumo Experimental Farm, Field Science Center of Kitasato
University and investigated the effect of grass-feeding on meat quality of Japanese Shorthorn.
We analyzed carcass quality, meat quality, distribution of muscle fiber type, nutrient
composition, fatty acid composition, and sensory evaluation of complete grass-fed beef (M.
longissimusthoracis (L'T) and M. biceps femoris (BF)) with three different feeding systems
(GH: grazing period (Jun-Nov.2011, Jun-Nov.2012), HH: zero-grazing period, HG: grazing period
(Jun-Nov.2011, Jun-Nov. 2012, Jun-Nov.2013).

There was no significant difference in carcass quality and meat quality among the three
groups. We found that grass-feeding changed fast skeletal muscle fiber types to slow skeletal
muscle type. Furthermore the grass-feeding induced 3-hydroxybutyrate dehydrogenase in slow
skeletal muscle fiber types in the LT and the BF muscle (P < 0.05). The rate of moisture
was increased in the HG managed beef compared to the GH and HH managed beef. While HG
management resulted in the reduced rate of the intramuscular fat. We also found that the rate
of the intramuscular fat were increased in the HG-managed BF muscle compared to the HG-
managed LT muscle and there were differences in fatty acid composition between the muscles.
These findings suggest that the grazing make a difference between LT and BF muscle. The
flavor and juiciness showed lower scores in of HG-managed beef compared to GH- and HH-
managed beef. However, the overall acceptability similar scores among the three groups. In
conclusion, the grass feeding-induced change of muscle fiber types didn't affect meat quality
and sensory characteristics.
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Nov.2012  Apr.2013
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- : housing period |:| : grazing period

Fig. 1 Feeding systems in this study.

GH : grazing period (Jun-Nov.2011, Jun-Nov.2012).

HH : zero-grazing.

HG : grazing period (Jun-Nov.2012, Jun-Nov.2013).
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Fig.2 Histochemical analysis of M. longissimus thoracis in different feeding systems.
Azan stained section of GH (A), HH (B), HG (C). Scale bars=100u m
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5 1RV, I FEA (1 1 §Vw—5 1 iEv), X
(1 =5 1 F5hwv), itk (1 8598
=5 Ta—v—), BEFM (1 FF—
5 fFLWV) 2&EO-6HH AT L. S
BB HOBIT T T u— X Fostovik, ko —
FixA, B, C&L, 12055 OFHli&ACTRHliL
720
2.6 fralus
BoONIZT =5 35O ETA T > DIET
%\ LM E # 47\, Welch's t-test TH M
ERAT o 120 FEREAT5 % il THEAEE L,

3. BREEE

3.1 B

Sea FRRERHG G- 2 AR & L 7o 7 2 f 8 Pl
T S 7 H ARG AR OB A BRR % T L 720
B4 o T A 1GH, HHB X OHGX TEh
FN34+ 3, 34+ 3BLU32+3 7 HET, BH
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Table 1. Comparison of myofibertype distribution in M. longissimus thoracis and M. biceps femoris among

different feeding systems.

M. longissimus thoracts

Feeding system

Percentage distribution

I 1D oA IB
GH (n=3) 298+792 nd 5.8 4.4 644+112
HH (n=3) 31.3+4.22 nd 36+132 65.1 %45
HG (n=3) 198 +3.3" 52+59 10.3+4.6" 64.6+6.1

M. biceps femoris
Feeding system Percentage distribution

I ID oIA IB
GH (n=3) 185+55% 08+19+ 143+492 66.4=5.0
HH (n=3) 21.3 9.6 32+392 84270 670+11.1
HG (n=3) 114=+220 134+29° 195+822 55.7+98

Values are expressed as mean = SD. n.d: not detected.

ab.cValues of each myofiber type with same superscript are not significantly different between feeding systems (P<0.05).

Table 2. Nutrient composition of M. longissimusthoracis and M. biceps femorisamong different feeding systems.

M. longissimus thoracis

Feeding system  energy (kcal/100g) moisture (%) fat (%) protein (%) carbohydrate (%)
GH (n=3) 170.3£295 685=3.1 96+35 191+07 1.0+£04
HH (n=3) 186.0+16.1 67.0+15 11.5%20 195+0.6 1.0+£04
HG (n=2) 1305+6.4 725+09 49+06 209+0.3 08=0

M. biceps femoris

Feeding system  energy (kcal/100g) moisture (%) fat (%) protein (%) carbohydrate (%)
GH (n=3) 1580+225 69.6 2.1 81+28 202+0.8 1.1+£03
HH (n=3) 1480+21.0 704=1.3 67+1.3 21004 1.0+04
HG (n=2) 190.0+38.2 67.2+3.0 125+52 183+15 1107

D AUfg e 3 3 & U CHRIGIR &2 W3 DG — A v & —
ELTHIY %o M Fe CIATEN RIS %
Z &, ETIEMEFHGX THWEINICH S 2 &
5 RN ORI 2 53 L TR IS = h v F—
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WEhizo Tz, wEMERBTEGIZHE TS 1
D BYF5 A OB B 5 0 38 SRR T B A iR R
i & D b LBBRFFICHD Y, EE B A
R CTH B L BRIET B,
3.3 W B X IR

B L ORI B O RS (B, K
G, W', ¥ 8o B, RIKAEY) % Table 2 12
RS ATOHH THAEBORY O A BN
D HNLGDo 72D, wEM TIRHGKX TKRI &=
AL, REGENMENZ L ICHER L, B
GHB X UHHX X ) b A o7ze —7F, KBEZHH
Tk EREIERE), HGK TIREG R
W2 ERH, BEPHGKR TEM - 7z i~
TV TEEZBREL WL NS, ETE
WioW|ATA 7 L, HGIXICBI 2 IRE & &1
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Table 3. Fatty acid composition of M. longissimus thoracis and M. biceps femoris.

M. longissimus thoracis

M. biceps femoris

GH (n=3) HH (n=3) HG (n=3) GH (n=3) HH (n=3) HG (n=3)
C10:0 n.d n.d n.d C10:0 n.d n.d n.d
Cl2:0 nd nd n.d Cl2:0 n.d n.d n.d
Cl4:0 2.37+0383 2.63+1.03 273+045 Cl4:0 2.27+093 2.37+085 273+0.31
Cl4:1 0.60+0.35 0.70+0.30 053+0.21 Cl4:1 0.77 +0.55 0.73+0.21 1.13+042
C15:0 053+0.12 0.67+0.21 0.57 +0.06 Cl5:0 057+0.21 0.43+0.06 0.67 +0.06
Cl5:1 n.d nd n.d Cl5:1 n.d n.d n.d
C16:0 29.13+245 29.60+322 2893=2.16 Cl6:0 2693=1.78 26.73+2.37 2470191
Cl6:1 343+0.93 3.60+0.80 4.13+0.385 Cl6:1 513+181 5.03+0.50 7.30+2.78
C17:0 1.47+0.06 1.63+0.15 1.70£0.10 C17:0 167+0.15 1.57=0.06 157+0.15
Cl7:1 n.d nd 0.07+0.06 Cl7:1 0.10+0 0.13+0.06 0.10=0
C18:0 1440+1.15 14.17+0.95 15.07+3.06 C18:0 11.37+1.87 10.87+0.85 1027 +2.70
Cl18:1 4470+4.70 4340£522 4193 +4.01 C18:1 4720=442 4760+528 4763=2.07
Cl18:2 1.50+0.30 1.60+0.17 2.23+0.25 C18:2 1.90%0.36 2.20+0.30 1.97+0.15
Cl18:3 1.10+0.20 1.33+0.15 0.97+0.06 C18:3 0.87+0.21 1.07£0.15 0.83+0.06
C20:0 0.10+0 0.13+0.06 0.03+0.06 C20:0 n.d n.d n.d
C22:0 nd n.d n.d C22:0 nd n.d n.d
C24:0 0.03+0.06 0.03+0.06 0.13+0.06 C24:0 0.10+0 0.10+0 0.13+0.06
SFAD 46.03+343 46.57 = 4.05 46.90 =557 SFA 40.67 =337 40.07 £ 4.04 37.83+4.65
MUFA?2) 4813+4.32 47.00+4.59 46.07 £4.84 MUFA 52.33+4.05 5263 +4.83 54.93+4.22
PUFA3) 2.60+0.50 293+0.32 320+0.20 PUFA 2.77+0.55 327+045 2.80+0.10

Values are expressed as mean =SD. n.d : not detected.

1) Saturated fatty acids  total of C10: 0, C12:0, C14:0, C16:0, C18:0, C20:0, C22:0, C24:0.

2) Monounsaturated fatty acids : total of C16 : 1, C18 : 1.
3) Polyunsaturated fatty acids : total of C18 : 2 and C18 : 3.

BN AR A DO IRNT CHI S 2 & 72 o 72 KBR T HEF 12
B 5 T DEHMAHENICALET 2 IRIH S B L
TV B REMEARIE E N7z,

IR B & ONKIBR 5 O N I R #H 1K % Table 3
R T HXORERMB X KB o & IR
BB AT 2 250D B e o 720 —RERYICR
WIEA LA VBOBE»EL, SVIF UEEEA
T VYBOBENED L VIZ ARSI EWE S
n, A LA VBoOEELEROIF L S IZIEOM
M2d s EPWMEINTVEYY, T2, BAR
DITBUEE L7 REMMEICBWT, A LA VR
DEE L LA AR (PUFA) 234INd %
TLEMELTVDY, LeLadrs, KlBT

34 LA Y RE SO TOMRRIEI A &% 2%
RO LT, L Bl O TEET S
AARAEF XTGP FAKTH L 720, H
TR AT 7 B 2 L R GEBRAT) (12
£ o THOHWONRIIERALL G- 2 553583V v
EEZONTZ, ARBRE Iy ER 2T A L -
Zita G- U CARE S N7 H AV A I o0 AR O i
WAL % Jed % &, R T I BRI
(SFA) #¥& <, —fliAfafiiElik (MUFA) #*

Ao 7223, PRERER DI HE T d % KR T T
IESFAB L UMUFADEIZ AN R SN dr o 72,

BRI IR % 475 5 iA%< 171
Fh720, ORI IRES & & BT O 8
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Fig.3 Sensory characteristics of M. longissimus thoracis among different feeding systems.

A @ meat color. B : flavor. C : umami. D : tenderness. E : juiciness. F : overall acceptability.
Data are expressed mean = SD. Data with same superscript are not significantly different between

feeding systems (P<0.05).

PLOENC X 2 BRIGE & m OME LS R O KRR
HMThHbD,

3.4 ERERHIG
REMICBI) 2 E R % Fig. 3 1R 7. FH
o 4 8B (Fig.3A), JH ik (Fig3B), 9 % &
(Fig.3C), & (Fig.3D), Z i1 (Fig.3E), #
AR (Fig.3F) 122\ T, 78R VIZEHIT S8 72,
JAMRTIZHGIX & ki L C, GHPB L UHHX TH
HICE L, ZECIRHEX & )KL C, GHB X
UHGK THEIZEKWEHETH - 720 £ OO
HTRERICAERREZIRD N0 5725, M
BBV THGR TRV EHli oW 23H - 72 (2
F O o — RIS OM S IR G O X
) R CTE SN0 B W TR IR A
A AH, NRIHLEELRHE R A ARk & 0 b
§57%720, FoHL B0, BUEERIBWES L
Fl U CIRRARIRRBIC X 0, TR OB & 4

%<, EBIREMICX D, BHmHESR 2 )R 2
%Yo JABRIE WAL D S A 2 & T % 5
727, MBS INT TIEBIg S N h o 7298,

TEE AT O WHGIX TIZEMR DMK T3 2 E]N IS
HLbEZONIZ, T2, LiECBWTHE
FOZRDHE 2 i, KERD OFRTITHHIX
TIREEAE2PH L, HGRTIEH W &5 D,

HANDIRE & D% AR SRR L
ToWREEDSE 2 BTz, Al O E BTN T X T
WCARDEEAEZ RN TEL NN E R L7222
DD, NRAWVIZEBIREDZITEL 2w ER
ET DL, NANVDORBU DV LIETH - 72720,

BT OENC L 2 EORBELEZ DNz, L
PLGD5, SEOMRTIZERTGOHMOEN
2 X B HETEREIZIR S 2%, EMHICBW TS
RRETI THEXICHELAZ TRV E25, dt
BAEHA TSI NS HARG AN L AR
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BRRY, 51227 AlmPEERBATH RO
BOLSIZGRBEEIVNS VT LHRBRE NI

