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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, Vol41l 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. 2023

Koichi Ito

The chief director
The Ito Foundation

Hoihi o

© The Ito Foundation



MEBIR SR
H %

AKRRERADETFL > VIMBELHEE ZORBREICEHT 5%

............................... (ﬂ @} 17‘52 j& (%‘%ﬂﬁi%ﬁﬁﬁﬁ%gﬁg&k}}i;ﬁ%igﬁﬁq) 3
IE COLRIET COBRMADIEEZFALZR—7I— FI X IADOREEDRHFE
...................................................... ﬁ ]fgj g)& ﬁ] (%i’éijt%%%%lﬁ) ceerieeee O
BATRNIEEAICLS ZnPP K EBERBADBRBEZHR CEET 2HE
....................................... . % 1:_{\\ {f@ — (jbgﬁiﬁﬁiﬁi[{%%iﬁ%%) 13
SIBRICHREIL > 2BEDHIV P OHRMIE, BRDEWERETZH?
-------- VS VSR - A AR - R ABRK - AR =t - s AR -
fle e R TES (ENTIFZEBHFEE N S - ARSI AS SR JE B 2 BE I ZE R 1) o eveeen e 19
TERNBZEOREEHRRICE T - IEENOEERNRHR
..................................................... A K H GESRFEFEE) cveeeeeeee 24
WERREAL ) ARSI NAEROAREM LU ZOFAICHET 3R
----------- I Rk - /hsE B3 - PR A -0 HE - mE AT
(— AL N SR HATIE ST, “NPOIEAA EHIEEL Y 5 =) wovnnennen 29
K=V —t—JICBF2 2 NVEDEVRIFIREZDA DX LOHER (1)
................................... . @‘ﬂ‘ ﬁ&ﬁé . LIJD :FE (ﬁ‘f%"%)\i%"%i%ﬂ 35

EEMEFNOF Y FHEOREICED 3 EEBRBRERER OB
—I—IV RN F - CYROGBRICHE T RHEH7TO—-F—

......................................... cFOH B T GRS EERTRRRL) ceeeeeeeee 43
BERIEMD SMER & h - BAEERERM OF [5R5EE OFEA

........................................ MOE M GRS TEMIER) e 50
BAMKIEYOREREECOWVT (1)

"""""" rzim fE— - JIkde AEF - R =36 BN AR EHE) eeeeeeee BT
BOA2REHHRT 2R[RDPOMMTE EhZ LR 2 AFORE

..................................................... e W8 (BTMERESLSEEE) cevvnnennes 7
WED7 7 —VBREMEAS SV R —N—T7 7—ERICET 5HR

......................................... CEOR B A USRS SRR R) e eeeeeeer T3
EFRNKERE, Al 2EAEDELRATORE SCRYRHBMOFHEE (1)

........................... I I B = (flEASEE R NLEDT 4 b =27 AWFRHT) -eveeeeeee 80

© The Ito Foundation



ii

ERETABRIBPEPFEROEFHRICEZ 5 RE DR

.............................. CFOHE R I (R A R S S AL R R E ) oot 86
7Y EEBHRERALEDRERENEY Y OERERICERLEHDOEE (1)
........................ WO E $k (BF RS I R R A R SR EE) et O]
REEHI FHRCICEET 2 BIZHEROHERA (1)
........... e HoNE Bk ke E3
(CHURBSEICF BRI, 2 R BE R RBIE BRJE I, BRERR S B ER) oo 9
EXEDEVEERERDEGRRI SR ICEET 5 FFi
----------- WA BT - ORMT IEW - E
(Hi ) B BE AR T TN R TE L > 5 =) weeeenees 105
REERRREE 2 FA U - BRIERE O I & RS R FEHERE
----- Kt E (ESEBRERIRE A RS - e B S SIS bR R EBF) <o - - eee e 111
BEMBFANICH TS [HOEY] OBEXRFEOEL (I)
........... R OH)EED . BA B2
I SRR ¥ & —HIERFAEIT, LR KBRS SERE) +oeeeneeee 116
FICBEO2h > REMBFOH Y X MO7 1 —DOIREERI & BGRREEOREL
------- BH B B2 CEBRERFEREEIRE SR AT, P ER R IEER) e 123
BOE#MMEZIE S CCKAR H LU HSP70 Bz FLEICEAT 2R
---------------- R AT PN E - AR EW GRMREAERGREY) oo 127
BEMEICH T 2 FEFMERG [T E] OFBNFEFEORE (1)
............................ B OK FE O (GbM) dbiEE RS iR S e ) oo 132
SRRt Ve AVEEROA % T
----------- A FEL - HR O OBHA? - M BES
(UHIRBERF /U= VT 7O RXF 4 ¥ Vit v 5 —, 2RiAi ke
STEISERFSE B S A - ST R A IR oo 138
I DRBIRIE D RIEREEICE R 2 HE
.......................................... B B 2 UMK R ) eeeeeeeee 144
EEMEICH T I2THABELREREA DX LOEFRITOBREHL S OMFEA (1)
........... el A - YE 3
(EISERFFE R R A3 - FT At R S TR S B SRR LI LIRS > =) e 149
SRt E RN ZRENMEF O BREFEEERFEORL ()
----------- APRH EHE - = HESR - Bl e
(IR B S A3 - e SR S R JE B e BE R B P) +o v eeen e 154
SRR AR T AV A FRREEEEEREEORRE (1)
........... h B ok &
(EISERFFE R A - ST b S AR A SRR 5 BRI JE R IT) oo 159

© The Ito Foundation



iii

RIVZ B A CREEORIREC 6 (T 2 IMEFiRRe RS

........... W Wl s ol
(KRBT R R BB S SE Ry, 2 el AR ST B s B sk By) <o vveevee e 165

HRtHEEFAL 7 A SRMEERTOSELE ZThEISAL -
R OPU-IVF-ET IC& B F4&EDY XA T LD (IN)

........... B% ﬁt%’alz %(}%ﬁﬁ %E,I,Z
(VI BRSNS AR R, 2R K27 L ARBF BB SERE) <o eeeeee e 172
7 HEREFICE T B PG BN OBBA—ERFRBEICLIIMT R M—2 A#E— ()
------------------- ViR SR - BB B (BNUCRREIRIL R MR ER RS Gl ) <o ee 178
SEAMRDSERIFEREREOEMBARICESET 200 ? (1)
........................... é‘:}(ﬁ HH% . 7[([][;_} E\A—AEB (ﬁq&k?%?;}g;@]ﬂgﬂf?ﬂ,) 182
MRAEZ L ZFIC K BT D ASEEROMREMER LICEET 2R
................................................... [J-l |:P EEZ — (fk’ﬁﬁ?ﬁgiﬁﬁ) 187
HAFDIV— X D NIRES ORI Z 7t U CHBEHEEICRITTHE
........... Kiw EﬁUl - BHRY 3@22
(" HARK S A W DR 22 S BRI 2R SR 6 W PR B 2 T SR 2, 2 W0 B VL 5 PE BT A GRT) e e ee oo 192
FBREE S E D E Rl A DRI ICEI§ 2R
......................... Sl EER - DI T AT AR SRR Y =) ceeeeeeenns 109
WEEM IS B 2 5 U - B SR b IC L 24 BER BN SR O (1)
----------- W SRR - B ez - ki #EE - &R W
CHa bR U AR SRR A oy, LR A <o eeeeeenee 205
BB RHOMEE L MR TOA RRIVELNT D AN FEDREREECRIFTHE
..................................... N A - S I Yy N AN 2 7t 1 D ERERRRRRRRRR A |
BEMEMFORERBELXNET 2 -HOORBEREBORBE LR (1)
................................................. o A (ALH RS EREE SEER) o oeevvnnee 217
FMERSHIRICH T 2RV X OHELERNRFERRBERPEICET 5XEHRE
--------- W OF A 2 GRERKRFESEMMIBESG 7 4 — b FREEETEL Y 5 =) ceeeeeeeee 224
B OBHIEIC & 2 O RARFEDFREMREA & ERRERDREL
................................................... *ﬁjﬁ I%’JZ ‘ﬂL‘r\f/g %fﬁg (ﬁ;ﬁj(igj([gigﬁ) 230
LMY 2 /NREY 1 IV ZEROIEFRYE RNA EREET2BELAIECEORTE ()
........... g% % (% %
(EINERFZER S AL - F it B S BT A B B B W AR JE 3R+ eeeeeee 237
BE 1 IV ZZREEFH S > /N EORBHRE
........... {J@BE] g::% . %ﬁ‘ ﬁ;g&
(B STFE R S N B3 - T S AR AR A W JE PR B 0 i AL F 238 ) e eeeee e 243

© The Ito Foundation



iv

Clostridium novyi sensu lato D% U W EEREDBEEARBIT -ERREBHEHRD T / LEBF

........... Ej;&\\ k@ﬁg‘gﬂﬂ fé"tl):g
(ST RFFE B A S -+ ot B S A R e I MR B W 5 LB ZE 3B I) +eveeeeeen 249
T ANRBESREEDCRE Y 1 IV & EIFT 2 7-%& in vitro €T IVOHEL
........... Hg;% Jllij(EB . ﬁ'é’ﬁ‘ ﬂg%
(BRI PR S0 A RS - S SE AR A TF JE R B W i AL BIFZE 3R EY) e eeeen e 256
HIFIRIFEREE (BRDC) DELICH T BZNAF T 1 VLR DOES
.......................................... . [I]}{ 17":% gﬁz - (Eg}lagj:/—%‘-;l\:]ﬂgﬂg?ﬁgm 263
BEBBICERTINY DX X IOREMEBGTFDLEHEM & REFENEE
..................... f%‘% L%g_[\ . :_:j-‘j/f 9*"\7317 (u&%jq%'mﬁﬁq:%ﬂ,éag) ceeeeeeeees 269
Y427 XAVICLBRNEGE L HMRBRRERABREDRKEA
............................ qZ ﬁ ’ﬁ_bl ;(—:‘\ ((ﬂﬁi) jtfﬁﬁjﬁgﬁﬁ%%fg%ﬁﬁgﬁi%) 274

BREMEFICHT2MBFOEZ I D DRTIBEEFICHTZERZ2IDD
REEIEER S SORREEROKRE

----------- CH FZAT @I TR W
(" BEYR SRS SRR S0, 2 KBRS 2 T R RER AT o veeeeeeee 280
HIFIRERR Y IV A DSIFEERHE Y > /NS B (T 5 1)L REFE L iRREE R
................................................... oo B Bk (BRI ceeeeeeees 286
17226320771V ZAORBRLEERERAE (1)
............................... oIl B A (RS E A R L [ BREE ) v vvvveeer 203
7> RS 7 1)V AR IR E & MR DB
................................................... i B (BTISRFEAELR) <o eeennnnte 200
SA 7Y A 7IVCIE U /N1 TIVIROEEEREER & HIH#HERTFDESR
............................... W egE - WPl AE ORAEKPRFRELEGERE) <ooeeeeeeor 304
PIVEXRZBRINER - NPBERICHEST IBMETOR - BEMBBEMEE/ERAORKEH (1)
..................................... S OR HE W GRS ERFERIESFHIZEERE) ceeeeeeeee 308
WAHREIGR Y S NEREFICE T35/ LT 4 K DNA X FIL{LEER
............................... CHTOBE OB A GREURFFR A RS e 315
7 2ICH 1 ZERROBEIEMER IS - R HBRE OB
------- PR ORI PR CRR RIS, 2RISR R IEEE) e ee e 320
FARBERICE - EEBEESRESHI NV EE2EILT 2 EEHEOEREERI
........... oS fiFse - &7 B
(B SRR B S AL - AT ST T JE R LM DML BRI JE e > 87 —) weeeeneenns 327
BRI NIEER - AEEHIEHT 2EMMRMNC L 2 BENEEDH EHRE
............................... A TR BE—HR GBI F b e B geRl) oeeeeeeeeet 335

© The Ito Foundation



BEOIEEME LK 2ENEIEE 2 BIETEROMRE (1)

............................... CHEE B E ORB RS A A G REEZERL) ceeeeeeee 341
IS A WEIREM A 1 F4 1 ABEE (BEA2UTC 51 IF5A—1XEL - AEVI)
ZRAEEICEBB Y SRR - TIREROHEA L RPHEBOFFE (1)

........... WO ECHR
(EISEATFTE R S N B - ER il ST R A B JEAR R JUN MBS JE 2 2 8 —) vevneenes 347

BRBOBRRERETE (MFH) 2BMELAZPGC-1 a 74 Y 74— LOFEBFEICET 3%
""""" T BB - PR A C M REREBRERIGERE, 2R R EH) e eeeeee 353

BEBYOEHBRKREZ B HOMEERRT
..................................... CEOH R R (R B R ERL) e eeeeeee 350
FEACZATL -2 a EGKROBRIIREFE CLZEIX MEAHMA MYV EOIDRE
TRIFEDFHS
........... NERL 2 - A T
(FEISERFFERH S A RS - Bl P SEBAT Ae  BF EA AL il SRR JE 2 2 8 —) wevennnens 364
BEFRELA ) IWERM RN LEAFGEIC L 2 REHEAHMRELZFHROKEE (1)
........... FaA  sml ke FEE? . ki Wyl
(EZOFFEBTE B AR - A e BT A I Je et | EABFgEtr, >HmEmrgessr) - oeeeeeens 370
B TLHACERELEABEEET I IVT 7477 ARBEHEBERTORRE
........... e WM 2 Bk
(ESZAFZER e B A B3 - ST BE SRS W JE R SN IR RS T2 > 7 —) weevenens 377
am i REEBREARA S SURBRESREAEAMZBLH TCORRERART 57200
R ILBRE DA% R DAREE

----------- wE ORI MR - mE ok
(" EERRZEB SR A B2 - S ShE SRS & I SR e S FE R ZR R P,
IR BB AR GBI R BB > 8 =) e 383
ERFERFECOHOERRBAETE 2 FEEMAIE D O ? —MRERORER—
----------- o AR - A R - AR W - iR RS- Al =AM EA R B
(EISZAFTE B ST N B - B SERANTHE A F TR B 38 BEIE R « oo eee e 392
FHRARMINV-I P TREBFIATE=2V > JIC KX 5 BEREBFEF EDRSE (1)
........... e fE—' WL kp?
(" EDLRRZE BT A B - SN SR S I SRR R FERR R0, PIUINKREE) «eeenennes 397
ZT7 MU EFICED B IRERSDFEA~HEMEERIERL T~
............................... W A - B B (SRR RSB ETIGERY) eeeeeeee 404
BT T —BERBEICE T BEBPOE NI ERKEDRVHEES SUERBEOREICRIFTHE
........... MR %! - PN e
(UL R AR IE SR EIZE v & —, PIRERAK SRS IR A I B ) e 411

© The Ito Foundation



vi

ERFLEE—ARFOEEMRS SV IV 7 2 7 OH - BITHEEOKRE (1)

............................... R % - 8 RO (AL B LT RRE) «ovveneener 418
BEHRAPLATICET RV MUBENVEMEIHT S L- 7 LY > OFBREEOREERR
............................ ZNFa—FY EIaTI v b GUNKEILBETED) cvvveeeee 424

FHICHT BFEANHE ICB T 2%

.................................................. KA PN (BRI KFERGESERE) cveneeneees 430
BENE - ZEICEITZT/ LRECLIXHERETRBTERMOHR
........................ Ve M 2 W (BEMAFETOYTF A TRERATIEE Y & =) ceeeeeeees 441

BAMICE T ZBEMBINEOHRRR B ORFE
—BERBI/N—ILILy NERhEORE, V1L -V REBRIiFHE—

........................ LI Bz - FH A - A BT CHB KRBT ceeeeeeeeee 449
ERELBREEDOEOOIIVHEVAOFAICET 2R

""" HE %17 - WE il - BRI & - & W (B A W Ey) ---oeeoeee 455
=X HEERIEE BiE L 2 F 7 O MERIE OB EEE DRERA

..................................... Bk B LB B BT IERS) ~eveneeene- 461

SHREEMERFOEREZN U -HEEMRICE2HEN AHIEXSERBOERZFAL /-
By b7 4 —LDER

----------- R BEA - EUER fOK - AHRER ORE - I f6EE - R e
SH KK - A By RE B OUNKZERZEBERAITERD) -oeeeeeee 467
BADERFELE (CED  WEFHERMT OB
............................... Ao ok B (BAEE RSB EL TIERE) eeveneee e 475
77 AT EAVEREREFRAFOME - NELEMTORRE
................................... E B — (WILERCRERE S TR EREE SR < e e e e e 482
EESEIOHEERICET 2 RRMERITEORRE
----------- TN IR D1 S
(CEFRFREI ARG R, T AW,
AT 7 A vy, TERRERE CHRASH = v Ry Y= 487
B - BIMOLEEMR EZBELARELT V7 EHBREORR
----------- SO S TRl 15 B D/ NN I i
CACERSEBEER, M R N AR R GERT) e eeeeee e 495
RBREO B0 2REEZNY-H—-0OKFE (1)
........... FI BEAL - AL HOAZ
CFHEE R R R AR, 2 PR R RIS A LR —eeeeenne 502

© The Ito Foundation



vil

CONTENTS

Study on the heat hardening characteristics of seasoned meat by microwave cooking and its
texture
Toshio Kawano
(Natural Science Cluster, KOChi UNIVEISILY) =« e« « e eeeeessnneeesmuutttiiitt i, 3
Development of preparation method for pork meat broth by enzymatic hydrolysis under
pressurized CO, environment
Seiji Noma
(Faculty of Agriculture, Saga UNIVEISity) «««eecreeererrerneennenmemmtentenntat ittt enneaeaaens 9
Studies on the formation of ZnPP by edible Staphylococcus and their color improving effects of
meat products
Jun-ichi Wakamatsu
(Research Faculty of Agriculture, Hokkaido UnIVersity) «««««sseeeesseeresnueeeiutiiiieiiiiiie.. .13
Does the supplementation of carnosine at concentrations that can vary in vivo improve the odor
of chicken?
Genya Watanabe, Shota Ishida, Karin Akada, Michiyo Motoyama, Ikuyo Nakajima and Keisuke
Sasaki
(Institute Of LiVEStOCk and GraSSland SCienCE, NARO) ................................................. 19
Development of cultured meat technology to solve the problems in industrial livestock
production
Daiji Okamura
(Graduate School of Agriculture, Kindai University) ««««+ss«eeeeseeeeeruuetiiiieiiiiiiiiiiiii., 24
Studies on physiological characteristics of fungi isolated from dry aged beef and its utilization
Mai Nakagawa, Haruna Komuro, Yoshito Nakashima, Yumi Inoguchi and Kosuke Takatori®
(Japan Meat Science & Technology Institute, *Center for Fungal Consultation Japan) «««««««««esss--- 29
Clarification of the mechanism for holding aroma compounds by proteins in pork sausages (II)
Toshihide Nishimura and Chisato Yamaguchi
(Faculty of Nutrition Science, Kagawa Nutrition University) «««seceesseeesseeaeeraetiaiiiniiaian. - 35
Analysis of the enzymatic reaction system of lipid oxidase involved in the improvements of
aroma characteristics of Japanese Black cattle beef
Shuji Ueda

(Graduate School of Agricultural Science, Kobe URIVersity) «««+«seeeessseeeeraaeeeeuuiianeeiiiiiaaa, - 43

© The Ito Foundation



viii
Tensile strength of regenerative medicine components created from livestock by-products
Hideki Kanda
(Graduate School of Engineering, Nagoya UnIVErsity) «««««eeeeeeeesrneesiuetiiiiiiiiiiiiiii... 50
Nutritional function of meat hydrolysates (II)
Shinichi Takenoyama, Kumiko Kawakita and Michio Muguruma
(Faculty of Health and Nutrition, Minami Kyushu University) «+«««eseeeeeeeeereanieinianeiiania. - 57
Analysis of volatile components that form the scent of male pigs and identification of terms that
describe them
Satoshi Kawahara
(Faculty of Agriculture, University of Miyazaki) ««««««««cseeeseeesemtmueiiteiiiiiiiie .. 67
Studies on phage sensitivity improvement and superphage construction
Takahisa Miyamoto
(Faculty of Agriculture, KyUShu UNIVErSIty) «««««exrereereneennemmermemuemttnnentanteneaeaeaenn. 73
Detecting foreign object in meat using near-infrared light with polarization and artificial
intelligence (II)
Kenzo Yamaguchi
(Institute of Post-LED Photonics, Tokushima University) «««teeeesseeeesetearetiaieiiiniiiiiniinn., - 80
Evaluation of the effect of high-oxygen modified atmosphere packaging on the survival of food
poisoning bacteria
Ayaka Okada
(Cooperative Department of Veterinary Medicine, Faculty of Applied Biological Sciences, Gifu
URIVEISIEY) « v ceeeemem e e ettt et et et e et e ettt et ettt ettt ettt et ettt . 86
Pathophysiology analysis of bovine complex vertebral malformation and identification of sugar
chains important for bovine skeletal growth (II)
Tatsuya Furuichi
(Laboratory of Laboratory Animal Science and Medicine, Co-Department of Veterinary Medicine,
Faculty of Agriculture, Iwate UNIVETSIty) =« eseereereeeeeeeemmmuuuetette ettt 91
Genetic factor associated with calf mortality with preterm birth (1I)
Takashi Hirano', Masaki Ozawa® and Shinji Sasaki®
(' Tokyo University of Agriculture, Faculty of Agriculture, ?Gifu Prefectural Livestock Research Institute,
Hida Beef Cattle Research Department, *Faculty of Agriculture, University of the Ryukyus) «+++++---- 98
Evaluation of genetic diversity in a highly inbred Jinhua pig population
Satoko Enya, Masayoshi Otake and Kei Terada

(Shizuoka Prefectural Research Institute of Animal Industry Swine & Poultry Research Center) -+ 105

© The Ito Foundation



ix
A new method for aggregated breeding value considering causal structure
Toshihiro Okamura
(Institute of Livestock and Grassland Science, NARO) ................................................ 111
Establishment of breeding improvement method for “sweet smell” in Japanese Black beef (II)
"Noriaki Shoji and ?Yoshinobu Uemoto
('Livestock Research Institute, Yamagata Integrated Agricultural Research Center, Graduate School of
Agricultural Science, TOROKU URIVETSIty) «««««cxexererenenenenenenemmmtttitetetateeene. 116
Establishment of genetic control method and pathophysiological analysis of newly discovered
muscular dystrophy in Japanese Black cattle
Masahiro Yasuda'"*
('Graduate School of Medicine and Veterinary Medicine, University of Miyazaki, *Faculty of
Agriculture, University of MIyazaki) «««««« e« eeeseeesenenentntntntntmtntttt et 123
The study of polymorphism in the chicken CCKAR and HSP70 gene associated with
thermotolerance
Eriko Fukuhara, Tatsuya Hirakawa and Miyuki Mori
(Fukuoka Agriculture and Forestry Research CENLEE) +rrerrrrrrereseesasaeeaenetietetieneraenenaennns 127
Research for objective evaluation of forerib conformation of Japanese Beef Cattle (1)
Hiromi Suzuki
(Hokkaido Research Organization, Animal Research Center) ++c««esseeeeeseereaeetiinieiiianiaan. - 132
Prediction of foaling in heavy horses using multifunctional tail sensors
Takahiro Aoki', Koji Yoshioka® and Shogo Higaki®
('Research Center for Global Agromedicine, Obihiro University of Agriculture and Veterinary Medicine,
2 Azabu University, *National Institute of Animal Health, National Agriculture and Food Research
OTGAMIZALION) ++# v v+ veeeesmeee sttt ettt ettt ettt as . 138
Effects of nutritional environment during nursing period on reproductive function
Hideyuki Takahashi
(Kuju Agricultural Research Center, Kyushu University) «-«««eeeeessseeereriaaeeeeiiiianea.. - 144
Elucidation of mechanisms for silent heat from luteal regression in Japanese Black Cows (II)
Takuo Hojo and Kei Horihata
(Kyushu Okinawa Agricultural Research Center, NARO) 149
Identification of a molecular marker for the uterine involution to affirm the female fertility (II)
Kaiyu Kubota, Masafumi Miwa and Miki Sakatani
(Institute Of LiVEStOCk and Grassland Science, NARO) ................................................ 154
Developing new method of conservation of poultry genetic resources using gonadal primordial
germ cells (1)
Yuki Nakajima
(Institute of Livestock and Grassland Science, NARQD) ««««ererreenreeneeuemeemnemieeneaieeaeanss 159

© The Ito Foundation



X

The mechanism for keeping the ovarian reserve level during the pregnancy period in Holstein
cows
Keisuke Koyama' and Tomoaki Kubo®
('Graduate school of veterinary science, Osaka Metropolitan University, Dairy research center,
Hokkaido research organization) «««««««esseeeesmueetmmuetiiutt ittt 165
Improvement of bovine in vitro fertilized embryo production technology using antioxidants and
development of calf production system by new OPU-IVF-ET method (II)
Takehiro Himaki' ? and Hayato Minowa?
('Faculty of Applied Biological Sciences, Gifu University, *Graduate School of Natural Science and
Technology, Giful UNIVELSILY) «« e« e e eeeesnneesmtetntttittt ittt 172
The mechanisms of PG-resistance in bovine early corpus luteum — hypoxia-induced anti-apoptotic
mechanism — (1)
Ryo Nishimura and Mitsugu Hishinuma
(Laboratory of Theriogenology, Joint Department of Veterinary Medicine, Faculty of Agriculture,
Tottori University) ..................................................................................... 178
Is bovine blood flow involved in the local regulation of endometrial functions? (1I)
Tomomi Kanazawa and Keiichiro Kizaki
(Cooperative Department of Veterinary Medicine, Faculty of Agriculture, Iwate University) +««+«--- 182
Study on improvement of cryo-tolerance by controlling endoplasmic reticulum stress in bovine
embryos produced in vitro
Ken-ichi Yamanaka
(Faculty of Agriculture, Saga UNIVErSity) ««« s« e« exeseneeetenentnttmtatetanetttaateeenaaaes 187
Effect of intraruminal environment in dairy cows on reproductive function through liver
inflammation
Tadatoshi Ohtaki' and Hideyuki Uruma?
('Laboratory of Theriogenology, Department of Veterinary Medicine, College of Bioresource Sciences,
Nihon University, *Shizuoka Prefectural Research INStEUte) «««««veeevrrrreeeeeeeeraiiiiiueneea... - 192
Research on establishment of evaluation method for porcine embryo quality
Yuri Hirayama and Sachiko Egawa
(National Livestock Breeding CEnter) ««««««eesseeeeesnuutetiuutetiuittiiitt it 199
Functional fatty acid diet improves the reproductive performance of dairy cows by boosting
their luteal function (1)
Shoichiro Yamaguchi, Hideyuki Fujii, Kohei Naruse', Yutaka Yamada'and Takeshi Ohta
(Fukuoka Agricultural Research Center, ' Yuka Sangyo Co., Ltd.) «=eeeeeerreeeemmeeeeiiiinn.. - 205

© The Ito Foundation



xi

Effects of ovarian morphology and sex steroid hormone balance during early stage after
ovulation on bovine uterine immune function
Motozumi Matsui
(Department of Veterinary Medicine, Obihiro University of Agriculture and Veterinary Medicine) -+ 211
Optimizing nutritional status to improve the reproductive performance of Japanese Black cows
Im
Hisashi Nabenishi
(Department of Animal Science, School of Veterinary Medicine, Kitasato University) =++««sseesseesee 217
Investigation of gastrointestinal parasites infection of meat goats in south-western islands,
Japan
Tomoyuki Namihira
(Subtropical Field Science Center, Faculty of Agriculture, University of the Ryukyus) «««««sseeeeeee 224
Pathogenesis of sudden death in pigs due to genetic cardiomyopathy and establishment of
antemortem diagnostic method
Naoyuki Aihara and Takanori Shiga
(School of Veterinary Medicine, Azabu UNIVErSity) «+««««sseeeeesnneeernueemmuieiiiiiiiiien. 230
Identification of host-derived proteins interacting with BLV non-coding RNA (1)
Kiyohiko Andoh
(National Institute of Animal Health‘ NARO) .......................................................... 237
Comprehensive analysis of candidate receptors for Classical Swine Fever virus
Keigo Ikeda and Yoshifumi Iwamaru
(National Institute of Animal Health, NARQ) «««rsesrnrnreueneamanmmmaraitatatataaieataeaeanans. 243
Genome analysis of Clostridium novyi sensu lato strains isolated from livestock in Japan for
development of novel identification methods
Daisuke Takamatsu and Takashi Mada
(National Institute of Animal Health‘ NARO) .......................................................... 249
Establishment of a novel in vitro model for investigating viruses associated with the porcine
respiratory disease complex (PRDC)
Kohtaro Miyazawa and Asuka Kumagai
(National Institute of Animal Health, NARQ) ««teeeeeeeeeneeneettimtitiiiiiiiiiiiiiaiiaiietieiienaenns 256
Involvement of biofilm formation in exacerbation of bovine respiratory disease syndrome
(BRDC)
Seiji Hobo

(Joint Faculty of Veterinary Medicine, Kagoshima University) ««--«eseeseeresseeseaaanaaaaannnn. - 263

© The Ito Foundation



xii
Diversity of immune-related genes and pathogen vector capacity in wild mice inhabiting
livestock farms
Yasuhiro Takashima and Nikolai Shamaev
(Faculty of Applied Biological Sciences, Gifu University) ««««sseeeseeeesernaeenartniniiiiniiinien. - 269
Tracheal injury and intracellular invasion process by bovine Mycoplasma
Yuki Hirano
(Animal Research Center, Hokkaido Research Organization) ««««««eesssseeeeeeniaaneeeiiiiianaiis, - 274
Understanding the status of vitamin D in blood in Japanese Black cattle, the effects of vitamin D
on the immunostimulatory and anti-inflammatory in cattle
Konosuke Otomaru', Naoko Tsugawa?® and Moe Ljiri'
('Kagoshima University, Joint Faculty of Veterinary Medicine, ?Osaka Shoin Women'’s University,
Department of Health and NUEFTHON) «««« e« e e enenenenenentntmtenanttt ettt 280
Pathological analysis and replication of bovine respiratory viruses in nasopharyngeal-associated
lymphoid tissue
Takuya Hirai
(Faculty of Agriculture, University of MiyazaKi) ««««««cseeeeeseeesrutemiutiiiiiiiiiii, 286
Epidemiological survey of porcine coronavirus-infection in Japanese wild boars (1I)
Keisuke Nakagawa
(Joint Department of Veterinary Medicine Faculty of Applied Biological Sciences, Gifu University) --+ 293
Generation of a cell line suitable for research of bovine RS virus
Akatsuki Saito
(Faculty of Agriculture, University of Miyazaki) ««««««ececeeeeereenenenenentnentnentntnnaeaaaenns 299
Investigation of Peyer’s patch function according to life cycle and exploration of its regular
Mutsumi Furukawa and Tomonori Nochi
(Graduate school of Agricultural Science, Tohoku University) ««««esseeeeseeeenaseereiareinniaieinnn. - 304
Elucidation of the interaction between Salmonella and host cells in avian ovary that underlies
egg contamination and transovarian infection (1)
Masashi Okamura
(Obihiro University of Agriculture and Veterinary Medicine) ««««=-+seeeeeesseeeeruianeeeiiiia.., - 308
Genome wide analysis of DNA methylation states in cattle with enzootic bovine luekosis
Masaki Maezawa
(Graduate School of Agricultural and Life Sciences, The University of Tokyo) +«esteeseeseeeseeeeenn 315
Analysis of drug-metabolizing enzymes toward appropriate use of drug in pigs
Yasuhiro Uno' and Hiroshi Yamazaki®
('Joint Faculty of Veterinary Medicine, Kagoshima University, ?Faculty of Pharmaceutical Sciences,

Showa Pharmaceutical University) .................................................................... 320

© The Ito Foundation



xiii
Nitrogen management technology for an annual summer grass that achieves both low nitrate
nitrogen and high crude protein to reduce feed costs
Masayuki Hayashi and Makoto Kaneko
(Kyushu Okinawa Agricultural Research Center, NARQ) +ceeseeeeeeenaetuattiiiiiiiiiiaiiiaienn. - 327
Studies on increased livestock production through regulation of protein synthesis and
degradation by plant factors
Ryuichiro Sato
(Graduate Scholl of Agricultural and Life Sciences, The University of Tokyo) +teeeseeeeeseeeaeecenn 335
Efficient fattening by improving maternal milk production (II)
Yusaku Tsugami
(Graduate School of Integrated Sciences for Life, Hiroshima University) «««=tteeessereesereaseeiannin 341
Climate and soil factors of succession from temperate perennial grassland to annual grassland
and evaluation of the feeding value (II)
Kentaro Ikeda
(Kyushu Okinawa Agricultural Research Center, NARQ) ««««eeeerrreeeerimuteiiiiieiiiiiii.. . 347
Study on regulation of PGC-1 a isoforms expression for skeletal muscle growth and
inflammation inhibition/prevention
Takaoki Saneyasu' and Kazuki Nishimoto?
(' Graduate school of Agricultural Science, Kobe University,
2Faculty of Agriculture, Kobe UNIVErSity) «« s« s «sssesesesesanannnamemamatatatateaeeneeeeen 353
A study on fatty acid taste sensing in livestock animals
Yuta Yoshida
(Department of Food and Life Sciences, College of Agriculture, Ibaraki University) +«+««sseeeeeseeee 359
Development of low-cost yield prediction method in corn by time-series deep learning of satellite
constellation images
Hiroyuki Obanawa and Eiko Nemoto
(Hokkaido Agricultural Research Center, NARQ) ««ceveeernueeinuttiiiiiiiiiiiii.. 364
Verification of the effect of feed supplemented with mass-producible oligosaccharides on the
improvement of intestinal flora in livestock (1)
Mamoru Nishimoto', Hisami Kobayashi® and Haruhiko Ohtsu?
('Food Research Institute, *Institute of Livestock and Grassland Science, NARQ) ««-ccesveeerneeen 370
Establishment of Italian ryegrass summer sowing cultivation which produces high-quality forage
in winter in warm regions Japan
Naoki Kato and Kenta Mochizuki
(Kyushu-Okinawa Agricultural Research Center, NARQ) «++ceeeereeteentetnniiiiiiiaiiiiiinien, - 377

© The Ito Foundation



Xiv
Validation of effects of novel lactic acid bacteria additives on winter-preparation of well-
fermented rice whole crop silages and total mixed rations for Japanese beef cattle
Masanori Tohno', Akihiro Nishikawa® and Takahiro Fukuma®
('Institute of Livestock and Grassland Science, NARO, *Livestock Technology Research Center,
Hiroshima Prefectural Technology Research INStitute) ««seeeeeeeeeenseeeneniiiiiiiiiiaiiii.., 383
What makes low birth weight piglets recover their growth after birth? — Blood profiles —
Ikuyo Nakajima, Masaaki Taniguchi, Akane Ashihara, Genya Watanabe, Michiyo Motoyama and
Keisuke Sasaki
(Institute of Livestock and Grassland Science, NARO) ................................................ 392
Development of health check system by monitoring usage frequency of mechanical grooming
brush for calves (1)
Ken-ichi Yayou' and Hirofumi Nogami?
('nstitute of Livestock and Grassland Science, NARO, *Kyusyu University) ««««--eeeeeeereeeeeaneen 397
Studies on unique anti-inflammatory ability of chickens : role of anti-oxidant ability
Tetsuya Tachibana and Ryosuke Makino
(Graduate School of Agriculture, Ehime UnIVersity) «««e««ssseeeeesrnueeeiuieiiiiiiiiii . 404
Effects of diets with different CP levels on body weight gain, back fat thickness in Okinawa Agu
feeder pigs
Kyota Fusho' and Yoshimi Imura?
('Okinawa Prefectural Livestock and Grassland Research Center, ?University of the Ryukyus, Faculty
of Agriculture, Department of Subtropical Agro-Production Sciences) ««««««seeeessssaeeeeeeeeeeaann. - 411
Sleep-like posture : Evaluation as a new behavioural indicator of beef cattle productivity and
welfare (II)
Michiru Fukasawa and Sanggun Roh
(Graduate School of Agricultural Science, Tohoku University) ««+teesseeeseeesreranetaeeiineinnn. - 418
Elucidation of the novel function of L-citrulline to protect muscle protein breakdown under heat
stress
Sur Chowdhury Vishwajit
(Graduate School of Bioresource and Bioenvironmental Science, Kyushu University) ««««««««sessesss 424
The study on lactose intolerance in calves
Rika Fukumori
(School of Veterinary Medicine, Rakuno Gakuen University) «««+teeeseeeeseeeaeerareiiaiiinnien. - 430
Development of new breeding materials for winter evergreen by genome editing in warm-season
forage and turf grasses
Takahiro Gondo

(Frontier Science Research Center, University of Miyazaki) ««««cceeeeeeeerreermainnneneneeeee. - 441

© The Ito Foundation



XV

Frost-matured silage-processing of tropical grasses in southern Kyushu -Yield, silage quality and
preference of late-summer sown pearl millet foggage-
Yasuyuki Ishii, Genki Ishigaki and Sachiko Idota
(Faculty of Agriculture, University of Miyazaki) ««««««eeeeeereeeeeememmmeiiiiiiiiiiiiii. 449
The study of utilizing perilla meal (Perilla frutescens) for producing high quality pork
Shigeyuki Tajima, Kenzo Uchikura, Kosuke Nagae and Koichi Toyoshima
(Aichi Agricultural ReSEarch CEITEr) ««««« s« eeseuenetenentntatetenttt ettt ettt 455
Capacity of salivary immunoglobulin secretion and its development associated with the growth
of calves
Yutaka Suzuki
(Research Faculty of Agriculture, Hokkaido UniVersity) ««+steeesseeeeseetenasteiuianiiiiianiennnn. . 461
The novel platform for the autonomous regulatory system of myogenic hypertrophy by multi-
functional modulators synthesized in satellite cells
Takahiro Suzuki, Takahiro Maeno, Hikaru Imakyure, Yuka Kawasaki, Minori Nakada, Daiki
Murota, Mako Nakamura and Ryuichi Tatsumi
(Research Faculty of Agriculture, Graduate School of Agriculture, Kyushu University) «««=++seeeeeet 467
Meat quality evaluation based on complex dielectric response
Dairoku Muramatsu
(Graduate School of Informatics and Engineering, The University of Electro-Communications) «+«- -+ 475
Development of plasma technology for degrading and inactivating the causative agents of
foodborne disease
Akikazu Sakudo
(School of Veterinary Medicine, Okayama University of Science) «++«esseeeseeeserneenniiiaeinne. - 482
Development of rapid detection methods for game meat hygiene
Akiko Yamazaki', Yoichi Kamata?, Yuzuru Nakaso®, Koichi Hikono* and Yasutaka Minegishi®
('Cooperative Department of Veterinary Medicine, Iwate University, *Senri Kinran University,
*Fasmac Co., Ltd., ' Teikyo University of Science, "NIPPON GENE Co., Ltd.) «««eeeseeserreeeeesn 487
Construction of a protective system against poultry red mite, Dermanyssus gallinae, for the
improvement and development of the poultry industry
Naotoshi Tsuji', Hayato Kawada' and Kenji Oda®
(*Kitasato University School of Medicine, *Research Institute for Animal Science in Biochemistry and
Toxicology (RIAS)) «reeeeenneettnttt it 495
Investigation of the physiological markers indicating ‘nausea’ in domestic ruminants (II)
Masato Aoyama' and Yukihito Kabuyama?®
("Department of Agrobiology and Bioresources, Faculty of Agriculture, Utsunomiya University,

“Department of Applied Biological Chemistry, Faculty of Agriculture, Utsunomiya University) «----- 502

© The Ito Foundation



xVvi

W H OE ik GLOTERETE o ARSI Y 5 — iR

BELCBT BT 714 RV o h ¥ AHIEEHE ORI 258 -

I R HCEAFBRIE MBI SRR HEH)
RN T B O &

X RBAT DBFE 7 & K BED I~ ICT HAIZB S B0 -ovveeeeees

il 1 — Bk BdR)

BERETE (2 H D W 7o A O AP Il ) L35 & OVRife vl B 7 P AL E 2B 3 A S

© The Ito Foundation

........................ - 515

....................... . 516



xvil

FEEFERBIN
H /N
SHAEEF RS EEDHTRESE
HRAMBE [JETCHY 5 RAMNE EOMBEA—F4ERBRE B
BIT BBAfRS

AU FHEN D ARBE S fCEBIF JEAE 2 (HRIKZE) correrrrerrneieeieiaaan, . 521

HAEAREZES: SWN4FESEPRERES

HARAWE S BiEEEE WIS OBk RS80% - DAKFEERIFIEE) ooerrerernenneen 525
SHMAFEEEETHBES

BAZBEFZSE 10 EAS ARV RII L
[k3¥ % (2% > Animal Science DHE & B
PAHEBEADAEEES R NI (ARG oo 529

BEFHEY >ARI T4

(BEFHFREOELZBFERRICETT) ICHY 2HERS
FEEANGENE NSRRI B A A Sl BR MR e 531

© The Ito Foundation



BRI

© The Ito Foundation



IR BN OTEF L > VB LR &
T O E ot B B3 S W58

Study on the heat hardening characteristics of seasoned meat by

microwave cooking and its texture

LIRS G PR
(FRRIR 4B DF L3 1 AR R B3 )

Toshio Kawano

(Natural Science Cluster, Kochi University)

Aiming to improve the elastic quality of seasoned chicken after microwave heating, we
investigated a new quality prediction model that combines optical sensing technology and a
mathematical model. The thermal properties of raw chicken and seasoning-soaked chicken
were measured using DSC, and their specific heats and two endothermic peak temperatures
were identified. The specific heat of raw chicken was 4.351 (J/g/K) at 40C to 4436 (J/g/K) at
80T , and that of chicken immersed in the undiluted seasoning solution ranged from 3.985 to
4069 (J/g/K). In addition, we measured the change in elasticity of the chicken meat sample
with a microwave oven at 200 W using a rheometer, and obtained the temperature dependence
equation of the compression energy E. Furthermore, we measured the near-infrared
reflectance spectrum of the surface of chicken heated in a microwave oven and extracted
wavenumbers suitable for monitoring changes in the composition near the surface by principal
component analysis. Based on these results, we investigated two models for estimating the
elastic properties of chicken samples after microwave heating. One of them is a model that
numerically analyzes the heat conduction equation to find the temperature distribution and
uses the relational expression between compression energy and temperature. Another model is
a model that estimates compression energy using a neural network instead of a heat
conduction equation. As a result of comparing the two estimation models, the estimation model

using a neural network obtained better accuracy at present.
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Fig. 2 Compression energy estimated from viscoelasticity test (Depth 7mm)

20
15
o Before Heating
< 10 0. Q.0
2 o | o
T o A
(2] © “
X 0 o &
< o O
™ ° A S
£ -5 e oo\>°‘
{\\(\
10 o s S
| ‘OQ'
—15
—15 —10 —5 5 10 15 20

PC2 Axis (25.03%)

Fig. 3 PCA Scatter Plots of the samples on the PC1 vs PC3 plane

3.3 WTL VMBI X 2N ZALDNGE
=) ¥ 7 EHAE R

Fig.3 13, BT L ¥ VIRt O A SR 1
B L ORISR L CHE L 72k oh A o
MV & EGH (PCA) L7k 95, 4
E DT> &) L7z ER504E 2 8 & 45 3 i
THOARYZ MVTF =5 DA TH %o FETICIE
VEKTOR DIREKTOR Ver.l.1 (KAX Group,
Australia) % 720 INEGET O B AREHNE, W
PRI ARD AR TV XD S A EKRD AR

7 PVOZEPRE L, R OREIZ L 5,
ENLELERN (=% - 2759 F) 2EKL
2o =77, WLV IVMBRORENE, &8y
BORENZZ T TREZEMNEHERL TV
Bo Z T, JNEGHTEMEGE L IZANRT PV RS
#HL, ZRENICOWTHRD TERGHH LT,
INEGHT & MEFE D ARY bV % 5O % B
Wz kKD, ZN56OFRGHE TS WD 5
5, TORBOM IR E L, BEIOD LN
e LT, IEEToEHZ DWW TIE6,025cm " &

© The Ito Foundation



AR E W DT L v VBB LREE: & & o fm E I 58

Estimated Energy E

distribution 2D Temp. distribution in chicken
w meat estimated with FEM model
>
Average E value >
¢ <|af"
Temp.
- {  Chick t
(A) FEM-based estimation model ; icken me; -
: - Density
: ﬁ » Mass
/ : « Physical & thermal
Ve < ] Properties
e

.

%g;

\

JAR )

Average E value
@

iy I
FF-type NN Estimator 4 \_"f

'
kN

—

(B)

Four ref. signals
at selected wave
lengths

Neural-network-based

{ [Effective microwave heating energy ]

Ref. spectrum

ais

Ref. signal

Wave Len.

estimation model
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Development of preparation method for pork meat broth by enzymatic

hydrolysis under pressurized CO: environment

UL i A |
(KR ER)
Seiji Noma

(Faculty of Agriculture, Saga University)

Pork hydrolysate (PH) is frequently used to improve and enhance the flavor of processed
foods including seasonings. Protease digestion of pork is one of its production methods, and it is
superior method to control the flavor of PH. However, the enzymatic reaction temperature is
suitable for microbial growth, resulting in spoilage if the degradation reaction takes a long time.
The short reaction time gives peptides, causing bitterness. We applied a pressurized carbon
dioxide (pCO:) treatment for hydrolyzing pork meat with acid protease (AP). The pCO:
treatment generates an acidic environment and it has bactericidal/bacteriostatic effects.
Among the five commercial APs tested, Kokulase-P showed the highest activity under pCOs,
and hydrolysis of pork by Kokulase-P under pCO: occurred in a time-dependent manner. The
total free amino acid content for pCO2 PH was approximately 1.4 times higher than that for
conventional PH. The water activity of PH prepared under conventional method, hydrolyzation
under atmospheric pressure, was 0.96, while that under pCO: was 0.94. The number of
mesophilic bacteria in the PH prepared under pCO: was approximately 1/10 of that prepared
under atmospheric pressure. The lipids were dispersed in the meat fiber matrix as small
droplets in both conventional and pCO: PH. However, in pCO: PH, a larger number of smaller
lipid droplets were observed than in conventional PH. Both conventional and pCO: PHs had
boiled pork-like odor, but a clear rancid odor (pungent odor) was observed in conventional
PH. These results suggest that PH hydrolyzation by AP under pCO: is expected to be a new
method for production of high—-quality PH.
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Studies on the formation of ZnPP by edible Staphylococcus and their color

improving effects of meat products

=i

EEE A
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Jun-ichi Wakamatsu

(Research Faculty of Agriculture, Hokkaido University)

The color-improving effect of coagulase-negative Staphylococci (CNS), which are widely
used as starter cultures for fermented meat products, was thought to be the promotion of
nitrosylmyoglobin (NOMb) formation due to the nitrate-reducing properties of CNS. However,
when dry sausage with a commercial starter culture containing CNS was produced without
the addition of nitrite/nitrate in our preliminary study, the formation and accumulation of zinc
protoporphyrin IX (ZnPP) was observed instead of NOMb. Therefore, this study was designed
to clarify that the color improvement of nitrite/nitrate-free meat products by the addition of
CNS was due to ZnPP. In a sterile model experimental system using pork homogenate, the
addition of CNS did not significantly promote ZnPP formation under anaerobic conditions, but
all CNS except the MV strain showed a high promotion of ZnPP formation under aerobic
conditions. In terms of growth characteristics, the growth of all CNS was suppressed as the
medium pH decreased and as the temperature decreased. The surface and interior color of the
CNS-added dry sausage was reddish, similar to that of the nitrite/nitrate-added dry sausage.
In the acetone extract of the interior of the CNS-added dry sausages, the absorption spectra of
ZnPP were observed, but those of nitrosyl heme were not observed. On the other hand, not
only ZnPP but also nitrosyl heme peaks were observed in that of the peripheral part of the
MV-added dry sausage. These results suggested that the color of CNS-added meat products is
improved in case of most CNS by forming ZnPP instead of nitrosyl heme but in case of the MV

strain by forming nitrosyl heme as well as ZnPP.
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ERBIHITHEMUIze BBEFTA VY —L—T
O F WA IS 22 & OV W I 0 ZnPP H R #0618
D, AV 3 mmEps & WERD75% 7 & b Uil
WP BT BUILA R Y S V& HIE L7z,

3. BREEE

3.1 CNS®OZnPPHHHE D FFii

MW ZnPPIE L E T VEBRREZH VT, £
CNSDZnPPIE B AR AL §E 2 HEHE M\ FFM L 720 1l
WAY = —hNVF v —L05H, FELZ2
PR, WK S R I EM A E Y A — MR
L, 5HME, BT 23RS v Fax—
ML, ZnPPEREZME L7z BN TT
X, KY5F 473y ba—LoGB(A) -1
X%, M@ OERMX R AT T 473 ha—)
DOPUEWERMIX & R TH B ZnPPH K & AT
B2 7275, CNSTRIK T HEAIN X R HuAE Y H iR
MX & fEETH Y, ERNEMEOZnPPIZK % i
HEL W EAREE N (Fig. 1A). —J, U
K4 T, SC4, SC2, SC3, SE, SH,

SXARRM K AT R MK & O ZnPPIEL &2 312
% <, GB(A)-1BRFEMIX & 4% TH > 72 (Fig.
IB). L2L, MVBRIAMX TiE, WmRmMX LY
InPPSR R L I E NS, ABAEITIRS
g, MOCNSTHMIX & ik$ % & ZnPPH &
FEERBICA Lol DhoZ s, KRAE
T A — M X 2 ZnPPIEBGHli B IC B VT, B
RS F TIECNSIZ X 5 3% L\ WZnPPIE AR
BEIE 2\ 2%, IS N TIRMVBRDIALOCNS
2BV TZnPPIEARMERED D 5 T L AR STz,
3.2 TFEIFLEREBEL XU OpHN
CNSOLEFRIZ KT T 5%,

A= —=HNVFx—L L TCNSEHBEER
BRIZIRINT 212720, HABREREGhO
pHZALASCNSOAF I B % 52 2 W HEMED B
%o ZI°T, BERIMERLEBOPHACNSOAH
252 5B EBGT L7z pHAO~T0IZFHEE L /2
TSBH: #b (RFA#pH7.3+02) [ZKMCNS#% % H
L, 10~30C T4k ERT 217\, HEEIC X
DAF G U720 WTIOCNSIZE VT
OpHPMKT 5138, FEENMETTAIIE
WEAVNES L ) EFEIH S Lz, FEICpHAS
DT 72138 BREI0C U T Tl Fhotkic s
WCHHEMPMEL, AFPF LIRS N, K
#853 DCNSIZ207C LL L CHAGE L 7225, MVFk & SX
BRTIZ1I5C THIEWVpHTHFH L 720

3.3 CNS#®EMmMKFI 4 vV —t—=TIZBIT A

ZnPPIERL & s s R

3.3.1 B X OCWHE BT 5 iR

FIA Y-t =V RMMIBITLORIIONT
3, WSS H BIZBWTIE, WTFROCNSHE
MXTh, FOFXEFED LV IEZNL Lok
AV EI NIz WIS, BB 5 aFIZov
Tid, P35 H HIZBWT, CNSIEMX O
HIZFAAX O X ) ke ie B L7
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Fig. 1 Effect of CNS on the formation of ZnPP in sterile pork homogenate
Various CNSs were added into sterile pork homogenate and then they were incubated at 25C and for 5 days under anaerobic

(A) and aerobic (B) conditions. After extraction with 75% acetone, the fluorescence intensity of these extracts were

measured. Bars: SEM (n=3). ab : p<0.05

3.3.2 WhHZHBF 5 ZnPPHEKEON
VRO K54V —k— Y OWHICBT S
ZnPPHR#EIZOVWTIE, ThETORE
ERBRIC, AKX TIZZoPPIC X 5 HREEIE
M TBER SN Do T BBAIKEZ R TR
TORBRIX TIE, WP 14H H LD 5 v
ZnPPHR#EAESR SN L LI ch by, 14HHIC
B TUESXARIRINIX CThie b oV #6257 I 4214
THZ SNz, ERAMISHETIE, 1ZLALD
CNSTEM X Tl Wi 24 TRIFMX L ) 2205l
WZnPPHR®EA R S 720y, MV T
(&, MRS IS HOG D FHN IR AN IRITHEAE L 720
3.3.3 WEFUKSBSHHICBT L 71 - il
W OWILA R bV

CNSIZ & » T & N7z F 12D\ TR i3k
B3SHEHD K54 v —t— % NGRS & MG

GG, EREROT & N B 5 0%
A7 M vEEIEL: (Fig.2),

WHIFRICDOWT, BEFAXTIEZ= a3
LU D395nm O Y — 7 Mg X, ZnPP
A O4TmOWINY — 7 B3R IR o 72
(Fig. 2A)o — 7T, RMX B L CNS (MV,
SC4, SC2, SC3, SE, SH, SX#k) #wImX cix
ZnPPHA DA Tnm DY Y — 7 13815 S 7275,
ZhPEBIYNVANLOWINARY M VITHER S N
Moo WTNOWHIBOQHIZOWVWTH, =}
O VANAF X ZnPPRAE D AR bVEIRL
720

SR ICOWT S, AKX TIE=br v
ANLFEA O39mm O WIL Y — 7 g s,
ZnPPREA O A Tnm DWW Y — 7 (MR S L
o7z (Fig. 2B)o T 72, RN B L OMVER
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Fig. 2 Absorbance spectra of acetone extract of the interior (A) and peripheral (B) parts of dry sausages
The interior (A) and peripheral (B) parts excised from CNS-added dry sausages were extracted with 75% acetone and the

absorbance spectra of the extracts were observed.

VALHCNS (SC4, SC2, SC3, SE, SH, SX#k)
RINX T ZnPPAF A O 417Tnm DO WX ¥ — 7 A58
BEANSZH, Z PO VANLOWINARYZ b Vi
MR SN olze —T, MVEREMIX T,
ZnPPCTHBIMN 20 TamfFi &, = Fa Y VAL
DANRY MV TN %2 395nmfF LD 2 DD ¥ —
IHBEESN, ZnPPB X U= bu Y VAL
DI R ENTz0 WTFROWHFLRD QHiriZ D
Th, = bPaYIVALB X OZnPPIA D AR

FPVZERL TV,

KAFEY A — M2 HOWETFTVERR, %5
PR IA YV —L—VORRELD, CNSIZ=T 1
VIVALERIET 5D TIE R L, HERNEETT
InPPOEH LT 5 2 2 Xy, KRG %

GUEMEROLMELHETZ I LWL 2
%olze —H, MVERTIZHFRAMNSEMT T,
PP THRLAZ P B Y NVNALDIEET L Z &
XD, WgEmotMEwEHET L2 EAHL
WX olze TNETORRST LRI, FEHH
DTRIMIZnPPORILZ HE T 5 2 LAVRE N,
CAUAEIRIE, WASERIE D SRS A M bE R
OIEHICE 5 2 BN T WSS, MVETIE
ZnPPE = O Y VANLDOM L EEET LI LI
XD EFSEEMREE D 2O Lz CORREHS
MIZTHIENTE o728 ZnPPL =01
TN LD S DEFILERRIT L ) B
ASGEERN RN %2 B W REVEDSH 5725 9 o
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4. B 8

WREERBMGEDA Y -y —HVF v — & LTIA
KHHEND a7 7T —EaWStaphylococcus)
M (CNS) 12 & % e ER AL, CNSAHED
HEgETHEICI Y=t vt rurr
(NOMb) 2 EHRE SN Z L THH L ENT
W7z, L2 L, CNSOE A ENIA Y —F =T
F v — RN EaRERNoOY 7 3 2 8% L
7225, NOMbTld% { Rtafash Th 2 High 7
O rRLVT 4 VX (ZnPP) O - HERAHHR
bN7ze 2 TAIZETIE, CNSIEMIZ X 5%
FE RN O AW B G O ENZnPPIC X 5 2
EEHLNIZTHIEE L KRAEY A — |
Z I\ 72 M ZnPPE 7OV 2 ERR Tl BRI S
T CCONSIZ S 2 ZnPPIE AR R I R o e
Mo 72D, RIS T TIIMVEEZ B 3T
DCNST, H\VZnPPIEBAEHER) R A S 7z,
EFHETE, WINOCNSIZBWTHE o
pHMKT 3512 L, FAWMENMETT 51384
BHANH S 7z FRICpHASLLF & 72 (3R 281
I0CUETIEWITNORICBWTHAEFENHFLL
sz CNSIEMET 4V —t =Y DEKED
ARSI & FEORAEZEL, FEA
WX L FETH 720 CNSIHEIMFE T AV —t—

TONEHDT &+ ALY TIZZnPP O PRI A X
7 MVIERROENTZD, = B IYVANLDL DT
BN nroize —H, MVIRRMX OB TIX
INPPEITTHRLAZ I B Y NANLDE— T HHER
ENdze Db, 25— —INFxr—,LT
CNSIHEIML7zBERNEBITBWT, MV TIX
ZnPPUAMC = POV VAL ZBIKRT 528, %<
DCNSTIZZnPPZIEK T 5 2 & THRGMEZI DM
MEUET LI ENHLNE o7,

Xk
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AEMICHEIL D 2IREDO A IV ¥ Y OHRIMIE,
FERDOE VR LET L ?

Does the supplementation of carnosine at concentrations that can vary in

vivo improve the odor of chicken?

2 Y AR S IEZ VNI S I (2 SR N TV 1 vkl s 191 QL G S
(1SRG B T A B3 - S S T 48 £ T S Bl o B 1)

Genya Watanabe, Shota Ishida, Karin Akada, Michiyo Motoyama, Ikuyo Nakajima and Keisuke Sasaki

(Institute of Livestock and Grassland Science, NARO)

Odor is an important quality factor that directly affects the willingness to eat meat, and
“oily odor” caused by lipid oxidation is a typical unpleasant odor of meat. Carnosine (Car) is an
antioxidant peptide abundant in meat, but it is not known whether the supplementation of Car
in a physiologically adjustable concentration would inhibit the 2-thiobarbituric acid reactive
substances (TBARS) which is indicator of lipid oxidation and the unpleasant odor derived
from meat oxidation. Therefore, in this study, we demonstrated whether the supplementation
of Car to chicken meat in a physiologically adjustable concentration affects meat quality-
related factors such as TBARS and sensory odor after heating.

We analyzed the meat quality and odor of chicken meat containing without Car
supplementation and meat with 1.0 (Car 1.0), 25 (Car 25) or 15 (Car 15) mg/g meat of Car
supplementation. Of these, Car 1.0 and Car 2.5 are physiologically adjustable Car levels, and
Car 15 is above physiologically adjustable level. Our results of analysis of variance showed that
Car supplementation significantly affected TBARS of cooked sample, pH, L* which is indicator
of lightness, and cooking loss. The results of multiple comparisons showed that the Car 15
significantly suppressed TBARS compared to chicken meat without Car supplementation. On
the other hand, there was no significant difference in TBARS between chicken meat without
Car supplementation and chicken meat with Car supplementation at physiologically adjustable
levels. Sensory evaluation showed that the intensity of “oily odor” in Car 15 tended to lower
than that of without Car supplementation group. However, there was no significant difference
in sensory odor between chicken meat without Car supplementation and chicken meat with
Car supplementation at physiologically adjustable levels.

In conclusion, we found that the supplementation of Car at physiologically adjustable

concentrations did not improve lipid oxidation and odor of chicken meat.

HiHEERTH Y, RAETPOIREOMRILIZE 5T
AL% [RILE] 3IEAORENLZARRETDH
M | S A OBE RIS S 5 HE 20 bo T LW RANL, HAORILIIHZ Hi L

1. B i)
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LT, SEFLPMIWEAIsFHINTE,
—7, BWIEAK, FiRILEREZATLXTF R
ThHorHNI) v (Car) 2L EHLTWD,
ML & Car D BIERIZ T TIZ W O A D

N, BAONT LI L CCarZmMNT 5L, BE
EBALDIREE & 72 2 F F 3V € — VR RS
WE (TBARS) 2l s hzd Z LambhTw
5 XoT, BRAPFOCargmDENIE, Y
FRALOPIH % 4 U CEW OMRALSL % I3 2 W] 6E
WAd 5, M, ThFETOERNDCarDFM
FERIZBWTUE, FINm2SE ) & 855 b o A 3
MIRELL ECTH Y, B OFERMSIC X ) R
149 V2 7 555 1T RE 73 0 BE O PR N C Car AV Bh L 7255
12, TBARS DA o Bl 22 R AL R 55 D) v
WA T2 I TW v,

Z ZTABIZE TR, REOMRILHEAH L, B
ERFELRTVWE SN BAENFGE L,
7 ) OF IR O ARG 2 R E O #PHN TCar &
W, BAE L, BB CITECD D B R
THIEEHME L7,

I

2. /7 &

i

2.1 FBAY YT VOHRR

HWHRO7aA 7 —DHFEART L) LA AB X
CEEWZHRNL, ThZhzOESRICHEL
2o 704 9 =05 FKWIZCarid15-25mg/g
meatfEEEHEE N>, AXHDCarDFiidCard
BETHDLEAF VY OFFHRINCLY [ 1mg/
g meat] 2, fifbhoexFY ) I UM
DOFFEIZ XY [25mg/g meat] FEE HNd 5
CEMHEEINT VD, £2°C, ABAIZHHE L
9 % B O TCar & N L 723 BRIX & LC,
Bk o O % WIZCar # 1.0mg/g meat (Car 1.0IX)
B X 0'25mg/g meat (Car 251X) ¥ L 723K
EENENRMRL, T2, BV ICBWTHER
O TBARS @ ¥l 25Hi 15 S LT\ % Car 156mg/g

meat (Car 15IX) Z#@HMLEZFBL, 4
PR EELL FAZCar 2 iR L 72 3BRIX & L7ze &
NoHOY 7V EEE3S5cm X & & 1.0cm ? /3
T AWK L TEMHAO B v 7KK E o7z
FrmILsfed, MREaks v 7cal, 4T
WZRE L 72 IS B W CHmEE T T T L, 3
b LILT7 HEPRAE L7z BT IS PRAT IR
FTERICHEMR L 72 HReRHEICH V24> 7
3, RAFRBR A R 7o RICHER TR L

EHREFEMi ORI H ¥ T —30C THRAE L 720 Lok
B 2 AE L TiT o 72,

2.2 WEHHT

PR 2 2 72 TV #180C ISk E L 72
AF—LaAr Ry ayF—TrT555M 4
& LU, INEAET & BRI R O L INEET
DY TNVOEREO LD SIMEIRLZ L7,
Feu T, INEAETY > 7V & RTR O MEE Y v T v
D FNFNIZ 2T Mitsumoto & (1993) D )
B R -ERAEL, gk X ) TBARSZE
e L7z,

AR AR Z 2y I e & LlE i
pH#7 5 AEH% #% LiAdk, pHEME L7z,
WHE AT A2 T3 MERL, P % M
L L7

PAFRBR A R 2 724 v TV RO % Rt
FECHlE L7z e miE, MR 8 mm, Bl
JEIRD65E L 10° #EF L L, L*E, a™EiB Lt
b* AR 2L 2 C3mllEL, FHEz
FhEhofllEs Lz,

2.3 HVOEREHE

2. 1BV TR L 7230k~ 77V & 8¢ H
124 CITResd Lz C—BuRai L, 180T I
WIE L7cA —7  THMMmE L 720 gk o+
YT NVE—D 1 emD VI EITHE L TR =
75 ATIAN, Bk L7IRECHMEiRG E T
40C THAF L 720 SRl 128 D AT BL S 30V % 1
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W, Ail22C, MBEES0% &b X ) ITRRE L
FEE OB 7 — 2B VT, RERITTEE
L7zo 282U A MEREZHITTHWERE, [JE
B R LR, TR - 7 I v R THERW
BLO THEALLWIZBW] O4THBIZONT,
150mmd 5 4 Y A — LV EHWTHE L2, &F
fli1x40CICREE L7z ) 3 v I N— =¥ —T7
FAARMD LN HES 7z, 2 TV OFH
EF T 7 v ik e v CiEERIL L 72, %
B, RFEICBVTIE, Y Fa24fifH s £ <
BRAREN ENS, 2ROXy ¥ a Y5
C APl % S Ht L 720

2.4 MBS ¥ T OIS AT

B\ O FEREFHI W 22t >~ T v o —iEf
& TR 24T 5 720 BARINIZIE,
BfEt 7V g BNEMN E N TVICHRL
WEREHE X L C2-~NT% ) Y &R L7z The
60C T 5 M P L=tk WM~ A 7 il
77 AN=% T, 1057H, ~v FAR—=ZAD
ISR % AR L 7o IR L 2 ISR 40
Mariutti& (2009) D5 &EM> ZHWT, # A
ruax b7 7 7HEGHENT X ) Scan®— F T
SHL, BONLEY—2 3 AARZ PVSA T
) =% {NTT /) F—var&iiol

2.5 WMEHENT

WHEGHT ORERIL, AR ZERWR, AV v
VI, BRI, AL A v EsnE L

WA O HAER, H v/ > ViRinE L o
LHAEH, A &S0 HEAEH, AN/ v
v ERAFIN &R O HAER 2 E R L L7z
REETNVTHM L7 8o ERERHM O # R
&, AR A S OWNERLERR, WV Ty
W, PRAFHIR, AL Y 7OV ORHIENE

BN ERE Y >3 >, HV ¥ R &
WOZHAEM, BN ¥ ViRinE & o HAE
M, A & SO A, v v EfR
I &AL O HAEH 2 BEsh R & L7-iREGE
TNTHM L7z ERROGTITVTNBRD
ImerTest’S v 7 — ¥ Olmer % F\THT 5 72%
VT s, BAEUIE S & O 2 E ol
SEAH D /e -4 I emmeans /S v 77— VI
“ZEFNbemmeansBIBUIC X DEHE LT, ZEoWE
I¥multcomp’¥y 7 —JIZE&E N S cldBEE Hwv
72Sidak DHFIELC & Y FEHE L 728

3. BREEE

3.1 WHEIH

PR3 O 53 8053 BT D 5 % Table 1 127736
CarDishni i, MRS > 7V OTBARSICAH
BICEBERIZL 72 ZOWEN S, CarfEii
X & Car 1O IZxt L CCar 15X D&Y » 7
VOTBARSH A BT L7225, CarfEdvinX
L Car LOIX B L UCar 25X O MICE B2k 7
otz (F—=FRET). £oT, Car®Fhmid

Table 1 Results of analysis of variance for physicochemical analysis in chicken meat

pH L* a* b* Cooking loss TBARS (raw) TBARS (cooked)

Carnosine ok ook N.S NS * N.S *

Storage days sk $kk $kk ETTY *k T sk
Part skkok ok ok ok koskok skkosk kkosk skkosk
Carnosine X Storage days NS NS N.S N.S * N.S NS
Carnosine X Part * N.S ko NS T * NS
Storage days X Part N.S N.S NS NS N.S N.S N.S
Carnosine X Storage days X Part NS NS N.S N.S NS N.S N.S

***p<0.001 ; **p<0.01 ; *p<0.05: Tp<0.10: N.S: p>0.10
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A PRI 72 s BE O RPN IZ BV T I TBARSIC
LaweEz oM/, £72, pH, LB X
BRI L CCarD RN 230 BB % )T
L72e 2®D9 %, pHIZCarDiRIE DB L
BEREMIC R L, LAEIZEICBERS AR T L 72
(F=FREF), —EMICAROPHE L HIZIE
HOMERHHESNLT ENDL, CarDiFRINC
X DpHDO EHAEL, LMEOKTA25& I L
b EZ 5Nz,
AP, IEGTY > 7V O TBARSUAL D
FTRCOGHMEHICBWTHREICEEL RIFL
720 =7, Cariim & PRAEHI I 28 AR
HIRDACIERO ST, FEEORFHIICE
WCCarSHBICIFRINICEE T 2 Lidhwne
E 2oz

AL DENE TR TOSMIHB AR EN T
726 L7, ¥72, pH, a™lib X OInEGEi+
7V DTBARSIZ Carili & & FBAL DA B2 A H.
TEHD RO DTz, ZOMEDERNSH, Thb
DEH X2 A HIZB W TIECarDTMNC & 5 i
AR 22350 L KT 25720 Sz ot L
T, EEWTIIEGIIRERAFAICEH LT
BWZENNHBEEZ OGN (F—FRET),
i, Car®@MNC & 1 &5 HT I H O 2383
LDWYTENELAHNEEERNT LT L

25, CarifMOWHEENORBILLAL E
TROMICKERE VTRV EEZ BN,

3.2 HVOERERH

)\ O E RERFA O 73§53 HT D fi 2 % Table 2
AT Car@ifMmiE L, [RRW - BILE] DA
WCABISEE L ZOREIIBWTIE, Car 15
Xo [IERw - BALR ] A3Car 25126 L TH

FIAK L, CarDFINC & ) LR 2SHH T &
WEEEA R SN (F—FREF). AT,
CarfEZMIX & Car 10X 3B & UCar 25K DI A
BREWE LR (F—FRET), LM RIRE
DFEPANIC BT 5 CarDiFINZ, BWITEEE K
F3%BnwEEZz b,

RAAAR S T 72 THRR W - BILR ] ICHEICR
720 —F, TRTOHWIIBWT, Cariihl
i E RIS B RS HAEMIE R K, FEE ok
FWIIZBW T CardVe WICHR RIS BT 5 2
LixrnwEEz oz,

AT NOBVICB W T O EE R,
, AN Y ViliE e OB RO bk
Nolze £oT, CardMBEWITRITTHEIT L
WEEEROMTEVIZRVWEZEZ N,

3.3 MBS ¥ TN OFEI

R I OMR, =5 /=), Ry ¥ F—
W, ~NF¥FHF—), JFF—=), T-F 7T -4

Table 2 Results of analysis of variance for odor sensory evaluation in cooked chicken meat

Descriptors

Oily Amine Fishy Chicken like

Carnosine * N.S. N.S. N.S.
Storage days Hoxk N.S. T N.S.
Part NS N.S. N.S. N.S.
Testing order wk ok N.S. wok

Session * N.S. NS. N.S.
Carnosine X Storage days T N.S. N.S. N.S.
Carnosine X Part N.S. N.S. N.S. N.S.
Storage days X Part NS N.S. N.S. N.S.
Carnosine X Storage days X Part N.S. N.S. N.S. N.S.