4. B 0

AREFIEIL A AR & RS R 51 X 2 R0
PO LM LA B L, WA S Wi
2% TR O A TAE Sz HA
FWAMOT RO A B E L7z,

S ARMBIERG G 2 AR L 3 2 B % i EEH
B LAY (GHIX, HHIX, HGIX) THJE,
AT S 7z HARG MRS, & 3Bl &
L720 RISALEMBT TR X ORERB L UK
BB O HAER R G A R L, REHT
WZHGIX T 1 B o &M<, T AR
MOEEGHEI» -7 (p<005), 72, GHB X
O'HHIX THHAFED SN 72 T DB
AHGX Tl Bl s/, KTHG T4
XTI DEFH#RMEOFIARD b, HGX TIX
REMHEDDEHAEREETH o720 KEWST
WFHGKX TG &R E L, REEEIMRWT L
M5, BENGHB X OCHHKX L ) A o720 —
7, KBEZSEfClImEM L3R40, FEa=
AEWI RS, BENPHCK T - 72, HGX
2B B IRE &R OB NN AR T T 5 2
Lo 7o KRBT HEBIC BT 5 T DEUGRMEN A
163 2 MR OB ORIV R S 7z, £IX
DI B & OKBE B O & IR IR C 1A
RO S b o 28, WEER TR
WASHG D T Lhs, B ORRETEDE V25
WAL B % 5- 2 W etEARIE S iz, B
FEREAN CTULJRBR CTHGX & kB LT, GHB L O
HHX THEIWZE L, S ETIIHHX & L
T, GHB X UHGX THEIRWFHIETH - 720
LA LRSS, SHORKRETIIHS RRAFM T
BKXICHEB LA TR o7

AWZEIC LY, dBRAZGXCHES NS HA

HARE DORER 2B\ TR R & DN & i i 72
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BRSSP LER T LI EMWERD [BWLE] (12
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Improvement of branched chain amino acid contents in soybean for high

quality meat production

RG-SR N A S RN S o 4
(IR BD, * IR RF B R0R2E R

Takashi Yuasa, Mitsuhiro Matsuo, Mari Iwaya-Inoue

(Faculty of Agriculture, University of Miyazaki;* Faculty of Agriculture, Kyushu University)

Amino acid contents in soybean seed are the most important roles in an aspect of food
nutrition. Among amino acids, branched chain amino acid (BCAA) group including leucine and
isoleucine and valine, have appeared to have significant effects on cell proliferation, protein
synthesis and energy metabolism. BCAA amino transferases are the rate limiting enzymes for
BCAA synthesis. It is expected that meat production and quality are improved by feeding
meat animals with high BCAA soybean. To increase BCAA content in soybean seed with a
genetic method, we focused on BCAA metabolism and BCAT genes responsible for BCAA
synthesis in soybean. It is necessary to identify BCAT genes which are expressed specifically
in developing soybean seed because multiple genes of BCAT-related enzymes are expected in
soybean genome. Amino acid analysis with OPA/NAC HPLC system indicates that seed BCAA
contents transiently increased and peaked at 7 day after reproductive stage 5 (RS5) and then
rapidly decrease to the end of the seed filling stage while glutamine content continuously
decreased during the seed filling stage. It suggests that high BCAA content accelerated seed
cell proliferation at the early seed filling stage and then BCAA and glutamine are converted to
seed storage proteins during the late seed filling stage. BLAST search for soybean BCAT
homologs in soybean genome on Phytozome ver.8 predicted at least 5 putative BCAT-related
genes. RT-PCR shows that GmBCATS3 expression level was high at the early seed filling stage
and then gradyally decreased. On the other hand, GmBCA T4 expression peaked during 14 to
28 day after RS5 and then decreased at the late seed filling stage. RT-PCR and immunoblot
with anti-BCAT antibody reveals that sugar starvation treatment on soybean seedling induced
GmBCAT3 mRNA and the protein. The present data indicates that the expression of
GmBCAT3 and GmBCAT4 are possible candidate of BCAT genes responsible for BCAA
synthesis in soybean seed and that GmBCATS3 are regulated by complicated manners along
seed developmentals stage and nutrient conditions.
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1.B ®

A XFEDY 237 FERREIHBDBE, il
e LTFFIIEL, REMOESEW L L
T, FoREEEHERR AR AR A & L TR
EHENTE . & 87 HIZ20f8HOL-7 3 /
AL ENTBY, EERNICBVTET I/
BIZIZZENZENEL - 2SR A HERER D 5
EBMONT VD, BHATHHRET I/ BD9H
buaA vy, Avuaf vy, N VT 3
/ W (BCAA : Branched-chain amino acid) &
IR, BRI AV F—HC M gl #HIER -
WGIETE 2 AT 288258 %5 (Kimball ef al.
2006), ¥4 ADT-FIZBIT HBCAAG &% BN
5 2 L THEmMOBERRMERIEAL & R OE N A
FERN IR S 5o

BCAAGRR EGRADEDL HIZL L3 58
PR E LT, BT I VBT I/ B
#% (BCAT : Branched-chain aminotransferase)
Vb GHRAEHTIRREBETa-7 MNRZ T
IV BICEWT 0L E, SR TIIRDOEK
TENEThOT I )L a-7r NBNESHT
LIRS 5, Y aAf XF XF (Arabidopsis
thaliana (L.) Heynh.) Tid, AW RBCATII
KRR, SARBCATIZI b3 vy R TICRET %
LA S T w B (Diebold et al. 2002,
Schuster et al. 2005), ¥ 14 X+ X F+BCATIZ,
62O DABCATHEIZTF 773 —Il&o>Ta—F
3N, AtBCAT-1EI Fa ¥ FY 7, AtBCAT-
2,351X BERRKR, AtBCATA4, 61X ICRIET 5
WHETHDH I EPHA SN TS (Schuster et al.
2005), HEWIZBIF HABCATOWZEIX, o4 X
FXF oM, FI VLV (Spinacia oleracea
L) R b~ b (Solanum lycopersicum L.) 72 &2
AR TN TWwb (Binder et al. 2007,
Maloney et al. 2010). ¥4, BCATR 7 I / B

RMEER OBIRTHBE ~ A 5 — T 5 B
FEUDZIPEGR -2 HmE SN TBY, AR
BERLHVBREE > 77 F MAZ X ) BCAT AN A I &
N2 RS R X u/z (Dietrich et al. 2011,
Kaneko et al. 2013) .

54 ABCATIZZ A4 X DREWERBEM CE L R E)
EELTWwL eI NL b0, To#is
TEH, MRNBEREENE-E IO WTITE
ALIEIN TV, T2 TY A AOBCAAE
TR 72 B RS RIS E % 5 4 ABCAT
BRFBLIOT I VBEBIEEL, F3FELE
KMDOT A X FEOGUEEET I/ BEmOZLH)
&, ¥4 ZOBCATHEE T DKL LUFEIL X
VDR %247 o 720

2. 7 &

2.1 IS

HEIEW & LT A4 X (Glycine max (L.)
Merr.) ‘7273 % %" ZHwv, JUNKEHKEY;
WZBWTHME LCwI Ak & TAbR & lai ) 45
15kglhti L, 201247 H23 HICHE TR EEDS 3 emis
DL 2R TOMMUEL L, R L
BRI AL IS B HEARE T - 720 K
LR BIMAIFE Y, TV )EAIREE
1T 72

2.2 %, FEFLE

VA=V VI NG U AEEAESEDLDICH
REMFT TR Loy ba— v X &, JLELX &
LT, BEREIIBVWTIRD/NEDH L 2/H%Y)
B L7293 X, 8 L ICRKDOBDE TR b LD
CHEE YR L7256 X % i) 720 EIBS AL AT &
NTn5 54 ZOEFREHNOER (Hashimoto
1980) IZfEvy, FRBHAAIETHEM A (R5) &
L, WHEXTIXI0H 8 HIZ, #H3KIXTIZ10H 9 H
LB A 4T 72 (Fig. 1)
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A
Sowing Hervest
Jun.23 Sep.27 Oct.25 Nov.29, 2012
65d | 29d | 34d |
t 1 tt 1
0 7 14 21 28 35 Days
B
Sowing Defoliating Hervest
Jun.23 Oct.8 Nov.12 Nov.29, 2012
76d | i 29d | 17d |
trr ot
0 7 14 21 28 35 Days
C
Sowing Depodding Hervest
Jun.23 Oct.9 Nov.13 Nov.29, 2012
77d | i 29d |16d |
ttr ot
0 7 14 21 28 35Days

Fig. 1 Treatments and sampling intervals of soybean (A) Control, (B) Defoliation, (C) Depodding.

2.3 7y rs
THEEKRE (R5) »HTFFEMERE (R6)
DOMTH YT v T & iTo720 FEBERINIAS
HIZ, MCREEEDSE Uk z # kLTI ~RY) ¥ 7
L7z0 REDY3mmPl FICE L7z b % 92K
BIZGOHHE LT, 7HBEIZE 6, 2141
ME1IREELTH YT v 7 & folze TV b
O —)V XX 5 BAE, WEER EHRRIEENEN 3
FAGAT - 720

1RO T RTORP HFETZI) L, k¥
LREZRS 2%, 1D OESOFHEH
L7z (Fig.2)o ZOFHMHEIZEVET%2F ~
FAEATL glifRlCRb EXHICEVIY, #
BLT7VIFANTH Y IVERY, HikEET
Mk R i & 2 — 80C THRAE L 72

2.4 &7 I EHET I RO

W FEADOFLERZ K FICE X, —80TITHRAEL
THBWH 7 uel0x¥ v 7IVER (mL) @
20mMVY) ¥ /Ny 7 7 — (%R D20mM NaH:POq -

2H:0 +20mM Na:HPO.) % A, WAKIRIC %
% F CHAMETHEMT 2, Bz, 24K07 54
2mLF 2 —71204mL ¥ > Ah, —7F % Total 7
IR, b9 —Ji%FreeT I/ RISHTH
DKL L7z 04AmLOBEWE A o 72 F 22— T
12, 06mLOIOM HCIZ M2 FHLE 74 % L,

110CICREB L2 A v F 2 X—F — P TL2RF [~
i LSS\ IR o8 L7z 12K R F 2 —7
2O WL, 4T, 13000rpm, 155550558 L 720
FEMHPRAL BV I ) I B 2RV TT %
ff2mLF 2 =712 L, 10M NaOHTpH 7 {3
WK EH L -bnEeT I JBRoNHE
L 720 0AmMLOBEIEAS A 5 72F 2 — 712, 0.5mL
BHE K, 100%0.1mL bV 7 0 o fEREE Nz R 5
K7%%L, —4CTIL2RMGHEIL 720 1203
Fa—=T7%RHY L, 4C, 13000rpm, 15% 5%
LIrBEL 720 B2 74 2mLF 2 —7I1CB L

Total 7 3 /7 BRIAAE &8 D10% &7 D400mM ) >~ 1
Ny 7 7—=%Mz, Total 7 I / Wikl & I
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Fig.2 Profiles of free glutamine and free BCAA contents and free BCAA contents in soybean seeds during the seed
filling stage (Control). BCAA (Branched chain amino acids) () Glutamine, (@) valine, (H) leucine, (&)

isoleucine.

GhHEIICHBHKTART vy T L7ze TDEE
10M NaOHTpH 7 135127 % X S ICHFH L 72D
DEWEMET I VBRI E L.

2.5 T3 Bahr

HPLC# &1k, 7 3 2V B ¥ A 7 4
ACQUITY UPLC(Watersth) % w7z 417 24
IZ0DSH 7 A &M L, #idid0.25mL/minll &
LT, OPA/NACIEIZ L - TT7 3V BRGHT %
1o 720 /N4 ¥V (Waterstl) (24~ 7V &k
25 ul, OPA/NACOREHR (0-7 % VT IVT
v F (OPA) EN-TEFILV ¥ A7 A1 ¥ (NAC)
EENENOREN16g/L, 20g/LiZk b L 912
Ay 7 —=VIZHEEL, OPANAC=1 : 10%H&
TRALZEWR) 50ul, 04M A7 8BF MY
ANy 77 —1T5uL & A, 18C T 24 Mi#E
L7zt HFkkssIicE Y b L7z, ZBibiEy s 7
VELTHIMMA Y ¥ ¥ — F7 3/ Bmixture
w7z,

2.6 EIRTIHEBUHMT

AtBCAT 1 & MHFMEZ F50 & A4 AR5
%, Phytozome v6.0 (http://www.phytozome.
net) & DFCI (http://compbio.dfciharvard.edu/
tgi/ planthtml) OWW 7y ) L 57— X=X % H

W L7zo ¥4 ABCATHEM#IZTIZOWT
CLUSTALW (http://align.genome.jp/) % H
TT 3 7R~V OAEIE % Fl LRk & (F 3
L 720 BB 7275 4 < —I1ZPCREW A
500~600bp IR B X H IZEEHL7ze 794
~ —1325~303E %, TmfH60~67C, %CG%45%
R OHPHCREFL720 3-7 94 % —123-UTR
Tat L, BEMEFLI VRS RS2 L9 1CLE
(Yuasa et al. 2013)

HWHAZHEWSDS-7 =/ — VLICIHEIC L )+ —
ZVRNAIH 247 5 720 $MRNA®R 1 ugllh
pmol7 =—1 ¥ 7, ReverTra Ace¥ v b (i
G %) (TOYOBO#) 12X %cDNAZ &L
720 ¢cDNA, EREETO5- T4 3 =L 37
5 A <— % Go Taq Green Master Mix (Promega)
BIUOH -~ 427 5— (PC816, ASTEC)
ZH W TPCRIIL 21T o 720 RIS &1,
94C : 247, [94T : 108, 54~58T : 108,
72C 1 40Fp] x24~36%4 7V, 72CT540in
YA o vTar s A2l Lz, BMiRshi:
DNAMEW % 7 771 — 2 ELKE), Rtz F T
Ao, wHICCD MmO # Ot oA &
Alphalnnotech (ASTEC#L) (2X W DNAY 7
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Fig.3 Profiles of total BCAA contents (A,CE) and freeBCAA contents (B,D,F) in soybean seeds during the seed filling
stage. (A,B) Control, (C,D) Defoliation, (E,F) Depodding. (@) valine, (H) leucine, (&) isoleucine.