#HE D p<0.001 ; ** 1 p<0.01: * : p<0.05: Tp<0.10: NS: p>0.10
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Chromatograms of volatile component analysis in chicken thigh meat. (a) without Car supplementation, thigh

meat, 1 day, (b) Car 15 mg/g meat supplementation, thigh meat, 1 day.
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B H%, BB T RE 2 iR O IC B T B
Car DM ASTBARS D A2 it R AN P 722 ) v & ]
TAEPRIARATH o720 £ 2 TRBZETIZFHEAIC
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T OHHT B L OINER O OB RERTI & FEHE L

72o R E LT, B ZRBELL EOCariihni

X0, HEFRIMXIZIE L CTBARSSHIH| S b
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IV EWEL W EBHL N E 2572,

X W
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Development of cultured meat technology to solve the problems in

industrial livestock production

I S R N

(IR R

Daiji Okamura

(Graduate School of Agriculture, Kindai University)

To produce muscle fibers for cultured meat on a large scale, it is important to expand
myoblasts in a serum-reduced or serum-free medium to avoid cost, ethical, and environmental
issues. Myoblasts such as C2C12 cells differentiate quickly into myotubes and lose their ability
to proliferate when the serum-rich medium is replaced with a serum-reduced medium. This
study demonstrates that Methyl- f-cyclodextrin (M fCD), a starch-derived agent that
depletes cholesterol, can inhibit further differentiation of myoblasts at the MyoD-positive stage
by reducing plasma membrane cholesterol on C2C12 cells and primary cultured chick muscle
cells. Furthermore, M f CD efficiently blocks cholesterol-dependent apoptotic cell death of
myoblasts, which is one of the mechanisms by which it inhibits the differentiation of C2C12
myoblast cells, as dead cells of myoblast are necessary for the fusion of adjacent myoblasts
during the differentiation process into myotubes. Importantly, M fCD maintains the
proliferative capacity of myoblasts only under differentiation conditions with a serum-reduced
medium, suggesting that its mitogenic effect is due to its inhibitory effect on myoblast
differentiation into myotube. In conclusion, this study provides significant insights into ensuring
the proliferative capacity of myoblasts in a future serum-free condition for cultured meat

production.

0, FERETREZR I HE (SDGs) % EKT 5 9
ATV ODPOBREIZHET L TWb, TOMEE
13, KPLBEWOBEE, fEAN—AfERD7:

1. H 3]

ABF7eid [RE2eA ] FEBUCIG, &z > 2

HRRERT LIRS 5 28 7 B OFINAKL
5, WML IR 554D AT A BT
52 LxHIETHDOTH D, 2L T OHIZENEI,
[E SR 2#3E [Frontiers in Cell and Developmental
Biology ] [Z##ZH I N7zbDTHS ",
BUEDO AW Y AT A THME IR LTB

DOFMEER, KHEOPEMWIC & 2 KE GG &
Thbo 72, FHOIRMDRFDIF o 8D X%
YRR X B RED XY VA AORMIE, HERIE
BALICEREE RIZT L INTWE, TNHO]E
BIZH L, FICSBTFHRSNL A% %K
L, R EWAIE Y R T A ORI RE &

© The Ito Foundation



TSRS B 0 SRR UL IV 7215 28 A o0 2R BE RN PR 56 25

HoTWh, WY V87 BR2ERETS [F
V=Y 3I— 1M R, REOHAWMILZEAE - MK
bL7: T3] 13, ToMsEs LTliffsh
TWwbo LA L, BEMIZTENEEI Tz %M
B RIT LU READ LI 0 0b 5T, 1
FEOM TV O0OELIZ Tna,

15 PRI <2 28 A MR 72 & D BhIMIIG % 35 28 30
TR LB S B 57201213, 7 VIR
HAMR 5 87 B B BRI T 2 L ED D
D, GZXPDBPHBEV)RFEIRIN TS,
FRAEEOHMIE, RENOEIFZBO L, K
FHICL DB T 522 ETHLD, £D
ARy VIRRIMEZMEHT 52 L1d, ZOHB
EFEL TV, Wiz i3 %720
2, FGF-2, EGF, IGF-1% & ERT 2z
T AEIME R HASBHIE STV B, KW & A
BUOZARET 5120, IS LRI & 7200 T
{, TAPOEENTDLHENTIHETE LW
BRBEMPLETH L, BUEETIC, ZOHM%
R L 7o Bt et 1372 0o

ATl Lt EoRkZ HIE LT, 7
T YHROBIRA ) THETHL ATV 7T
FAMY) Y (LUF, MBCD) 24 HL, C2C12
53 2RI > K I 375 55 b C o 43 L) & B gl AR AL )
RO TREM R AT 2 1T 72,

2. 7 &

2.1 C2CL2HIfaDhl B X O bk
ARFEAL~ 7 A 3 Rk € 5 C2C12#1 s
10% 7 ¥ JE R I 3 & O'DMEM; #1745 7% %
[DF10.] ¥ CHAGR 2% L7zo C2C12HH IR
&G FI2B W THEMBANEEETE %,
SALEED 7212, F 3 IEDF10K; # CHRAE L
Wi~ 2-3 Hig, Milgozar iz hi390-
1009% 123 L 7z i CREML 2 2 % 7 < L & A
DMEM¥; b > [DH2| ¥ IcZHE L7z, #H

MACD% 3mMIZ% % £ 52z 72

2.2 =7 MY IR A o AR 22

10H#EO =7 P IRZHEHZ L, KEEE 24 F
M BRZ: Lo dlE L 22 KRB AL 2 2 mg/mlod =
I —ENRT37C, 40~6045H, HHa DRk
I L TI0~154r S L IC ¥Ry R LARLHILE
7z fREEL 2SR 240 umD LIV A b L —
F =123 L CHM S L, DF1055 1 CHE A,
BH, MBCDZEHRM L7-DH2R; HIZAH L ThH
L E DT 72,

2.3 HOLEG

AN D/ ALIREE 2 M 3 5 720, W
Wi 7 >3 7 B MHC (Myosin Heavy Chain)
X9 APk (R&D Systems, MAB4470) % H
W, HOBRIERGL T 72, T2, HiRMEO
B TR b — Y AIREERILT 5720, 1Y)~
At e A b~ H3Pufk (C-2) (Santa Cruz, sc-
374669) L HUIGHTERI A A8 —¥ 3Hifk (Aspl75)
(5A1E) (Cell Signaling Technology, #9664) %
v, BISHIHOBEMEIBZ-X710 (¥ —x > )
TI7o 720

3. BREEE

M Db 2 W5 5 72012, MBCD%
A% & UCHGE L 720 M B CDIZ &SR
THY NS, ML 25— VIR R
FRICREVWE L LTHLNTW S, RINFES
T TR T 5 C2C12MIIBICM BCD &2 RN § %
&, HMEL 7B ORBTH A ML I BLH
ZLLWBA L7z MBCDAMEMIE~D 51
B2 BB ERNRDL 20, EERMEY—H—T
HHMHCY ¥ 37 OB EFHM LIz 25,
M B CD% & e 5o THE 28 L 724w T IEMHCH 1
MR EAZE L WAL, S5 ICIEMHCkH MR
IZBWTH ZOBEIA RIS LTz, il
4T TM B CDIZC2C12H e o 15 4% 43 1b % %)

© The Ito Foundation



26 T4 FAICES 5 BT JE s AR B (Vol4l)

RIICHEST 2 2 LAvRaniz (Fig. 1),

TR M= AMINBIEIL, BRET A ML & ol
AP 72 > 7 F Mz % B U C, b L7253
Nl oG 2R3 &z Rz 2 et s h
TWw52, MECD%HWHiE s boBig T,
AR 55 M 4 1 T e 2 2 5 3 O MK 56 2,
MBCDEASGHTTEHELLBAI LTSI L
BB L. 2oZE,SH, MBCDIZ & LMl
NI LATa— VoL, IVATa— VK
o7 R b= 2B OFEL R Ta v 7
L, fisFfileorazREL, #RE L THED
b HET RS DH D EE 212 A, 7
REN—V A= —ThIIHER I AN—E 3%
YR EBIT A2 ETT AR =AM E B

FEL720 SNHDOHREHRIE, MBCDAST AR F—3
AHNIIE 2 R RANTERT L, I VAT O—VhZ
NEAFBICAESELZEZRIBEL TV, 85
2, IVATU—VHTIE, EERAS A8—F
3R EICHEESI N, TDXHIT,
MACDIZE AL AFa— VORI X > TH|
it 2 SN C2C12/ 3 Mifa o LB IC BT %
TR b= AMRAIEDMERIX, TR M= AT X
2 SR A MR A 2 855 2 L2k o T
B3 2 i R O E~ 0 L2 e 720,
M B CDASC2C12/ B D i & At & B3 % A 7
ZALD—2LEzbNb (Fig. 1),

RNAY —%4 ¥ ZMRHTI2E ), MBCDZE#5-L
7ML TIE, T ba— b & el UG R B

’ Culture medium condition ‘

10% FBS (DF10

—

a

®

Level of membrane cholesterol

2% Horse Serum (DH2)

Arrest of
proliferation
-
Myotube

Myotube

@ (di-nucleated)
R

(multi-nucleated)

differentiation

B ———

Y

Myoblast Apoptosis

® T

Cholesterol

v

Fig. 1 Schematic illustrating summarizing that inhibition of myoblast differentiation into myotube with M £ CD ensures
proliferation of myogenic cells in serum-reduced culture conditions.

M B CD is a potent inhibitor of myoblast differentiation into myotubes by reducing cellular cholesterol levels in

myoblasts. This enables the continuous proliferation of myoblasts even under serum-depleted conditions. By

lowering cellular cholesterol levels, M fCD inhibits apoptotic cell death, which is necessary for myogenic

differentiation, and this is one of the effective mechanisms by which M f CD functions as a myoblast differentiation

inhibitor under serum-reduced conditions.
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Studies on physiological characteristics of fungi isolated from dry aged

beef and its utilization

HOI L - NS R - s A - R HSE - S AT
(— AL N ST RHEHARGERT, *NPOKA A ML > & —)

Mai Nakagawa, Haruna Komuro, Yoshito Nakashima, Yumi Inoguchi and Kosuke Takatori*

(Japan Meat Science & Technology Institute, *Center for Fungal Consultation Japan)

In this study, it was to determine how the physiological characteristics of fungi affecting
the aroma of dry-aged beef affect the conditions under which the aroma develops, and how
these characteristics can be used as indicators during production.

Thamnidium elegans and Mucor strictus were found to develop even in vacuum packaging
with low oxygen content. To inhibit the growth of these fungi after shipment, temperature
control at around 0C in combination with oxygen absorbers and packaging materials with low
oxygen permeability were found to be effective for long-term storage.

In tests to confirm protein assimilation capacity, it showed higher protein assimilation
capacity compared to lipids. However, the nut odor produced by M. strictus did not occur in
the protein-assimilatory medium, but in the lipid-assimilatory medium, where growth was
slower. This suggests that not only the presence of the fungus but also the substrate and
nutrient source on which the fungus grows are strongly related to the generation of the aroma.

In summary, our results suggest that dry aging imparts an aging aroma to meat through
the combined involvement of two species of fungi, which prevent the invasion of other
microorganisms, while M. strictus degrades lipids. The study also found that unexpected
invasion of fungi during distribution could be controlled by a combination of temperature
control and packaging. If the propagation of fungi could be adjusted by fine-tuning the
temperature conditions, it would be possible to shorten the ripening period and consider the

intensity of the aroma.
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Tablel Changes in growth during incubation,
PDA Proteolytic activity Lipolytic activity
0C 1T 10C 0C 41T 10C 0C 4T 10C
5d 20d 5d 20d 5d 20d 5d 20d 5d 20d 5d 20d 5d 20d 5d 20d 5d 20d
Mucor strictus Air packaging -+ = 4+ + ++ - = - + - ++ - = - + - +
Vacuum packaging 44 4+ o+ o4t -+ -4 - 44 -+ -+ - %
(Low oxgen concentration) - - -
Oxygen absorber - - - - - - - - - - - - - - - - - -
Non-packaging - ++ + ++ + ++ + ++ + ++ 4+ ++ - £ - + - 4+
Thamnidium Air packaging -+ -+t 4+ 4+ -+ -+ - 4+ - £ - = - %
elegans Vacuum packaging - 4 - 4y - - - - - - - - - - - -
(Low oxgen concentration)
Oxygen absorber - - - 4+ - + - - - - - - - - - - - -
Non-packaging -+t A+ + o+ A+ -+ - + - 4+
—, no growth ; *, slightly growth ; +, growth ; ++, well growth

Fig. 1 PDA after 20 days of Mucor,
Incubation temperature (A) 0 C , (B) 4 C and
(C) 10T

Packing
(Low oxygen) and (3) Air

(1) Oxygen absorber, (2) Vacuum

Fig. 2 Proteolytic activity and lipase activity after 20
days of Mucor,
Incubation temperature (A) 0T, (B) 4T, (C)

10T
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Table2 Growth comparison of Mucor and Thamnidium. (incubation at 4C)

preserved period (day)

Thamnidium elegans

5 10 15 20 30 40
. Colony + + ++ ++ ++ ++
Lipid
Nytty flavor - - - - _ _
. Colony + + ++ ++ ++ +
Protein
Nytty flavor - - - - - _
Colony + + ++ ++ + +
Control
Nytty flavor - - - - _ _
preserved period (day)
Mucor strictus
5 10 15 20 30 40
.. Colony + + + + + +
Lipid
Nytty flavor - - + ++ + +
: Colony * + ++ ++ ++ ++
Protein
Nytty flavor - - - - _ _
Colony + + ++ ++ + +
Control
Nytty flavor - - - + + +
—, no growth ; =, slightly growth ; +, growth ; ++, well growth
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Clarification of the mechanism for holding aroma compounds by proteins

in pork sausages (II)

Toshihide Nishimura and Chisato Yamaguchi

(Faculty of Nutrition Science, Kagawa Nutrition University)

It is well known that pork sausage is very popular as one of delicious foods. Recently, it
has been shown that lipids in pork sausage gives us Koku attributes such as complexity and
lastingness in the flavor sensation. This lastingness is thought to be caused by binding
property of aroma compounds with meat proteins as well as lipids in pork sausages. However,
it is not clear that the mechanisms for binding aroma compounds with meat proteins.

The present research was carried out to clarify which protein in pork sausages
contributed to hold 7 kinds of aroma compounds possessing different log P value. At first,
sarcoplasmic proteins and myofibrillar proteins were prepared from pork meat. Then, the
holding capacity of aroma compounds by each protein fraction of pork meat was evaluated by
the measurement of amounts of aroma compounds released from the mixture containing each
protein fraction after heating. D-limonene (log P;4.57), methyl propyl disulfide (log P;2.95),
nonanal (log P;3.27) and caryophyllene (log P;6.30) were held by sarcoplasmic and
myofibrillar proteins as well as casing, while guaiacol (log P;1.32), m-cresol (log P:;1.96) and
eugenol (log P;249) were not held by each protein of pork.

Tri acyl glycerol extracted by acetone from pork fat was also shown to hold D-limonene
and caryophyllene tightly and also held methyl propyl disulfide and nonanal, while guaiacol,
m~-cresol, and eugenol were not held by tri acyl glycerol.

These results in this research suggested that aroma compounds possessing log P more

than 3 were able to be held by meat proteins as well as lipids.

ThHhHR—7VV—t—=—IUDOBWLIIZPELT, 2
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Table1 Log P of volatile compounds used in this research
Name of volatile compound Log P
(O D-Limonene 457
(2 Methyl propyl disulfide 295
(3 Nonanal 327
@ Caryophyllene 6.30
% Guaiacol 1.32
® m-Cresol 1.96
(@ Eugenol 249
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Table 2 Amount of each lipid fraction recovered by solvent fractionation

Fraction (compound extracted by each solvent) o B (g)
Acetone fraction (mainly tri-acyl glycerol) 6.60
Diethyl ether fraction (mainly phospholipid) 1.01

Chloroform/ether fraction (mainly sphingolipid) trace
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Fig. 1 Chromatogram of aroma compounds released from the mixture containing each protein after heating (O
D-Limonene, @Methyl propyl disulfide, @Nonanal, @Caryophyllene, ®Guaiacol, ®m-Cresol, @Eugenol, ®Internal
standard)
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Fig. 2 Amounts of aroma compounds released from the mixture containing each protein after heating
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Fig. 3 Amounts of aroma compounds released from casing after heating
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Fig. 4 Amounts of aroma compounds released from lipids in pork after heating
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Analysis of the enzymatic reaction system of lipid oxidase involved in the

improvements of aroma characteristics of Japanese Black cattle beef

L om o
(R KRR b B2

Shuji Ueda

(Graduate School of Agricultural Science, Kobe University)

Meat is usually exported in vacuum-packed block pieces. However, this method has
disadvantages, such as low transportation efficiency and drip losses. The cold chain from
production to consumption needs to be improved to reduce food waste in meat production.
Japanese Black cattle beef accounts for approximately 50% of Japan's livestock exports. The
Wagyu aroma of Japanese Black cattle beef is composed of volatile compounds produced by
the Maillard reaction. Lactones produced by lipid oxidation contribute notably to the sweet
aroma of Wagyu beef. In this study, we propose a new film packaging that achieves both
aroma and quality to enhance the value of Japanese Black cattle in the premium market. We
also analyze enzymatic lipid oxidation of unsaturated fatty acids in Japanese Black cattle beef
during cold storage and propose a new cold chain for fresh meat based on the results. Skin—
pack packaging of Japanese Black cattle beef resulted in significant changes in meat color
depending on the oxygen barrier performance of the film material. Especially in long-term
storage, the oxygen barrier film was suggested to reduce flavor loss and drip loss of meat
effectively. The effect of cold storage of vacuum-packed Japanese Black cattle beef on Wagyu
aroma was examined by forming lactone precursors (hydroxy fatty acids). Hydroxy fatty acids
were analyzed by LC-MS, and 9S-HODE, 13S-HODE, and 13-KODE derived from linoleic acid
were detected in beef at 6 and 21 days after slaughter. Comparing “basic film” and “oxygen
barrier film” used for vacuum packaging showed no significant differences in hydroxy fatty
acids. We propose a new cold chain using oxygen barrier film packaging for fresh meat based

on our results.
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Fig. 1 Effects of different oxygen barrier performance of meat packaging films on meat quality.

Japanese Black cattle beef prepared at “6 days after slaughter” and “28 days after slaughter” were vacuum-packed in skin

packs. Comparison of appearance shows that the non-barrier film exhibits a bright, fresh red color. The high-barrier film

packaging shows dark red meat color due to reduction reaction by myoglobin.
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Nonbarrier

Oxygen barrier

Fig. 2 Image analysis with hyperspectral camera. The picture shows a pseudo-color image of meat color after opening the “28th

day after slaughter” skin pack packaging. Muscle tissue is shown in red, and is classified into dark red and light red according

to differences in meat color. The oxygen high-barrier film clearly shows a brighter flesh color after opening than the non-

barrier film.

Hydroxy fatty acid
0

y-Hexalactone

H3CWOH — HSC\/&O
0

OH

Fig. 3 Condensation reaction of dehydration by heating and cooking. Hydroxy fatty acids are degraded to 4-hydroxyhexanoic acid,

followed by cyclization reactions to y —hexalactone.
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Fig. 4 Quantitation of oxidative metabolites of linoleic acid. (A) Schematic diagram of lipid oxidation of linoleic acid. (B)
Composition of oxidized linoleic acid in beef tallow. The graph shows the mean values obtained from three analyses of
independently prepared samples. Data represent the mean * standard error (n = 3). Bonferroni test showed no significant
differences between samples (6 Days vs High 21Days vs Basic 21Days).
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Days of cold postmortem aging of meat

Slaughter
ﬁ

6 days
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ﬂ Retail cut I
meat

~21st day

..... Meat LTI Retail cut ICTTLLLLIL o
block meat ﬁ
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~28th day

+ Consumer
+ Retailer
+ Restaurants

"

Fig. 5 A new cold chain flow for Japanese Black cattle beef.

—/

*===> Conventional cold chain
=—> New cold chain shown in this study

This study proposes a cold chain in which carcasses are cut into portions, followed rapidly by retail cutting and vacuum

packaging. This method promotes enzymatic lipid oxidation on the surface of beef by cutting early after slaughter. In addition,

packaging with oxygen barrier film is expected to retain freshness and reduce deterioration of meat quality.
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Tensile strength of regenerative medicine components created from

livestock by-products

M H 3K R
(il AR E B T SER)

Hideki Kanda

(Graduate School of Engineering, Nagoya University)

In our previous FY2020 funded research report, we proposed a method for decellularizing
porcine and ostrich arteries using liquefied dimethyl ether (DME) instead of conventional
sodium dodecyl sulfate (SDS) to remove lipids, followed by DNA fragmentation with DNase. In
this study, the physical properties of porcine aorta and ostrich carotid artery decellularized
using the combined DME and DNase method were evaluated by tensile strength testing.
Porcine aorta decellularized by the conventional SDS method was found to be three-
dimensionally swollen, very easy to fracture, and lacking in strength. On the other hand, the
DME-treated samples were found to have lower elasticity, but the maximum stress required
for rupture was greater than that of the original aorta. This decrease in elasticity may be
attributed to the appearance of transient C=N bonds due to the Schiff base reaction that
occurs during lipid removal by liquefied DME. To circumvent this problem, we used ostrich
carotid tissue, in which the Schiff base reaction does not occur, in a treatment method
combining DME and DNase, and found that decellularized tissue could be prepared that

retained its elasticity.
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LHFRAET HOTH Y, MikA» SIRE 23
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INFETOMET, 7y RKBIIROBEIIE,
{EDMEMLE R > 7 & REJIRD 3 7 — 7 > i,
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CEDW SN o TV D, HALDMEIZ X % JIF
B TETOY vy 78ERISIC L > TELC
= NG5 X DNase il CLBLT 5 LT L
7 =) TP A RS b OVIZHALDMERLEE F
DAY TFNDOT I RKEIR E FEEMIZFE I %
%%, — KT, ¥FaFEIROGEIIEBIKK
B2 &% C = NG IERAEL 2w, 74K
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MEAHTH B, €2 THRIETIE, EEDSDS
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TR L 72 BUf A bR O 5 RIS EE 2 e L, B
AR DO BEWT - 2O L3 S 2 MET L7z,

2./ &
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JRE I, 2) DNasefl®, BXU, 3) #%Eo
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Wix, SDSOH Y IZDMEZMEH T 2 H A D A
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2.1 DME#:

WALDMERLH L, Wi i B § % 5617 mige
DFMUNE > TIT- 72 Wy WA T 2 v 7
V& FEE L, W LDME (Spray Work Air Can
420D, Tamiya, Shizuoka, Japan) 10 (= 1)ml/
minDJLH T 1 RHFEA L7, 20, KERk%
02 % DNase ¥ i (Roche Diagnostic, Tokyo,
Japan) FCT4CT7 HMIRE L7z 2L, 56
DOWFECHMEZ 72T 720U 2572 3 HE O
LD HIEHNITRL, ML ZEEICT S
72O T 72b D TH S, DNasellb#itz, 7%
KER % 80/20 (v/v) =% /7 — )/ &K T3
H g L 720

2.2 SDS#:

HBRERE LTHERDOSDSIETIE, $ o7
%01%TF Ly I7 I VMR (= v Ry P —
YRR &M, B, HA) B X1UM01%SDS% &
t10mM k) A- (B FEF T XF)V)-7 3/ X
5 ¥R C R T2AR B L, )V ERAR A
WEKT 3 mPkH L7z 2Dk, DMERLRE L [F ik
|ZDNasei# it TALEE L pkif9 2 2 & TR L S

10 mm

N7 % 14720

2.3 IR RS

7 v u YRR ERRE (SL-600, 4 HIE/ERT
BT 2HWT, FYYF Vot r T L
HaALY > 7N OGRS EE 2 72", K T
5 mm/min®OBFETOT A% G 2 7 HOHEZ
T, OB LT Vb LEbBH LIz w
FERZBA L2, PO 5 HORBRTHES NG
Jyhii & Pk L 7zo

3. RREEET
3.1 7% KB

Fig. 11X, DME#E ESDSEALHELNTF K
BIR O BANUA AR DO Z R L 72 DTH 5,
R0, jXO7 5 KRERMAEDOKE S HFE LT
FiR TR L7zo SDSHIR O B fa bR 3 F710)
1215% B L TW b @i2xk L, DMEH £ o il
RALHKEIZC D 4 X525 7 %ffi/h L Twnwb, Z
D Z ki, DMEH®k® 7 % KB O B b1
A1 T 237 BHMED TR IZEE £ > TV 2 DIt
LY, SDSHIEOMHKICIE T 787 BkHE DI

12.4

12.4

JZC 25 |75

25

125

Fig.1 (a) Appearance of porcine aortas following decellularization. (b) Dimensions of the dumbbell-shaped die-cut (reproduced

by the authors from the sales company literature2V.
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ARRICEIHN L7235 — 7 Vo KRV iliE: s
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R, B E 25— VRO R Y b T —
7. B XU & PR TT S5 T 1 0 M HE Rl R
=y MCHEET MM T AT 0% 5, WEIZE
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DZOOKMDOF-IZHZ DT, 2Fh afke
L CIAE 2R3 2 HEIC R & 2R EIER O
F, SDSETZWOCICE IR L 722 & i
gL BET 5,

Fig.2 & v, #tH1<Tld, SDSZ 7zIi/tDME
THLER L 7z B LA, M CIE FCro 7
& KER & O B C & 235570 » 720 DMEALELT
X, BEBTCLE R RKRISTIATCO 7 5 KEIIRIC I
NTHWINL, MEFKTLTWwAWY, LaL,
SDSZMEMS % &, FEWITHE VIS TOHES I
WiL7ze SOX DI, SDSIC & 2 B b 254k
DA 2 2L S &, HWOIRE ORI & 5]
S Z AN~ N v 72 ADAEKIIER S

%%, F72, Jealo X 9 1ZSDSHETIE 3 kI %
WIRIC X D, IS JI I O BALERE & 72 V) ORI
1/(1.15)*=0.76f512WA LT %, T ZTFig.2
\RT & 912, SDSTHAMINLAL L 727 & KEjRk D
RAIBINZTEDOKA0% TH B Z L bEET S L,
MhAE 1 AR 720 O EIEHR52.6% (=04/0.76) 12
WHLiz2ebmnb

;hif@ﬁnf,ﬂé@ﬁ%ﬁ%mmﬁwﬁ
SREoT3IDDEMEH LI LML T
%o Fig. 3D X H 12, IBIhvV/hS WEE R Tl
I AF VRN, 37— IiFiFe
A EIBTIDIHH S e IBTIHYR E WIS T
&, B g—rluhsrry, T3 A5
WIS D DI K Do BT & 2
OHET, FEZITAF VI BIENHFTT—
FUEIDLREVY, RIOWGOIZEALIZT
T =BT,

Fig. 3 IR L7z & 9 BEATFZEDAIRICIED &
Fig.2 #2835 L, ROIHI LRI ENEZLN
%o ¥, WALDMEIZ X B iMilufbd 20, a
T—=r R R, b rhMETHIRER
IS DB LB ZOWMNEDETIL,
DMEMLERIEIZ > v 7IRERISIC X 5 C = N#E
H—REICHMBIL, BT a7 -7 Ve o
HEEAFI b7z EZBN5, THIZLD,

) TR LBAEMEOMR L —3 T
0.6 T T
& Liquefied DME
= l—
£ 0.4
z
]
e 02
n

Original

Strain (%)

Fig. 2 Average strain-stress curves of porcine aortas in the longitudinal direction. Untreated refers to the aorta prior to

decellularization treatment. DME : dimethyl ether ; SDS : sodium dodecyl sulphate?V.
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Early phase

Transition phase
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Fig. 3 Stress response properties of collagen and elastin when elongated?V.

SDS

DME

Fig. 4 Photographs of ostrich carotid artery samples after decellularization and before die-cutting?®.

37— VMO C = NEEGHTA L TR Wil
fch, BT a7 -7 Vil o0 TR
i e BALEICELT 2R H D, T2,
DNaseiS LI X 1) C = N#EADIHY Shiztk
b, ZOMEZEIES> TWREERH L, Ih
W&, a7 Uiz nloko/l E0HE
WS L&Y, WS REEZbN D, $72, 25—
7 HER O TR 5 2 LT, BRI
MORKIBHDPERT 2. L L, HIERLD
N0, M2 53 2 BIREEL & R0 B4
Thbo WARMLDMERILFZIZ > v 7 HHE SRR A
ERWE D B HROmME 2 R $IuE, F
RYHR T OISR SN LR D 5,

3.2 ¥F a v SEIR®

Fig.4 1, DME&SDSZHWTHLN/ZFF 3
7 SHBR O BANILALALRL T 5. SDSRULER L 7241
fiix, ESH65cm, MWA1.8cmT, JLOMME
RLTES, IHE HI218~20% Ik Lze — 7,
DMEMLEE L -4k I3 R S 25%952cm & 2 1), LD
HFEA S 5 BiEATZ, TRIFIZEAEZLL Ldo
7eDT, FREEAIMETE kol THUL, 7
¥ KEIR TS SNz 4 ZE{LERABTDH
LW, ZThiE, MHEONIZET, DMETALE S
725 F a 7 SHEHIR O BN LA & PSR BIEE L
e ZAHY N EBHETEICHE T o Tl
EH—HT 2",
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Fig. 5 Average strain-stress curves of the ostrich carotid artery samples®’.
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Nutritional function of meat hydrolysates (1)

Prizir fE— - JIdE ASEF - N =R

(R LRI R S 32 24T

Shinichi Takenoyama, Kumiko Kawakita and Michio Muguruma

(Faculty of Health and Nutrition, Minami Kyushu University)

The objective of this research was to produce the drinkable meat powders and pellets.
The hydrolysate of chicken breast meat was prepared by digestion with food grade enzyme
protamex. In the previous study, we found that the hydrolysate of chicken breast meat showed
the high DPPH inhibition activity and high ACE inhibitory activity, and contained essential
amino acids and functional peptides such as BCAA. In this study, we conducted to discover
new physiological function of this hydrolysate. Dipeptidyl peptidase IV (DPP-IV) inhibitors are
expected to be categorized in a new type of antidiabetic drugs. The hydrolysate of chicken
meat pellet (CMP) showed the high DPP-IV inhibitory activity. Furthermore, the effects of
CMP on grip strength and anti-fatigue of young adults were investigated. CMP administration
significantly increased the grip strength and reduced the fatigue after exercise. Based on their
remarkable antioxidant activity, ACE inhibitory activity, DPP-IV inhibitory activity, grip
strength enhancing effect and anti-fatigue effect, we suggest that the CMP may have potential
applications as a functional food.

Functional peptide powder and pellet derived from chicken meat with excellent
digestibility and absorbability have been developed. CMP with a high protein score is now
easily available to the elderly, toddlers, undernourished people, people with masticatory and

swallowing disorders and athletes anytime, anywhere.

1. H :p)

PAE, EEE LS F S F M TIRRED O
Wi - HHOIERT (Frax=7) 2Ef (71
AN) 2% B BESEEIN TV, FilE o
PN ARZTRT LA VOTRIC, EBjE & DI
WY Ry N8 (73 W) OBNEETH
BT LIk, Wi, W), EERERE G EERIEEE L
72 B% { OWErbHLNE L >TRAE* Y, H

RANOEFEIILHE (20204EH) TiE, Hrax
ZTBIOT VLA NVORETZHWE LY
&, BEE (65mlLE) TiId Rt b 1g/k
K& HU LD VX7 BR BT 52 L0 LT
LweiddhEhTnwg®, ¥ X7 HxfmE L
TEIT 2854, BHET I B b OLE
ETBHT I NG Yy AEL, T E
2HD0THNEREMOE Y VN7 HLEF 2
bo BRIZHRELRY YV HEELEATED,
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EHER RHFIEIA R M TH L,
bivbiud, 20034FELK, FAHEROMERK T
EREHTAHRTF Fe Bk - RL, Zhoo
TERBIEZ S S L C & 720 BROHILEER S
it~ F FICACEREIEED D ), B FEERIC
B CHMUERE T EHRPUBALIEH 2 78 3745 R & 14
THEN™Y, ZhooOMsEE D) £ Lo e L
THRELTWAY, X5, WHNLLAZAER -
TR ZELZBIIC, Aot L
TACERE MR B IG % 45 3 % Behk
TF ROEADREIRMT 52 L E2WSHITL
VAT AR AV (1020 o= X1 il St T 2 [ A T
rAHELMHATRBEBEINLE FHEET I8
(BCAA) bBEEICEAR, AR—IREOHFIFIC
b EMRT & 2 BREN CREE L 7 BLREAE N 2 %
SE S, TOX)BRE LY VN B R
DHEWZE [AXLERPSHREGER] ~NEEHT
HZEIZEY), WOLrZTHRBICHEILTE, L
A b KA  AEHEEER PR DA T L E
MEMERBET AL EHNE LT, RS
M4 3 AEEERFFE B LS & 0 9% - B %47 -
7oo TOME, B (BLRAW) HROBEWHUE
YERR TR TER 24 LBCAAD BEICEAHT
 BERETE A IR o IR BB, B oK R0 e & B 76
THIENTE, BONZMFRAEZ WG L
7210

Z ZTARIEEOIETIE, ERMAKS DS
F N W72 e BB RE DO WR & BRMIK 5§t
# (CMP) %z M X 2 RBr% 920 L 72,
Wil e A PRRRERZ L LT, SREERKS Y
X CMP % i\ T Ikl EAHN B S5 VR T
FINRTFF—X¥N (DPP-IV) FHEE %
&L, ETAIIK SR o opE E ARl R iIc o v
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TF FEEEICELCMPEZENL 2o, EH)
BRI O R - B B IRh R R Pui s o
WTHE L7z BN R e HET 5,

2. /5 &

2.1 AAE AR 53 R s P N K 53 15 e
#l (CMP) # W72V RTFINRTF
¥ —¥N (DPP-IV) FHEIEMEOHE

2.1.1 ZFEBAME

MR RGA, EEKRD — AR, EEHSRQA
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BWE 2 EDEENRGROIzD, 7 K
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904 I SIS S 720 REEFRY (0, 10, 308 X 1°90
Gr) W BUSE & FRICL 100C © 2 40 fm# L <
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%, "X THHL THLNTAI % 5055 HE
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Ty Xy 7 AW X ) ER S NIRD T F >~
I—=FMFY ORI E SR, VT A
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KERBEIRNT D720, T o OB % 3 1045
UmA YTV YT A4 NE— (T RN T 4 v 7
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7 87 B o g EBiuretiE" 12X D T o 70,
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Fig. 1 DPP-IV inhibitory activity of hydrolysates of beef, pork and chicken breast meat treated with protamex for 0, 10, 30 and 90

minutes. The times in the graph mean reaction time with enzyme. Associated graph shows the values of DPP-IV inhibition

percentage. Sitagliptin was used as a positive control (PC) as a standard substance, and DPP-IV assay buffer was used as a

negative control (NC). BM : beef meat, PM : pork meat, CM : chicken meat.
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Fig. 2 DPP-IV inhibitory activity of hydrolysates of beef, pork and chicken breast meat treated with protamex for 90 minutes and

hydrolyzed chicken meat pellet (CMP). The numerical value of CMP in the graph is the dilution ratio. Associated graph

shows the values of DPP-IV inhibition percentage. Sitagliptin was used as a positive control (PC) as a standard substance,

and DPP-IV assay buffer was used as a negative control (NC). BM : beef meat, PM : pork meat, CM : chicken meat.
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Table 1 Changes in body composition, activity and grip strength before and after intake CMP.
Unit Before 2 weeks 4 weeks
Body weight kg 521+38 52.3+36 521+38
Body fat percentage % 247+35 253+27 249+31
BMI kg/m? 213+23 213+22 212+22
Body muscle percentage % 279+18 27715 279+1.7
Body composition
Body muscle percentage
Arms % 31.7+23 314+19 316+21
Trunk % 230+18 227+15 229+17
Legs % 403=15 399+1.0 402+1.6
Right hand kg 30+ 7 31+ 7 34+6
Grip strength
Left hand kg 30+ 4 28+ 5 31+ 6

CMP : hydrolyzed chicken meat pellet, BMI : Body Mass Index , Before : before intake CMP, 2 weeks : two weeks after intake
CMP, 4 weeks : four weeks after intake CMP. Values are means + SD.

45
40 ......-.u--.n.:::“-.'.'..
35 | @coccccccccce®®’
JC;
- 30r
5
&5 o5+t
wn C
2L 20+
Gy
16 -
10 -
5 b
0

Before 2 weeks 4 weeks

45 ¢
40 +
~ 35 F  eesgee
o]
%5 30 f
% § 25 + ...',-,.:::.no--............‘
2= 20f Tegeent”
S9
15 +
10 +
5 -
0

Before 2 weeks 4 weeks

Fig. 3 Comparison of grip strength and CMP intake pre- and post-intervention. CMP : hydrolyzed chicken meat pellet, Before :
before intake CMP, 2 weeks : two weeks after intake CMP, 4 weeks : four weeks after intake CMP. Individual data are
indicated by dotted lines. Mean values are indicated by solid lines. Error bars indicate standard deviation (n =5).
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Fig. 4 Change in general fatigue level score from baseline to
the post of the 4 weeks intervention period.
CMP : hydrolyzed chicken meat pellet , Before :
intake CMP, 4 weeks : four weeks after intake CMP.

Individual data are indicated by dotted lines. Mean values are

before

indicated by solid lines. Error bars indicate standard deviation
(n=5).
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Analysis of volatile components that form the scent of male pigs and

identification of terms that describe them
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(BT IR S J 50)

Satoshi Kawahara

(Faculty of Agriculture, University of Miyazaki)

Pork obtained from uncastrated male pigs was subjected to chemical analysis of male
odor-related substances, volatile component analysis, and extracting terminology related to
odor by panel test. Based on these results, we aimed to clarify the characteristics of odors
emitted from male pigs and their perception by humans.

As a result of the quantification of tryptophan metabolites such as indole in subcutaneous
fat, male pork contained higher concentrations of tryptophan metabolites than castrated pork.
However, their concentrations were below the detection threshold in meat. Esters were
characteristically detected in raw male pork when analyzing volatile compounds related to
meat aroma. Alcohols and alkanes caused by lipid oxidation were detected in the cooked meat.
However, we could not confirm the relationship between the proportion of these substances
and the sex of pigs. From the panel test results, it was suggested that the heated male pork
has a weak pork-like flavor and a high frequency of sour flavor. However, it was also
suggested that it is difficult to distinguish between male pork and castrated pork due to the
smell of raw meat. In addition, it was confirmed that male pork is less palatable than castrated
pork. From the above results, it was considered that quality control of the taste part is

essential when male pork is used as a raw material for meat products.
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DELE D SAVEHI LS %2 8 2 Em 2B ), HE
RPN &) PR e BHE S B RERESME L
LCER LD TS, LAL, ks
BOWEMEEDD Y, EHDIAT5 BRI
HETH2ERICIEA AROFEIE-STLES 2
ENHETH D,

Z ZTAWIZETIE, BEHOF AKH SH7IK
WIZDW T A BB E AL 500, FRFETERR
GONEB & OEREMAEIC X 5 BAUC S 5 Mg
HaEfre, F2ABPLRAETLHERAB LU MC
X HRMOMEEWAHICT A2 L 2 HEEE LTHE
s srZ ke L,

2. /7 &

2.1 ##

AGRBR L I K By BRI 2 85y L CATh
Nizo AL, IR RETHE 7 1 —
FRHZEEEE L v & —fE 74—V FCTHES
N72LWDHEIE LB HENK 4 BB L OV RBIK 4 HH %
7z, HEEUIKIE 2 12 SR O ik % 5k
L, FHREIELL LD L) ICRELE, h
5oL, B3 RIKETHRB A fE % fg
G, BH#OKTHAE L, ARER105kg TH
W L7z 0MT B X OVERERFIIC1E, & & IRGER
PO Lo —ZAREML, fHFT-60CT
WHIRAT L 720

2.2 MIT T 7 A OER

0 — AR P &0 ERECL 72 B2 T eI 0 g 55
Z2o2WT, £ Y F—=NVBIPAS F—NV7%
Hansen-Moller (1994) @O F3E:2 ([Z#E U CHlE L
7zo MiWT LIk 1 g2 770y - REV S
A= (N F~< v ¥y —=SP, =y EH#E) I
WAL, WEPZEHE (2-methyindole) DX ¥ J —
VW E 3mInzZ, FEYA—F2@EL 7,
REIVA— b&250xg, 4T T5 oML
L, O LE#045um7 4 V7 —THEB LD

b, HPLCHHTIZHt L7z HPLCIR Bttt # (LC-
10A) ZHWT, &M ToLBY & L7,
#Z 2 ODS Hypersil® (Thermo #, 150 x
46mmlID, KAE5 um)
BEjE 01 %MEmRAKAER : 7o e 7 g
v=65:35 (v:v)
itk © 1 ml/min
SR © 40T
ot HOBKM SR (iR @ 285nm, HOGE
£ : 340nm)
e NEREE e
2.3 HFREMEWE O
R A2 & o 5 E & MonoTrap” (GL
Sciencesfth#, DCC18) Z w7z~ y FANR—2Z

=

# B X U solvent-assisted flavor evaporation
(SAFE) ¥ 12X L7z S0 kT
EY L 7= 858 14 W & 1d GC-MS  (Agilent 7890B
GC, 5977A > —XGC/MSD) 2 & ) 45Hr L7z
OMEMIUTOEB) &L, REHS 5200
ALK 2 R & L CHIR L 72Kovats
RIB LY AANRY PVOHILRIZHI S EE -7
DFEERITH> 720

715 2 DB-WAX" (Agilent Technology#tl,

60m x 0.25mmID, HE/E0.25mm)

FXYVTAHARA AT A

HLEE @ 30cm/min

A7 A 40C, 5 min— 4 C/minT240C

F THI—240C, 20minfrEF

SALEIREE © 240TC

Fe AR © 2507C

ARBEA : 27 v PL R

2.4 ERERHIIAEE QML L CATAIEIC X 5 H

RERT-ifl

EHREFHIAFE O, KF¥A285% 254 L
57— MIEDITo7, BARMIZIE, HAE
TEBE TG S T 2 B RERHA AT G B &
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DT SC TR ST B BRI GE D S &
DIZHT 2 IEF 2 10055E Y, [WOFD ] 25K
By 2R LTHIB LW EEZ B HEEETXT
ME &7z, 7 v — FOEFHERIZESNTIS
EAEE L, AWZEICBIA (o1 &
L7z

B e 57 lli 13 Check-All-That-Apply (CATA)
WYACKY, BBKRAN L A ABRROMAG DY %
1ty bELTH—HIZERL, hzd4ty b
To72, FRNZHBDF ~ + (Open Essence,
L7 AV AFDOEMEM) 2RV TRERE) %
fERE L 7o KE425% (Bik124, i('fil?)%) 12 &
D EME L7z EE 5mmictl ) 5, g
7212, 85T ’“’“%Lka(@qﬂ“CéSO/\ﬂl]*fﬂLtf’ﬁ
WZHARTHIERE & ), 60C o fEiREETF TR L 72
WElE 2 7S A VTRIR L 720 780 VIE, W% B
HLTREZLIZREFEZMET v r— MI& 2
SHICAZ I - W35 BIRM L 2 O0h &%

FlEfeax 7 v — MCTHE Lz, BEIHICX 5
HZDNA 7 2AZEL 720, 2HEORHES ~
WZPRAE L 72,

3. BREEE

BTRNEDOA ¥ F=LVBXOAH b=V %
Table 1 127" £ ¥ F—)b, A4 b= & DI
F AR TEAMEZ RS EAARO b, 1 v F—
VTIIMEI I A EE (p<005) HRED LI
720 A Y F=B LA b—VOFIGR A
B 1 556 ©1000ng/gWl, IH & T250ng/ gl
LIEINTWEY, TOZEE2ETF2AALE, K
WgecHWF 2R, &) A1 HI1LT 5
LARVDA Y R=VBLIOAS b=V EH LT
TWnhrolz,

FEIKA B L O AR TR S 7z i858 PRk
9 D EH) % Table 2 7 & Table 4 (2773 o AR D
ANy FAR=ZGHHICBW TR S - £ 1bs

Table 1 Indole and skatole content in adipose tissue

Male Castrated p value*
(ng/g lipid)
Indole 639 + 125 380 = 11.3 0.022
Skatole 87.1 = 559 435 = 149 0218

Data was shown as average * standard deviation.

* Result of Welch's t-test

Table 2 Summary of olthonasal aromatic compounds from raw meat

compounds determined)

(% of total

Male Castrated p values*
Aromatic hydrocarbones 452 = 1.10 373 = 1.25 0.382
Aldehydes 233 = 047 257 = 044 0492
Ketones 553 = 1.97 4.02 = 086 0.230
Alkanes 151 + 26 147 + 22 0.818
Alcohols 257 £ 46 190 = 55 0.111
Esters 0670 = 0410 1.69 = 0.38 0.022
Others 46.1 + 85 547 = 88 0.209

Data was shown as average * standard deviation.

* Result of Welch's t-test
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Table 3 Summary of orthonasal aromatic compounds from cooked meat (% of total

compounds determined)

Male Castrated p values*
Aromatic hydrocarbones 752 £ 254 548 = 2.08 0.262
Aldehydes 747 £ 6.36 6.75 = 5.56 0.870
Ketones 766 = 2.70 558 + 1.95 0.262
Alkanes 167 = 6.1 141 £ 57 0.561
Alcohols 120 *= 49 735 = 450 0.207
Esters 168 = 0.69 0956 = 0.559 0.187
Others 469 + 142 600 = 116 0.207

Data was shown as average * standard deviation.

* Result of Welch's t-test

Table 4 Summary of retronasal aromatic compounds from cooked meat (% of total

compounds determined)

Male Castrated p values*

Aromatic hydrocarbones 127 = 114 485 = 1.60 0.261
Aldehydes 1.60 = 0.66 1.65 + 148 0.950
Ketones 207 = 164 271 = 1.84 0.619
Alkanes 358 + 151 359 + 205 0.990
Alcohols 1.07 = 0.03 148 = 214 0.381
Esters 0408 + 0.224 03151 -

Others 471 + 543 435 + 203 0.753

Data was shown as average * standard deviation.

* Result of Welch's t-test

1 The standard deviation could not be calculated because it was detected in only one sample.

WETva—VETHY, DWTT IV YH O
BB o720 Fi2, TATVEHOE G-
72b0D, HEENED LN (Table2), it
SN EE LS W Zisopropyl myristate T -
72o TATNVHOL IIRBN LT EE DD, &
%, RMARHOT AT VEE F ARAOBRE &
B2 T T 2 LB H B LEZ b,
MBA DNy FZAR=ZGHIZBNTS, T
I VEB LT VA VEPFEERLEW L FE
EN7z (Table3)s TNHOFTIE, F AKAIC
B\ Tl-heptanol B X UF1-nonanol % & A5 LEL 1Y
BWES TR SN, —TF, WK S B
W L2238 o nw i, BT vh VDS
Bt &7z (Tabled)o 77 Y HOHTIZ

nonadecane 4 A KW \WEIE THRIB S L7z,
T I—=)VER TV YEIMEIC X 0 AT S
B IR CTH S LA LMD, i
i L7z ow T, B oiEs &9k E
<, MO Z#ERT 20IXWETHL EE 2
S5N7ze TOMIZOWTIE, WA 5SAFE
FC X BN RS RO 7 0 & 2 & il b 5 2
b b,

TABABLOEBKANL 4 BAEB XD
CATAREZ & 2 ERERHAM 12 35 W TS A Y (2 M Jn
SNzt idmeaty (KIS L), roasty (F
LW, sweet(H\v), sour (- iXv>), blood-
like (KD & 9 %), gamey (BEERD XS %),
fatty (o (¥v) O 7HHEZ 572 (Fig. 1)o #
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Male
50

orthonasal retronasal

RN
E -

20

Number of panels

10 /
&
0
Raw maet Cooked meat During After swallowing
Masticating
—@—meaty  —O—roasty sweet sour

—l—blood-like —{—gamey  —&— fatty

Castrated

50

orthonasal retronasal

40
30

20

>‘\
0 —o——__
——

0
Raw maet Cooked meat During After swallowing
Masticating
—@—meaty  —O—roasty sweet sour

—l—blood-like —{3—gamey = —&— fatty

Fig. 1 Number of panels that selected each descriptor related to odors that are characteristically recognized in sensory evaluation

ABRE, BEFRLIOITEOWTIIONWTD,
KA S LWERDEG <, BRIEORIFHR % & U %
ERREWE ) Thotzo 72, MALEICEHA
BRO X9 AR Z R U 2 HEDS R D% EONE
BHEDHNTH, WM OFL T ORI
DWTH, FAREEZBIROM THEHERICAH R
HAERIIED NG oz —HT, FERICHRA
L 72U PEOFEIICBI L C, HHRFIZOWTE A
WKL HEHR U CRBIRA 25 BAIF F Lw & 51
ENn7e (tMECBT2ABEMERITRERD=
0449, I FEP=0003)c ZD T i, 73K P
F AR & LZBIRA O IR O & A LT b
CLEERRBRLTVS, DEoZ &id, SRR
WCBWTEHARKA (H5VIZEHRKA) OF) %
KT WY ik FARETE LholcbER
LONEHRTHY, SOLRIMHAPLETH S,
DEORERDP S, F ARA & ZBIRA D 5584
THHEBHAAEWIIIERDLD Y, P LM
BRFRECBE L 2E10E, HERRZELLO
B LARERATE L2 EARBINT, AR
TEOBENHIE, +AKKN LY ZBIKADIE) 23

HENLBENSRO LN EnS, T AKAZ
SRR 2 SIS Ay, ARER S O i
HEMPEETH L LER LN

4. 2 8

RO F AR SR IO W TE AR
Y E DA, FRIETERL S 00T B & OVE R
I LB RS 5 i 217572, 2h b
DFERDS, AR LRETLHEAB LU b
WX BBMOYEEEHMEICT A R HELE Lo,

BTFHREEO YU 7 b7 7 ACH & e L7k
B, RBIEA L KL T AKRIZA ¥ F—vi
EOM) T 77 PREWEECIRETEALT
Wizo LL, N5 OREIZERICHIT A
B & D AKH o 720 BROFZIC BT 2 H5E
{LEM%E ST H L, EOF AFEAPHIFT AT
VDA S vz BRI TR R
WEKRT 27V I — VER 7 IV VEFRI S
720 LDL, TNODOEEHEGIIOVWTEELD
BIEE IR CE o 720 HREMAEOKEH, S
1, MEBL 72 ARRICBW TR S LWED 28
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§5<, Mo lXVEHD &KL ZHBED VI LAUR
BE Nz, LHL, ERORWIZE D F ZAKAH»
FHIRADZHIIE L W L HDETREE
Nize Tz, FBREWEEL T, + AKRKIZE
TFPEAMER N Z & D HERR S 720 DL EOFER DS,
F 2K & BB ST 254,
M OMEERNEETH D LEZ BN,

x @

1) Briyne, N. D, Berg, C., Blaha, T., Temple, D. : Pig
castration: will the EU manage to ban pig
castration by 20187, Porcine Health Management,
2129, 1~11, 2016.

2) Hansen-Moller, J.: Rapid high-performance
liquid chromatographic method for simultaneous
determination of androstenone, skatole and indole
in back fat from pigs, Journal of Chromatography B,
661, 210~230, 1994.

3) Engel, W., Bahr, W., Schieberle, P. : Solvent-
assisted flavour evaporation - a new and versatile
technique for the careful and direct isolation of
aroma compounds from complex food matrices,
European Journal Food Research and Technology,
209, 237~241, 1999.

4)  SFFER AR o E ML ST B T S
QDALOIGH, fbsx L AW, 50, 818~824, 2012.
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Studies on phage sensitivity improvement and superphage construction

HOAR A
UM R R 4B e 22

Takahisa Miyamoto

(Faculty of Agriculture, Kyushu University)

To investigate the involvement of dnaK gene product on the phage resistance of
Escherichia coli BW25113, myricetin and quercetin which have been reported to interact to
DnaK, were used. After pretreatment for 6 h with 500 4 M myricetin, the viable counts of E.
coli was 1.0 log lower than that of control after phage S127 BCL3 addition. Moreover, the
regrowth of the phage resistant cells of £. coli was retarded only in the cells pretreated with
myricetin. The viable counts were 1.18 and 2.1 log lower than that of the cells without
myricetin at 9 and 12 h, respectively. Furthermore, the cells pretreated with 500 4 M quercetin
showed the highest susceptibility to phage, and viable counts at 9, 12 and 15 h were 14, 1.4 and
2.7 log lower than those of the cells without quercetin, respectively.

To investigate the involvement of priA gene product on the phage resistance of E. coli
BW25113, kanamycin, and chloramphenicol, which have been reported to inhibit the function of
PriA were used. The combined use of phage S127 BCL3 and chloramphenicol at 2 or 5 uM
increased the phage susceptibility of £. coli and retarded the regrowth of the phage-resistant
cells. Kanamycin showed the similar effects. The combined effect of the phage and
chloramphenicol was confirmed on E.coli O157:H 7.

For the preparation of multi-tailed fiber phages, the tail fiber genes of phage ECP52 will
be isolated and transformed into phage T4 genome by a genome editing system using
CRISPR-Cas9. The receptors for ECP52 in E. coli were examined. As a result of comparing
the infectivity against 11 types of outer membrane protein gene-deletion and
lipopolysaccharide synthesis gene-deletion mutants, the infectivity of the phage against
AompR and A waaC and AompF mutants was lower than that against BW25113. This suggests
that OmpR, WaaC and OmpF proteins are important for infection by the phage ECP52.

% L, FRCBE IR, SVELATRH

veuny y—zERETLZETEZ, KA

J 2 AL KBS B R L & & 5 S oAb A Fr—VEORFERBEXAN, 1y, BEE B
WX pfEEfEE () PERICALEZS5 2T RLAaED XD &R L% KK & LCTo4E
Wb, INHOEMEL ERZRKETLEIE LTwb, &512, Extended Spectrum Beta-

1.B ®
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Lactamase (ESBL)-#E KW, 03 5E %O
JEINW CTdh 2 W7 ¥ BRI OL Ak b 7 &
JEHE 2 HUA RS 2 B il i (N5 Stk
JHEOME) OHEGIRTETHEY, BIEED
BRICBVWTREREE 2o TWwh, THERK
HFOFFIIBVWTORELRMETH L, O
N7 FUE 7 7= (L7 7 =) OFHA
ifFsnThBY, BRkTixd ClCaPETE % %
W57 7 —IPEMIEAINTVSE, 2612
FIRILR D 720121, 7 7 — D&Y L 72 A%
AL 2 [ 7 7 — Vgt ] % sliks 2 4EAH
%

FHE LI, BEORYEIPIRMEIZBNT, #
40008k D Kl O BAR T RIEVR T 4 757 1) —12D
WT 7 7 —VIEEZEERHRTT7 7 — VRN
1B XML 53 5 #inF %2 108 F & LT
W5, RHEFEETIE, INLOEETOH B,
dnaK 3 X UpriAB a1 Y ORERERLE 12 oW
T O 7 7 — VR IRIC O W THGT L 72,0
dnaK\¥, 51 x~xna vk LTHEET %5 Dnak
32— N9 5851 THb. DnaKidDna]B L O
GrpEL L b2 YNV HDT +— VT4 V7,
FREFEERANLV RIS TEL NS
YORGHREEY VNI ED) T A —NVT A YT
BEEZ BT A EPHESINTWD Y, In vitro
IZBWT, fiRY 72/ —Vvo3I ) eF riEk
B3 W ODnaK D #fe % fE$ 2 2 L3 HiiE a T
WpY ZEnh, IVRFrET 7= YO
BIZOWTHNR, 72, PrididfsEil Lo
74— i, MEEL 7o IAEE & PSR L
THEZHPEIELY U7 ETHDH, PriAld
JOHENFEWL L7z ZAHDNAZ RO 7 + —
7 R, I ¥ v 7 $8 » Single-Stranded DNA
Binding Protein (SSB) Ta—7+4 v 7 &hi/—
REDNAZFFOBMT + — 7 R ERFBH|L, %
DIFELFNZ)EN U TPriA®D ATPase, /N1 /1 — ¥

PEIC L) — AR EZ MBS 5 &, 22 IH#
RErHHET LY, A F~vA4 v ryBL0r7ug
ATz =a—=ViEy T EERIERTH Y,
FNENYRY =% 7=y +30S, 50S DFH
ERERIEM I TH BA, PriA L SSBO#EA % [
EFHIELWMEINTVDEY, 512, KW
FTT TICHEEL T 2 BB OMIF 12 KGe T &
577 —=YIZo0nwT, flWiO77—YLt7Ts—
BT AN 2 5 NI HOBIET R FE
L, 77—VIWEAT S, 2hiZky, EED
77—Vt 7 Y —2@HETELA—IN=T 7—
VORWEZRA DL KIIRIZEY, 77— VikE
{LoIHED R SN, S SILHPAO A
BRI L CIHET A2 A— =7 7 — VRO
RS R SN A &, K, Ready-to-eat £
76 WICERBGOREEN FICKE HKT 5
7220 T, PUEPENARAE L e v A Sl g
FEDTGHEMFE 7 EREFENOHEMD WIFF SN b,

2. /7 &

2.1 dnaKB X O pridA&a 1YW O HEWE
&7 7=V OMMME

IV TV ET 7=V OPFHRIRITO VTR
L7zo £9. E. coli BW25113%& % i (2 & D
ED I LT VAWML C37TCTRIAEL, B
MG 6 K E W7 7 —YS127 BCL 3 2 L
THEZ WS, 77— VHEM%, RRENICAERK
WE %247 - TR Z G L 72,

%72, E. coli BW25113 W I1C 7 7 — ¥ S127
BCL 3 & PriABHEW E = FEIZ®ML, 0, 3,
6,9, 24K HICE WP OLEWHZWEL T
ZOREE T L 720 PUAEM RIS/ NER FLIE R
BEZe & NCE O PEAE TR L 720

ST, ¥y EERMEATH B APriA
LOMBEERERE VT FFH 4 21) YIiZon
THHHE L CRARICHEREZ AT 720

© The Ito Foundation



MWD 7 7 — VEZWHRB LA — 8= 7 7 — IHEBIZBI T 20058

75

AompR,

2.2 77—V FI¥—0RERVFLETS
¥ — A — 78— 7 7 — IVERL D FLFEMET)
E. coli BW2511355#8 £ 1.0 x 10°PFU/ml & 7%

% X9 LZECP527 7 — ¥ (BSR4
7 7 =) W E100 w3 OLBHAR: H 5 mI i
MLUT37TCT—MidiRE ) Wi L7z ZoRiFE i
2ECP527 7 — VB & L THABRICH W, E.
coli BL21
ompC, NompF, ANompG, AompL, AompN,

(DH3) , BW25113, AompA, A

NompT, AOmpX, AwaaC,
ArfaG, Arfal TNENELRERTER L7

LBIERKHIZECP527 7 — VWA ARy b L
TI7TCT—Muks#etk, B s 7 7 — 7 5%l
ELTe 77— VHBIHCEEICHT ST
7 — 7 X BE JJEOP (Efficiency of plating) #%
HH#E (EOP=1) & LT, TNENOKRIIKT
LEOPZ M L7z,

3. BREEE

3.1 dnaKBETHEYWOHEWEE 77—
RLIIFIES
U F LI & BRI IO W TG L

~
~

Viable counts (log CFU/ml)

7R, Fig. IR X923 ) & F »T6 IR
BB L 72 KIBWIC 7 7 — V2N L2 a o4
W #1269log CFU/ml &, #Ikk & X TEREIE
15loglkr» 720 F 72, HIREES00 UMD I 1) £ F
¥ T 6 WAL B L 72 W R o A T BUE K 9 log
CFU/mIT® - 725 MOIZSHK01E W HIEWETH
B0, IV EFEOHHICLD, RUHIZHANX
T7 7= VHMICE ) AWEE 2logihd S € 2%
CENTEZ, IV T VK D EREEE I
DWVWTHE L7724 (Fig. 1), 77— VM
10, 12BFR#, BHOAERBIZZZh8ls &
W5.3log CFU/mITH » 720 —T, 77— Vi
10, 1204, #BREES0 uMD I ) £ F 2 T6
e L 72 KW O AW BIZ E N Eh64B X
UM4.3log CFU/mITH > 720 IV & F ¥ CTRHET
%2 LT, 77— JHAL, 120 %O LR,
PR L IERTENRZENLSB L T L0logig A L 72,
HIEEES00 uM D 3 1) & F ¥ THLE L 72 KIS
X dnaKRIEMR L RBOER Z R 2 L AL
T3 In vivoll BWT, dnaK/RABRETIEHM
WOELGIKRTH DN F 7 4 VAW SNT,
INA T T 4NV BTHN YR 7 — ) EABDEK

~

-~
~

1 1 1 1 1 1 1 J

N WA OO N 0 © O
T T T T T T )

0O 4 8

12 16 20 24 28 32 36 40 44 48 52 56 60

Incubation time (h)

E. coli BW25113 was pretreated with myricetin at 0uM (O),

Fig. 1 Effect of pre-treatment (6 h) of myricetin on phage susceptibility of E. coli BW25113

200uM (£), and 500uM ([) for 6 h. Phage S127 BCL3

was added to the culture containing myricetin at 0 uM (@), 200 uM (&), and 500 M (H) at MOI = 05. The values are

the mean = S.D. for three separate experiments.
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AIH SN D, ) LT 2 TUE L 2K HIE
e F VRTINS T 4V A DL
s, RIEE300uMDIY LF v TUET S
A=) HAEBEEBWH S b, F72, DnaK
BB a v 2y YRV HEELTHILRTWS Y,
ZOZENDS, KEHIZM4T O X 5 il
DbEVIREICH T 2% H L, LaL,
dnaK/RIEHRIZHMATC TIIEFTTE v, X512,
PUEWEDO—FECTH LNy ALY VT T L
PR CPURTER 2 7345, 7 AR I
PREER 2R S v, T 7 T A BREE 04
AN a< A ¥ v OREANOE# % LT 5
72OTHbH, LML, dnaKRIE¥RIZE0 ug/mlbl
FoBEONY a4 Y TS &, e
ERT o —H, HIREES00 uM® I ) L F v THL
LK H b EERIC44CCTHEFTEY, Nva
<A Y VRN ERT . LAt T, #EEEES00
uM® Y & F VLR AR dna K R B FR & A B
OWMEEZRL TS EHEE S ND o dnaK/RIEE
BT T7 7= VRREUDNE L & o ZHEEIZOW
TiE, S5 2dnaKRIERO LB % R TEE
TLULENRDHDLEEZ LN,