VR AT L 720

2.7 SIEALF RN
BCAT®#fn T HIUIMZ T 4 ABCATOH
HE % T2 IR NAEBCAT ¥ v 78 7 B % it
TEHEDPUETH D, I THEHEMPDOBCAT
DT I WRELE & L7z,
ZFOWMER, BCAT Y Y S 7 HI2B W T
“x LANKRWVPPPGKGSLYLRPcoor” @ & 1L Z
NTRABAFEIN9T I VIO AR TF F
BEH A2 W72, Ehoxdiie LTHRTTFT N
VR IER L7 (Y 7<T IV EY v ), ¥4 X
FT53F% 7 HRF R LAFEAEZITH LT3 %
T oa BEALEE, SRARHUK + 70 7 7 — Y REH] (T 4
RTFV E64d, FF 27 V) W EITWIL, 24,
ARRERCENZENY T ) ¥ 7 LT —-80C HiksE Ik
HL72 ZNOOH Y TV EHCCHRIETHREE

B ZRT-PCRTHM T 5 EILIZBCATY v 37 &
LARVOEEZECLIEICE B4 47 70y MIX
") Alphalnnotech % F v CTHAT L 720

3. BREEE
3.1 FAXFHEERMOI VY I vBIY

BCAADET I /R, &E#E7 I /7 ROEZHERD

25 B

BT I/ BO—DLENLT VY I v OFR
(7 I 7 Meaa) ZME L7 (Fig.2). €O
GRIETFEERMPCRbEWEEZRL, TEE
KBAGH21H H £ Tldasicimsd L, 21H HPES
FOELIERON o0 WTNOMIEXIZE
WTh, TERRKICETNY Y, a1y y, 4
yuAd o7 I REREIEML, @7
J W E R AMEICH - 72 (Fig. 3B, D, F)o
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oy ba— VX TiZ, BCAADLET I Ve
WCAEHT 2L, TEIEROTIED E ) EIIER
Loz, FEBKFKBIAHH LX)
A SN 7z (Fig. 3A). —7Ji, BCAADHEHET
I/ EREEIE, FEIEKHGTH B 2B 8ms
S5 1CHR U7z (Fig. 3B)o BCAADZENZEh oD
TI/MEICEHTLEET I ERE LTIE
EDAT—=7IZBnTHhuf v vhimb% L, N
VY, AV Y Y REAT— Y TIEIZFAET D
HEIENLTENbhr o7z (Fig. 3A). —F, ik
T EEERETIENY URDEL L, ReTrA
Py, Avad vy o7y, TEEKBASS
HHICIZ3HEOBCAADWERET I / &R ICHE
x> 72 (Fig. 3B)o

ENENOUEX T 3HDOBCAAT I /By
BEILKTLE, &7 I /VBERIZIFEALED
%, WFho7 IV BIZBWT b FEBKEG
BHHTWEI Y Pa— VX TRLE L kol i
7 I MamTE, IV = VXK TIR0 -7
daylZ2 ) T—#MIC LA L7tk R4 1T L
7eolzx L, FEEEX L HH5IX Tld 0 day 2 i KM
ZRL, AT L7ze WFNROBCAAT 3/
WA FREICBWTd I Y P a— VX THied Zmh’
%<, TEBRRKMY (0 - 7day) TOEDIKD
KREL, FERRICHEsTREINS B2

GmB CAT2
(Glyma04g051901)

GmB CAT3
(Glyma01g404201)

GmB CAT4
(Glyma08g067501)

GmB CATS
(Glyma01g345801)

Actin

(Fig.3B, D, F)

T I /R (BCAA) X, o7 vy Iy
rEPOMFRINDL T I L, FITT a ik
DAL D LICTFETHRSND, HEHET I/

BEEElE, WTFROBCAADL FEMAMLG7 HH
S, WM s Nl L Twb (Fig.

3B, ToZ kX, FEBRHKEEHIZ, ¥
REDOMD Y — AZRED O FE LM I N
WMTI/BTHEI NI IV, TANTF R
LA FEMEHIHER P IZBCAADBIED BT Y,
RATBCAAR Y Y37 HARICfEDbNS 729,
FEEKFLG 7 B H DR 7 3 7 B E i3k
BPLTwREEZOLND, AT, TEEKHLG
7THHD» O FEEOWNFHBEY, Fovwiho
BCAAIZBWTH FEBAFI L Y BHEICET I
JBEENPHMLTWAZ 0, 2O
W ETH A5 VXV HEOEREBG LIzOT
FrwheELbNS,

3.2 A XFERKIZH ) GmBCAT#IZ T

DIFEBIZEH)

I b= VXIZBWT, KEAT—V &I
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Fig.4 The expression profiles of GmBCATS in soybean seeds during the seed filling stage
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Fig.5 Induction of GmBCAT3 of soybean seedlings in response to starvation treatment. (A) RT-PCR, (B) Immunoblot

with anti-BCAT antibody (ECL)

(Glyma 01 g 34580.1) DIsHHENT % 47> 72 (Fig.
4), ZORER, 2HEOBH NI -V HbH
EPWHSNE R 572 (Fig.5). GmBCAT3IE¥
FNEROINC I b FBIE <, WEBITKL %o
72—, Y OGCmBCATHEE & T-FEM KB
BOHHTIRIZEALRILTELT, FHEMEKR
HINCR DB &), TO®RKL oz,
BCAAG RO R E FETOBRIHI S —
Y5, FTFERRMENCGmBCATINE &,
WRZOMD Y —AREDP LR INTL ST 3
I HEAIBCAAR G L, TENDOT I/
7 —WIZEZ SN -BCAAITMINR G5 % 12§
HZHTFELTHRELTWIOTIRZVWREEZS
Nb, TDH%RY VX7 BEEHEAN 2 1) el T
IVBLARNVPMETFLTL 588 V7 HEBN
hE 5 EEZONLFEMEKTHHEIRE,
GmBCAT3DO® & % 45 7205 ) ® GmBCATs
P EEDLLEEZ NS, 2D LIE, Total
BCAAG =S TIMAI4H HLAREESICHN L <
WL ZENHLHHTES (Fig.3A),

3.3 BRI S GmBCAT3 D #E Az

Fe R E LNV DEE)

KAEHEEA P L AR E LA -7 7
V=I5 TH A X3EE 2 OBCAAKFRY
73 REEBHE (GmBCAT3) HEAF I
FEINDLZEDPREINT (Fig.5)e TDI &
£ ) GmBCAT3IE KA A b L ZAWBL D& 2
IVEEBL AN - 7 2287 B L~V THIME 2
BT EDREENT, ¥4 XA TFEDOBCAA
EEPHIZBVTHIERRITHE D AL VO

WKWIMZTY—=AD5 Y v 7 Oy 7 F v

ABCATHEET-OFBHE IR L Tnb 2 &R
HE é hf:o
4. 2 8
k88 7 3 7 B (BCAA : Branched-chain

amino acid ; 2NV ¥, B Y, A vHEAL YY) 1,
F YR THOERR T ANF—JRE LTHH S
BIRVFTHLS Y N7 B 2R HF & L
THHIGNZOREEEAEH SN TWwb, £2T
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BCAAEGHDE WY A4 XD % 1kt 252 H
BE LT, RWIETIEY A X TFIZBIFHBCAA
EROHHER 2 T2 HIYE L7
FIMRICHE) FENDOBCAAGEOHER = ]
OV T BT I BaNiEitor. 72
BCAARRZAT ) MERMWR L SN D5 T 2
BT X EEREEFE (BCAT Branched-chain
aminotransferase) ([Z2WTHHAIDO T T A XF X
FBCATOEH % H L1254 A TOBCATHRED
Jx A= T hBETERFE L7, AtBCATsE
D & A FEPE 2SR 5 17z Glyma04g05190.1
(GmBCAT2) Glyma01g40420.1 (GmBCATS3),
Glyma08g06750.1 (GmBCAT4),
Glyma01g34580.1 (GmBCATS5) @ 4 D % f5dilig
2y UCEKL, BT 217572,
FFEDOBCAAEGEOHR L BCATHIZTFFHIL S
y—rhb, T FEBRRNYNGmBCATIH
HBL, ¥ERLZOMDOY —ARED ORI T
KBTI LEACBCAAZER LTS L
E2ONDB, FEEZRELTH7-0MI50 D0
AAAT DN B IRFINC 1 TR OBCA AR % 3
SHTWB I E LD, BCAADHIN T2 % 3
37T E LTIV A REEAURIE S h
7oo FENOT I /BT —VIZEZBNZBCAA
35 Y BRI D NS 7280, BCAAEKEIC
BB GmBCATID B & 49 720K ) @
GmBCAT2, 4, 573%3L, M1 v /37
BOEWRHRE AN T B ITONEBCAAREDNZWIS
BMLCTwaEEzZohb, T84 XAFAZIC
BB GmBCAT3ID #ART 5Bl B X U'BCATH
WY NI H O AT o728 2H, KEHURKIC

JIB% L THEICHE SNz, 22 L K YBCAT
3T AN F — G0 720 DBCAAGHIZ b 5
LTWa 2 EATRBEI NIz,
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An empirical study of the automatic measurement system of the grazing
land space dose of radiation for opposing the damage caused by rumors of

a stricken area

oW o —-fk B OB - B o2
CAFRF RS B A A8 v 7)

Toh-ichi Hirata, Yuko Momota and Hiroyuki Saito*

(Faculty of Agriculture, Iwate University, *Science Staff Co. Itd. )

We studied methods for estimating cesium radioactivity in grass and soil, based on
radiation measurements, that are more detailed, require less labor and are more automated
than conventional methods.

1) Radiation at a height of 1 cm from the ground surface was measured at five locations
(A ~ E) in Iwate Prefecture believed to have a characteristic relationship between natural
radiation from geological features and radiation from cesium. Three equipment models were
used, including a test model developed through this research, to conduct the measurements.
Furthermore, Nal scintillation spectrometers were used to measure radioactivity and the
gamma-ray energy spectrum of grass (1nf) and soil (5cm depth, 600cm?®) collected from these
test sites. The correlation coefficients between the radiation dose rate and the grass/soil were
0.71 and 0.97, respectively. This means that soil radioactivity can be estimated based on the
radiation dose rate. However, natural radiation (soil types, etc.) at regions with low cesium
contamination can influence the radiation measurements. As such, the development of
equipment allowing for simple measurements of just cesium radiation was needed. This
viewpoint to the experimental model was promising.

2) We also verified the utility of a system in which range cattle were outfitted with
radiation dosimeters and GPS equipment allowing for the wireless collection of measurement
data. In order to reduce physical stress for the cattle, improvements were made to the test
model configurations and durability, and continuous air radiation data was collected at grazing
lands and other sites.