3.2 priABETEDOMERNEE 77—V D

LIEEYES

PriABlEOWEENRE SN TV I2WHE L
77 =YVOIHIZE DT 7 —VOBER RO K
B & OV 1 B O SR B O W REE LDV TR
L7

hFr<A T e OFREELE (Fig. 2A) TId,
Tr—=T+h <A VRNE6REMBICBITS
HEREATT 7 — VHMUBIZIART, AP~ ALY
VAEIREE 2 uMTO0.7log, #IRIE S uMTl4logfik
Motz WEM HIZB T 2 A WEIIHIRE 2 uM
TO05log, #IEEES uMT18loglknr» 720 F&ULEE
2 uMTII24R IR AEREIE T~ ba— v L
BEZCHIMLZ (510°CFU/ml) A%, iR

5 uMTIE 7 7 — ¥ HULEL & ik L C 1L1logfk
o7z,

yaI A7 r=a— )Tl FELHE (Fig.
2B) 6 EICBU 2 ERBSKIRE2 uMT
L6log, #ikEE5 uMT17loglk<, 9MFRIHICH
5 A THEI IR 2 uMT23log, #HIRED u
MT33loglknr o7z, L2*L 7 7 — Y IRM24 K
BIZIE, WThOBRETH 7 7 — YV HALHL & [
B E CTHAWBIZEM L 72 #OREES uM DY
G, 77— VIR 3K E S 9 R H I
THERBDBI TREARME o7z, F20Tho
BETH, 77— VBIM2ARMBZICB VT O AER
k77— VHAMBE L VRV FTHo70 L
L, ThIHA ) T =T 0PN
TlE, 77— Y OBEMGEEOH KB X O R o
BRI S e o 72 (Fig. 2C). PriAld
7 7 — VAL RS T2 5 CRISPR-Cas ¥ A 7 4
®adaptation 7 = — X (prime#!) 123 M5 L,
Cascade-crRNA#IAK EDNADFEAIC L W EL
5RIV—TLIFIEN L HEEZ RecGE & b IZRLR
L, ZOW&EZI) B, £MIZ X ) ssDNAGH
WAEH 3 % 2 & TCasl-Cas 2 HEMKADNAIZ
D&, HHMIDNAZ YW §5 2 & TAR—H—
ZHEGTAHTY, XD, PriADBEREx FHES
% Z L1XCRISPR-Cas ¥ A 7 A D AR—H— DM
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Fig. 2 Effect of PriA inhibitors on phage susceptibility of £. coli BW25113
E. coli BW25113 was incubated with (filled symbols) and without (open symbols) phage S127 BCL3 (MOI= 1)
(A) in the presence of Kanamycin at0 (O, @), 2 (&, a)and5 (J, M) uM, (B) in the presence of

Chloramphenicol at0 (O, @), 2 (A, A)and5 (CJ, M) uM, and (C) in the presence of Tetracycline at0 (O,
@®). 05 (~, A)andl ((J, M) uM. Values are means *SD for 3 separate experiments

L7z ZO%%E, Fig. 3ITRT L) ITHMEE Y >3 ECP522% &3 5 B ZOmpR & WaaCsEE TH
7 BI5T A ompR & LPSE B F#E AT A waaClZ D, OmpFHMELTWAZ EAVRBI N, =

BWT, EOPIXH AL LKL T4 HT L, DFER D 5 ECP213 W75 DB IZLPS®inner core
ANompFiCB VT 2HIFER T L7, Y bEnb, A E7- LN E L, S 22827 ®OmpF b

© The Ito Foundation



78 T4 FAICES 5 BT JE s AR B (Vol4l)

10

0.1 r

0.01 -

Relative EOP

0.001

0.0001

0.00001

v0

& O & 0 »
™ QS QO
& &

N R R RN

@

& N

LN &+ 0 .0 o
& & & @ @0
vo v0 Vo v\& AV

Host strain

Fig. 3 Eficiency of plating for £. coli phage ECP52 against various E. coli mutants
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Detecting foreign object in meat using near-infrared light with polarization

and artificial intelligence (II)

o =
(BB KFAEZX NLED 7 # b = 27 AHF5E5T)

Kenzo Yamaguchi

(Institute of Post-LED Photonics, Tokushima University)

We successfully detected organic foreign objects in ham using a combination of near-
infrared light and polarization-based near-infrared imaging. This method demonstrated the
superiority of polarization in reducing stray light noise and accurately locating the foreign
objects compared to a non-polarization-based reference sample inspection. Firstly, we
evaluated a near-infrared imaging method at a wavelength of 850 nm using cartilage to
accommodate the diversity of foreign objects and explored techniques to enhance the reliability
of the inspection. Additionally, we addressed the issue of noise by applying filtering techniques,
which improved the detection accuracy by removing unwanted noise from the images. We also
investigated light imaging methods at different wavelengths to capture detailed information
about the properties, light absorption, and scattering behavior of the foreign objects, leading to
an increased detection rate. Furthermore, we reevaluated the polarization degree and camera
installation angles, which improved the accuracy of imaging and analysis, resulting in high-
quality foreign object detection images. Finally, we focused on constructing a dataset suitable
for machine learning, collecting imaging data and analysis results, and using them to train
machine learning algorithms, thus achieving automation and efficiency in foreign object

detection.
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Evaluation of the effect of high-oxygen modified atmosphere packaging on

the survival of food poisoning bacteria

W ¥
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Ayaka Okada

(Cooperative Department of Veterinary Medicine, Faculty of Applied Biological Sciences, Gifu University)

In recent years, high-oxygen modified atmosphere packaging (high O2MAP), in which
meat is packaged under high oxygen concentration (80 % oxygen concentration and 20 %
carbon dioxide concentration) to maintain meat quality, has been reported to extend the shelf
life of meat. High O:MAP was known to inhibit the growth of mesophilic bacteria and
Enterobacteriaceae. This study focused on Campylobacter spp., which are the most common
bacteria implicated in incidents of food poisoning reported since 2003 in Japan, and aimed to
investigate the effect of high O2MAP on Campylobacter spp. In this study, a simple method to
create a high O2MAP in the laboratory without the use of large equipment was established.
The viability of Campylobacter spp. in a high O2MAP environment was investigated using the
established method. The viability of Campylobacter spp. was suppressed under high O:MAP
conditions more than under atmospheric conditions, indicating the usefulness of high O2MAP.

Further validation using lower concentrations of Campylobacter spp. is needed.
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Fig. 1 Schematic of the experiments. A sampling bag (A). A piece of meat was set inside the sampling bag with one side cut (B).

The sampling bag with meat was sealed and connected to a suction pump at arrows (C).
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VY TNy FHOEREWGI Lz, Wil RE
A (80%FEH, 20% R LR FE) (ZiE,
Gifu, Japan) % I =SV TR AY — T h S HEE
TNy FICFHE L, M6 AT ¥ —
5 A RN E % (CheckPointO2 /COz,
Dansensor, Ringsted, Denmark) (2& 1), FEFEiE
FEB L O bR FRIREZME L7z T72, 4T
TI0H FiHE L 72O ARBEIZ OV T HHlE L
720

2.2 BRHLEOH EUNy ¥ —EAEEORGEE

2.2.1 BUHRBAOMEMS X OHO.MAP

BRI ORRIE

Hr¥uanyy—EHTHL L EPCRIEIZT
TR L 72 OB IS BRI RS L 72 v ¥
TUNT 7 — B AT 5 2 & CTHREIG A % 1EH
L7z §%bbH, C jejuni NCTC11168 %k % —
CICHRAFE L7V Ea =V ANy 7 XD
mCCDARHLIC %A L, 37C TASWEM], MbF5h:
#L7, au=—0—fxIa—F - r#E
REFHNCEIR L, 37CTI8= 2 WE[H], M= Sett
THFE L 720 R S WA CHRARZ IR E
Iy, PBSIZEE L, OD600% LOWZEREEL, 50
X108~ 1 X 10°CFU/mI®D R > 7 & L7z,
NS ZRBEANT S & T50x10"~1 x10°
CFU/mIO R E L, #W25gdH 72 1) 12100 pld>
ZTNZENOHM%E &A L50x10°~ 1 x 10"
CFU/25gD WG RFEW & L7z FHllT 5 HE
O, PMA-qPCRIETIIE T 2 DIZHE
B EENENOY T ) v 7Ny FIZHEfR L
726

2.2.2 ¥y (MPN)

NIHSJ-02iEIC#E U CTHER L 720 ThbH, M
fk (W25 g) 127 LA+ i (OXOID,
Hampshire, UK) #225mlilz72d D% A F< v
71— LB U GEHE 2 /E B L, MPNIEIZ X D W%
HML, $%bb, BAZA M v H— 0L

L7277 VA b Y EHOE % 3RO 22D HERE 12
#10mlF 25 L, ¥ 51 1 mlB & 0°0.1ml
54T VAN Y EHAT10mIA o 72 BRE 3 A
FOVZHEM U720 42°C T2REW, MRSt T8
#L, 7VA M UE2S 1 ASEH OBk
mCCDARHIC¥AGT L, 42T TASWFH, Mif54c
TFCRAE L, 3= D LNz bDIZDOWn
Txau=—=PCRIZXY, A rEunsy sy -k
ThoHI LMLl h¥uny y—Gike
%o 7 BRE B b MRS & ) MPNAE % 5K
O, E5IESNMEEI0 L TL00g472 ) »
J1EUNT y —iHRE R R R,
2.2.3 PMA-qPCRiE

TTICHELHEAO TR HWCTHER L2 1l
WFEN25g% A M~ v h—4&IZ AN, PBS 10ml%
WML, FTHRAAGLHICKEEZ) ¥ A LT
TANE =l LTS Z XL, ) Y R
L7z ) Y A%800xg, 4T TlO5 RO L,
AHi & Br2: L7z RiE%Z8000xg, 4T T104-
ML, XLy PZPBSTHREH L, 160ul& L
b0xRY TV E L, 160 uldH > 7z
PMA Enhancer % 40 ul, PMAxx % & & & A325
uME 722 X9 Zmz, 37CTI0HMA »F 2
~N— I L, PMAxxif td 72 LED Crosslinker
12 (Takara, Shiga, Japan) % H\»T15% [5G
WaITo 720 PMARLBRZ 4 0) 3& LERI$ 5720,
8,000 x g, 4T TL05 Ml L IIELZ 1TV, 160 ul
DOPBSTHEM L, ME LLOBIELITS 72,
DNA#H 12200 ul @ ¥ ¥ %> © DNeasy Blood &
Tissue Kit (Qiagen, Hilden, Germany) % H\C
1w, 100 wWlosy 7 7 —THM L7ze BRICHE
g BBV L2 h v ¥ any ¥ —OREE AR
% H v CRBRICPMARLEL, DNASHH & 7w
MR O > 7T & L,

gPCR #: & GoTaq Probe qPCR Master Mix
(Promega, Madison, WL, USA), 77— K735
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4 < — campF2 (5-CAC GTG CTA CAA TGG
CAT AT-3), UN—=R75 4 ~<—campR2 (5-
GGC TTC ATG CTC TCG AGT T-3),
7 (5-FAM- CAG AGA ACA ATC CGA ACT
GGG ACA-BHQI-3) #fEiH L, ~=a27 VI
PEVER L7720 ¥ ba— LW v TN HCTHE
WLZRERSS, hr¥unyy—nav—#
EHRH L7

7a—

3. BREEE

3.1 ®O:MAPEHEOEL

FY =y — L EERTRMHT ATET
X, —EREEL T B0END LML <,
BHRBEERZOCTLIIENTELRDP 220

2. HERT I, BTV I nNy e
W7o FETHEOMAPEREOEM 2 M L 720 7
AEILEE O F A REIZDOWTIZ0:H788%,
CO:H°188% THh -7z F7z, 10HBEDF AL
120:25771%, CO:%5156% CTH Y, HE D
T L1202, COREDKTHIRDOLNE L DD,
EVIREE 2 MRS 5 2 DS RETH o oo

3.2 WAoo E¥anNy ¥y —0EEEOR

FE

FERICRAT L7 8 v ¥ any ¥ — A% b
#£1L B L UPMA-qPCRIEIC & ) Bk L 720 FE
BICH ZABEDSHEFF SN T WL 2 ZMRAL, DT
DETH o720 H A2 HHTIZO2781%,
CO: 25181 % (R: #& ), 02 A377.7%, CO:= 2%
183% (PMA-qPCRi%), #AiEH# 3 HHTIXO:
D3794%, CO:4%184% (¥ea21k), 0:03776%,
CO:%%181% (PMA-qPCR{:), # A4 HH
TIX0:23776%, CO:75181% (Hi#8#5), 0:24°
786%, CO:2%%182% (PMA-qPCR{E), # A&
5 HHTIZO0:2766%, CO:22%178% (K7%
), 0:2%784%, CO:74%182% (PMA-qPCR#)
Tho7,

10000
¥
< 1000 °
€
3
o 100
©
o) =02MAP
S 10 e
m -o- j()_d.
1 & A
1 2 3 4 5
Days

Fig.2 Quantitative change of inoculated Campylobacter spp.
counts in packed broiler whole legs of trials 1-5 days.

BBECTIEHBELI YRz, MPNEEE W
7208, TRTOY Y 7 NIZBWTI0ml, 1ml,
0.1ml o> 34 1 55 #83 % @3k L 7-mCCDAK; € 7
v¥uny -t y, 1100MPN/100gl 1
LEMENTz, 20720, WROBDEZHERT 5
CLWETE Lol Stk X VIKREOWHEKZ
WA 5L THGRE R EET 2 LENH L EEZ
bNbd,

B389k & AW ICPMA-qPCREEIC & 2 Bk b 92
ML, Bl r¥unryy—av¥—¥Koig
%7 571m L7 (Fig.2). RARECTRIAEL
72AHHOBRICEH LT, FHO I A% 5DNA
B Z2EBETE LD o720 T = SRV TR
L7z KEBRECTRELZBRICELTIZ4TIC
HRELTAS5HEIRBWTHI05D 1 RRED A
WHEMEFRL T —7, BOMAPEEI T T
BAE L7238 BV TIZ4CICRBE LARAIC
1070 1 EEFTHRAL, #iE4HBEIZBWTIZ
B BRA LT & 72 5 720 20234 ICEBRIYIC A V¥
0Ny ¥ —%8A L72HAIICBT 5 H0:MAPER
BE DB R BGE L 72 s i SV A%, 6 H
BlIBWTh I ¥y ¥y =R ENTSH
D, Kifjet L ;L v o7, TOML T
1 x10°CFU/g& 9 72 D) BB O WA EAG &
NTWZEDPERTHELEEZONSL, ZDT:
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O, WANIHERICEBAIT 2 WEOFEE 4 ) E
BCTHDH I LEDPRBENT,

RFFEICE D, HOMAPEREICB TSP v K
TNy ¥ — ORI RAERE L) Il s s
T ENRBENT, A MIE50x10°~ 1 x10°
CFU/25 gD W Bx ®Ai L7225, EBOBR
FOWBIZ LV ENEEZONL 20, 514,
XD RREOR M TOMAESLETH L EERD
b,

4. B 8

AWFZEIC BV TEBREN TR OB E V5
AL, fICEOMAPEREE# E§ % )ik
HHMENLTE 7z ML L 72T Vv TEO:MAP
BEIBITS A ¥ anNy ¥ — AR R WEE L
el lh, REBEEL) LIMHISND 2 LAVRIE
S, HOMAPUEDOHHMEIRENTz, 5
X0 ARl 2 MR & S 5 LD D B

X Wk

1) JRBREE, DEET-, WL, A5, MR,
EHER, RHEEE : mRERESIABRTE SN
e BN O AR OB B X OVERMRAREE, H
R MRS, 38, 88~92, 2021.
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propidium monoazide completely inhibits the
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Pathophysiology analysis of bovine complex vertebral malformation and

identification of sugar chains important for bovine skeletal growth (II)

oo E Bk
CHTRF B I BRI 3 B SRR P - 450

Tatsuya Furuichi

(Laboratory of Laboratory Animal Science and Medicine, Co-Department of Veterinary Medicine,

Faculty of Agriculture, Iwate University)

Complex vertebral malformation (CVM) is an autosomal recessive severe skeletal
dysplasia in Holstein cattle. CVM consists of a range of complex anomalies of the vertebral
column and limbs, dysmorphic craniofacial features, cardiac anomalies, and spontaneous
abortion or perinatal death. Bovine SLC35A3 gene has been identified as a CVM-causative
gene. SLC35A3 has been reported to be a UDP-N-GIcNAc transporter located in the Golgi
membrane; however, the pathogenic mechanisms of CVM have been largely unspecified. To
address this issue, we generated a Slc35a3 knockout (KO) mouse strain and showed the
usefulness of this mutant strain as an animal model for CVM in the last year. In this year, we
showed that Slc35¢3 mRNA was expressed in the presomitic mesoderm of wild-type mouse
embryos, suggesting that SLC35A3 transports the UDP-GIcNAc used for the sugar
modification of Notch receptors, which is an essential step in somite formation. To understand
the pathogenic basis for chondrodysplasia in Slc35¢3 KO mice, we performed detailed
histological analyses of this mutant strain. In the cartilage of Slc35a3 KO embryos, the
extracellular matrix space was severely reduced, and many flat proliferative chondrocytes
were reshaped. Similar histological abnormalities have been reported in the two mutants
accompanied by impaired glycosaminoglycan (GAG) biosynthesis. Conversely, chondrocyte
proliferation, apoptosis and differentiation were not affected in Slic35a¢3 KO mice. These results
and findings suggest that the chondrodysplasia phenotypes in Sle35a3 KO mice should be
caused mainly by abnormalities in extracellular matrix quality and the impaired GAG
biosynthesis contributes to the chondrodysplasia phenotypes. To elucidate the pathogenic
mechanisms of CVM, we are going to perform the multiple analyses of Slc35a3 KO mice,

including detailed sugar chain and comprehensive gene expression analyses.

YR BT B BN O F Gt AR s (0
THbH"s CVMIREMMAEIL, Hed R ME KA -
BMEFHREALE (CVM) &, FVAF A e, HHECHHED KNG, W2 R EEEOFHEIY

1. B i)
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WALEERL, ZORK 8 HIAUTUR260H F T2
T %o CVMFE RO RN 225, CVMODJ
NEETEIEX 7 LA F Fikhks a— K35
SLC35A3TH 5 T HRHME\ESINTWw BY
SLC35A31d TV Yk Fi2% Bl L, UDP-N-7
L FNTNVa¥ Iy (GleNAc) ZMBRE,S I
W ORNENER LT B0 X 7 LA F FikkTd
%o PESHIZARUGICHBEAMS IS NG 2 L TRK S
N, ZORISIHERBHERICL > TSI h 5,
PRI X 7 LA F F 5 2388
ELTH, X7 LA F FORBEZHLAK
SN DHESHO K IG AT INT 5 RS & i3 %, ¢
bbb, BEX 7 VAT Pk, WL
HEELTHYONLHERX 7 Lt N &M E H
SHESHA DY TdH B/ Makd 5\ i T kD
WIENEG AT A E 2o TW 5B, LzAtS ¢,
CVMIZSLC35A3DHEREA AT & o Tikd Z 2 451
DERAEDVEETHRAET 2 & HEW S b P,

WT Slc35a3 KO

CVMERTIZ LD X 9 RS OREG & AT E
ZZFTWB 0, £ L TCCVMORRERTF T
EAEHIN TRV, T2 RHT 5720
WIECVMBIEM R DY & TV B UFETH % A,
CVMOFREME X L AR, Toamy T
BOMRIIEETH 2. F 72CVMAARIE E
BICTH B 70, PESHEN 2 1L Lo & § 54 L%
TRNTASI i & 72 2 Wil 22 v TV DO AT b WEET
HbHo LIzAo>T, SLC35A 3 Dk E KIET %
ETFNVEHBLETH S FA7-BIEHH 3
MR M A oK % %, Sle35a3
knockout (KO) =9 A% /E# L, M~=7 2D
CVMEFVEIWE LCoRHMEZHELZ
(Fig. 1) Yo ARBFZETIXF~ 7 2 O Rl 72 L RES:
19, LRI IRAT 2 47, SLC35A3MERE RIS
LB FHERAS, REBEAED X =X LI
DWTHGE L7z,

WT  Slc35a3 KO

Fig. 1 Sle35a3 KO mouse strain is a useful animal model for CVM.

(A) Gross appearance of wild-type (WT) and Slc35a3 KO littermate embryos at E185. (B) Whole skeleton stained with
Alizarin red and Alcian blue of WT and Sle35¢3 KO littermate embryos at E185. (C) Dorsal view of spine and ribs. Slc35a3
KO mice exhibited vertebral malformation, including misshaped vertebrae, fusion of vertebral bodies, and fusion and

bifurcation of rib.
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2. /7 &

G925 H OB ERI~ o A& VW Th— L~
7Y Musitu 4 7Y YA ¥ -3y (WISH)
AT\, AR BT 5 Sle35a3 mRNAD
ARz ¥~ AR % 4 % PFA/PBST4 T
T—MuEEL, BAKL7Zz. 01% Tween 20% & s
PBS(PBST) THE % F KA L, 20mg/ml®Protein
K% &4 PBSTH T8 5 MMIE L7, 4 % PFA/
02% 7 VF VT VT FCHEEL:E, Kz
DIGHEZ#RNA 71 — 7 L 66C T—Mng 7 %
A RA&F 7z, Pelt%, 01% Tween 20% & e Tris
AR A B AR K (TBST) T 1 : 200012 AM L 72
TNVHAVKRAT 75— EHEEL7-PDIGHA L
EHIREEMTIMEMA ¥ FaxX—FL7%,
TBST##& #, BM Purple (Roche Life Science)
EMEALT, TVAH)ARRT 78 —EBiEEE
L7

7z ORF7ERE TREMER L TV 5 Sle35a3
hetero KO~ 7 2 O 2 2B S &, EUYIFHIC
X o THA185H D SIc35a3 KOB L 83 ~ b
a—)b (#: R + Sle35a3 hetero KO) < 7 A ik
ZRM L, RERKEOMBRI A 2 ER L7, 2
noH ok & fAvHES s, TUNELR, in situ
NATYF AL L= ary (ISH) #1757z,

Antisense probe

TUNEL %%t 12 1%, in situ Apoptosis Detection
Kit (TaKaRa) % L7z, ISHIZGenostafftt®
FHFITHE L TIT - 72% s SLC35A3KIED IRl L
B~ O EE 2 M § % 72912, BrdUT7 N)VE
Bri# A7 o720 #EIRISSH H D A 2= 7 ZIZBrdU
Wi (2mg/ml) % 100mg/kgH & CTIEENHS-
L., £ 3WRMBICEERL, BTz,
P LB FI3R5& L BICEE e L, /3
774 VY RV L7z, PiBrdUBURGALIZIE,
eBioscience™ BrdU Kit for THC/ICC
Colorimetric (Invirtogen) ZfiH L7z,

AWFZE CHENE L 2B ERIL, T RFEBWE
BREE PBLANCIE Y, RPEYIEERZ B2 0 KGE
KA T © A202047) Z13TIT -7,

3. BREEE

WISHD %55, Sle35a37 v F ¥ A 7Ta—7
DEEY 7 F IV IR DR TR S e, R
HiP IR EDAFAE T B R EICED IZo N Tl <
%572 (Fig. 2A) o RIEOILKMIETIZ, Ko
HIRSE & HE LR ISR S 7 VAT S o7
(Fig.2B)o a2 v ba— Loty A70—7%J]
WWISHTR Y 7 F VidEg s n$ (Fig.
20), 7V F A7 u—=T%HTED LN
Witk > 7 F VId IR R 2 B Tt % <,

Sense probe

Fig. 2 Slc35a3 mRNA was expressed in the presomitic mesoderm during somite formation. Whole-mount iz situ hybridization

images of wild-type mouse embryos at E9.25 produced using the antisense (A, B) and the sense (C) probes against Slc35a3

mRNA. Lateral side view (A), and the magnified images of the tail region (B, C). NE : neuroepithelium, PSM : presomatic

mesoderm. Scale bars : 500 ym.
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Sle35a3 mRNAZ M LA RCTH B 2 LR S
N7zo FMEEIR AN R E T RS2 AR I 12 <
OChing 2 & CRK SN2 KEICHET 5, K
BT & Noteh ¥ 7 F VA3 T B 2 el 2 4H 5 T
BY, NotchZHEKEDO-7 a3 — A5k
GleNAcZ ¥ 2 B HERZ2 I —F7 5
LFENGHBIZTFDOERIZ, b ey ATHEDH
MR AL 25 &R 5% WISHIZX 5T
Sle35a3 mRNAZARETE B O A 55 ik IR 52 TF
HBLTWDZENW S, ELRD, SLC35A3IF
LENGOHE & L TH 51 5 UDP-GlcNAc % #i
%Y HZETHREITEICE D > TWwb Z LAY <
RISz,

fi5A4:185 H Mt o Lk G) i OHE Gt ff % Bi5% L
7o SRR, Ui O BRSBTS MG, T
/g LR LN /= 2 RS AL A (0¥ 1 |
WEE I NS (Fig. 3A)o Sle35a3 KO< 7 A D
REMR DR S 1%, R Y 2 & A SIS
LTw7s, 3EOXIEWTRETH > 7 (Fig.
3A). KOV ZDERIRB X O 13 Filt ik 15 i g

&Ik, kEMst~ b v 2 2 (ECM) I8
WEPITHALTED, FHIHE- THRREIE X
EHLTw/: (Fig. 3A, B)o KOX 7 2D fRFH
SR MO &, SETIRICER L Tz,
WIZ, KO~ 7 R Dk Ml 085k EE %2 Brd UNL
ARFEBRTHARTz0 RIS 72BrdU T XV
FOBRBED/78F 7 14 YO 2R L, HiBrdU%
% fTo720 T Pa—BLUTKOY™ ADEk
AR IB X ORI K W g V2 Brd U 5 e B P A
Ra 2578 657z (Fig. 4A). BrdURs Al g o> &
BREHL 7245, BRIRB X OV Y4 gk 1 =
DOWMFGT, a2 ba— L EKOYT ADOMICAEE
#E b o7z (Fig. 4B)o L72055 T, Sle35a3
KO~ 7 2k Mild OWFHARIC K & 20 S I &
TVWHRWI EPRENT KIZ, Sle35a3 KO~
7 ZAOWRFHNLD 7 R b — 2 ZHE % TUNELY
BIZL > TR, 2V = VB LIUTKOYY
A DMKk Mg O FEIZ, TUNELB LM
AR Btz (Fig. 4C) o TUNEL By P o> 51
BERFUMLAHER a3V -V EKOYTAD

A B
Wild-type Slc35a3 KO
LS00 AR T Tk e parl TEET o A » =Y B EL
;'a'i ¥ :' 2:‘» 'l. .-:'-‘l" 8ty %’3}:{3‘3 ‘éﬁ;
‘.. 3 :. ; . .‘..".Ini. - “l-,‘ 0'.;'0“4.-
'.'. “‘:» !..“- i-. * |.1’-“:-.‘lﬂ 0.!" é‘.:
: < 2 . . 1501 p = 0.0064
» ‘TN p=ou0e4
g o
o 100
=}
=3
o
T 50
@
©
(&}
0_

Ctrl  Slc35a3 KO

Fig. 3 Cartilaginous extracellular matrix space was severely reduced in Sle35a3 KO mice. Humerus and lumbar vertebrae sections
of Control (Ctrl, wild-type + Slc35a3 hetero KO) and Slc35a3 KO littermate embryos at E185 were stained using hematoxylin
and eosin (HE) solution. (A) High magnification images of the round chondrocyte (RC), flat chondrocyte (FC), and

hypertrophic chondrocyte (HC) zones in the growth plates. Scale bars, 50 um. (B) Cells were counted in the round

chondrocyte zone of HE-stained sections within the squares (100100 zm).
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A
Wild-type

C Wild-type-type

% of BrdU+ cells
% of BrdU+ cells

Ctrl  Slc35a3 KO

Fig. 4 Chondrocyte proliferation in Slc35a¢3 KO mice.

Ctrl  Slc35a3 KO

Slc35a3 KO

Slc35a3 KO

N.S.

% of TUNEL+ cells

Ctrl  Slc35a3 KO

(A) BrdU staining of the tibia sections from the BrdU-treated embryos at E18.5. RC, round chondrocyte zone; FC, flat
chondrocyte zone. (B) Frequency of BrdU-positive cells in the RC and FC zones. (C) TUNEL staining of the hypertrophic
chondrocyte zone in the tibia sections at E185. (D) Frequency of TUNEL-positive cells in the hypertrophic chondrocyte zone.

Scale bars, 200um (A) and 100 um (C).

MICHEZIRD SN o 72 (Fig. 4D). L7z
3o T, Sle35a3 KO~ 7 Z Dikig iz B %
THRM -V ABEICREREFIIREE TV RN
EAVRENTZ,

B #1ZSIe35a3 KO~ ™7 A OBk M /L BE %
ARBIHOW, IMas—rr2a—-F35
Col2al £ XM a5 =5 % 32— N3 5Coll0al D
7 v FyARNAT O — T & HWw, ISHZ 1T 5 72,
NAag—rreXBas—r o de Ikt
BIICHBL, TR I T —7 /i 38kg
XBag—7r 3 BERKkGHLSEAT S,

Col2al 7 ¥ F v ATa—T % izt Tid,

a v hu—B XOKO~ Y A DR Gk H e
WY 7P v kih g, CollOal 7 v F X v
AT —T RV gmTiE, ERKEMIREIC
Bitt > 7+ v 2siBod 57z (Fig. 5A). KO~
AN BT B Col2al Wt MiNEE B X O°Coll Oal Byl
MlEEOESIE, I3 v b= AL RTH
BIZEH L Tw (Fig.5B)s L22L, KOvw
2B B (Col2al BrPEMNERE D5 &) / (B EM
DEE) DI, BIO (CollOalbptkHlaiE o
L)/ (EEHROEX) ok, avta—<w
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A

Wild-type

HE

Col2at

Col10at

Bfg €
5 p < 0.0001 =2 p =0.0021
= 9004 ———— Py —_—
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©
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Fig. 5 Chondrocyte differentiation in Slc35¢3 KO mice.

relative Col2a1 zone

Slc35a3 KO

N.S.

relative Col10a1 zone

Ctrl  Slc35a3 KO

Ctrl  Slc35a3 KO

(A) HE staining and iz situ hybridization (ISH) images, produced using Col2al and CollOal probes of the tibia sections at
E185. Scale bars, 200 um. (B) Heights of Col2al- and Coll(Oal-expressing zones (upper graphs), and the relative heights of
ColZal- and CollOal-expressing zones normalized by the total heights of the growth plate (lower graphs) in the ISH images.

Data are shown as the means * standard deviation;n = 4. p values were calculated using Student’s /~test. Ctrl, control (wild-

type + Sle35al hetero KO) ; N.S, not significant.

ALWRTHEREEZ o720 L7zdo T,
Sle35a3 KO~ ™7 212 B A #Ag ML oLic Kk &
REFIEE TV ARV LAURI N,

Sle35a3 KO~ 7 A DERIRB X O 0 hitd 5
Mg TIZECMBEASE WA L, £hilfko
THIMEREIX LA L7ze —7, KO ADKE
MINIZ 31T 2 HghEnE, sfbiE, €L CTT7 R =2
ABEICRFE IR SN0 o 720 EREITRD
BEIAAEL T LHEHE Va3 ) 7y A v
(GAG) D 1HTHbray FulF UV mETDH
D, Sle35a3 KO ™7 ANZERD & N7 ik fHL k=
WAL FTHIE SN TV AGAGEE R Z1E)
BR<Yy ZAHBEINR TV L RE EHML T

727 L7295 T, Sle35a3 KO~ 7 A Ok
AL, GAGOEARENHG L TnD S
EAURBE NS, Thbo~y A3l LTk
2B BECMO A & i Fik s i o ZE 2581
BENDEI LS, BHEHMRICB T 5GAGIK
ECM® A X — A flef & 7 T W5 Ml i o0 T e A 15
WS LTWwao0d Lk,

4 1%13SLC35A3D RN BERE, = L CCVMD
RERT O 2RMME HIEL, Sl35a3 KO~< ¥
A % AV CRER e BESHRAT, 2 L CIREITR B R
2BV B RN 7 B TSP 2 L 24T TR
Thbo —h, WX 7 LAF FIZEICHBNICTHE
LTV, Mlgsbcidn—, Fickiish
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TBY, XY FOMILAFITIESLC3H/A3IC & -
THiik S5 UDP-GleNAc2 I E i Tw b,
L7235 T, #EX 7 LAF FIIREOELWHRE
AR R E TR FEMA~OERIERIMY & LTHAT
XLWHREMEAR SN TB Y Y, KRIFFRIER & H
FEDOHMI BB ERFTVELVEEZ TV,

4. E 08

CVMIZHR IV A Z A4 FEIZ BT 5 N BOe
OEPOABEEHRTH Y, X2 LA F R
%K% I — K9 BSLCI5A3DCVM D G N #E AT
LLTHESIN TV S, FA7z B340 3 EEFHE
MO % Z\F, Slc35a3 KO~ ™7 A
ZIEBL, W~ ADOCVMETVE L LTOH
AHME S L AR TR~ 7 20 %
TEREEI, AR MENT 2 17\, SLC35A3HETE
KABIZ & B FHEOE A S, RETERAEDO X 7 =
X LD WTHGE L7,

54:9.25 H 0 B A R < 7 Z K % H v C WISH#
a7, AREITERRIINC B 5 SIc35¢3 mRNA
DB LRIz TR, Sle35a3 mRNAIZAE
BRI ORI IRIETHEBIL TWb 2 &2
Lok, SLC3HA3IC & » Thiik S5 UDP-
GleNACIZAREITEZ B % F 5 L T 2 W REVEAVR &
N7z WMEMHRRY R OHERMIZ L Y, Sle35a3
KO~ A OIRIRE X Ok 714 Fiet ki Ml i fg < 1
ECM#IEAEINCIHMA L, ZHctl - TRl
FEIZ EA L Twiz, HiBrdUPLASet, TUNEL
Yefty BRI b~ — 5 — O ISH @ &5 F
Sle35a3 KO 7 A2 OBk Ml 81 % Bidii ik,
GfbiE, ZLTCT7 R =V AHBEICREIIAON
Lol

R IR D BE AL T A HHIZGAGD
1HCThHsrary FafFUHEBETHY, Sle35a3
KO~ ™7 22580 B N 72k AR SR 3 13l 2 it
HEINTVLCAGHEARTE 2o R~ Y A2
BRI NTVRELEHLUL Tz, Lizdo
T, Sle35a3 KO 7 2 DG HHA4IZIZGAG
DREEFEREG L TWDE I EARBE N, &
% 13SLC35A3D LR BERE, Z L CCVM DT
W oeEmHE  HiEL, Slc35a3 KOV A%
P CREM 2 BESHIRAT, 2 L CIREIRIRIE I B
VT % MEREN R AR TR BURNT 22 2479 FETH
%o

X Wk
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Genetic factor associated with calf mortality with preterm birth (1)

TR, NME Bk fkek T
(VRO PR B, 2 I S L B R SE T AR R0, BRBRCOF 274

Takashi Hirano', Masaki Ozawa?” and Shinji Sasaki?

(1 Tokyo University of Agriculture, Faculty of Agriculture,
2Gifu Prefectural Livestock Research Institute, Hida Beef Cattle Research Department,

3Faculty of Agriculture, University of the Ryukyus)

Weak calf syndrome (WCS) is thought to account for approximately 60% of all neonatal
deaths in Japanese Black cattle. IARS disorder is a recessive genetic disease in Japanese Black
cattle, caused by the JARS ¢.235G>C (p.Val79Leu) mutation, which was identified as one of the
causative mutations of WCS. However, it was shown that there was WCS, which could not be
accounted for by the TARS mutation. Therefore, to identify other causative mutations for WCS,
we are performing analysis. So far, we have mapped the WCS to candidate region-1 and 2,
with a paternal half-sib family using WCS affected offspring of Bull A, which was not carrier
for the JARS mutation. In these two regions, causative genes for the same human genetic renal
disease were locating, and mutations of Gene-1 located in candidate region-1 were first
searched. We detected five non-synonymous SNPs, and reconstructed haplotypes including
these SNPs in the Bull A family. However, it was not shown that the Gene-1 SNPs were linked
to WCS. Furthermore, we searched for mutations in related genes located in the candidate
region-2, and we did not detect any mutations that might affect gene function. Therefore, we
considered that these genes were not causative genes for WCS.

Gene-9 is locating in a part locating SNPs more deviated from Hardy-Weinberg
equilibrium (HWE) in the candidate region-1. We searched mutations for Gene-9 and detected
6 polymorphisms. Five of these polymorphisms, located in or around exon 5, indicated to link
with WCS. Furthermore, using two of 5 polymorphisms, genotype and allele frequency were
analyzed in the normal cattle population, and it was shown that these polymorphisms did not
follow the HWE. These results suggested that Gene-9 was a candidate gene, should be further

analysis.

L. FIEDOKEKNZ BRMIZHFETE 2V b DDR

BThb, 72, FHRHCOFELELZEKNTHY,
59T BaAE (WCS @ Weak Calf Syndrome) BB 2 HEFHTORIE0% 2 HD 5 &
(&, WRFLAK D IR R R L M B 2 & K ESER & R EZZHbNTWw5, WCSOIEIEIZIE, 2 £S5 %

1.B ®
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BERPERL TV EEZLNTWDLA, FBIER
WRXFTFERFORRIEL > TRRLZ NS, #
EHERPERT L2 LDDHFETLEZEZLNT
Wwal,
IARSEHIEIE, 4V 14 ¥ IVtRNA G IR EEE
(IARS : isoleucyl-tRNA synthetase) BE{zT DI
HE e (c235G>C) WS 7 Y EEiE R (p.
Val79Leu) RN TIHIET 2 BEMFETAH LN
D HERBAREEOBZNARIEETH S, 2O
JARSERIIWCSOEKH O —> L LTHES
72V L, TOIARSERZRART, TARS
FUHRE L3R 7% 2 K THE L B WCSHE M 14
PHERENTWD, ZD7:0, BEMHEO 7L
URAEZRIR S DL 72012, HFilzhFFREDR
WEETERAREEL, Ry ba—)Lznf
HEIZ 3 2 DNABMILEZ T 2 LEN D 5,
Fealx, B TR COREKE 25 EETE
HBAERKRT L7012, EH20H0DWNICIETC LR
ERFE 09 v TV RBBIIELZ, 20
9B, TARS c235G>Cx A L 7 4 i I 2
(FHEEA) OFETFTWCSEBBIsh, Lird R
PR R W CREHA~Y Yy EV 7R 1T 5
720 EHIT, COEMEXHYE LI ZVERE
U U CHESHRNT 2 ATz T ORHE, K
B~y ¥ 7 LB TN TN b Yt
A E 1 7 g oM L7 (Eess-122),
ZOZENL, TOWCSKEEFEHEA~Y Y E YT
2 &) B S MR - LA 2 5 R
TERERECHRAT D & & HIHBRITIC L -
T S N SIS -20 A 8§ 2 SR R s T4
BAENTOFLIFECHRATL I LICL D RE
ThEEz, BEAMSHKET - X—2X) 2
NS RIS AL E $ ASNPE I LY, st
BRERFRLI,

SRR T — & R— 212D &M L 7% 4l B
W-1NO 7 VIVEEE R Y 533 5 SNPAEH T 5

WAL e AN REOFEKBET (Gene-1)
ME LTz, 51, BERFE-21CFH e b
BB RBO R EB A FRHET S L b
BIZFHPHFLELZ72D, T3 Gene-1DERZ IR
RL7ZEZA, ¥ RBBIEET L LS
N7z 4 Mz &d 5 Mok EEHR (c.284C>T,
c.292C>A, ¢.1039C>T, ¢.1084C>THB LV
C2848A>T) S 87z £ T, Gene-1%
BEHEETE LT, SOIEEMRMITEIT) & &
I, BEAEIR-21CALE S 5 R T DR
FrelAhio

2. MHEBIUVHE

2.1 HEUEA

B L7=SNPE & &7 a5 4 7% P L
BT A7202, vy ErZIw-flEEA &
ZOFRERET (5H) BLOIEFET (238H) 7
S5HARGTEEEILEVER (R EVYIHER
%) O ADNA% W72,

BN EIE T OEREZERT 72012, < v
Yy ZTHRRD» S, EREEREAE U O
A, FIEPET 2UHB L OIEWIET 1 BHZ ®IK L
IS0 ) ADNAZ w7z,

et L72SNPOIEH AR BT 2 7 LIVHE
B D 72912, 2003~20084F 0 H [ 12 HU AR H
JLEIFE TS AT 3 X USRI i L5 i 355
HT TR R BRI AR AT S 724 v T v
5 H#hs23~397 H, FWH & A3300~700kg T
» 5 NEE 881204935 A © [l —Fli M2 ) BE 1%
SHAZMZ WX I IBEHRKLAZ123BEHOH B,
356BHD 7 ) ADNA % F\v 7z,

2.2 SNPRVHIEDS L OERHEEK

Gene-105 SNPsOEVHE X, TN HSNPs% »
N—TF53fDTI34<v—ty FZH (Fig.
la)o 72, Gene-9DERRERIIZT IV V%N
N—=F5XI24 v ba rFiRIchiE L7275 4
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db\fﬁﬁ:o 7’20

KTy

EHN—FTLHTI54~—ty NaAf v ba vk

Theh~y ¥y 7 55%, R PERB X0

HBEZHEAKD Y ) ADNARF 7L —bE L
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TPCRL, f#oN7MIEEWEZ ALY b —7
VAT B I L CSNPHEME £ 7213 ERIER T 1T o
Too BRFRIZI o THRINSNIZERTT I VR
BIEE) bDIZoWT, T/ BEHROS
2% 7 E B BE -~ D 3 % % PolyPhen-2 (http://
genetics. bwh. harvard.edu/pph2/) TFiHlL 7z,

3. BREEE

3.1 Gene-1 SNPONNT U1 ¥ f 7B L
B o PRI -2 D 28 LR A%

Gene-1DZEFIRFIT X 0 Meth S 7z Ik & i
a5 SNPs (¢.284C>T, ¢.292C>A, ¢.1039C>T,
c1084C>TH &£ U'c.2848A>T) 122V TC, wv ¥
Y T HFEAROIEZRAT, NT Ty 4 7%
J§% L 720 BovineSNP50 (illumina) I2&k 2< v ¥
YT THEMER LTy 4 7, FIEET 5
TRTCYVAZBNTOY L TRETHY, IEHE
T23HDISHESANTHTH Y, S A7 Ak
ETHo7zo LAL, Gene-1D5SNPsE AT
NnNTuay A4 7R L7225, D5 SNPs
W& BN Tay A FTIZIERESOI38ED) A7 R
RETHDLEEDbN (Fig.2).

Gene-113 ¢ M EEEFREOEKEZTTH
D, BERIEE-21C 0 L e M EEE R RO R
HIZT (Gene-2) HAFAE L 727z O Mlidfs+ &
EATIRNI L ze 22T, MSIR-21CE T %
Gene=2% 74 e MEEEEIREDZ DM
JER SRR ERTHEBL, BESsEZE26N
ZTHOBIZTICOWTERERER L2, L
L, M4 ADANT O 2R3 IERFEER R E0E
T HREEET L L b 2 BRI s v e
o7z

IRHEDZ ENS, BEAIHEE-LIZMET %
Gene-13 X OER 21208 § 5 7 @51 1%
FEREREFTIERWwEE2, WHT, Bawsii-1
WNTT7 LIVBREE IR ) 238 5 SNPOSEH 9 5 EBA

WAL T B BIATFOEREZERL 12,
3.2 EFITIR-LICAE S 2 Gene- 9D IFENT
Gene-11%, BEHiH-1NTNHN—=FT1 - T4 ¥
ANV 7 (HWE) I2HED 3 WSNPSHEH§ %
TALALE S B0 T DI T Gene-1IZHEHE L
X 5 HWEIZHE D 7 WSNPAYEE i % #R AL 1S
NS % Gene-9NE R 2 HE L7 (Fig.3).
Gene-9\321F DT 7 U h 5 HEIETTH
o INHLIZI Y Y EAN—FDEET T —
ty PEMWTERZRRL2E S, A
BANTOTHY), BIEESHY X7 BKEEZR
L. IEEEFP) A7 BRERERZRE VLN 6
M &7z (c127+ 4 G>A, ¢.391-74delA,
c.391-73C>A, c.437A>G, c.450 +
7_14delinsAAC, c450+24G>A). TNHDH B,
cA3TA>GIE T 7 Y ¥ FHIB AL 3 5 JE[F) i i
(pK146R) TH o 72hy, ¥ v X7 g~ DB
BEETHLETFMEN, T2, ThHD5%
T itexon 5SINE X OB E L Twiz (Fig.
1b).
IhH6ZMIZOVT Yy ¥y ZHRR %R
L, NTuy A TR LIET S, cl27
+ 4 G>ALA Dexon SEBICHLE T 5 5 L TIX
SERIGESL T\, T, TS 58MICES
NTay A TNL, FIEEF S BT NTY A7 HEk
ETH Y, BovineSNP50IZ L B~y ¥ 7T
A7 WARELRRLIZIEFES SHEZ G 6 HAY)
AR ETHDLI LN, Gene-IDSNPs& i%
Rz, BEHEE-10oY A7 NTay 4 T LK
L, WCSELEgHLTwa & Bbh7 (Fig.2),
ZZ T, Gene-9D#HHH L TWAH5LRDH L ¢.
450 +7_14delinsAAC & ¢.450 + 24G>A O EVH ¢ %
IEFE356FH IO VT, 258 X % E AT
BMET7 VVHERRRZ, TOME, /v As
IR E 210580 (0.295), N7 TAH1945H (0.545),
U A7 RAREDDB7E (0160) THH, Thbid
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Fig. 2 Genotypes of affected and normal cattle on the candidate region-1. Top boxes indicate each individual. In Bull-A, risk-haplotype and non-risk-
haplotype are indicated by
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Fig. 3 Distribution of p-values for each SNP deviated from the Hardy-Weinberg equilibrium in candidate region-1.
Open circle indicate p—value detected with x 2 test of each SNPs. Arrow indicates gene and its direction.

TARSEFREIIWCSO HHEIAFERD—D L L

TIE & N72IARS ¢235G>C (p.Val79Leu) ZEH
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Evaluation of genetic diversity in a highly inbred Jinhua pig population

SR S N T 1 I R
(i b 5 P B R GEIT N R R g6 > 57 —)

Satoko Enya, Masayoshi Otake and Kei Terada

(Shizuoka Prefectural Research Institute of Animal Industry Swine & Poultry Research Center)

In this study, we evaluated inbreeding effects on the reproductive traits of Jinhua pigs
and inbred minipigs maintained in the Shizuoka Prefectural Research Institute of Animal
Industry Swine & Poultry Research Center. We collected pedigree information from Jinhua
pigs and inbred minipigs, as well as DNA samples from 21 and 289 pigs, respectively, which
were used to obtain the SNP information. DNA samples were used to obtain the SNP
information. We calculated the inbreeding coefficients, and the genomic ones were calculated
from runs of homozygosity (ROH) according to Sus Scrofa 11.1 genome map. Moreover, we
investigated the relationships between genomic inbreeding coefficients and the number of total
and live litter sizes. The average inbreeding coefficients for Jinhua pigs based on pedigree
information increased from 0 in 1996-1997 to 0.27 in the current sows born during 2015-2021.
The average genomic inbreeding coefficients were 0.25 and 0.34, respectively, indicating an
increase in genomic inbreeding coefficients. The correlation coefficient between the inbreeding
coefficients from ROH and pedigree information was 0.93. The relationship between the
inbreeding coefficient and reproductive performances in the minipig lines showed that a 10%
increase in the inbreeding coefficient led to a decrease of 0.53 and 0.66 in total litter and live
birth sizes, respectively. These results indicated that the increase in the inbreeding coefficient
could affect reproductive performance in pigs; therefore, excessive inbreeding increases should

be monitored in the maintenance of the Jinhua population.

BEND o b IS B EAN TR TN RS TR
tryy— (LT, [HBtrsy—] Lwn)) 2w
— %2, 77 OEMOMEFCIE, 15% KON TL T VT RAEVEIETH B EEKE30ELLELC
KREAEEF L nE S TWwa, LaL, BfEHR bz HEFELTE Y, FAARORMEIZER LoD
NTHFLTWD T 7= L0077 ROFHED Hbo TNOHHAMEDEGHOEROMERRCI
FIETTICEVIERETH Y, FLvimzEA GBS 5720, 7/ A LoRELof
THIENTELRWD, SHRIOICERENR BBt ERE L OBEEZH S 2T 540
F5 2L THEMOMERFEHIEEL < 25 2 L2V ENbbLEZOND,
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FERERATED —ERICIE, N EF ARy bRY =37
fibhTBH?Y, FHEKLI=ZTHREIFNLTIT
KTy ey @RS H LY ERRI=ZT I &
ETNE L RWMRERE FAIE WA T 5
HoREZ, ENTIIAREAATE R WEEKS
77— EOEMTHEVIERFPEEINS, Bl
RIS T 5 MEEORIUZISH T E 2 15
WasdYy, 797 RBIEEFERERAOBEERT
BEARHAT 520D —DODEFNVIZTELEEZ
TWb,

Z TR T, EXENEE ) OOH L4
PR L G R E 2 BRI =7
5 A DOSNPIEH A 5, SARP T3 2 Mg
ML A EHEA M (Runs of Homozygosity :
ROH) 7 &g L7z isdie L, &K
DI EE 7 A EREOBLE D SWGEET %o

2. /7 &

AW T, &KL I =77 % ZFNEN21HH
BLO29FEFIH L 7zo &I, 199647 &
19974RICAEF AR E LCTH W b 7= flkh 57
BN RE7E o 7ok & 20154 2> 5202145124 £ U3l
TRKE LTI TwAEEZ vz, 3=
T EHEMIZOWTIE AL S DOXRE (GO) D
BRI 4O0RMEEY I LIz I=T 54
F BRI S LT, & IAREE R O i SR
ThERBK LIz, ZNENOEFIZB W TRl
L7z & D CoeFR® 71 25 A& HwT
AR (Feen) ZEHRE L 72

FTRTOMK L YDNAY » 7V 2 FRELL,
Porciene 60k BeadChip V2& V3 (Illumina) 2 &
D SNPO & B L7z 135 M72SNP 5
PLINK v 1.9%7 # W T I — VEHN0ILLT, <

=1

4 F =7 VIVOMEH001LLL T D FEHEIZHE H SNP
ZHIBL, X512, K7/ <> 7 (Sus scrofa
111) IZB W TEYMIRIZDH 5 SNP O A % fifHT 12
FIH L7z, FLHEICH#E U 7-SNPIX, Beagle 54 7% fii
WA Y ¥a—LbtL, 7/ L EOKRECHEBOY A
A (ROH) %&tF L7z, kT L ICROHO K &
DEFRIEREHR L, SNPORLE L7247/ A5HIRO K
S ORI & D ERAREL (Fron) ZFHAE L7z ROH
HISR O ARBIEPLINK v 197 2w, %
BRI OV THERE L7z, WEAES (LD) 1ok
WL TH A& RIiCHBld %8 WROHR il
ROHZ K< 729, ROHD#H/NEZIMbIZFEE L
728 LT OPLINK ST X — % L BES %50 L
TROHZEFK L7zo 1) 7/ & Lo50fH HSNP
DAGATF4 T4 Ky, 2) FEEAGHKRD
BT 4~ Py o#E&2005 3) ROHIZEZENR
% ife L 72 SNP D /NA350, 4) ROHD /)
FEAIMb, 5) ki L 7R EHARSNPE O KA
¥ ¥ v 7H1000kb, 6) 100kbd 7z ) ISNPLL |
DEE, 7) BASSNPOKIEE A 1 ~T 0%
FBETIATEHFELZ, FHEEIZOVT
ROHE %G5 T 5 & & H 12, ROHDFHIEH & F
BWROHE %A L, HfhRIZ D 5ROHED
BEZEIL, ROHHRDOEZRE (Fron) & L
726
BT LTI, Bk =BT S
itk E 7o, ATER, BT (B
FEF B FERETAR), AT RE LT

3. BREEE

FeenlZ DWW, GHKIZBWTIE, 1996455
1997412 E 7z 4 BHIE 35000, 20154E 20 5
2021412 A E M 1TBHIE T 902772 5720 327
FAPSDDADODRMIZENTIE, TNLENE
1 AL (IB1) 1%°F#50.06, 025, 013, 013, i
bEA A (IB7, IB6, IB6, IB4) 13°F350.75,
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Table 1 Freep and Fron in Jinhua and in minipig
N Frep Fron
Average Average Min Max SD
X 1996-1997 4 0.00 0.25 0.12 045 0.13
Jinhua
2015-2021 17 027 0.34 0.24 042 0.05
minipig A GO 2 0.09 0.27 0.25 0.29 0.02
IB1 14 0.06 0.31 0.28 0.34 0.02
1B2 30 0.31 042 0.32 053 0.05
B3 35 0.39 047 0.35 057 0.05
B4 18 0.54 0.57 0.49 0.63 0.05
IB5 17 0.62 0.61 0.57 0.68 0.03
1B6 26 0.70 0.68 0.60 0.75 0.04
IB7 7 0.75 0.73 0.70 0.79 0.03
B GO 0.16 0.34 0.31 0.38 0.04
IB1 9 0.25 0.40 0.35 0.46 0.03
B2 20 041 053 042 0.65 0.06
1B3 21 0.52 0.58 0.50 0.63 0.04
1B4 19 0.56 0.59 0.54 0.66 0.03
1B5 24 0.66 0.66 0.58 0.72 0.03
1B6 5 0.72 0.67 0.65 0.69 0.02
C 1B1 2 0.13 0.26 0.24 0.27 0.01
1B2 2 0.34 043 042 0.44 0.01
B3 2 040 0.46 044 047 0.02
B4 4 0.56 0.56 0.52 0.60 0.03
1B5 5 0.63 0.66 0.63 0.68 0.02
1B6 3 0.71 0.71 0.66 0.75 0.04
D IB1 2 0.13 0.28 0.24 0.31 0.03
1B2 3 0.34 043 0.40 045 0.02
B3 3 045 048 0.44 0.50 0.03
B4 4 0.51 0.59 0.55 0.63 0.03

072, 0.71, 051 &7z (Table1 ),
FroulZ2WT, EIERIZBWTIE, 1996HEH 5
19974E 124 F N7z 4 BHIZ 35025, 20154E 20 5
2021412 4E N2 1THHIZ 03472 5 720 3 =7
FANPSLDDADDRIEIZBNTIE, ThTh
IBLIZF350.31, 040, 026, 028, b A 72
% (IB7, 1B6, 1B6, 1B4) 1X°F-340.73, 067, 0.71
059CT&H -7z (Tablel),

SHEKE I =T, HbETIHOMEKIZD
W, Fron& FeeoDMHBAREZ093TH D, Hiwv
EOMBED bNTze LELEDS, Frmnd0.2

DR 725 723782 H L7254, MR %5013
LIZLACHBZRO SN hotz. T, WA
%47 - 7231088, 765% 123 72 5 23TH O RIE T,
FeenldFrou & 0 /N E o7z ZOHRERIL, Fee
EFronDE L D /NS W E DR L FRETH -
720 HEIZ, FrwS02LL FOME, T XToOMAEIC
B TFrnh Fron & D /NS Do 720 Feenld A8
M OEA AR E 0 & L TR W THLREE
HDO—=2oDT YA HREAL T EHEFEERLT
WD A, Fron CIRIEEF OB EIE B V720,
Frou AW AKIZ O W TR & O LRI B % %

© The Ito Foundation



108 T4 FAICES 5 BT JE s AR B (Vol4l)

Table 2 Breeding performance of Jinhua and minipig

Average N

Litter size Min Max

No. of live Min Max

Fron piglet
Jinhua 1996-1997 0.25 34 9.7 3 17 87 3 14
2015-2021 0.34 44 9.1 1 17 7.7 0 15
minipig A GO 0.27 6.8 5 8 6.3 4 8
IB1 0.31 49 4 36 1 6
1B2 042 9 43 2 34 0 6
1B3 047 13 39 2 10 2.1 0 8
B4 057 8 42 2 7 34 2 7
1B5 0.61 21 38 2 9 2.6 0 7
1B6 0.68 11 33 1 5 25 0 4
B GO 0.34 9 46 3 6 43 2 6
IB1 0.40 5 37 2 7 3.0 0 6
1B2 0.53 10 30 2 4 1.3 0 3
1B3 0.58 8 24 1 5 2.3 1 5
1B4 0.59 17 2.7 1 5 25 0 5
1B5 0.66 10 2.8 1 4 0.7 0 3
C 1B1 0.26 1 4 4 4 4 4 4
1B2 043 1 2 2 2 2 2 2
1B3 0.46 2 40 3 5 40 3 5
1B4 0.56 4 42 2 6 42 2 6
1B5 0.66 4 30 3 5 15 0 4
1B6 0.71 3 2.8 2 3 25 1 3
D 1B1 0.28 3 5.7 4 7 5.3 6
1B2 043 6 4.1 3 5 36 0 5
1B3 048 4 32 3 4 25 2 4

5. T72, ZHOMRHTTIX, SNPF v 72X %
T =% 1 DOIMbLL T OROHIZ AT IZED Do
Tolz, MR o /2B S ZREOKT
WZoWTIE, FRMlICIFBIBETE ZVWEEZE 2z bND
A5, KIATICB W TEA LRIV T
ROHZFAELTHEY, Frmn THIBRTE W B
DETIZOWTIE, FronTIEH HREFMTE S
WREVEDSH B L E 2 Bz,

SIERB L O3 =7 5 OFAMAR O M BHl R
1%, Table2 DL BY TH D, ERHRE EH I
) BRI DR T 2 P 5720, I =7 ¥ EH
DFron & #PETH D U AZAAFE T 5 IR
o, T L OBEAARE LA Bhne ) o
ZAbmAGR L7, TOME, RETEB IO

FHETRE BIT1 %HEKET, Froud LA
WEGHRRIAME T L, AR B 5 BHEAX D Fron
210% LA 5 EREF BB L OB ELS B
NEN0538 L CO.66FMD T 5 2 LA%HEE S h
7z (Table 3)o #pETHUITHK LT, REBOEAAR
HEADOREIREVERESIA TS, HE
5%, AT 7 —IRIZB W TREBLO T AR EDS
10% L34 % L ARPE T RAT059H A 5 2 & %
WELTwbe Al S a2 bsid, 0535
EHEEL D S DT PIED o 720

A5 304 DU s L 72 SR 08 A
EHTFLEOMFIIYS LY ¥ —OBEOHRETH -
2o LL7%ADSS, RMMEFTICBWTINET
Fren % EA S ERWREART 2 EIRL T E 7224
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Table 3 Trend of the effects of Fron in minipigs

the amount of change

Litter size
No. of live piglet

-0.53*
-0.66*

The values in the table represent the amount of change as Frou increases by 10%.

*p<0.01

R, FrodVP3H027THERTETBY, 7/ 416
WMAEH N GERZBETH 5 Fronll BT FH
034TH o720 MZT, Feold EH L T35,
A F AR O H A & BEEIE D Bk & # R L
TWb720, 8D 5O LIk OB AH 7w
B Th, EFEEOBMEROKTIIHE TR
Lol Ez bl —HT, G5, B
DT 25 2 [ BEEII R T & v iz, 7/
LATEHEE 2RI L 72 BB S AR OB B2 F206 L
TV LEPHLEEZ D,
WEESGEABIN 2, WEAETRIKE - 77 7K,
7 EREEYIHE DTN X BB X 0 EEE
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FHT2EEHIT, EREND 5215 L 289FHD
DNAH > 7V E vz, B HN7-DNAY » 7L
M HSNPE# %45 & & 12, Sus Scrofa 11.142
eV, 7 Ao 5k 4R (ROH)
OFFE L, ROHY A X SFron (77 AERIZE
BULAARE) ZRME L. A<, BETEEE
FETHIZOWT, 5N 7ERMRE L oBfRME

ZiA L7z Fewo (MURRTEHUC & 20584850 12
£ 2 GO LR ELIL, 19967 51997412
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BLU03M4THY, ¥/ aERIIBWTH ERL
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Frep & Fron & ORI BIFRE12093TH - 720 HRH
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A new method for aggregated breeding value considering causal structure

WA R
(FEI SR B Tk A B - S0 S T 48 £ 2 B s P 1)

Toshihiro Okamura

(Institute of Livestock and Grassland Science, NARO)

Simultaneous improvement of farrowing and nursing traits is necessary to improve Sows.
However, conventional methods of simultaneous improvement may not be applicable depending
on the statistical model used to estimate genetic parameters and breeding value because there
are the causal relationships between these traits. Therefore, selection indices were derived
allowing genetic parameters with the statistical model considering causal relationship, and
computer simulations were conducted to estimate aggregate breeding value using those
genetic parameters for simultaneous improvement using the statistical model. The conventional
method of calculating the selection index using genetic parameters with a statistical model
considering causal effects mathematically showed that the expected gains of phenotypes could
deviate from the relative desired gain. However, it was also shown that the deviation could be
eliminated, and the desired improvement could be achieved by correcting the relative desired
improvement with considering causal effects. In addition, computer simulations assuming to
improve simultaneously farrowing and weaning traits in a closed population showed that the
gains based on the estimated aggregate breeding value using genetic parameters with the
model considering causal relationships was biased toward weaning traits. However, this bias
could be eliminated by using the relative desired gains corrected for causal effects. This study
indicates that simultaneous improvement using genetic parameters with a model considering
caulsal relationships requires a correction to account for their causal effects in setting the

relative desired gain.

ZolehprbThb, LAL, BHKICEINLIE
1, SRR OETREIIZZ TR, BEFLRFOBERL
ROEPEFHBZ RS 720OURDE IE, B HE - BAEICKNLIWERNIOELTH L, £
INTL B2 FIROE REFBREFETR) 2 D72, FBHROYRISELFEF BT R, #EFLIH
eyl TirbhTaz"?, Thid, Thb BB AR b A RAR E L7z, WE O

1.B ®

DIEHBEFLF R & B L TR THET &, BPLETH 5o
HERDYRTETHHEICHMS 2 Z LA hE —5T, Koy FL—XfiBlOKka—7~
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X — M BT B A [ 0> D R S HE 2
X o T, AT EMILEMS X AR E
DOEAMEH OJFEH & AR ORI, TobbRE
Btk & Z DR & % & O RS OFTEDRIZ S
TWw3Y, Thiddabb, AfFETHBIME,
MELEBARON N & BERLRAR T A & S8, BEFLEHEL
BIMIBEARARERD 2 SED L) BEFRTDH
bo 2, HEZESIE, ZOBBRELEICLT,
HEFLERLB X OHERLRAR T 2 S AR A7 o RO o3
U B EFE T VR RIS L7z,

L2 L, R SROYRICHV STV A
R L o 7= o R A H A E kY Tk, 2
DR REZE L 72at 7TV L DS
FEH AR TE L WG D 5, Th
1, PRI TIIBE R o BIARTE & B AR & A
B CTER T A D1Zx L, KRR E B L 72
FREFMICBWTI, oo, FE
il D RERED R I TR E M OB Z £ 32956 T
5o

ZZTARIZE T, 1) KEBIMRE ZRE LM
FHE T VATHIS L7 RS R 0 70 O @ kia i &
BeEmIGEN T2 2L, 2) KEHEMZEIL 72
IV ¥a—F—yIal—TarEERLT,
1) PEBORRICERA»ZMEET 522 L% HIY
L7

2. B &

2.1 BERBROBEENER
FAEOETNEZLUTOEBY T 5,
p=Ap+g+e
ZZT, pgeldENENELEMED, t x 1D
FRUE, B, MEONZ MV, A ZE RS
KT 1 Xt ORBHEERBOITINE T 5,
Z oAU,
(Ixe—A)p=g+e
EEEWMZ DIENTELID, —BITKROK

NS WRVASH
P=Upe— M) 'g+ Upe—N) e
ZZT,
g*=Upe—N)'g e*=Up— ) e
EHEEMR D L,
p=g*te
THbo

ok E, FIME L FRAMOLSE 6B XD
FRMED I EL p* 1x, ThEh
G* = Cov(p, g*")

= Cov(p, Ipe— M) 'g")

=Cov(p,g") Upe— M)~V

=Gy~ M)

7272L, Cov(p,g') =G,

P* = Var(p)

= Var(g* + e*)

= Var(g*) + Var(e*)

=Var((Iyxe—A) "1 g) + Var((I e —A) "L e)

= Tpe=M) 1) Go Tpe =)'+

Uexe=A) "' Ry Tpxe =)' ™1

= e =) " P — )1

72721, Var(g) = Go, Var(e)=R,, Gy+Ry=P
LRTIENTE D,

CDLE, EEOLZVEETNVIOGONLE
BN T A= —E, GBI P*THY, HE
BIfRZ ZRB LT E TV 515 5N 5 BRI /$
FGRA—=F =T GBLXV P TH5b,

MW FHLELBREONRZ PV d ET5E,
ZNEZEWRT 5 720 O EHIFE I Yamada b > D
XA B 2 KT A 720 OFSARHUE,
HOLWHED S/ ONDBIENST A -5 —%
WA

Ii=byp

72721, by=P* 16¥(G*'P* 16%) d
ThY, REMBREZERE LI RTET V2555
NDELHINT X — 7 — 2 72851213,
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I; = byp
72721, b,=P G(G'P™16)"d
ThHbs
CoLE, LOBKIBEICE > TSN LK
ORI
E(Ap) = E(Ag™)
=E(A(I =) 'g)
= (Ipe =) " 'E(AG)

i
= e —A) 71 Cov(g,p")b
U= \/VT(Il) (9. p)by
— L —1ppx— 1% *rp*fl
—m(ltw—/l) G'P*” "G*(G
1
6% 1d
_ ! G*'P*~1G*(6*'P*~16*) " \d
VVar(ly)
VVar(ly)

7272L, 0 IAREERE
ERY, MEHHELREONT PLOFHE -
b =N, L OBEHBIZI>oTHONDLE
RIE DB R

E(Ap) = (Ipe =M1 Cov(g, p")b,

i
VVar(l,)

i
=——(Ipe—AN) "GP GGCP 16) " d
m( ixe — ) ( )

= —m Upe—N)~'d

LD, HRAEGEREONRY MVohE —iK
L7,

Z T, KWARBREZE L CTHIE L 72 AR A 2
WEE d* %

d* = (I —Nd
L35E, TNEREMREZRELIHEFET IV
OO NLBIER/ST A —F =2 HW72612
1,
I3=Dbsp

7272L, bs=P 1G(G'P 1G) d*
Thb, COLE, OB I > THELN
% FREO WIFFd R &1
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E(Ap) = (I —AN) 1 Cov(g, p")b
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=—— (I~ AN WGP G(G'P 16) 1d*
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LR, M HEYLREORY M VvoJiinE —i
T 5o
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TERE

Satoh 5°' TlE, ZIEDOBLUPEIZ & » Tt
L-HEE B & 2 S ICEHAT L2HEER
HEEEMIC L 28K L > C, HIAELRED
FERSNEESNDE L ERL TS, TOEA
FAEOSMTTEL, G E RO =AM T EON
JMVEal$ThL,

a=(GP 6)"d
ThY, o & KIPE O EH Il % H A5 b
7oA G B M &

H=a'g
ELTHNTE 2, THUIENORHERFRT
R FHENTWEHDTH b,

FEHE S B RAMEIZAAFE T B (NBA), HEFL
Gk (NW) B L OEERL&RAE (WW) &L, %
KE)72 85 2 — % —ixOkamura b ¥ THEE S
7zlandracefEF DX T X — & — % iz, £HIZ
HEQOSH, ME360TH DAEMELM A S, HE1FIZS> &
W 4 BEAZEEL L TR A 0 HEOTH,  ME3605H % 1
priwEl, SRt eiz, £/, 61HfQC
HCI3HES608E, MET20BH DKk % S8k s, &
Z A HHE9OTH, ME360FHZ T ~ I DI e B
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i cEEL, ZoREAETURELE Lz, 72,
1~ 5 L H OMEIS00FH AT ETUE 2 5D & A L
720

FHRE L RRERA S5 EM-REMLE I X D
BLUPF90+® & W CH#EIE /8T X =¥ — %5
ML, T05 X —%—%3 LIZBLUPIC X %
EB A & RS2 A L7z, RS
BREMMOBEEI, 1) @EOLIBEET V4
LN LBIEMINT A —F —G*B X P& XY
HRGREd, 1) FREREZRL KT T
WL LNLBIENINT XA =5 —6B L UPL
MIxH A id, ) NEEREZE L
RIETARLHLNDMIEN/ST A= —6B X
UPE MM HFH LY R Z TR RE2 5
L, £N%&5000[# DL, FoOFHEz il
720

dix

dnpa 1
d = dNW =1(0.8

7272 L. dNBA, deﬁ X Zfdwwﬂi%ﬁ’t%ﬂ
NBA, NWBIUOWWORLEL =L L7,

3. BREEE

3.1 BRI B E L

BRI L & V7R TlE, BRMEO MR
BE AU R RO bV EFaha—3 L
c—F T, BRI L E Vo # kT, RKEE
O BRI A LGB RO VO i
EF—F L eholze SO EXD, HEMBRZ
ZRLUIEEET VX D RSN L BRN 8T X —
& — % HW 72 IR IR & B S RIS A S B
ENLAHET 52 LaVRBEI NIz, F7, HEikR
¥l w7z # 3 Cld, KO MAFS R =725
ALY HEONY MV EFaH—FH L7z, Db
L0, WEMBREZELKETV2OHEOR
BIEH ST A — 5 — % vz, AR SR
WY 570 OREPIREUTIL, KRR E %
JE L CHIEAS AU R EEZ WL LEBH B
LRI NIz,

3.2 av¥a—¥—3I2lb—=TarvilLb

MGIE

YIal—vavilio TR NIAEFET
¥, MERLBEES L OMARKEOYREL LU
ORI A Table 1 IZ/R L7z, YI2b—V 3
Y ORR, TOHERGHEMMIC L 2 8RR
LB L CNWB L OWWISH L CTLo~ 2 f5 R
WCKEL o T, Zhud, T THWAREM

Table 1 Genetic gain of each trait. NBA NW and WW were number
born alive, number of weaned piglets and total weight of weaned

piglets, respectively.