Hb > PESE T & TR OB IR % K 7 R

T 1o AR OB O 7201213 HIERH

WHARKERICHE LR REBIRESE T RIS EN2iuieslEl, BEFsEsEU T
TIRERFROBSEEL > Y AR XY, #E  HDI LRI L2LEND L. BURTIE, HE

1.B ®
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WO FIELHEE DR E I > T & FEE D
EREICH AR, EVERY ZofIkESh
72V =y WASRARIRRING R Y Y F L — T 3
YANRZ MU A= & TR e LT
o LALZOFETIR, 1) 725 Rk
A LCMER» D23 ES, 2) WEMRE
142 F TP 2550 ERDH 72, F
7z, —EREMARRY L BRICER L2HETH -
Th, SARETREA100Bq/ kg% 8 2 5 B g1
Gy BlAs, 919 B D NS4 Y (59%) -7z
TG, BEBKEEEOFAEICE, BRIIEE
fili%h, BIRRICHIE S 2 PSR oE R,

Z ZTAWIZE T, O TG 7 S o
HAG R E RO A, HBEEOBRIIHT 5
LA ROICEHBKL, SRR EINET S 2
EERRMEME LT, 1) Fho Z2RHGH a3
R T O RE S R & OBRE] S A
T5HEEHIT, BARBSHMOE LG L7z, %
72, 2) BUBURCBUR R T & A EREIAL > A 7
2 (Grobal Positioning System;GPS) &% 1
fif L, HE T — % & HEE TP 5 2 LT X
0, B o BT R A ) O 2 A3 O M
A, AN, BEIICIET S Y AT ADR
FIZOWTHH T & & L7,

2. 7 &

2.1 B oEE

HAME S ED R — 2 R—VHIZAFEEINLTWY
% Mo B ISR 0 FUAR IO M &, B2 IR A S A
WEPUNAY VT — 2 VAT AEIZEIBY I
L—Ya vy F—2I2k bty A0 BARICE:
BEROLEZ ONL HTIRNO 5 2T ORER M
(Hehidh) %5 L7zo F 72, B e %12
& LT — 7 100 & KB E, ARER
Hi i PR KL K - C BT H 3R 0> AR R A IC
, FHKDOE T 7 AFERL VI TH Y,

B kB 13 K LK 158 T H AR AR 28,
Ay MARY MPBROH o 72 OB T TH
%o CikBiuth 13w AL i 5 AL 38 © B AR
M, 2Ty A RDPIEE WIS TSH
%o DB 3t i OB 3T, FARIK
SRS LR i W DTSR O B3R v & E 2
b7z, E USRI 138 C B IR AY S
, BBz EHNELLDEY T AHERLED LN
DHIRNTH 5o KB N T =illle B &
OHiiA: & HEORM o7z 0%, 57F (B
BRI DI 6 A ) G L7,

2.2 TR R

BB EROWMEICE, REEE, Ny
D — A X —4% —Radi PA - 1100 (Uit 35 8 1%
), TCS—-172B (H.7 v h#kiatt) o 34
Fi & FRF I V72 (Fig. 1). AERIZ, S5 TK
FLHAEHEI A 225 v 7 (%), ¥R
ST — G SHFEFLUTHEL TS D
DT, WHARBLKEZOZHEEOEIN - HEIZE
T 57212, t Ty AHRBURE & BRI
PIMETE /N - BRER AR P H A —
y—miARa T ELTEY, Ity
A ¥ v F L — %, Multi-Pixel Photon Center
(MPPC) KBUHRIGEICTH 2o 3 Bl o il 5 fiti
AP EEFERELTRBY, REcldalk
PO e Z 7,

2.3 BUHEwEEROHE

HEIX20134FE 8 AB X9 AICFEiL 2. 1l
SEHL NSO & 3 A [F] IR L JBUHRR R 3 & R $110
BCIOmGEESk L7z ThazRm25 1emB &
C1lmOEETIT>72 (Fig. 1), W& H O
L TB Y, AR CIdile il & U EE
EOMBRERL Y E P> 72 1 ecm D RIEME % H
w7z,

2.4 TEEERIE 2o

T L 72 4 B N 2 o> 1 nd XN T,
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Veasurement of 1 cm above

groundisurface

ilesymodel
B RadiPA1l100

TECSjli72B

i

Styrene foam

rement of
TCS172B RadiPA1100 Test model 1cm
Hitachi Aloka HORIBA, Ltd. CHINO Co.
Medical, Ltd. $ 1cm

Soillof

vl

3 models X time constant 10sec.,10times
X 2 kinds of measurement height

Measurement of 1 m

Geology, Uranidm¥

Fig. 1 Dosimeter and radiation measurement method

100em’ DR T EZHWCTHEREL Y 5emiE% 6
AP L 720 A b oK R TEEAWE L T
FRAT L 724%, Ak, ERBEigicow Tl
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2.5 BEEHRILE € OMLH
ZNZNOWEH 2T 1 nd D X i,
ﬁ?#ﬁﬁ?é%a%ﬁmbﬂ%ﬁ#%ﬁBml
DS T Yo 720 Hhidp72h) & ¥ 7 AR
BT L7228, RS Cl3AERRgHaElIc oW T
w7z,

2.6 WUFREOWE

TRUEHE & <L, 500ml~ ) &Y ATl
FE L 720 HAEHE 5 e FREEISHILI L & <R L
1800ml~ Y & V) & CllE Lizs I b+ MY
wAh (Nal) v FLb—=YavVARZ bR xA—%
(EMF211%#, EMF¥ v /8>) & HWT, gt
(Bq) &y MITANF =27 MV EHHEFL7Z,
2.7 TANVF—=AR7 MLVOHE

B AR D T L F —176058 & U9661.7keV
FEDITFINVF—FHOE -2 2t 4134
(MCs) &£137 (¥Cs), 1460.0keV D T )L ¥ —
DY¥—=2%H1) 7540 (“K) & L72Y, LHD
VIR 1 kg D ¥Cs B X OCsHk & # 2
bNbEyy AH kB (1hd 5wk
CsBq), BXU"KHRkDY e (1 5k
KBq) ZHH L7z,

2.8 At

ARG TIE, RIEREICE 2 1 emf g
& +CsBq, 1KBq, %CsBq, ¥#KBq»4I¥EHH &
BUR#E SO WA R & MBI B R 72,

2.9 OB O ORI R A

AR O AR B & OB BRI RCR % R

BRIt L7z MRt 7 — 298 L 22GPS €

Ta— ) W13 x10x 5cm) fF X Hat R Er
(M 125 %125 % 35cm, Hi b E#50em) %, A
o) — ¥ =4Ol L, ZoEE» 55
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Tablel ~ Correlation coefficiernt of each statistics value
soil CsBq soil KBq grass CsBq grass KBq H1lcm
soil CsBg 1.000 0.941 0.710 0.603 0971
soil KBg 1.000 0.691 0.682 0.985
grass CsBq 1.000 0.653 0.708
grass KBq 1.000 0.653
Hlcm 1.000

B ISR E R L GPSOM. B2, 7— XMk
N2 ARBRIB P FE B L 72920MHz M4z %
VAT LW THEIISES L2,

3. BREEE

AT G R0 TIZ BT, AERR TR
L7z #tiE (H1em) &EEHPOLT Y
L Jchtae (FCsBq) DAHBIFRENZ0.708T, s
M DR Ty AR R IEREICHEE T 5121
AT ThH o7z (Table 1 )o MDY EERICIZL,
132 S FEADCHATIRERP T, MR, o
AFRG, WERE, I3 ) v LRIE, KA
LENEBLIEEZEZON,

HWCsBq& BiHFRODFEEINTH 5 1.CsBq”’ D
DOABIFE$130.710 (Tablel) TH Y, 1:CsBgn:
LY CsBaqx IEFEICHER T AR Tt Bbh
720 TOX)HHESOBEN 1L LT, FIT
XA THEY T AW ) T A EHEETHY
TENEZOND T END, TERSOEEIZD
HHT 2LEND L. AWIFIZE T, HCsBq
& 1 KBqO M EIFR%21320.691 (Tablel) TH D,
ERE L THOWHBIEA LN - 7278, B
ETIER =0881 TRV AL N-Z L b,
BRI & o TR IER A ) v LREEAHIAELS X
5ty ARIUTRE L et d 50 F 72,
BRI X o Ty 2RI (BATERED 25587257

400 y=0.1757x + 132.63
3 R = 0.90573
S Examination site C R=0.952 -~
g Cesium contamination area
S Granite weathering soil |
o 300
Q0
[0)
= |
IS
=
E S 200
~ @ The amount of cesium radioactivity
S
5 Y
'g The other 4 examination sites Geology origin radigtion
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© Volcanic ash soil y = 00391x + 29.123  Radiation, such as gbient
S S R2 = 0.23407 environment origin desium
% R=0.484 ,
g 0 T T T T T 1
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Fig.2 Relationship between radiation dose rate and cesium radioactivity
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Fig.3 Day by day average value of the dose of radiation measured with the experimental dosimeter

which equipped cattle

D, Bl oA O M A1 CsBq &
CsBqD BAFRICEE L =W B2 D % o IATRETS
AT X o TRIHZSHIBR S, BE S 7z s
DRAIZEALT 5o BR e Sk 4 %% KAET 1
CsBq& ¥ CsBqO R EZH O T AN D
), T.CsBgh & HCsBqH:E 1 W & 2154,
—7J5, BaH#E= (H 1cm) 75 CsBa%x
FETAHZ T T4 EE (R =0971, Table 1)
Th), ERGEZEDTIRTE LIHEEREL
METEDLEZOND, £I 7 AHLOHTTH
WA D &, Yy Ao C BRI Tl [
WA AA SN (R=0952) (Fig.2), [lE

BHIE, v= 0176x +1326& e Sz, 1%
~HREHROMD 4 W52 A5 L 72 bR R

IE, y=0039x +291& 4w s 7z (Fig.2)o. &
(2t T AR EE 0 Bq Ry O g i 2 il (8)
Fr) &, CilBrih<0.13 uSv, Mo 4 Hi45C0.03
uSve e b, TOXHITHIRIC X > TR O
BifE) 2SR BENIE, FHCTRESNLE
A5 0 B AR < TR DAL o JE PHBRBE 0 & I

B4 oMERNR Rl L IGERLTWwWS 0L H
bitd, MR HRBEHRO 12E LTHY
7 AZEH LERBNIC AL L, BETIED
C., D, E#Bh TIi#iaEs s LKBqD I
BWHE»DH Y (FNZFNR =0891, 0797,
0864), KINKTIED A, BB TIZAIBEA
Moz (FNFNR =0010, 0110)s T X HIC
H1lcm#?5 TCsBqzx T 5I1H72> THED
AR L, ¥ AHRD D7 s CHEC
WEPREWI LIAE T L2LENH L, T2,
B~ REH RO 4 i 2 MNcA L E, H1
cm & 1:.CsBqd B2 5\ IE DA BY R i AH B % 7R 3
A AN R EEHLETETHY, HEOHM
T HEHEAE100Ba/ kg 35 L < 132 HELF o sk
T, B = i~ E IR RSB L

1 CsBax IEMECHEN T2 2 LIEHEEEL 2%, &
oDz ensb, MEFHEDHIED72OIZH 7212
PSS B TR, & A BRI % 505
WETELMH AR O RA =5 THILLEDND
D, RIIETHWRZERIZZ O X9 22
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Fig.4 Comparison of the average value of the dose of radiation measured with the experimental

dosimeter which equipped cattle and the conventional (RadiPA1100) dosimeter

HTCEbZ o8 TH 5,

JBUBC VAR T RE 2 AR & BURE 5, B 2
EOWRGERAT o 720 ZORER, ORI B XL
APV AZEZBWEWERTH S Z L, Rz
BIERVPIAEE RO L, GOFABREERCSITE
itz 9 2BERE2 028, @D —EDHEK
ISR Ll 2 W 2§52 L B2
FL, RIS E72, SRER R rh o AR
WAl ASRCER L 72 H -3 22 U it % Fig. 3 2R
L7zo KIZ, BAVERE O -HA IR T O @R EE O 15

T, POROWAETORITNE & WEd 5 2 &
THEEL, SAERIIAHATIRE T A2 % kg EE Tl

ETE&HZ LR L7 (Fig.4). FHREHD
R AR & B TGRSR 2 EDOBGRES N &

&, WERR 7T a7 A, #HiET 3 HE LA
TRE) L 722 WAy 2 & OUWE R S 7298,

THRBEDAEAET B IE R B U B W TS 7%
WEATLELTAMTHLI L AR LT
VLo RErs, Btz €= v 7%

EE L THML, 2RSS SR ol
e (ZE) VLRXVEEZFY) Y FTELZE, £
DAERIZED W TRES S NI EF O T 7 A
CREWEINT 5 X ) IRET 2 2EBOTEME
=) UT, HEALY AT LR T E AR
2R L7,

4. 8 8

ZHEBRHEORMEIC L > T, HEEKETO
2y AHURBUREZ ER & ) bR, AT,
HEIBICHEE T A IOV THRE L. 1) #
kD BB R & 2 2w A BRI R O
BRI A O L E 2 DN L HTIRNG 5 H#iL
(A~E) ORBHT, AWFZE TR O RIER
G 3T WV CHEEREY S H S 1 enD g
MEEZWE L, TN CRILZE (1
m) &+ (5cm#ZE, 600cm?®) (Z2WwTNaly ~
Fl—varyAXRZ baxA—% CTHEHEEE y BT
ANF—=ART MVERGE L7z, BEHESR L
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1~2, 2012.
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1992.
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Development of diagnostic methods for atypical bovine leukosis by

analysis of tumor-related gene expressions
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Hisashi Inokuma

(Faculty of Animal Husbandry, Obihiro University of Agriculture & Veterinary Medicine)

Bovine leukosis (BL) is one of the most commonly reported neoplastic diseases of cattle.
Clinical diagnosis of BL is generally made based on clinical and clinicopathological findings such
as enlargement of peripheral lymph nodes, increased number of lymphocytes, increased
number of atypical lymphocytes in peripheral blood, or the presence of abnormal lymphocytes
in aspirates from fine needle aspiration cytology of tumorous lymph nodes. However, the
aforementioned signs and tests are not always present in or available for cases of bovine
leukosis. Thus useful biomarkers are required for accurate diagnosis of onset of bovine leukosis
in the field. This study examined the efficacy of certain genes expression as biomarkers for the
detection of clinical BL cases. The expression of several genes, including interleukin 2 receptor
(IL2R), Wilms' tumor 1 (WTI1), thymidine kinase-1 (TKI), cytochrome P450 family
1-subfamily B-polypeptide 1 (CYPIBI), high B-cell lymphoma/leukemia protein (BCL2) and
immunoglobulin associated alpha-1 (MBI) were evaluated as potential biomarkers for the
clinical diagnosis of bovine leukosis. In this study, the gene expression in the peripheral blood
from a total of 37 cattle, including 13 cattle with enzootic bovine leukosis, 15 clinically healthy
cattle, and 9 cattle with other diseases were measured by quantitative reverse transcription
PCR. Although wide variations of gene expression were found in someclinical cases of enzootic
bovine leukosis, 4 and 5 among 13 enzootic bovine leukosis cattle showed higher expression of
IL2R and WT1I, respectively. Expression of /LZR in peripheral bloodcells in enzootic bovine
leukosis cattle was statistically increased compared with those of other groups. These results
indicate the possible usefulness of ILZ2R and WT1 genes as biomarkers for the clinical
diagnosis of enzootic bovine leukosis.

bovine leukosis: EBL) & J5{ XA B o 3 70 7}~

MIFD 2 D5 EN5S o RO RKR N Z

IR 1 b — e 2 2 o B VR R BT Wik, KRS IR b o R e Y v oS BRI £

D, A7 4 )V A (bovine leukemia virus: (persistent lymphocytosis: PL), %) > \°£1‘Ei%?
BLV) J&%el2 & 2 5w 8E FI%  (enzootic  Hds & QM RAKZE Y > /S i rh O [5G D fifg 2

1.B ®
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Table 1 List of primers used in this study

Gene Name Forward primers Reverse primers
Interleukin 2 receptor IL2-R cgccatgttcaaggtette gttetgegeatetgtgtgtt
Wilms tumor 1 WTl1 ttctegttcagaccagcetca gctgaagggcttetcacttg
Thymidine kinase 1 TKI ccaggttgeccagtacaagt tctcgecagaactccacaatg
Cytochrome P450, family 1,
subfamily B, polypeptide 1 CYPIBI tgttaaccagtggtccgtga ttgaaattgcactggtgage
Bé-Cell leukemia/lymphoma BCL2 ctgacttctctcggegcetac cggttcaggtactcggtcat
Lﬁg};?ogmbmm associated MBI ccaagtcagtgatggcaaga gatatcagccccgaatttca
Actin-beta ACTB ctctteccagecttecttect gggcagtgatctctttetge

W o 72 ERIR AT AR DO W T Th s Vs
LA L, FHIEFEG O FIE, KR o
V) VOSBRI, B VosERb AL N
VIEBI, & B WVIZREY VOoSEERAED Hh
$, s R DR e 8 BRI AT AE S B AR
B b, 0L REFENERRT 2RSS h
7 WHEB TR AE T 24 1 L5 O e 22 25 W7 SR 3 ©
Hbo NEHSTIE, HEHOBWIIHA N1 4
= =PHSENTWVEA, FHILEO B’
R—=H—ZL Y, FZTARMETIE, KK
OB TFHINCAEH L, FEMRIAY 2 P15 58
BWDIZDDONA Fv—H—E LTOH MU E K
L7

2. /7 &

FOERE LTl AL s S SE - (EBL) 13
UH, MR 158, B & OVF P DA o % B 9
B % H\ 72 EBLI3HHIZ V1 & BLVPUIRES M
T, TREFARFOMBEREZLEL, BWRL7%
3 Y OSEI ORI X Y IESLY) ¥ Bk E 72D
722 EMBEBLEBII L. TNHISHEHITWT R
LHHEENONOBRRICEHBEINLFTHY, K
FEILY) BB K D 2 HITRD 2R Hh
7oo OKRMIMY) > /38kM % E % 25 % 81 (EBL
+BLV+PL+), @KWY 7 SERIE S HED %\
5¥ (EBL+BLV+PL-), &, U v/ EKED

Pl iZBendixen Dkey 2 & Y HE L7z,
155, W—RRICHEINDL S DOT, BLVEE
el ) UORERBIC X Y ko 3T bz, O
BLVHURREIET Y ¥ BRI ZIED v 0 5 B
(BLV-PL-), @BLVHUKBYETY ¥ 35k %
JEOMEH D5 (BLV+PL-), GBLVLAKR
PTY) KL ELXET A D58H (BLV +
PL+)o N OISO IR A 5 1 418
LRl L7225, WIS FHILEOFREILA S
Nadpolze 61T, FHIMEUIOREA 9 B
eI b BUEGHEOFTH Y, Thethiin
BERRIEIRZ B2 L Cwn7eas, S iyl B
WAL THAIMFE TR W & 2 fERR L 72,

B 5 KA M25ml % RNA G BER F 2 — 7
PAXgene™ Blood RNA tubes (PreAnalytiX®,
Hornbrechtikon, Switzerland) (ZFREXL, #iiH#E
WP o THLPE L 72, total RNAZ it L 72
(PAXgene™ Blood RNA Kit (QIAGEN,
Hombrechikon, Switzerland) ). 05 ug RNA% &
thermo script system (Applied Biosystems,
Foster City, CA, US.A.) % w7z B s 2
X DcDNAZ G L7z, & HIZSYBRY Green
PCR Master Mix (Applied Biosystems, Foster
City, CA, US.A.) #JH\, StepOnePlus System
(Applied Biosystems) 12 & % E & RT-PCR %
Fehti L7zo
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Fig. 1 Messenger RNA expression levels of some genes in peripheral blood of cattle from 6 different groups as

measured by quantitative RT-PCR. (A) interleukin 2 receptor (/L2R),
(D) cytochrome P450 family 1-subfamily B-polypeptide 1 (CYPIBI),
(F) immunoglobulin associated alpha-1 (MBI).

thymidine kinase-1 (TK1),
lymphoma/leukemia protein (BCLZ2) and
each grouop.

W L 72 38 Bl# (% 7 X interleukin 2 receptor
(IL2R) , Wilms' tumor 1 (WTI) ,
kinase-1 (TK1)
1-subfamily B-polypeptide 1 (CYPIBI)
B-cell lymphoma/leukemia protein (BCLZ2)
immunoglobulin associated alpha-1 (MBI) T &
D, Table l ISR T IA4 -7 &b,
WPEME 2 » b e —)L & L CTldbeta actin (ACTB)
BIZ T2 Wz, BIZTHBIEIZACTBE O
WX DCHiiE LTHEL,

% T O fii 13 Kruskal Wallis test{Z & ) B L
7oo HEAKHEIZ0.05& L7z,

thymidine
cytochrome P450 family
, high

(B) Wilms' tumor 1 (WTI), ((C)
(E) high B-cell
Bar: median value in

3. BREEBE

*iH % Fig. 1 1TR9

BRI 0 3TEISHHIT VI, KEET
(ILZ2R, WT1, TK1, CYPIBI1, BCL2, MB1) ®
FEBUIMEME 2 R L7z @HEF#EOBLV +PL+ 7
V=BT WTIUATIE, ¥ 7 F Vi
0.278~1.753 L IXAH T o 72 T DORERP D,
BLV&GB L OV ¥ 8BRS i 1d, KWL B
FAINSDOBMIRTRIUGEEL G2 22 &8
R sz,

3.1 interleukin 2 receptori#ifz¥ (IL2R)

13BHDEBLAERE D 9 H 48 (BLV+PL+ 7
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V—7F3WHEBLV+PL—2 )V — 7 1 8) %%,
ILZRFEHEIZB VT 3L EOR WY 7 Vil
R L7720 WolE), 13HOEBLEEFO 9 bk
Do 95 (BLV+PL+ 7 V—7 78 EBLV+PL
— 7 NV—"72W) OIL2RWEH R 7 F IV IEIZ16
Heiili & AR Z R U 7zo IL2RFEBIRE 5 BRI TRt
RIS B R AR Sz (P =0018). EBL
BIELEBLV + PL+ 7 )V — FI2 BT A IL2RSE Bl &
TR B X O BB O L K L TH B
AN hrolze TNHOMRIE, BLVIES: +PL
+ DIFFIEF BT BIL2FEHL N)V7s, PLO%
WIER G LI L TIRE R R L7z & v ) il
E—HTEHHDOTH b, IL2RIZY) ¥ /R IC
BHLTWEAL I —uf F 2V 2ZHKTHY,
[P = A O S B QU - K 3 S oW Y B B NN
HShD L vwbTB) ", 3L LIRIED
IL2RERFHBDOWEEALII O A S OTIE %
W2 EPEZLND, LaL, EBLEERICBIT
% IL2RE AT O EHBUI TR I BT
BEgRshTBYY, T2, IL2REETHEIEH
ke P AMEEFTHHEINTnD Y, &b,
[ BB 20 DFERES 12 B\ TIL2REAE T DI BIAGY
Do 72HEIZOWTIEIAWTH 575, FERER DK
MBIXOBIHRDO AT — VN ERT 2 HEMED % 2
bNd, UEoZ ehs, RMIMIZBITHIL2R
HARF OBRFEBUI M FRFE DO~ — A —I127%
095N, FORRMEL X OREICDWTIESH
WEtOAMDH 5 L Bbihiz,

3.2 Wilms tumor 1#&fz¥ (WTI)

13 OEBLISEA D ) 5 58 (BLV+PL+ 7
V—7 4B EBLV+PL—2 Vv —7 1) Tl
WTI#EAZ T ORBlE P E#EZ /R L7z, BLV+PL
+ 7= T ORYEE, IR TEERZ R L
7278, BEATRDOONG P o7z WTLEY ¥
774 Y H—8ERNT%3I— ¥ 5H8ETT,
4 BB MO E & UICEE 2%

BERZLTWDL0 Y, SRIBIE I NRRE,
FAY M BV B IL2REART O @R 5 3 254 1
WMIIEDY— A=%D )BT EERLI. L
L7AA5, WRIGHIZH 2o TE, REIMRW S
e, BEROIEOLOEPKRE N LAHEICE
prlEbhs, ZoO#ETFIEE 0% OB
&AM BEE IR O K CRIEICHEBIT 5
EFMOENTWAE®Y, 02 LZWTIEET
AWK L ) 2t 7— VI8 ORI T
HE BB SNTREZRET23D0TH L. 5
%, TAMBO AT — Y OENIZ L B WTIHEE
THRBROWREMET LULENH L LEZ LN
72

3.3 Tofo#Eisy

TK1, CYPIBI® X O'BCL#&ET DB TIZ,
EBLZHE 13D 5 6% 1 BEZT A5, IEHITH W
fiz/RL72. LAL, RYODOUETIIVTNID
EBLIEFSHE T & MBI W B Z F 3Bl 2R L
720 TKI, CYPIBI} X O'BCL#E ¥ DFHid e
N &Y O EEIAILATA B 55, < —
h—& LTOFHEIRE SN TS, i
MRS B Tid, A E i FEE B B v T
TKIBIZFRIOFHHEIRO LN TIENE DD
DO¥, LSEOFEREASIE NS OBEFIBILL
HIR DN L F < —F— & L TIIAH W RELEDSZ
Lwellbh/, %8B, MBI#EETOmRNAIX
EBLI&HEF OAMEE A TIE IR B il 2 % L 72
A, BEEETL L) EHEEET L2000 5N
72728, FRRVEICHED S B LEZ bz,
Pk, EBLISHESE B O {5 T F Bl (34 &
DRELENRH L DD, 135 4 BHDOIL2R%E
Bl & SEHOWTIHBLEAS, B hyLfi L I
B LUEWHICEMER L. 72, EBLEOILZR
FEBIR I L R THEICE 272 TRHOD
WS, IL2B X OWTIDHRBIZEBLIIE S
Wt tr<—h—L LTHEHTH L
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Evaluation of gene expression as biomarkers for
enzootic bovine leukosis. /. Vet. Med. Sci. 75 :
1213~1217, 2013. 23RS iz,
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EE (BL) (38 b — 8 2 2 O 55 k3
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YNGR OIEBI OMERR & v o 72T RIZ DWW
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cytochrome P450 family 1l-subfamily
B-polypeptide 1 (CYPIBI), high B-cell
lymphoma/leukemia protein (BCL2),
immunoglobulin associated alpha-1 (MB1) —®
AMIMFEBUZEH L, BLEW D720 D4 < —
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Field application of urinary sterigmatocystin concentration measurements

for monitoring natural feed contamination in cattle herds

%LI
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Mitsuhiro Takagi, Seiichi Uno* and Emiko Kokushi*