Unit Estimated aggregate breeding value
I I 1
NBA head 0.14 0.12 0.14
NW head 0.10 0.18 0.10
Ww kg 1.23 1.68 123
Ratio of NW to NBA - 0.75 1.46 0.75
Ratio of WW to NBA kg/head 897 13.56 8.96

NBA, NW and WW were number born alive, number of weaning piglets and

total weight of weaning piglets, respectively.
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A AP i el B R L% AW Kom O AR
A — % —OE B ORI IIHR R E TN
TWiWZ 95, NBAOREREIZLEANWE X
UWWADORERE, BLONWOREEIZLS
WWADORPRIRAZER SN &) RiEERE
HFHMi L 2 o72720, NWBXUOWWAOY R &
OO DBELIZEEZONE, —HT, MOHEE
MAEBMEMIC L 2EREIET &I3IF-HLTw
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DYHREIZE ANWE L OWWADOHEME, B
L ONWOR BRI & 2 WWAO K F40 5 % At
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DR Ly, MNAREERELERT 572
D OBPARE B L e R A E R oF I, W
REREZER LMETET V5 5/ 5N 5850
NI A== HWDBEEICIE, KRR ZZE
L CHEIE L2 A 2 R 2 2 DD 5
ZEAIRENT,

4. E 8

FHR O BAZIZ 53 R B & B T - o [l R
BROBVBETHL, LrL, INSOREMICIZH
RERAPGFAT L2 D, BIEH/ ST A—5—
B L OHFHAM ZHEE T 5720V AFEE TV
X o Tid, ERDOFERRGESEHTE W
WHEED D %o ZD720, NEBRE ZRE LM

FHE TV T RIRFSCR AT e 2 BRI OE N B
IUHEEREBFEREMOBI LI OowTa ¥
a—%—YIal—3yaryTHREEL7z. Hx
WY REZERT 5720 0BEIRRORERIZ, W
REBRELZE LTS LVEZHVLEEAICIE, KE
AEEEE L CHIE LA RS R VD
Z T, ME LA LY REIG LN LB
BRI ZEdmRENT, T, HHIFEE L
AL EZME LIy ¥a—F—23Ial—
Va yTREREREERLIZETIVICL SEIE
8T A= — & iz aE MM X 50
BRE, BEAREICKRELS WS Z LARaE Nt
B, B RZ ZE LT LA ) %
HnaZ&T, ZORYDPMHETE LI EHVRS
7z,
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Establishment of breeding improvement method for “sweet smell” in

Japanese Black beef (II)

S o =

(MBI RSER G T & > 7 —FERFTERT, PR AR b A ZE R

Noriaki Shoji! and Yoshinobu Uemoto?

(1Livestock Research Institute, Yamagata Integrated Agricultural Research Center,

2Graduate School of Agricultural Science, Tohoku University)

For the “sweet aroma” characteristic of Japanese black beef, genetic parameters related to

the precursors of aroma compounds that contribute to the “sweet aroma” evaluation value of

baked meat were estimated, and aroma compounds that contribute to the “sweet aroma”

evaluation value of boiled meat were investigated. Heritabilities of monosaccharides, free amino

acids, dipeptides, and nucleic acid-related substances, which are precursors of baked aroma,

were 0.28, 0.15, 0.15, and 0.19, respectively, and the difference in predicted breeding values

among bulls was about 30% of the tabular value. The components significantly correlated with

“sweet aroma” of boiled meat were 1-Tetradecanol, Pantolactone, p-Crotonolactone,

1-Hexadecanol, Skatole, Acetoin, Isovaleric acid, and Butyric acid. The results of PLS analysis

with these eight components suggested that the “sweet aroma” rating could be estimated from

their content.

1.B ®

BEMHEEA (BT TRRAL &9 %) 3R
LMD SHPRRETH Y, IhE CEAMICHM
URDVHED LN TE 72, D20, WRIZHEITR
A L, ZEOSH 4 ERARATIZEBT S
5 S MERIT10MERT 0 35 & % 560% FTHE - T
W5, F72, BMS No.® Btk E #2310 %
W2 B HBE LTnb 2 eh s, £EO 5
FEMRIISOICHEL L TFREING, B
M DL WHEREEDSYLR S 5 —77C, BRI
WPRE I TR M2 < 7 o 72 AYHIAURE

DEYDEL otz THAEDD ZAFRID 7
{potz] o/l ) AWK T 2GHT 2E
BAA% v, FHOARICIZERE W FHYD3D
DEFENDH Y, BOLOWZEN HF Y A d HET
HDHZENHLDRLE RS> TS, WL DOHh Dl
DO IR B VT, AR A LR
ERTHEMETHL 2ICHWE ) 2HE L,
7z, SRR EMMESEO AL HRTOAREIC
HOE D 250 AERORRIEIH R 120WFE
DTHaH [HFEE] 2HDHEVH Z LWERBGR
HZOMTRIELMOENTEY, ThdoHLEK
% L 72BN ORRIIHFERTH
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BN D RKHESESEET 5
Mol ] BZBROMFNTEHrThHLLEH
AbNhbZens, Frlx THOED ] 2HDT
W 2 EDFIFR O AR ED ) 2 THFICER
ThHbLEZ %,

HiERk 12BWT, BERAFRO [HWED | I
M5 2 /[ GoEa=E, A Rh oMk
B, HibE EEET I B, VNTFF, BKEREE
W, EEIREEO 6 KX WFHTEs L
"o, NSO [HWED | OFiEYE T
HHLLEEZONDL, T2, TNE ORI HLAE]
BROMEPHNZ EHIW LR L RoTVD, £
TAMZETIE, BERAERO [HwED ] I2%FS
T 5 FLABT ORI D W CRIB /8T A —
y—%HEEL, [HWED | wiEE O #Im1%
WEHES 2T 5,

T/, AERORRE SN [H4F] 3R
LMD SN ZBRRICATA AL, &5
RETHHELA0H, 80CHIHOEWHFHAIZB W
TEDEERTWY, AFICIEZFTZ My, 7 b
v, TNT e N SRR R O 0 B Y-
PHED SRTWBEH00, AFEFEEZHET E
R DOERBIIAM R R v, £2THA
D [HWED ] IZFEA L, B RREHl & &R
B L HAD [HFD) ] ITHFGTHX
AW THH SN T 5,

2. /7 &

2.1 RBE1 BRSBTS [HW&ED ] 6
SR O BRI R O ]

BEAIFA D [HWED | IZHE BRSO
BRI L 2 DN 5 HipE, T I VR VX
TF N, BEREEYEOBIZN ST A — 5 — 24
BT A 720, RN O Y & 7z BB
DAL A 3,684k 14 & 0 b B 1fT o> fi 1 5 % $REX L
720 UG OMHE, EHET I MR, YXTFE,

HMREEm g2, A% K03 AF0NEN Y F
Ty 7Y OFFE LI S NTFEEARLL
A= b7 EEGNE (R R
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0.25mmID) 12 & Dl L7z EEICH 2o T,
HHERE L DB L -QCH Y TN EF VT VT
MR Z &1258 L, LOWESSY#E1L & SplinelZ &
DQCERMAZMM L, ZoMMMMEIcE) 7
VO ERAR & EEREAL L 72
TNVA—=A, TFVZ b —A, XV /) —A, JKR—
A, TIE ) —AOKEL o SV Iy
TI=y, a4y, YTy, Yy, Ny,
Tz=ZVT =y, VY, Fury, fVH
A7, AFF=r, bLt=v, TANRTF 2,
Ta) v, AN=F Y, CAFTY, BTIT=V,
YT IR, VY IV T ANRTEUEO
WA HHET I JBER, ANV rET IR
YORKERYNRTF NEE, CRFF T, A
Iy, ATV ERORE R IR Y B AR
L7zo SNOHOWGIKEMEWETHY, 7
VR ORIE#EEGOREEZRELZIT 5, £2T
MR &2 ke Tl L, MR 2 B/ S &
W70 CHIE L7-HAE, ERET I VB, IRT T
&, HEEEmEEEY HvWiz, $72, BEME
AL 2720, B Z LI = 3 SD O
DHEDT =5 % FHH Lize BEROHESL L OFH
MO FE, HIBE 7 =< )VE 7 IVREMLE: %
B, BEEMMEORHZIZ2BET =< VETF I
REML#: % Hv 7z, S0 4 A Tl TH
5N 72176048 D Mz TG Z v, BERIRE L
THEY;, L&Y, LHEE LEH, M, 4
ELTEEHEAD2RE TORGEZZRE LD
ToOEFMIZLD, ASREML v4.l% v CiEfz
BT 2= —%HEE L7,
v =P+ B+ LR EEE EHE +
P+ &% i (2WIalE) + Bl + 3
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2.2 B2 HAO [HW&Y] IXHFSGT2
R DR E

BRI LY, 2mmETAT A A L7zY—
oA 3URfA (BREAELS, M6, FHRE4,
SHEIRE 6 ) ZWEAL THEZ2 Ny 7 L, ‘HREakHiliZ
B NZHALAGHT £ T - 80T I THRAFE L 72

M RVE RERTAM (& (—4L) AR A BT SET 12
KB 720 B Z80CT D 1 % AIEAKFT 2451
MEL, 7272515 %O5MB R VIR L
T, HOFED, BolZw&ED, WHOFY %5
L7zo 1H& 720 oA 3k E L, 410
OERIHEICBNCTF =y 2R TEX5 L9,
— DR (CHERE) ZmhiEl, JEHERZ 0L
LCEMEOFEY) OMmE %+ 3 GEFIZHE) ~
-3 GE¥ICEE) O 7 BB CRHIi L 72,

F7o, MRICRELRERZMITL T
J—=NVERINL, ©— XXt (e
QTNVFE—XT a3y Hh—) 12T2000rpm T1208
MR L 72e TA230C T, FHERS % i
%, NEEEYE (Y r7a~Fd ) —)) Lk
F MU AERFMUTHARL, —10C D@55k
WZE D B2z B (InertSep C18FF)
W) REr o EIREEZRE L, fiEicAF
Y VIV —FIVIRMEE 6 BRI L TR
LTI BERRE S, REERRMEL, ok
Wik v, BERIE L VHRL22QCY v 7
Vel bicHAruv b7 TEEGHE (15
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THIEL, RB1 & FERICEEEOREELE 1T -
7oo MBI SAVIZ L D [HWED | GHiifli% H
AR, ROV 3NER L § 5 PLS#NT %
The Unscrambler X (CAMO#%E) 12X DL,
HAD [HWED ] IZHFGT2HXED & EE L
726

3. BREEE

3.1 HEr1
AEOMBRII &R %2 RV fETHIE L7z, B
CIBH T OGN O HAE, EEET I R, VX T T
N, BERBE Y B A oM + B R, &
NEN286+075 937+224, 939+235, 355=*
1.03mg/ gkl TdH -7 (Tablel)o TN 5D
HoEIHREEZ 21263, 239, 250, 289%
THY, PEAEDI23%ICHRTE NI &7 5,
LD ERBZEPIREVEETH S L EZ b/,
F 72, Table 1 \ZEMEFE h* %2R L7z RO IOE
BT B A AEOBEEFIZ065TH Y, =
NFETOMRES" LHBETH -7z, —T, HhE
WEET I VW, VRTFF, BREEYEEEO
12028, 015, 015, 019THH, AHAIE
WZHARTEWERETH > 720 Sakuma b ® 135
EMAESSTHH D e Kl & Fl > 72 [ BR D FRAT % # ity
LTy, FHHOKRGY) OlERET I /B
UNRTF N, BIREEYE & & OBIRERIIANTE
L HFEE D012, 018, 022THho72 72, 2
OWETEINVI—X, TNVT =R, =V /) —
2, VER—R, FYytwa—), myo-A{ /¥ b—
VOKEDBIEZIX008, FNENOHPED R
F5004~014TH Y, KWHEOBIRED A5
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SHOHNE, WHET I Wk, VAT SN, R
W & & OBl Ok KE—R/AMER 212 h 2
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Table 1 Basic statistics and heritability
Trait Abbreviations N mean SD cv h?

Carcass weight CW 3656 460.5 54.4 118 0.45
Crude fat CF 3676 42.1 9.2 217 047
Ratio between

Us/S 3645 1.96 0.24 12.3 0.65
USFA and SFA
Total sugar* TS 3658 2.86 0.75 262 0.28
Total free amino acids* TFAA 3638 9.37 2.24 239 0.15
Total peptides™* TP 3640 9.39 2.35 25.0 0.15
Total nucleotides™* TN 3603 3.55 1.03 289 0.19

h2 : heritability estimates

SFA = sum of C14:0, C16:0 and C18:0

USFA = sum of C14:1,C16:1 and C18:1

Total sugar = sum of Glc, Fru, Man, Rib and Ara

Total free amino acids = sum of Gln, Ala, Leu, Lys, Ser, Val, Phe, Gly, Tyr, Ile, Met,Thr, Asn, Pro, Orn, His, f-Ala, GABA,Glu and Asp

Total peptides = Car and Ans
Total nucleotides = Hx, Ino and IMP

* Trait values in meat excluding fat (mg/g meat excluding fat)

Table 2 Genetic correlations

TS TFAA TP TN
CW —-0.26 0.25 -011 0.03
CF -0.19 -0.26 -033 —-0.69
Us/S -0.19 0.21 0.06 0.19
Abbreviations are the same as Table 1.
Table 3 Significance of non-genetic effects (p-value)
Trait farm slaughter sex ageinmonths
place year month primary secondary
CW <.001 <.001 0.001 0.003 <.001 <001 0.015
CF <.001 <.001 0.002 <.001 <.001 0.526 0.754
Us/S <.001 0.902 0.159 <.001 <.001 <.001 0.602
TS <.001 <.001 0.112 <.001 0.346 0.136 0.966
TFAA <.001 <.001 0.024 <.001 0.130 0.110 0.003
TP <.001 0.01 <.001 <.001 0.389 0.291 0977
TN <.001 <.001 <.001 <.001 <.001 0.154 0.885
Abbreviations are the same as Table 1.
WHOBEMEEZR L2, SOZLRLBHEDNE B THERMRNRRD 57z (Table3). 7—

Wiz A L 22 BB OB G RICE Y,

WD 5 TRIZEG-5 2 RBEY HIZET LT

LbDEER BN
IEEAERIR T D B RGIRIL, T XTORHI

& BAT0L L DGR 31T % Bkl (TS), esfk
7 I/ (TFAA), YXTFF (TP), M
HYE (TN) &80 R RORAME - ik/ME
71k Fn2n131, 327, 345, 1.36mg/gklE
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chy, BEOMBEMOENARZI NI LA
I, 5%, RBGARE MRS L OBE
PEZOWTHIHAL, SIEEMEDS Zh b0
Hom EREHL 2 L7z,

3.2 B2

AW X B 0T I ERERHIIC B\ T, BB
IZHERE, FLAAE, ALEREIZHANRT [THWED ]
E o lFWED ] 54 B2 A 5 72 (Table
4)o AR S b HRERH I 35\ T REBMAL
WIZEAFRIZERT THOWED | TR 13T
D] ARELENLZEEZHRELTBY, ®OT
INSOF) IFHTHNEFHORHTH L Z &N
MR S N7z BADEFRRE T AT TIEAHELLED
B SR S N7ALEWEIZ63TH D, ZDH
HEBERHEO [T ) J & A ERHMRB (p <0.01)
MR L AL & W 1k 1-Tetradecanol,
Pantolactone, y -Crotonolactone, 1-Hexadecanol,

Skatole, Acetoin, Isovaleric acid, Butyric acid T

Table 4 Sensory evaluation value

Ho7z (Table5)o SN HDILEWIE [MR- 1TV
FY ] EOMREOMMBRICH 572, 2D 81k
EMOEWELAREJHIER, [THWED ] G
% HERE L2PLSI 2 EL 72L& 2 5,
W1, ERKEFY Y 7L — 3 »0.753,
N F—= a3 07258 %0, SALEMIZEY [H
WED | ZFATES5DLEZ HNTz, HHTHE
HRFMOEICH 72> TiE, RBOAT LA
B OREROMRETE KL EBRAPLEL
%Y, ZHREOFRO [HWED | GHifE 2 &5k
TH2DORWEETH B8, AWFELY [HWED ]
Al & B A OF LR SO SHEETE S
LRSI Nz WIS, BERFBRTOERZ H v
CHBRDHEEATWRED & D et L7z EROF
SR AAT L, bRt 8 bAWIC X APLSHHNT %
fTofzbh, WL, ERKEFY YT
L—3»0612, N F—3 3 »0639TH - 720
CONY) F—a yOPERE0639 (FHEIRE

Beef breeds N Sweet smell Fatty smell Meat smell
Japanese Black 15 0.97 +041 A 0.76 +0.59 A -012 +043 B
Hybrid (Hx]B) 6 -0.10 +049 B -0.30 +0.63 B 040 +0.35 B
Holstein 4 -0.90 +041 C - 115 +0.33 B 1.25 +0.22 A
Foreign species 6 —2.20 +0.12 D -223 +0.24 C -0.13 +0.60 B

Significant difference between different codes (p<0.05)

Table 5 Correlation between sensory evaluation values and boiled meat aroma

content (N=31)

Sweet smell Fatty smell Meat smell
1-Hexadecanol 0.56 0.51 —-031
Pantolactone 0.54 0.54 —-049
y -Crotonolactone 0.49 0.45 =017
1-Tetradecanol 047 0.50 0.15
Skatole 0.46 0.32 —-0.30
Acetoin -049 -0.52 0.11
Isovalericacid -0.50 -049 —-0.07
Butyricacid -0.67 -0.69 -0.20
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Table 6  Aroma content of boiled and raw meat (N=31)
Content (ng/g meat) il Correlation
- p-value fficient
boiled raw coetticien
1-Tetradecanol 50 49 0.938 0448
Pantolactone 29 72 0.000 0.555
y ~Crotonolactone 1756 1630 0.154 0.979
1-Hexadecanol 687 729 0.785 0.992
Skatole 6 12 0.031 0.339
Acetoin 5718 9768 0.000 0.942
Isovaleric acid 21 44 0.000 0.763
Butyricacid 1354 2488 0.000 0.801
0.80) 1, EARYMNELEIC L 5 BEAFES A LB

RN OMUF A€ 12 517 5 M1 B4R %20.80 1 & [F]
BETHH, BERICHRTHECHEIKRTT20
OO, ERTH [HED ] GHlifiz T TE %
bDLEZ LN,

ZO8bEMOERERE BN E AW THIEL:
& Z A, Pantolactone, Skatole, Acetoin, Isovaleric
acid, Butyric acidiZ BRI L D HEIZHA L
72 (Table 6 ) o 2415 DALEINIARIZERS 2 20°, K
IZANETH % 1-Tetradecanol, y -Crotonolactone,
1-Hexadecanolld FWHMIC X 22 LI3AD 51
otz HREAWDOEGEH=OMBREIX
Skatole Tk 2> > 7245, TN LAMI PR & 5
Ao 72 Hi Y Ty -Crotonolactone 7 & NI
Butyric acid ® # §i £ 0 & 4 w0 M AR %
090, 087t #HMELTBHBY, ZORICHMAL
1-Tetradecanol, Pantolactone, 1-Hexadecanol,
Skatole, Acetoin, Isovaleric acid > 1 [ £2 # 1% &
e —-025 079, 099, 095 098 039TH->
7zo 1-Tetradecanol & Isovaleric acid A#} 1 # ik
HiIZ BV TERWHBRES RO bz &n
5, BIEHET DL OFRLR TG R &Y Bk
DEAD [HFED | GHlifiz PN TE b DL
EZbNb,

MERORETH L [HED | I2oWT, B
A O [HWED | GHEEIC %53 2 B0 0
HISRW B B @ARI /N T XA — 8 —ZHEET B
LEBHIT, AW [HWED | FHIMEICEF ST 5
BLRNT WAL 72 BERER OB E TH %
HpE tERET I VW, VNI F N, BB
DOERFIF LN EN028, 015, 015, 019TH D,
Tl S 7RG O A T 7 1 IR 00 30 % 2
ETHo7zo HAD [HOEY | EAHERMBEAN
788 b 172 K 45 1d 1-Tetradecanol, Pantolactone,
y -Crotonolactone, 1-Hexadecanol, Skatole,

Acetoin, Isovaleric acid, Butyric acid T&®» - 72,

F72, 208X APLSIITOMEE, Zh b
OEHENPS [HWED ] FHlifEziEETE 52
L ATRIE STz,

X
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Establishment of genetic control method and pathophysiological analysis

of newly discovered muscular dystrophy in Japanese Black cattle

oW %
VEMR PR IR R BT R, 2 ENA )

Masahiro Yasuda'-?

(1Graduate School of Medicine and Veterinary Medicine, University of Miyazaki,

2Faculty of Agriculture, University of Miyazaki)

Muscular dystrophy is a genetic muscle disease that causes progressive degeneration and

necrosis of muscle fibers, resulting in muscle weakness and atrophy. In this study, a newborn

Japanese Black calf present astasia after birth. As a result, several mutations were found in the

dystrophin gene, and a diagnosis of dystrophin deficiency muscular dystrophy was found. By

tracing the gene carrier cows, the existence of three carrier cows was identified. These finding

suggest that differential diagnosis of this disorder is necessary if neonatal male calf presents

with astasia after birth, and a family history is suspected.

1. H i)

YA a7 4 — I SETE TR - B
FEL, W1 OAKTF R 2 &kt & 3R T
Hbo & FNTRMEWET S5 v /87 BREORE
& o T, Xgtafdigitk, HaEmEr$ 2
HEWDIID, BRERIZL>TRI LI EDMS
NTWb, TORTHLIANTT 4 V7 VNI
DA X B DuchenneB FFEIRDSEE T, &k
DOWA3500-10000AH 720 1 ADFREL, ¥ A
ba 7 VB TREIE X g R RICH D, PREkE
B3 5720 CEE LTHFIIHEIBEDLN
513,

INFEFTbe MU OEWORH Y A b u
74—, AX, 22, eVY, whEDLH
TROLNTWD, L LADS, RIBY 37

HomERLBERAZ P FOBH YA o
74 —tA—TiEd%L, AR ZWo#EA
PEfRE & L CIb N B EINCH 5 720 7 ¥ DEIR
WY A bu 7 4 — X Meuse-Rhine-Yssel
(MRY) f#ii%)-CHeat-shock 70 protein 1Bi&{x T
RAANZ & 2 W GRS P EARYE DO RERR LA~ A b
O7 4 —=DHESNTEY, FIVRAY A A
BT EMEE - SERE L L T HREETD
B0, EEBET A YA M T T 4 v RIBRIG Y
AbB74—=FV A, Iy b AX, %3, 7
7, 7574y a, INTTHEINTNS
WY, T TOWETE L,

Al BEMMEBMBERIIBNT, Pl
PSRRI ARZ R L2720, BEREHFOS
HOFEAIRDEDIRNTIZ X ) BEARMER A Db N7z D
T, EGIOMRNS X OBEE TN 2 EEL 72, 2
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SRR 2 S Il R A 2 AT, ARE
DBARIIHI % A 720

2. /B &

2.1 RYGOME
BEMAFR308H 2 A 3 2 SRR T, F
FHREED 5V IFAHEEAICTERLTBED,
FREESFRAT 7 F v S BERRE L Twi,
L2 LA Ofgas i L, SBEE) RwE s
HARE AR E B9 2 F2 7207 0RDH 6N
7oo BT ORTRMERBELIE TS, B
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Fig. 1 A family tree of the affected calf.
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Fig. 2 A lateral aspect of the symptom appeared calf.
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FICHFEET B0 EE—2, MiE oD Y A b
074 VilfnTERoTBY, I HoLERE
BT 22N ZE LTh, ) — oz
IEHETHIIIESTREF L 25, HETIE, X
kD —D % DT, ERBET 2 ZITHNTEY;
G, VANTT A I U REETET, HY

Fig. 3 The muscles of fore-limb.
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The study of polymorphism in the chicken CCKAR and HSP70 gene

associated with thermotolerance

R RRHT PN GEt - AR 56
(i i R TS A B

Eriko Fukuhara, Tatsuya Hirakawa and Miyuki Mori

(Fukuoka Agriculture and Forestry Research Center)

Summer heat stress reduces the productivity of chickens. The relationship between a
single nucleotide polymorphism (SNP ; AB604331, g420 C>A) in the cholecystokinin type A

receptor (CCKAR) gene and three production traits, body weight gain, feed conversion rate,

and production index, during hot weather was investigated in Hakata-jidori and Hakata-

ichibandori from Fukuoka prefecture. No effect of the genetic polymorphism was observed in

these traits examined. By genomic sequencing the heat shock protein 70 (HSP70) gene, which

is expected to be associated with heat stress in the Shamo, Barred Plymouth Rock, Hakata-

jidori, and Hakata-ichibandori, 4, 7, 3, and 4 SNPs were found, respectively.

1.B ®

HEOBHA N LV AZBOEREERIRT 25 &
ZL, EERBRICESTRELRMEL > T
o MMETIZT I v FRHE NErze |
ETEMN—FEY] Z2EELTVD, [1Eh7
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ERBLL7-F 1oAY~ A0y 7 Oz
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BUE, NS CIIRE I CHE Y 5 85T
(BVIAMNFZVAZSHERERET DT
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— 5T, BAMECEbLS 3y s 5 Ry
% (Heat shock protein : L 'FHSP70) &, A4y
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Table 1 The DNA sequence of primer (forward and reverse) of HSP70 gene

HSP70-F

5-CGATCTGGCTGCAATCTACG-3

HSP70-R

5-ATTTCCAGAAGCTGCACTTGG-3

Table 2 The effect of CCKAR genotype on Hakata-jidori and Hakata-ichibandori

. . . Rectal Panting
Body(vxgelght Feerdt/igam Prosduitlon temperature frequency
g ato core C (time/minite)
A/A 3289 243 155 423 166
A/C 3330 246 147 418 175
SNP
C/C 3146 262 140 41.8 196
Hakata-jidori NS NS NS NS NS
male 3792 247 176 422 154
Gender female 2718 2.54 119 41.7 204
% NS % * NS
A/A 2708 2.10 178 428 183
A/C 2867 2.08 197 423 170
SNP
Cc/C 2920 2.29 167 429 177
Hakata-ichibandori NS NS NS NS NS
male 3016 2.16 170 429 182
Gender female 2647 215 191 424 172
* NS NS * NS

*, p<0.05

WTIE, HETIZA/ARIZ 340, A/CHEIAIBT,
C/CHIZS 37, METIZA/ABIAMEY], A/CHIAHT
T, C/CRIBBFTH o720
CCKARDBIZFRDENZ X B [0 72 E
D1 BIO [@ED72—F L ] OB % Tabel 2
R L7ze AREE, SPRHENGE, Aefck, B
BB IUNRY T4 V7B T D En o
WIZX B RITED SN o T,
CCKARMBIZFDA/ATIIFEE N, LN
TIEFRERBPEND 2 &3 ShTwb
B, ARBRTO [1Eh7zEn ] & Navi—3F
EDIZBWT, B AEK= TCCKARE
ZFZRDORRDRD S s o7z, JIRLS X1
Wi £ THT L 22 W 2 —F > TI3CCKAR
DRMRDBRED LN pro/zEME LTS, I

L51%, CCKARBIZTFZRORMEN RO 5N T
WAL T 5 L, W T —F 2 ofiE
P ELBEVP R W20, CCKARBE T
DR REARD SNl o 72 R 2 Fed L C
B, KB THRA L TE»Ey ] BIY
MEp7—F L0 ] &, MENHIZI2HEERS L O
9 ML W Eh 5, CCKARDIKR AR
D BN o IR D %o
3.2 vxE, TV~ Auy s, [Ehk
WE ] BIO [@Er—FLh] icB
5 HSP70#IE T2 R OHE
TwE, BT~ ATy, [IEh7HeD ]
BIO MEhz—FE Y] olfils sl Lz
DNADEIEFFITEHR 2 &, BB T LML
BIOT7 VVEEZRAE L,
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Table 3 Genotype of HSP70-SNPs

Genotype frequency (%)

SNPs Shamo Barred plymouth rock Hakata-jidori Hakata-ichibandori

213 G/A GG AG AA GG AG

54.5 455 0 172 82.8
220 A/G - AA AG
0 10.7

233 T/G TT GT GG -

83.3 16.7 0
323 A/G AA AG GG -
0 35.5 64.5

371 G/A - GG AG
286 714

448 G/A - GG AG
57.1 33.3

649 A/G - AA AG
140 480

667 C/G - CcC CG
10.0 52.0

682 C/T - cC CT
54.0 380

847 C/T CcC CT TT -
825 175 0

AA GG AG AA GG AG AA
0 535 46.5 0 65.6 344 0

GG - -

89.3

AA - GG AG AA
0 53.1 46.9 0

AA - -

95
GG AA AG GG AA AG GG
380 171 59.2 237 89 35.7 55.4
GG CcC CG GG cC CG GG
380 63.2 316 53 64.3 339 18
TT - -

8.0

FikiITable 3D E B, ¥ v ETIEg213 (G/
A), g233 (T/G), g323 (A/G), g847 (C/T)
DFEF A AFCE R s N7z, 72, BT Y
~Auy 7 Tidg2l3 (G/A), g220 (A/G), g.371
(G/A), g448 (G/A), 2649 (A/G), g667 (C/
G), g682 (C/T) ®FH7 #ir, [E&»/-#Ey |
Tli¥g213 (G/A), g649 (A/G), g667 (C/G)
D3 HFE, [E27—FL Y] Tlzg213 (G/A)
2371 (G/A), g649 (A/G), 2667 (C/G) ® 4
NG 2V iR g

g2131F 4 WA E L @R TEITH Y,
[E7zse | & [E»7—FLh ] THRIBE
NZBETZRIEHEE T~ Ay 7 THRIBE
A E AL T, [ED ey ] o
REFEE (Y EXPETYY ATy 7) xH

7Y~ 2uy s, [Eh—FLY ] 13 (B
TURARy 7 XHBT)R ATy ) xHE T
VAT 7 THY), WINRBEETY AT Y
IHRRMENTWSLZ S, ELEETS
Bt SNz £ 2 bhiz,

B, KRB CTHSCEMEERSIZATA 5
100085 EE TTH Y, HSPTOEIEFO—HET
BB, HERGKRIUT OIS O EET-% R
A L) 2T, BIETFEELBARRORE
L OB Z AT 5 LED D B o

4. B 8

NEp 72 Ey | B [Eh—FED] 12
BWT, 2LV A MNFZ VASHKEAEBET
(CCKAR) @ —3¥i#4£ 1 (SNP ; AB604331,
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Research for objective evaluation of forerib conformation of Japanese Beef
Cattle (II)

WOAR WX
(CHu) 30 37 46 4 S el 4 7 S

Hiromi Suzuki

(Hokkaido Research Organization, Animal Research Center)

In this 2020 project, we clarified that there is a relationship between forerib angle (FA)
and body condition score (BCS), and there is genetic relationship between FA and chest width
(CW). This study investigated the correction method for the effect of BCS on FA and the
genetic relationship with carcass traits of FA and CW, as well as when FA and CW early
assessment is possible in calf. In Study 1, the FA was measured in 129 standard registration
cows and the CW was measured in 64 cows, and the correlation with the examination results
was analyzed. In addition, a model study for genetic evaluation was conducted on 1,809 animals,
and the model considering BCS level was suitable. In Study 2, we estimated the genetic
correlation between FA scaled at the livestock market and carcass traits on in 687 fattening
cows, and found a negative relationship between carcass weight and rib thickness and
marbling score. In Study 3, FA was measured over time up to 14 months of age in 9 calves and
CW was measured up to 18 months of age in 21 calves, and a correlation analysis was
performed for each month of age. It was suggested that 9 months of age is early possible
period at FA and CW assessment. From the above results, it was suggested that FA and CW
had a desirable relationship with the registry judgment score of Japanese black cattle. And
that the FA and the carcass traits had a desirable relationship for genetic improvement,
suggesting that selection based on the breeding value of the FA can be expected to improve

both the registry judgment score and the carcass traits.
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O — AR, NIOES, ETEPOES, 4k
E DM, RIS EAL) 2B L L
7oo ZRFHKE LT, HAEOBEEBIERR, %M
RE (170KH8E), MEERK (128K#E), izl L
720 BHERIARE LT, MRS L CRERE (5K
), BEMEAN (200k#E) & L7z. 72, G
B & U CB SR H e 1 knla, B8k H s 2 K
W, WEAARE 1 RIE & L7z BLARGRTC T L
THREEZD MR (2kHE), L3%4E (1K),
MR Rh AL & 35 R H i 2 R, I AARE 1 Wk
JHe Lz,

A2 1 20194E 9 A2 520224E11 12k 7 L v
TR HIX R E T 3 & OV AL 5 % (A
s, A& M EA RN E L7 BB 9
b, LEBROBABEERODLOIZBWT,
AR T 72I3M0E, B X OB AN 6 TR E & b4
WHEE Lz ZRABIIMEAOEEEEE,
JERER (WA & MK, ERR Bk &
L7zo REERDR B X O Rh A A & 1 B vt
LC2I0EFN 1 &7,

WEINORTEIZB VT, 78T 2= OHfEEid
PEST version 4.2.3°’, VCE-6 version 6.02¢ % J
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v, 2B 7 =< IVEFNVREMLEAC X Y, i
AP F 73R & AL B & o T O BB AHBY
e L7z

2.3 WA & A EE L i o> R R TR O ff L
JledtE ST A T SRR 5 i B T 20204F DLRE
(VA L 72 BRI 2 9 BT L, W & A
BRI ARG 5140 AREICE S ¢, M
HWARED 5184 A#EICE S T CTRIFIICHIE L

A Z L2 ENZNoRMHBGREE RO 2 & &
DI, 145 Bl E 7213184 Hikh & % b AR B D
B H i E A L 7.