(Joint Faculty of Veterinary Medicine, Kagoshima University, Faculty of Fisheries, Kagoshima University*)

This study had two primary objectives: (1) to better understand the contamination of
cattle herds with the fungal toxin sterigmatocystin (STC) by monitoring STC concentrations
in feed and urine, and (2) to evaluate the effects of interventions, such as supplementation of
feed with mycotoxin adsorbent and replacement of contaminated feed. We used female
Japanese Black cattle that received a standard ration containing rice straw. The presence of
mycotoxins in their feed was monitored, as was the excretion of mycotoxins or their
metabolites in urine as marker for absorption and systemic exposure. The experimental
protocol included two treatment groups of animals that received a commercial mycotoxin
adsorbent (MA) and a control group. Three groups of six individuals from each herd were
assessed: MAI1 received mycotoxin adsorbent mixed with concentrate, MA2Z received
mycotoxin adsorbent topdressed on concentrate, and the control group received no mycotoxin
adsorbent. Urine and blood samples were collected at the start of supplementation (Day 0), on
the final day of supplementation (Day 14), on the first day that the contaminated feed was
replaced (MA1) or at the start of a double volume of mycotoxin adsorbent supplementation
(MA2) in Herd 1 (Day 45), and on the final day of sampling (Day 60 for Herd 1 and Day 45
for Herd 2). STC concentrations in urine were measured by tandem mass spectrometry. In
Herd 1, the STC concentrations of the feed at each sampling time were 0.15, 0.17, 0.24, and
0.23mg/kg. In Herd 2, STC concentrations were 0.06 and 0.03mg/kg. STC concentrations in
urine in the control group within Herd 1 that received no mycotoxin adsorbent were
significantly higher on Day 0 (190.3 pg/mg of Crea) and Day 45 (897.6 pg/mg of Crea) than
were those (19.8 and 0 pg/mg of Crea) in Herd 2 (p < 0.05). A significant decrease in STC
concentrations in urine was observed 2 weeks after feed was replaced with new straw in the
MAT1 group (32.6 pg/mg of Crea) in Herd 1, but no significant effects of mycotoxin adsorbent
supplementation were observed on STC concentrations in urine during the intervention period.
Monitoring of mycotoxins in urine samples serves as a marker for the systemic exposure of
cattle to mycotoxins and allows the exposure of cattle to multiple mycotoxins to be detected.
The goal of this study was to assess the effect of supplementation with mycotoxin adsorbents.
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1.B ®

FAFZINF T, FusariumBEHEHE~ A
arFvy (MT) C, TAbaYz AHHPIER
ZROZEDPORRICHEREELR L2 SR
WHEEARBRENLET S L ) v (ZEN) 124
HLU, 1) JRPZENREZ IR & L7285
TOEBIZBTAMTE=ZSY ) ¥ 7Y AT LD
ELZOHMMY, 2) =5 Y IERERIC
L 723 AN E 0 5 Fe Al & B8 2 % ZEN H IR T Gehin
7 %52 R & 5 5 MTHRF RO W,
BIU3) RPZENRE 2R L LAMTH A
WINEN R O % BT L O 70 R LT
By, "MAx—S—FHWILMTE=%Y 7
VAT AERMEVTHELE DI, SIEREETORE
(V¥ BLOT %) 2B 5MTREMBREOKGE
BIUOF— I R—2DEREHEDT VD,

A5 7 MY AF ¥ (STC) & Aspergillus
versicolorXe % DM D Aspergilluslg B 7% £12 &
DEAESNLZMTTHY, YL M LTl
WilEER RO 7 79 XY VBl (AFB1) A&
OHEWED 12L& LTHIGN TS5, STCE
DLODOEWBEHREICLZ2HBHEIAWNTH 720
(2, DAETIZER, & b ISR TRl
IREIN TRV, A. Versicolor’s £ DSTCHE
ABF IR MA L, BRSO LER R
B, FRlCaxzHERETLILIIACAONTVWS
A, TNFETICHY 7 2 G THARIHE S5
FBC B B AEEERY VTV (R) BREICKD
{STCRMENEIZ OV TORMFIIHETDH 5,

DlhoZenrs, KFEIBWTE, 1) &4
W EBRORPZENE =% 1) ¥ 7I2B W TREICHE
VLTWA, itkra<x 7574 —HESN
(LC/MS/MS) #:% 5 L 72 R R STCHEEE M 52 32
BT AL, 2) 1IIBWTHE SR
HSTCHlE % VT, Lk DI ZENTS 44

BEHSRARAE IR Y >~ TV OMIE &2 4TV, ZENVG 3
7 71281 5STCE D375 4 i % MEE§
52T, BERSHICHTTCORBET -5 %2155
&, DE2HZEHMETHALDTH 5,

2. /7 &

B9, A DBEICHES. L T 5 LC/MS/MSH:

(2 & B IRIPZENBREEN E B 2 N — 212, JRHPSTC
IREEHELEOM.Z HiF5 2 &, RIZIHETIS
A HHD TR LAZZENHRHRAMR T 5 (8
ppmPh E) 2SR5 ST B R R AR
TNV HWTSTCHlE 21T\, ZEN&STCE
DGO EMGET 52 L2 HME L7z,
2.1 LC/MS/MSik 7% v 72 4- R v ST Cil i

ELDOHE.
INFE TICHEOM N JRPSTCH E D&
ZMET 5 72012, LC/MS/MSH: % Al v 72 i

ARDOMELZ I 5o 5T, Fe DBECKBZEN
IEEERIE THEL L TV A FH, Fha AR, D
TSR —HDOEERZ AT 72,

ORI 920F 23

FELFEIN S NASTCOHIFNE T EDREE TV &
O YBRAESNTYLO %25 T, Ky
¥ TIVEILELEE @ f -Glucuronidase/arylsulfatase
WINOF M X HLC/MS/MSHIE % 1T - 72

@  STCERMENNFEER

PR H ZEN 8 B 52\ v 72 LC/MS/MS D 514
FEDS, STCHIEIS b #IS 3k 5 205 7% & MEE S
% 72912, STCHRMENNER % 1T - 720 RERHIR
YT VICKREDOSTCEER Z AL T, 1k
HWTWwW5 C-1874 F A TR #&IZ, ZEN
€ FEF AT X B5LC/ MS/MSHIE % 4T -
T, STCOMIEEZHE Lz, fHHhiz—Hod
B R b LT, AR 2 & o RoE S
FREL, RV Y7 VE LA DLC/MS/
MSIZ & 5 STCHIE R DI 247 5 720
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Herd1: ZEN-contaminated herd

MA supplement;
*MAT1:Mix, *MA2:Top dress,
Control: No MA

O—-0

Herd2: Control herd

MA supplement;
*MAT1:Mix, *MA2:Top dress,
Control: No MA

OO

O : Urine and feed sampling

Figure 1
samples.

**MA1: Replace with straw,
**MAZ2: Double voume of MA,
Control: No MA

0=

O

Protocol for mycotoxin adsorbent (MA) supplementation in dietary feeds and sampling of urine and feed
* MAIL: MA was mixed with dietary concentrate.

* MAZ2: MA was topdressed on the dietary

concentrate. ** MAIL: The usual straw was replaced by a new lot of straw with less contamination. ** MA2:
Twice the volume of MA was topdressed on the dietary concentrate. Control: No MA was provided during the

experimental period.

2.2 ZENBERG GRSk ORAFIR & v 7z
LC/MS/MSHEIZ & % JRISTCHIE

INE TICHE OB TR T ORI B T
5 ZENESTCO TGO % BFES % 72012,
xS BENHIHE R AT - 72ZENHRTGRAG T 5
WHEEE R 1), BXOZENIEHYAR (4
it 2) O 2 HHRORIERY » T V& VT,
LFETHEN. L 72LC/MS/MSHEC & 2 JRHPSTCiR
FERISE 24T o 720 BRI & $1223 5 A0 BB
TR E M ©, MTH R mEE (MA 1 : ik
ERAE, MA2 :fiB~O by 7 FLR) EMT
A (2 ba—) OFKE6EHTHODIMT
Hbo 7)) T AFMIEFig 1 IZRL
720 YV TNV OFEEII2IOFERERE b & 12,

[ -Glucuronidase/arylsulfatase i il O A R 70

wmAPE L, HILE AT o 72Ky 2 7OV & A
HZICLC/MS/MSHl @ 12t L 720 BT, SR
YT Y TR L 728G S-SR 2 T iz own
Td, LC/MS/MSHEEZ X B A% W TSTC
IREEDWE 24T - 720

3. BREEE

3.1 LC/MS/MS#:%& v 7224 )R STCi EE I
ERER QY (A
O WY T Vo
R v 7OV i AL B @ B -Glucuronidase/
arylsulfatase @ O 45 4 12 X % LC/MS/MS#ll %
AT TR, WINEOETORY ¥ TV Tk
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Table 1 STC concentrations in urine (pg/mg of Crea) in cattle herds with and without natural ZEN contamination, and
effects of supplementation of mycotoxin adsorbents, as measured by liquid chromatography-tandem mass

spectrometry
Samples Day O Day 16 Day 58 Day 72
STC in straw New : 0.04
(mg/kg) 015 0.17 024 0ld : 021
STC in concentrate <001 <001 <001 NT
Herd 1
(ZEN STC in urine
contamination)
MA1 327.3+26.2 2089+21.6 5694 +110.7 326+84
MA 2 247.3+56.5 2387+275 4162+61.6°¢ 2583+33.3P
Control 190.3+432% 181.8+42.6 897.6 +96.644 354.2+555P
Samples Day O Day 16 Day 50
STE In straw 006 003 NT
STC in concentrate
Herd 2 (mg/kg) <0.01 <0.01 <001
(no ZEN
contamination) STC in urine
MA 1 67.2+21.8 147.1+39.1 417+19.0
MA 2 755+22.3 85.9+20.8 0
Control 198 +126" 61.5+232 0b

a-b, c-d within same row: Significantly different.
NT: not tested

STCOMMIEHH AR 2o 7275, BINA O[] — R
YT MIZBWTIESTCHRINARETH 572, Th
LOMRLEY, FOBENAFRHRSTCIZZD
KD T V70 Y BREERTWE I L
VRO THLDN L 2 o7z KiER2L, PIEOIR
TNV MWERFIZITETOY Y T IVIZS-
Glucuronidase/arylsulfatase % WAl L 72 B WL %
1o 72

@  STCIRIME I B

PRAFSTCHRMENGAER DR H, I 1385 % ~
120% TH 0, 4 DSZENHEH IZHE L 72LC/
MS/MSHll % & % 25812 L 72 IR STCHLC/MS/
MSEIZ X 2 MED T WEETH L 2 LB L
720

3.2 ZENHARGRAFRHROREFIR 2 7z

LC/MS/MSIZ & 5 JRHBSTCHlE

K7 v T ROMRER RSB 5 SR B

L O RHSTCIEEE # Table 1 IZ/R U720 481 D

Day 0 (190.3 = 43.2pg/mg Crea) & Day 45 (897.6
+96.6pg/mg Crea) &, FHE20FN S (Day 0,
198 = 12.6pg/mg Crea; Day 45, 0 pg/mg Crea)
EHE L THRICEHWIRPSTCRETH 5720 —
F, F—HERICBU) 5 Days 0, 14, 45D R
STCIEEIIMA L, MA2BXUa Y bu— Vi
D[] TDay4512 BT A5 MA 2 #f (416.2 = 61.6pg/
mg Crea) & 2 ¥ hu— Vit (897.6+96.6pg/mg
Crea) OBLAL, AREEIRDOLNLD o7,
L2L, MA 1 # ® Day 72 (326 + 84pg/mg
Crea) \ZBI1) 2 RPSTCHREITIMA 2 # (2583
+333pg/mg Crea) & 2 hu— Lt (3542
55.5pg/mg Crea) &KL THEIMWIRET
Ho72s

G- STCIREE I D W TIE, WAHEIC B
% T A5 f7 Bk o STC 35 B2 13 M0 8 M i BR 5 il
(00lmg/kg) ULFTH o727, FHE1LIZBITS
FGHRT 7 HSTCHEEE, &% 7)) ¥ 7RICE
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WTHBE2 LB L T2 ~5/EViRETH -
72o LEDRERED S, LC/MS/MSH:C & % R
STCHREERZIEHETH D, 5 fR P STCHREEE
DT RIS 248 TH L 2 LA 5
Lotz
STCOEIA - DEFE I 2 5 B IZOWT
BIFEAEHONTWARWA, #EOHEIZIN
1X, A. versicolor/&Ze N & BHNBHSTC (8
mg/kg) CHREINMEE2RG S22
HICBWTIE, SMEIRE Lol fEPEERIE T
ISt ST b, SEIE % 1T - 72ZENT
YR BT B SR RSTCHIRE 1L, MR o X
D L% VKB TH > 7272012, BVEDERAER
BRON 2o 72WRMEDRH 2 b 0 L bz,
— I, PG SN RN R 254 T
DEMDBFRFICER L, TNODOEREIEAT S
B OMT DS EREE ST 5 2 EBHIHNT W5,
MBI HSTC & ZEN O [RGB 5 i
HEOHEFICELE, T7VATH YT v 7Eh
& by T a Y HhiidSTC6 ug/kg & ZEN 44
ug/kgD3H, 27THBDMOMT & O [H] R 473
WEINTWD, —J, ELAIZINITITHREL
I2B VT, Dayb87 5 Day72? 2 JRIZJE 5 ZEN
HHGART 7 (KSTCIHHR) #aG- WM, R
FOMEERIGE SN L2 WG LTVWDY,
o T, % < ORHHER ORGS0
L2722 ENENSINDD, SBREDZENS
L OSTCHEHUZ, DM@ 2 THIfEIRZ 5] &k
SYEND 1212 % 2 W HEEAVRIE Sz,
KA IMTWA A 2 SRR 5 2 &2 &
D, WMBIIRPZENREMET 3§52 & %2 #
FIZHELTwD Y, —F, KRBT, WE
AP G #IIRAPSTCIREDEK T IR A SN % h o
7oo TOREREXY, Fx HHET L 7ZLC/MS/MS
P X ZIRIPSTCHIE R, BN 2 W5 a8
MROFHE AR % HETHH I L, BLOWRSE

FOTMAFIIE, MTOREIC X 2D TRE
BEWHRHFET LI LMD THLNE o7z,
Ltk FIRBREE T OFEICBIT H5STCE L O
MT & ORI T 57— 5 X— A DOERE % #k
BLT, FoORBCHTEIVAZ T 725 -5
M7 G- % 47> TV DD B,

4. E 08

BTADPPIHEL LT DAk rsa~< b
7 4 —HESH LC/MS/MS) #ZIEH LR
m¥7 I L/ (ZEN) BEMEEE X— 212,
WP AF) < s Y AF Y (STC) i)
WERZMETHE & DI, V. LARPSTCHR
B 2 132 % v CZENTG e R R AE IR o~ 7
N OWEZAT o 72hiR, AIRISTCil B € 23 0]
HETHhDI L, PRPIHET 5K OSTCIE
Fvru BlaEEZITTnb2 8, BIXOAR
BIZBWTHICHG STz ZEN &
STCOIIBERDFFED RO TH S IZ STz, &
HIZ, MHSTCREZIBEL LM a b x>
(MT) W& ANRMAYRIZE LT, RRBRTHW
72 1 FE O WA X 2 3MEh R IEED S
MolzZ e, HWBEMTWERD Y 4 7%t
Gl R MTRIC X 0, WA AR 1%
KRE SRR DWREMEATRB S NIz, 5D fFEER
5T ORI BT 5, fke 22 MTER B O
GE, BIOTFT— I XR—20EREMGETHE LD
2, FOREBECHTA2) R 7 77 ¥ =0
Al %479 BN DH D T EDIRENTZ,

x @

1) Takagi M, Uno S, Kokushi E. Shiga S., Mukai S.,
Kuriyagawa T., Takagaki K., Hasunuma H.,
Matsumoto D., Okamoto K., Shahada F., Chenga T,
Deguchi E., Fink-Gremmels J. : J. Anim. Sci, 89.
287~296, 2011.

2) Hasunuma H., Takagi M., Kawamura O.,
Taniguchi C., Nakamura M., Chuma T.Uno S,
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Application of bronchoalveolar lavage to specify offending bacteria of

pneumonia to cow medical treatment
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Seiji Hobo, Michiko Noguchi and Takaaki Andou

(Joint Faculty of Veterinary Medicine, Kagoshima University)

To minimize the improper use of antimicrobial agents and secure food safety, We have
been trying to introduce the use of bronchoalveolar lavage and bronchoalveolar fluid
examination to bovine medicine. We aimed to apply the technique we developed, and its clinical
uses in equine medical treatment, to bovine medical treatment. Initially, because we needed
basic data from a healthy cow to see if it was possible to pinpoint the bacterial causes of
pneumonia, we examined a healthy cow's breeding environment and the distribution of bacteria
in the bronchoalveolar region. We also investigated the bacterial distribution in the cow's nasal
cavity. Next, we performed bronchoalveolar lavage on a cow with chronicbacterial pneumonia
and examined the lavage fluid bacteriologically. The bronchoalveolar region of the clinically
healthy cow was endoscopically normal and the fluid was aseptic. This meant that any
bacterium isolated from the bronchoalveolar fluid of the chronically ill cow was likely to be the
true cause of her pneumonia. The principal causative bacterium was successfully isolated from
the bronchoalveolar fluid of the sick cow; it was highly likely to have been instrumental in

deterioration of the cow's pneumonia.

BHWZ E, FRERRIZ, ZEALDRE,

=)

B B

K

figeix, BicBwThe b EFEBRICHERO E
PLAIELTH Y, BEHRIZB VTR D B R K
FIEDDOEDTH Do, MEDFEHFIZOWTI,
%L OYity, BWERT T B B\ ITHEHEI A S
S NI ICBI T B E b LICHER SN T
&l ZO0, BOMEBEHREISFEINDL Z
3w, ThuL, BEAT TR LELN5 N
Wix, £ oYs, WIS RO R A SO L

BRI RRE IR > T B ERSI NG 720, &tk
MO EOREE LML Twawn 2 LIRS
%o HERK, TNOHONEHRE D LICHHELMEHL
TE2Zens, AEYPRIEDSRNMIZIE -
THHEINDZ 3L, RO MBIAfER S
NT&7,
MR g, RE IR OB 4 7
fihE 74 L7 ML TEE LT MEHE, B
B L OVNEIERRIC BV TEBEBIh TW5E Y,
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FHCIBERIC BT, MR R OFFE 2™ X
S ROEHE HIY & L CRE SN kEiss
BRI S, BRIFZEEREEZ HTTW5%,
LA L, BUSo RSB Y O 48 STl g k12
B9 2 MG IO T w0 T FEmIC
iRz Hy 22 e, —HRMICHA SN 2N
L0 HMETRROGE LS & A3 5 AR
DO ENTELRENTHLEEZOND, T
D& REEA YL, KA ORESER X
L CHRE NG EZ HEAT 5 2 &, 4%
DEMEHRIZBNTHMODTHEETHLEELOLN
%o MGPRIRICZ BT 2 S SO e L 2 G H L 72
fili 5 S IR B D M 5 R0 TR IR O B 38 L, AUERIEZER
BHLELRSTToTELHDTHL Y 2D
R, B JRTERE NG (209 % BB W 2 D TH IR N 0 A7
APEAHERR S, B ERRICHI204EMIC b 72 5
TR ST, 159 5 72l 985 R I <0 34 sz
PEOMEHIL, BOHBRIIZSFAN IR THDE, —
i, BB X OREFICB W TIE, FRICLhERDSHi %
ZIAET A & TOMERDE L A LA EMISR
SWBTHIEND, TOEEBSHIZBNTY
MRFEDO T bu—)v& & Hiz, RHBs
X UL L EHREOHEVPEH TH %,

Z 2 TERANL, PRI R S ik & 5
AL, Mg R DR € & 2 @80 2 B ol
HEEMEL T 52 8 X0, PRI OAEY) 2 (]
RS E, BOREDOMRICIERT D Z LA ER
THdLERT AMIKETIE, I TITHEHR
IZBWTHTE - BRRICH LT & 72508 Sl vk i
HEICHT 5 FRERMRAZ FERICHT A2 %
DFICE HiEL 720 9, MiREHEZRE§
% 72OV IMEH - TORBERN 72 77— & HLETH
DT, MEFORPEDL X OSE SN B
T HMEOGAIRR Z W ST HE LI, il
BRBEPOME S MOV THIRAEL 2, v
T, MR FERE A Vo0 LT A S ok & S it

L. AR EIC R L7,
2./ &

2.1 W T FO RIS X 0% SN fEk 2
S N F BRI BT B ME O AR
;nﬁ

BB ERR IO AU O N Sk A T 5
B RAERD L VRV A Y 4 VT 650 (H
14H 5, A5 : 51.2 = 34kg CPIIfE = BL#efF %) ;
450~56.5kg (HiPH)) %A 7.

MR A = FRBRE AT U2 SHARIR 2 O I % PREL L
ML B 43 HT 28518 % FH v C AR I o L ER B,
RIMMERE, ~NEZ7OEViEEBIUOAT Y Y
M % Jll5E L7z,

W 2R AR AR DFRILE & OVLEE : 70% = % J — Vi
R L7oMiE 2 o TRILEL 2R L7255
EMEZ R BIENRIE THAL, X
7755 LR (BEATT) 21372,
BT, JHEET T T A3 — T Bl O HE
AL, Bl X OMHMETEE 2 Blgits, LEITIB L
THEEY FH A 212X 2 &R 0 10 FR % 52
MBLZEDS, REBLOREXNELBIZLL
(Fig. 1) 20, [EXELLTED L VITE
HIBENL DR D RELNED, [EXHEY
55mmOSE LIHA L7zo BATALIZ37TIThn
T U 72 9 A B A /K 50mL 2 A S S o it 4L
POEAL, HIEZEIR L 72, [F¥EEL 52 B9
ML, BAL720 0%k (Gl EE-E
BALF) & L7z. 185N s IRE Thd
AL L, BARERI 3 R DU & Rl A 12
it L7z 72, BALFORUERZFHTAE &
12, FMEREME A & VTR & ) Ml & E
BL7s
fREETOMERE : =7 v T I7—2 Hw
T, SEEHhOME S 2 AL 72, Thbb,
IT7H YT I—=%PNTE5 %Y I ER T
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Fig.1 Bronchoscopic findings of the healthy cow and pneumonia affected cow.

a) healthy cow

E 7R (BAKGH) (S, SEEEEHO
2R AR ET, MW OS2 RA L7z
MRS EERAE - BonlBikor H, BEZAT T
12300 u L OB A B A3 K B B, M IR o e
MAICHE L 720 72, BALFIZEOHIEIC LD
L00RE A L 728202, Vi 23 T 2 A 4 Bl A A
WL 7z. BRI, BARSHIB L Oy o v ¥ —
FERKH (MACK: ) (CHAE S, BAKHIZ 2
MR ORTFETLE (BIF R4 T 1 37C, 5 %CO0:5
T, 37C, BSSKMET) T, MACK: I 17
BORAED: (37C, WREMHT) T24~48Kef%:
BENTze TTH VT T2 L Y RS h D%
KW E AT S5 NBAR L, MUFRSHTT
4R S 7o, BB OBAR Y S 18 4
MW A rHEL, MEFRBICS T ARtk B L O
IR ) 58 Mo A (FRAT g R AR 8 43 AT i+ Time of
Flight Mass Spectrometry:TOF-MS) % 5 L,
W% 2 L7zo

%A AT T AR <A 3T T X~ s EE R
FRE, MR EERAL & Mk oMk EZ <~ 375 X
SOrHEREREICEAT L, MRS TT H

b) pneumonia affected cow

BiRsaE (HERE) $§hLEBIC, ¥fa3T75X
~ B BT A LB SR T T 2 H R R
(HERER) L. 2ok, WMESEERE 1A
GHE<A 377 A< ERE I EBAT L
IR T 7 HIMB R L7z, BiERO~ A 2
7T A EEERF A, AR TBIS T
b, FloHERDIT=—1Zo50nT
TOF-MS#% M Cll%E L 720

B AW RIS B W TIE, Mannheimia
haemolytica, Pasteurella multocida, Histophilus
somniB & N Mycoplasmald % £ 5458 - 6] € %}
S & L7,

2.2 iGN AN O KA SN ek s

(2 X B M5 R B O E

PR 1B AL L 72 g5 5 B (HE 2 B8,
WE35H : 5.0+ 10N CFIgfE = FRMEfE2E)) 24t
A L7
PR S AR OFRIL I & OVLB 7 & OV TR -l A
A BIR L 72T & AR SV S8 & il 9 589
T~ D, REMEEORELITBRA LT 5
Z 8T &) RAE SN 2 15720 A HETR O
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Table 1 Findings of the clinical, blood and bronchoalveolar lavage fluid exermination.

Inspection item (m eSSS;lSt. D.)
Rectal temperature 39.2+0.7
Heart rate (beats/min) 99.0+7.2
Respiration rate (times/min) 290+31
White blood count in the peripheral blood (x102/mm3) 887+12.7
Red blood count in the peripheral blood (x104/mm3) 809.2+724
Homososin sncentation i wan 100210
Hematocrit in the peripheral blood 320+29
Recover rate in BALF 540%133
Number of cells in BALF (x10°/mL) 34+24

BALF : bronchoalveolar lavage fluid

Table 2 Results of bacterial isolation from nasal swab and bronchoalveolar lavage fluid in healthy cows.

Animal Bacteria Mycoplasma bovis

nima

No. Sample P. multocida haemﬂgﬁ lica H. somni Others Direct culture Encrliﬁ?ur?gnt
1 Nasal swab — — — > b species — —
2 — — — > b species — —
3 — — — > b species — —
4 — — — > b species — —
5 — — — > b species — —
6 — — — > b species — —
1 BALF — — — — — —
2 — _ — _ _ _
3 — _ — _ _ _
4 _ _ _ _ _ _
5 _ _ _ _ _ _
6 _ _ _ _ _ _

BALF : bronchoalveolar lavage fluid

P. multocida - Pasteurella multocida, M. haemoritica - Mannheimia haemolytica, H. somni : Histophilus somni

— @ Culture negative
LB THAb,

3. BREEER

3.1 MH RO RBIER X VRS SO I 2

5 N HIFEBRBE AR IS BT A M o 45 Ai R

A

BRARARATIZ BT, A ISP 2R O S T
RAZFED DN 2o 7oo OB B3N

fﬁl\

(990 +72%1745) LCw7z7s, EiR (392+
07C) B XM (200=x311ME,74) (ZIE%H
#iPANTd > 7z (Table 1) LI OBIMIL, R
BRI AR A I - ), BER A S L 72
DL B L-bDEEZLNT,

MEHAN BT, IR MEHEH b IR
HPANTH > 72 (Table 1 ).

BALFOMIX#1354.0 +13.3%, BALFH e
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Table 3 Results of bacterial isolation from nasal swab and bronchoalveolar lavage fluid in chronic pneumonia affected

COWS.

Bacteria Mycoplasma bovis

Animal No. Sample .
P. multocida M. haemoritica H. somni Others Direct culture Encl'&?{llﬁ.leent

1 Nasal swab - - - > 5 species - -
2 - - - P. a., > 5 species - -
3 + - - > 5 species - -
4 + - - > 5 species + +
5 - - - > 5 species - -
1 BALF + - - B + +
2 + + - B + +
3 + - - An + +
4 + - - - + +
5 + - - f. An + +

BALF : bronchoalveolar lavage fluid

P. multocida : Pasteurella multocida, M. haemoritica : Mannheimia haemolytica, H. somni : Histophilus somni

+ © Culture positive, — : Culture negative

P.a. : Pseudomonus aeruginosa, f : beta-hemolytic bacterium, An : obligate anaerobic bacteria

1334+£24%x10° /mLCdH -7z (Tablel). BALF
ORINES X MK EIC oW T, FH 42 s
HB725 72O E KT 5 2 L IEHEETH
05, OB TH S N2 EFUTEM L T2
&S IR HEPHP &R L 720

M B IS B WTld, AEX T 7, BALF
BIUOLTH Y77 —BRIEOWThOBERPS D
M. haemolytica, P. multocida, H. somni 3 & O°
Mycoplasmalg W Z T o 72 GHEI N h o 72
(Table2)o HIEAT 7B LT H 7T —
R Bk, 2SI OMBE L s 7z
25, BALF2SIEMEIZE > 72 S e 2o
7oo BT, BFELZTHICBWTHREZAT T
PHIERNERICIA S 4 WP EE SN TS
B, AWETRE oK i S e h oz Th
X, THOARERYB X ORFE OB 2 BB
SN SMB D ZBAAE L 2 dp o722 LRI
bbbz,

3.2 Wi JFEAE 2 0 S A S N Pk i 0 s
(2 & 2 i S T OFF

M B AT IOV TIE, BT 70 2 ik
B & O'BALF @ 5 Bk 5 & P. multocida 3,
BALF® 1 ¥4 2 & M. haemolytica’ 58 S 7z
(Fig.1, Table 3)o. T 72, Mycoplasma bovishs el
AT 7O 1KkE X UBALFO 5 Ml & 558 <
N 72 o M. haemolytica, P. multocida 3 X O
Mycoplasma bovis\Z, FONi%o FIEENE TH
DIFEOEALICESBAG LTwD EE Rz bR TW
BT ENSTION ] KSR T HES MM b [F]
IEFDOIRBEALDOTERE o TV H D D LHEL X
Wizce —=F, ZT7H YT I —BE»5IEM
haemolytica, P. multocida, H. somni B £ O
MycoplasmalB Wi\ 77 8E S N o 7225, Mo
WAL ETHES N7z SRR T o FH
Wi RIS T 5 & EZ N DD, MO
DHST DG o 12720 HETE e o7zb DL
Bbihs, &, BIREFHE 7 2 RIER
W ORFE D ATz
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AWFFETHEER L 72 Ml 95895 249X T o S8 3
MO, Mo EREREAFELEL, Migko
LIRS LTWwAEb D EEZ LN, L
L, BERAT 75060 FEHEKFEO 5 BEE—FT
B, MREHEHLT L b AP 51357
ENBVWTENFEHE N, T2 &1, HigE
WHE O EE BIERT T T o THUT L LM%
JRIRE 2 KL 2 WZ EZ2RLTBY, SHOM
J 5 RO AR A2 V3 5 SO e i & T 2 B
ARENTze L L, SRNIEBMEAL L 720 9585
LSHDTFT =5 THoleDT, Sk, Fx RITEK
AT =V HLEBFOKEHRP LT T 52 &
WEHETHLEEZ BN,

ARIFFEIS BT, BRI R T&UE O NS
BeAr CHEEHT HL % 320 70 W 2R O S SO AR I8
BERTHALZ LAIRENT, 2TOTEDDL, K
KA T b B SV SO a8 S M 2370 BE S
7ot HEOMRERETH 5 Rk HWC &
AHESBE L T o 720 F 72, 1BMEAL L 72 99 Bl
DL SRR A 5 1%, o FE RN JE K
WSEES I, WSRO ELICH L L Tw
52bDEER BN, Gk, A REIRA T —
T DRl P 0 B S AEI A © AT 43
2TV, ZOREBEOMEEREZHLMIITHI L
KEETHDL LEZ LN,

4. 8 8

BRI S SN P 2 AL, i AR A
W OFFENC & 2B R BRSO ML 2 FEV.§ 5
XY, MREONEY LM Z W SE, &
DREDHRIZET L ZENERTH b, A5
T, TRETRHBEHRICBWTHIE - BRISH
L C& A M ek IS B 5 2 Tk i &
FEBIICHT 52 &2 HigL 2o 9, izt
W 2 REES 5 72O RH T O 57—
FHUETHDHDOT, HTORES X O

TR BEIS 350 2 M B O A IR & B 5 22T %
L LIz, FFRREEH OMIWE 55 A DT H AL
L7z FEWT, 18PEAL L2258 4 1ot L TR
HIMiMavky 2 ML, MEFICRER L2, €
DAERE,  BRR IR T 4GB O NI A TR
T % B0 e W O S I IR EH Th
HZEMPRENTZ, THIZED, REERTH S
S LMD DM A B S 2 G, BHo
Hili &I KR T b 2 W REMEDSEI N Z L AEZE T RE &
eotze Fz, MBYEL L 7B RISRED O S58 M
Ra s 2 S, o> F % 20 fili 58 5 R TR 25 45 e S
n, MigREOELICHES G L Tnwbbne#E
A bz,
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Mechanisms of ovarian dysfunction by bacterial infection in dairy cow

i K

4

(7 I 78 B K738 R i AR S-SR R )

Takashi Shimizu

(Graduate School of Animal and Food Hygiene, Obihiro University of Agriculture and Veterinary Medicine)

Exp. 1) Bovine ovaries were collected from a slaughterhouse, and the largest follicles were
used (> 8 mm in diameter, n = 38). LPS concentration in the follicular fluid was measured
using quantitative kinetic assay. Follicular steroidogenesis was evaluated by measuring the
estradiol (E2) and progesterone (P4) concentration in follicular fluid and by analysing
transcription levels of steroidogenesis-related genes in theca and granulosa cells. LPS
concentration detected in follicular fluid ranged from 0.2 to 2.0 EU/mL. In follicles with a high
level of LPS (> 05 EU/mL, n = 15), the concentration of E2 was lower and that of P4 was
higher when compared to those in follicles with a low level of LPS (<05 EU/mL, n = 23).
Furthermore, in follicles with a high level of LPS, transcripts of steroidogenic enzymes such as
CYP17 and P450arom were lower.

Exp. 2) Bovine theca cells expressed the LPS receptor gene complex: Toll-like receptor 4
(TLR4), CD14 and MD2. LPS suppressed progesterone (P4) and androstenedione (A4)
production with downregulation of steroidogenic enzyme transcripts when theca cells were
stimulated with LH. By contrast, LPS did not affect P4 or A4 production when theca cells were
stimulated with E2. P4 and A4 production in theca cells was suppressed by LPS as early as at
48 h of culture.

These findings indicate that LPS present in follicular fluid may cause ovarian dysfunction
by inhibiting follicular activity.

1. H i)
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OB ) RR Y A 54 F (LPS) i
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Follicular fluid LPS conc.

Fig. 1 (a)

Estradiol (E2) and (b) progesterone (P4) concentration and (c) the ratio of E2 and P4 production

(E/P

ratio) in the follicular fluid of large follicles (> 8 mm diameter) from bovine ovary. Cows with a follicular fluid

LPS concentration of less than 0.5 EU/mL were categorized as Tow’
concentration greater than 0.5 EU/mL were categorized as ‘high’ (black bar,n =

13)
All values are shown as

(white bar, n = and those with a

13).

mean = SEM. Values with different letters (a, b) are different between groups (P<0.05).
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Follicular fluid LPS conc.

Fig. 2 (a) mRNA expression of LHr (a) and CYP17 (b) in the theca cells of large follicles (> 8 mm diameter) from
bovine ovaries. Cows with a follicular fluid LPS concentration of less than 0.5 EU/mL were categorized aslow'

(white bar, n = 13) and those with a concentration greater than 0.5EU/mL were categorized ashigh' (black bar, n

=13).
<0.05).

All values are shown as mean = SEM. Values with different letters (a, b) are different between groups (P
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Fig. 3 mRNA expression of (a) LHr, (b) FSHr, and (c) P450arom in the granulosa cells of large follicles (> 8 mm
diameter) from bovine ovaries. Cows with a follicular fluid LPS concentration of less than 0.5 EU/mL were
categorized aslow’ (white bar,n = 13) and those with a concentration greater than 0.5 EU/mL were categorized
ashigh’ (black bar, n = 13). All values are shown as mean = SEM. Values with different letters (a, b) are different
between groups (P<0.05).
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Fig. 4 Effect of LPS on the production of progesterone (P4; a-c) and androgen (A4; df) in bovine theca cells from
large follicles (>85mm) during term 1 (white circles, 0-48h) and term 2 (black triangles, 4896h). Theca cells
were stimulated with 2.5 ng/ml luteinizing hormone (LH; a, d), 100 ng/ml estradiol (E2; b, e) or LH and E2 (c, f).
Data are expressed as the percentage of control (100 % ) steroid accumulation in the culture medium. All values
are means * standard error of the mean of three independent experiments. Values with different letters (a, b) are
significantly different between groups (P<0.05).
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Fig. 5 Effect of LPS on the production of progesterone (P4; a-c) and androgen (A4; d-f) in bovine theca cells from

small follicles (<85mm) during term 1 (white circles, 0-48h) and term 2 (black triangles, 48-96h).

Theca cells

were stimulated with 2.5 ng/ml luteinizing hormone (LH; a, d), 100 ng/ml estradiol (E2; b, e) or LH and E2 (c, f).
Data are expressed as the percentage of control (100 % ) steroid accumulation in the culture medium. All values

are means * standard error of the mean of three independent experiments. Values with different letters (a, b) are

different between groups (P<0.05)
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Fig. 6 Effect of lipopolysaccharide (LPS) on number of viable theca cells isolated from large follicles (> 85mm ; a -c)

and small follicles (< 85mm

d -f) during term 1 (white circles, 0-48h) and term 2 (black triangles, 48-96h).

Theca cells were stimulated with 2.5 ng/ml luteinizing hormone (LH; a, d), 100 ng/ml estradiol (E2; b, ¢) or LH
and E2 (c, f). All values are means = standard error of the mean of three independent experiments.
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