3. BREEBE

3.1 Wbk & M EE D SRAEFE O HIE J ik O

A AR & AT S AL X OTEIE L o
HWIZTHBEGH 217\, FOFEHE % Table 1 12
R U7z W EMEEICBWT, HEEE4 L 5T
HiBE & DR T WA ORI RO bz, KAEE
6L 7TIREDHBIZBWTHMEIIIAD SN
Molze BERTHN Z2ATH &, HHHE, HiklE, bk,
BHE, B, BBV TER WA OBIRAED

bz, ZOZEND, M EMERREELD
FRIEH 5 D00, BEFATIIREZIIEDLS
T & AEORAIIHEEMNOM EIZO %25
LEZEZHNz. —F, WFEWTINOXFIZBw
T AR & IR\ IE O BRSO STz,
7o, MHE, EUBR, 3R, REBRIIMZ, B
mfZe & & b IEDOMBIBFRAEED S 7z MEIE
A & MEE L D IRVRIEE L OBRYDH L H D
O, WROWINEFARA DM LIZO%h b &%
Y (Wl

A2 AT L 72 E MO T — 5 ok
RALEHR & WG R & Table 2 1R L 720 €TV
LIZETFTNV2 EHET 5 EAICH/IS VT &
L, REEXZEELIZETVIVPHELTWDLEE
2 bz, it & MEDBIEEI12038£0.098 %
D, AR 24EEICHEE LR (032£010) " &
FIBk & 2 ) DD BEHERE AT L 72,
PDLEORERD S, BiEAICB T & A
EORBEEORIEIAE L E 2 S5, Bl
FHIC BV IR BEOEEZHRT 52 L T,
L) IEfEZRFHEAT R L Z 2 b7z,

Table 1 Correlations between forerib angle (°), chest width (cm) and records of judged body shape classified by body

condition.

Month of body fore  middle
Means e BW/WH capacity quarter quarter quarter

final
score

hind feet, impressi-

proportion hoof  vness face quality dairy

forerib angle ~031
at bes 4°5 -027 -023 -015 027 -016 -013 011 -005 -01 -023
ne
forerib angle _
at bes 67 25075 186237 039 013 —016 -007 -005 000 007 002 006 009 -006 —005
ne
forerib angle ~054 —034 -04 -028 -028 026 _,05 _ —oog —029
erib any wool J034 S04 02 028 026 05 —007 004 007 -008 0
chest width at
068 064 056 059 04 059
bes 45 D68 06t 056 038 90 om0 oor 013 oaz 99
chest width at
#45+44 188+42 091 057 075 055 064
bes 6.7 QoL 051 005 08T oee 03, o046 025 026 015 047 OO
chest width 088 064 075 067 06 051 031 5 o5 051 068
n =62 s ockok kokok kokok skokok skok skoskok % % 3k - . & sk sk ok

BW/WH ; The ratio of body weight / withers height as index of body condition.

REE D <0001, **p <001, *p<005
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Table 2 The comparison of Model 1 and Model 2.
Ar[ls(l)}(fit;lcal n Means, ° Day of age  Heritability Ra\t,i;)ri(?dfnf&rm 5;315#&1 AIC Pedigree
Model 1 0.38+0.09 0.10+0.02 0.51+0.08 11339
1809 21074 289.7+17.7 3,690
Model 2 0.27+0.07 0.22+0.03 0.50+0.07 11631
Table 3 Basic statistics of data set at research 1 and research 2.
Research Cattle and traits n Means Mongtg of Pedigree Cirgw, }Eglé RT,cm Sgg ' YE, % BMS
CW of standard
registered female 1086 475+32 20.1+28
22 cattle, cm 8305
researchl 3
Carcp"‘fggtra;ts of 3648 285+18 5007 £66.7 636+149 82+10 2407 733+11.0 25%10
FA of calf at
29 market, ° 203+76 2885+20.1" 5016
research2 g

Carcass traits 284+17

5020£578 67.7+120 83+09 24+07 753+18 25*11

FA ; Forerib angle, CW ; Chest width, Carw ; Carcass weight, REA ; Rib eye erea, RT ; Rib thickness, SFT ; Subcutaneous fat

thickness, YE ; Yielt estimate

1 Age of day

Table 4 Genetic correlation and phenotypic correlation between chest width of breeding females, forerib angle of calves

and carcass traits.

CW of Standard registerd female cattle

Genetic correlation

Phenotipic correlation

FA of calves at
market

Genetic correlation Phenotypic correlation

Carw 033072 004 ~046+0.29 -001
REA 094+083 010 025+0.35 -004
RT 067073 008 ~057+0.22 -009
SFT ~021085 -002 ~031+0.30 -001
YE 031102 004 030+0.35 - 0.06
BMS 097061 011 ~0400.26 -008
3.2 W EMEEL X OWWIEIC BT % B AT FAL 2 - Table 4 12, KEWHHHMIFIZHIT 5

filfi i DT

KA THHIN L 727 —
Wiat= A Table 312 F &7z,

AT 1 ¢ Table 4 12, ZEA - ARJE G O B850
W D e & %@E?T%éﬂﬂﬁqi@ﬁﬁﬂﬁ‘i%
LD TOBEMHBE ZFRHETE L L HITR L,
WTNOE b RRETZENRE RSN, BRIE
HENIH SR oTz,

Yty bBIUELR

JAt & B 3 X O & A A BGRT & O [ T o E R
B 2 R & & DITR L7ce A & MEE &AL
WEE, NTEB X ORISR L O To
EIZMHBRBIT AR ORISR b, Tl
2o, M EmELIASD 3BEIISRR ELE
LWBRICH L EEZ ON, L L, B—ZA8

R B THRIGIE, A E 0 JEHEAELC B TSR
HEFEDPRE RSNz 61, i HATHIC
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Table 5 Correation coefficient of calf chest width between each age and 18mo, and calf forerib angle between each age

and 14mo.

CwW n 0 mo 1 mo 3mo 5mo 9 mo 18mo
Spearman’s p 0.14 -0.08 0.01 -0.23 0.41 —
Means of cw,cm 2 148+16 178+22 227+24 280+30 350+2.3 432+24

FA n 0O mo 1mo 3mo 5mo 6 mo 7 mo
Spearman’s p 0.19 0.01 -0.08 0.33 0.59 0.06
Means of FA, ° 20.7+4.7 242+80 285+71 368+5.8 38+53 379+45

FA n 8 mo 9 mo 10mo 11mo 12mo 13mo
Spearman’s  p 045 0.58 0.44 0.66* 0.61 041
Means of FA, ° 33.1+49 359+49 314+51 29.1+45 288+37 265+5.7

Spearman’s p ; Spearman’s rank correlation coefficient. *p <0.05

mo ; Month after birth.

P5E L 7= Hiie & A% A ik & o T o8 EAR B % 3
ETHIENTERhol. HKE L CTHMAEE
(5285H) DAENE 2 HNize A Z BS
52LT, BMEERELZKTEEODOINGDHEE
WUREE B EEZ BNA,

3.3 TOREBRICBT BN & A OZLS)
Table 512, I EMEICBIT 2K HiEmL 144
A& OBITo, KB 5% A e 187 Hikh
L OMTONRMAHBEREE, B L OKNEMEDF
Wiix A S LR Lz W & MO
6 7 Al CciRARL%Y, 67K (p<0l) B
X9 Hil (p<01), 114 Hils (p <0.05)
&, 147 P & o T B & WA O BIfR AR
Sz, WML, 547 Hilm& 187 Hiii& O TH
DR, 9 7 At & 187 Hili & O TIED BtR2S
IR ENTz, L7255 T, I~ & £ 5
FRREL, 67 AMTOFMATIEE Z2 50
oo MW, AT & AW T 12 3 v TG L BRI 2
WHEZR DX 9 HifE L & 2 bz,
AFAORRE, WA & AEL X ORI
bHEEREOM LIZH ST 5 L EZ bz, it
XAHEL, A BV CHHE OO
TH HEFELHEE, HERFEITML, VWb b
YEDOWEH TH 5 E ORI THHWEOMRDEED

SNz (Tablel)o F7z, MIEIZHFR L ML E O
M CIEOMBE RS 57z (Tablel ) ZH
SO OIEH X HHEHE O 8058 <, Uik
RYRPHEEE SNTE7, W& MAES X0
EOW 23352 & TINSDHEHDWHELS
DN, BEEERLES TORR N FICH
HT&2LEZONL, EFRIZ, 202248 HI0H
(B S NS 1204 IR RE ) S 2R R R R
KAZIANT 7 db i R F R R BT, RS
EIEREFOMT EAEDEE I L7 (F5165
) FARBRIHBROARZ L > THFZORW
TR B L7, ZoRER, RFEFITIERE I
WA EMEEZARISNS W (p<005) #iRkE
holze SO LMD, HFEZRBO BB L M)
fit & MEOFFE R BBGRAEL, KERICH
WO & A EEDSEHMRRE & L CIEHTRECTH 5
CEDPHL R E RS T2,

At & B & — ORI & DT OBIEN
U E LR RIE S 7z (Tabled ). Mff &
DN SN LIETIROFTEDSHIAFNL Z &
DOBADIERIZORDY, NTOESRHERAD
KRESIIHG T LMREIND, BHEE, BA
HiER N T OE S L OBIAMHBIZ SN E S
nTwb (ZhZ2h065, 0507, 7z, MWt
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£ & Wi MESEHE A & 0 [ TR I IS B O BIAR
MRO LN (-040=026) BT & 411353
BEEOBRL BN E0 D, HRNEEOFRIZE
EOMBBIERINDL, TR THRNIEER &
Wizt & O BEMMBIZ BB LR01ZHBR 5 D
DIE o7z L7203 Tt & AR, Tal
HEDOY KL % D B 2 LS Z, Hilz
ZAMEEE & L CoE I TE 5,

4. 8 8

A 2 EEAEEICBNT, I SR &g
£ & ORI THIBE RS, TR & o TRz 2% B
B23H b EEHLM Lz, RIFZETIZINAT &
P BT B REBEORBEOMIER L, WA
BEB X OWIE OB A B & OB 7 Btk % Fi A
5 &L BT, FLIEHM A AR 2 R & A A L
7oo WHZE 1 TIEHEEAR - KBS H 12990128
WO & MRE, 64THIC B\ TR 2 I E LA
WiE & OBRE AT L2AR, wIhoBY
KBV THEEREE LT LOEETED LN
720 F 72, 18098E CTHARFHMI O 728 D E TV IR
HE LR, REEEZEZEELET VAN LT
W7ze %8 2 TIEIEE687THICB W TR ET
AT IRE D A & £ BE & AR 1R & AR AH BE & 3
EL7AGE, BAEREE NS OREE X ORI
HMEFEHEAE & O TROBFRRD bz, %3
TR BN 24 9 BT & A BE % 140 H s
FC, 21HE TG % 184 H i F CRBFAYICH 2

L. RS & IHIBSHT L7RER, IR
i BE 2 BE X 9 7 Al TH B L E 2 bhize L
FoRREPS, WA & MR L iR R 2T
LWBIRIZH Y, S ST & ARE & AR R &
BEREET LRI RRI W22 END, I
& EEOF A & 2P & o T, FAMS
B L BRI BN TH SRR H
FTcErLERILNI,

X Wk
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Prediction of foaling in heavy horses using multifunctional tail sensors

| Fuh - EE BRG? - weE BES°
(AFIRBERFT A =NV T 7a X571 ¥ U ifget v & —, 25K,
SEINLATFEBH S 1 A B3 - Ah R SN AR A T JE R )

Takahiro Aoki!, Koji Yoshioka? and Shogo Higaki®

(!Research Center for Global Agromedicine, Obihiro University of Agriculture and Veterinary Medicine, 2Azabu University,

3National Institute of Animal Health, National Agriculture and Food Research Organization)

It is desirable to attend to the mare at the time of foaling in order to assist fetal delivery
and prevent complications. The early detection of the onset of labor is an important issue for
the equine industry. The purpose of this study was to examine the applicability of a sensor for
foaling detection using the data of surface temperature (ST), activity intensity, roll angle
(rotation about the y-axis) and y-axis (long axis of the tail) acceleration which were collected
from a multimodal device attached to the ventral tail base of the mare. The data were collected
every 3 minutes in 17 pregnant mares. Roll angle differences from the reference values and the
mare'’s posture (standing or recumbent) confirmed by video were compared and associated.
Cohen'’s kappa coefficient was 0.99 when the threshold was set as = 0.3 radian in roll angle
differences. This result clearly showed that the sensor data can accurately distinguish between
standing and recumbent postures. The hourly sensor data with a lower ST (LST < 355C),
relatively higher activity, a recumbent posture determined by the roll angle, and tail-raising
(TR, decline of 200 mg or more from the reference value in y-axis acceleration) was
significantly higher during the last hour prepartum than 2-120 hours before parturition (p <
0.01). In conclusion, the sequential changes of ST and some behavioral parameters were
identified using a multimodal device with a thermistor and tri-axial accelerometer attached to
the ventral tail base during the last 5 days of pregnancy. In the future, by increasing the
number of cases, we would like to proceed with more detailed perinatal behavioral analysis and

try to develop the foaling prediction model.

W) &, MoRE LKL TR, FH15~20
DTHET S %o DR 2MPA0T 2R B L, F

W ORI IR 1120 A 7225, ERZEAR & BORERNPERT L, 512, KoOHER,
{, 20H2B360HDIELDENH L, F7z, TRTORPBDOIRKRIO%FRETIHAEL, L
KOG D80% U LIS 5% Koy (EA I 7 IR B [E Bk D D 2 © 0 T D720,
a2 (BAKLTHhSRTF»BmshsETo WY %5 A I T THEL, HECXLEIHER

1.8 ®
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Bi C7zd121E, BHHBEDSHMHITHE ) Z LAE
FLwv, L L, BICH7Z 2 KM O 5 ERIZ
RIEM oY@ LEE L, BOAEEIZE > T
K FEREERBEBEL 2P L Ll hb, 2D
B, SHEOTMRLMANE, BEEICE > THEER
HETH L. WERTHFEITDIZ-T, FHOEMH
LR BER 5B 2B 5 HWT, 5310
W 2 730 & 72 3N % 720 0% L ORFZED AT
BNTELD, BET, POMELRSWT T
V. SN TW v, ABFSED BIIE, RERHE
3 hNA T 2 R L 72 BRI o Y & AR
B O RBERIEMICI A1, SikET#okFRe
TEVOZALZ W ST, Sl TPREHBE L
U OHEMEERGET 22 L TH 5,

2. /7 &

I7THOFEME 2RO RE L7z FI4E#mIE

71 229K TI7TH D 9 b 4TSRS, 3T
R TH o720 £y HERIFIZES L TH S50
STTHETOM, BOEFIEY2T7H 25T
L 720
RFFEDTXTo 7T b 3V EFREITEIZIA
HERFOHWERTRRZOREEZHFTND (K
B 1 20-220, 21-25) 6

U, MEOWSEY THI I N2ZHRER
e 2L, BoRBREMOEZRIZE >
FOMEFVEETSH LD ICREL, FFHEOTY
TNV NEHET 7 AF—FHWTESE LR,
M T — 72 BV CHEE L7 (Fig. 1)o
tUHIEMETEH (&> 5335H) 55
1076 0HANICEHR Lz, £y oHUS L7
T — 513 35 M THBIMICZERICRE S,
3G/LTERMTYZ 97 FHh— =R FE Sz,
RFEIE (20~45C, 45 f#iE0.05C), HBhE (0

Fig. 1 The sensor (Fig. 1a) was fixed to the tail using a custom-made silicone rubber belt and a hook-and-

loop fastener (Fig. 1b). Fig. 1c shows the sensor attached to a PET bottle shaped like a tail. The sensor

attached to the tail was covered with an elastic medical bandage to stabilize its position (Fig. 1d).
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~1023, 4 f#RE0.2), Y ®ima#EE (- 1000~ +
1000mg, 47f#iE 4 mg), Y £H ) oo — L £
(YB35 X@hE Z#om, - 3~+3
radian, 4 f##E0.05radian) % 4E5H L 72, HB=
BLUE— VA IdHigaki b D FET 1o THE
L7z WBRIE 30 ME - K B2hwa® 0
ELTHBIEAREWITE 35 HOMESENS W
LEEWRT 5, YHNEEIZRO LIFTFIFE2EL
THEY, ZRZROBEITB WV CILskBIE 524
DY HEE & M E L, REEIDS <A F A
FNOBMEALZ R RO L 3K L7z Y il
ITbhhou— VA IEOKMOEEXERLTE
D, FOERBAAATE: 2 R O I % VAL o0 JEHEqE &
L7z B HEERITHAZH Y LT 2L, LK
WEELRWETIX, ©7F TR 2 VAL D
RINTz 2 O P = FEHEfE & L7z,

EFd TR L 72l L a— v oLz
Feig LS A7 & BEEAL (PRBNGL B X OYIIRAGL) % 3%
NT20@E L -HEEMHEEL7z. I—Z 0D
By SRR L, 1013 D TV EEOfE % B
& L7z,

LM DTF =y D5tk 77 74LL, 55k
A 1 WG O 7 — & 534 % 53 Wi 2 ~12005 5 o
F—F oA L L7z A ZEMGER IV, D
2005 K MDY AV B Rz L Ak L,

3. BREEE

CTd TR L Bo%Es L L TRo
O— VOB EFRig 2 1R Lz, ©F 4 TR
L7-Bo%Eg 2 EfE, ¥ TRonizu—
fIOMEE L LT, a—2roh v 5%
S L7z S0 & REEAGL 2 505 % 720 DBl &
O — U IEHEME £ 0.3radian & L7286, a3 —T1 ¥
DA v 2MREUE099E 2 Y, B REEE TN & A
M ZHRTEDZEDBWHLN L R o7z, ZOR
R, B— VAIEHEMH S +03radianZ b L 72
Yity, WAL SRS B 22 b L7 (B
BAL72) &I L 72,

SR ET 1200 ] O R FEE, I EhE, T — LA
BLOY#EIMEE DT — % 54 #Fig. 3I1T/R L
720 ARSI %2 35.5°C i, 36°C A, 36.57C A,
BXU365CLLRIZHE L7z, 3B55C K EZRT

16,000 [J Standing posture [ Sternal recumbency M Lateral recumbency r 320

2 14,000 280 &
g2 I 3
z - g
o 12,000 | 240 o
£ Q
e 2
£ 10,000 - L 200 o

0
%0 o
'g 8,000 - lying on the right side ] lying on the left side L 160 U%-
< @
© Q
@ 6,000 - + 120 5

jon
S g
5 4,000 - r80 =
2 3
E a
Z 2,000 L40 5

0 0

-18 —-15 —-12 —-09 -06 —03 O

+0.3 +06 +09 +12 +15 +1.8

Differences of roll angle from the reference values (radian)

Fig. 2 The relationship between the mare’s posture determined by the video and the roll angle data
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100
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Ventral tail ST (% of data)

-1

20 —96 —72 —48

100

Activity intensity (% of data)

—1

100

20 —96 72 —48 —24

80

(% of data)

60

40

Roll angle difference

204

80

60

40

TR index (% of data)

20

—1

20 —96 —72 —48 —24

Time from foaling (hours)

ST (C)
36.5 <0
36.0 <1< 36,5
355 <M< 36.0
W<355

Activity intensity
O<10
10<0d<20
20 <@< 30
30<H

Roll angle difference (radian)
[ <0.3| (standing position)
10.3] <0< [0.9]

(sternal recumbency)
1091 <

(lateral recumbency)

TR index (mg)

—100< 0
—200<[dJ< —100
—300 < @ < —200
H <-300

Fig. 3 Changes in ventral tail ST (surface temperature), activity intensity, lying duration, and TR (tail-raising) index for 120

hours before foaling. The data was classified by level in each parameter and shown as the occurrence rate per hour.

7= OEED, WA 2 ~120RF I BV T,
HERPI18% (M ILf09%, H/MEO0 %, &K

f124%)

F3955.9% & 7 D A RICEML 72 (p <005). 1§

DNERIZ G R NIZARIE Y 2 AR, 5 WRET
HOEIRIE 2 WE L7280l 7eCld i 4

ToHo72DITR L, 77WHEr 1R TIX BT SRR O T A X D, Wi IS iR
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SR DRI 1L F 1331 £ 1.0C TH > 720 1K
HOZELE LTIIBEDHEE L FIE LRV E%E
BHIENTEL, LA L, KT OREK
EVZ END, SIS B TE) R 2R ATE) O
BImctE, e EEEOBEAEMMET L, Ft
RIS LD hmHIE R S R S
720 FBHIOKRBROKTIZ7TEY 2270 (P
4) BEOKT LML TW5D I &2 Tt X
NTWLY, BTIIARROETE P 4REDOKT
DOHBEBRIIERL 2 TH Y, HHIHE S AR
DA ZALZONTIEVWEZH LM EI T
WY, REFFETIE, SHRERITRWICIHHEDLS
F355C KM OREROWL T AW S N/ze Th
SDORAL Y MIBWT, R OB TE) 272
SNz Ens, BEAESIFHRT 22 L1285
THESFEDDY, X3 LR EOBEEIME
TFaZeTErHomHEZR TREIEZ S
N7zo AFZETEONIE V7 — ¥ DELE 4
WP IR0 S R AN IS 3 B B, 5, Hikd
B\ A E DB S e T — 5 R
TAHWRENDGH 2 L2 EEBTLULENDH L2
Do

WEE % >30 (HBhESKEv), >20, >10,
BLUW0= (3EACHWTWARW) IZHHEL
7o BN >30% /RS 7 — 7 OEIEDS, ST 2
~120BE B I B W T, BRFH121% (g fi
120%, #/MiEB5%, BAfE21.0%) TH o720
WZxF L, dean 1R CIEFEIE311% & 2 ) AR
WZHEM L7 (p <005)o M EERT % H Vv Co ik
Al OIG B A 5 L 72385 OWFFE T 1 IRER
BTGB OB, & S I HRT305 1 28R G
DEOWMAME SN TVLY, FEOER Y <
7R TIE, AL b LN SEEN, IR
RO DATFHHPBLE SN TV B, KIFZE THIL
SN2 IRET 1 R OB OB, % %
TOIHNLOEINE S L350, BEoN/fE

AR=A SRy 7 REF) Thh7dIZHEy
LEEND Z ENTEY, A ML RAZREUIAE
BEEEDP L o200 b Lk, T, M
Wi % & O BIE L 72 SR A b L AN
ORI E- LT LR £ 2 bz,

0 — )L O ILHEED 5 DZE{L % >(0.3radian (1
BAMZ), B X ON03radian= (WAfr) 124 L 720
T — )V OEALE DY >(03radian (BEEAAL) % 7R
T7— 5 OBIEDS, 53T 2 ~ 120K BT
HEREF3453% (FRILfiid2%, f/MEO %, K
213%) THAH DKL, 7 Wai 1 KR T
404% & 7 D ARICHIM L 72 (p <005), Koy
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Effects of nutritional environment during nursing period on reproductive

function
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Hideyuki Takahashi

(Kuju Agricultural Research Center, Kyushu University)

The conception rate of Japanese Black cattle has been declining year by year. Follicle
development and oocyte growth and maturation are essential for conception, and iz vivo and in
vitro research results have reported that changes in nutritional levels during the period from
primordial follicle to mature follicle and ovulation can affect follicle development in the early
stages. Since various nutritional metabolites and endocrine hormones are involved in follicle
development, it is thought that changes in nutritional metabolites and endocrine hormone
levels through nutritional management during the nursing period may improve reproductive
function and contribute to improved fertility in Japanese Black cattle, but the details are
unknown. Therefore, the objective of this study was to examine the effects of nutritional
management during the nursing period on reproductive function by feeding octanoic acid,
which increases ghrelin secretion. No differences in body weight and body size were observed
between the two groups. Plasma glucose concentrations showed a significant increase in the
octanoic acid group compared to the control group, while plasma insulin concentration did not
differ between the two groups. There was no difference in plasma cholesterol concentration
between the two groups. These results indicate that feeding octanoic acid during the nursing

period may have altered nutrient allocation in the calves.
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Elucidation of mechanisms for silent heat from luteal regression in

Japanese Black Cows (I)
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Takuo Hojo and Kei Horihata

(Kyushu Okinawa Agricultural Research Center, NARO)

Summer heat stress (HS) affects the functions of various reproductive organs, including
the corpus luteum (CL). Recently, HS was suggested to inhibit apoptosis of luteal steroidogenic
cells (LSCs) which contributes luteolysis in beef cattle. Although HS may inhibit apoptosis via
intracellular heat shock protein (HSP) 70, the details are unclear. Therefore, in the present
study, we investigated the effects of HSP70 on the mechanisms of apoptosis by using pifithrin—
u (PFT), an inhibitor of HSP70, to clarify the influence of HS on reproductivity in beef cattle.
Isolated luteal steroidogenic cells (LSCs) from the mid CL were cultured at 385 or 40T
(representing HS conditions) in 5% CO: for 6 h. Thereafter, LSCs were treated at 385C for
12 or 48 h with cytokines (tumor necrosis factor-alpha : 2.3 nM, interferon gamma : 2.5 nM,
and Fas ligand : 5.6 nM), which were known as stimulators of apoptosis and luteal regression
in bovine CL, and/or PET (20 uM). We then investigated the viability, mRNA-level expression
of apoptosis-related factors (CASPS, CASP3, BAX and BCLZ2) in LSCs. HS downregulated
cytokines-induced cell death. However, there was no significant difference between 385C and
40C in LSCs which were cultured with PFT + cytokines. Furthermore, although PFT
decreased cell viability, PFT tended to decrease cytokines-induced CASP3 and CASP8 mRNA
expression in LSCs. There was no significant difference in BAX and BCL2 mRNA expression
in any treatments. Overall, these results suggest that heat stress suppresses apoptosis via
HSP70 in bovine LSCs, and that PFT may be involved in cell death via CASPs-independent
pathway.
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Fig. 1 Effects of heat stress and pifithrin-x (PFT) on viability in bovine luteal cells. The cells were cultured in the medium with
or without TNF (25nM) +IFNG (2.3nM) + FASL (5.6nM) and/or PET (20 u M) under 385 or 40C for 48h. Different letters
indicate significant difference (p < 0.05), as determined by ANOVA followed by a multiple comparison with Tukey correction,

and asterisk indicates significant difference between 385C and 40C, as determined by a paired t-test.
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Fig. 2 Effects of heat stress and PFT on expression of CASPS (A), CASP3 (B) mRNA in bovine luteal cells. The cells were
cultured in the medium with or without TNF + IFNG + FASL and/or PFT under 385 or 40 C for 12h. The amount of each
mRNA is expressed relative to the amount of ACTB. Different letters indicate significant difference (p < 0.05), as determined

by ANOVA followed by a multiple comparison with Tukey correction. Asterisk and dagger indicate significant difference (p
< 0.05) and significant trend (p < 0.1) between 385C and 40C, respectively, as determined by a paired t-test.
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Fig. 3 Effects of heat stress and PFT on expression of BAX (A) and BCL2 (B) mRNA in bovine luteal cells. The cells were
cultured in the medium with or without TNF + IFNG + FASL and/or PFT under 385 or 40C for 12h. The amount of each

mRNA is expressed relative to the amount of ACTB.

© The Ito Foundation



BRI B 2 RN 25815584 A = X 2 OBBBIT OB S Offl (1) 153

4. B 8

HIREBECOBHA M LAY, HKBRITOT %
HHNTHLHAAT A4 FEBEMIL (LSCs) @
TRV RAZHEL, FHBEZEEO—KE %
5T EARBENT VS, BEA ML AT
® Heat shock protein (HSP) 70% 4~ L T 7 &
=Y A% MET S LEZ 5N 05HIEAPT
B 5o RWFFEIZHSP70® B H] T & 5 pifithrin-
u (PET) ZHWwT, Z#HA ML AHDLSCsDT
R b= AFERREN LT T BT OV THGE L
7oo 7 VBRI EAR L DLSCe & HilE L, M@
(385C) F/idmim¥EH (40C) T 6 Wy MHiH:
# L7, WA TH#, PFT (20uM) % HigltE
727 AR =Y A% FFET beytokines (%51
ENT :23nM, f ¥ —7 1>y :25nMB
X U'Fas ligand : 5.6nM) & HlAGHLETHRIML,
385C THiFE L 72, A8WEMIB R OMINS AR 7%
S ONCI2KF R B O T R b — ¥ ARER T
¥ (CASP3, CASP8, BAX7: 5 WIIBCL2) %
Bl % fR~7-, CytokinesXIZHB W THimIREL A
R % A B S #7225 (p<0.05), PFT +
CytokinesX TIXIRE M THAFRIZE I L h o 720
385CKIZBWTPFTIXY A b A A VAR L 72
CASP8 mRNAZEBL % ¥l § Al 27" L7z (p
<01), CytokinesXIZB W TE@REFREICL - T
CASP3 mRNAFEBI S AH BIZIKT L7228 (p<

0.05), PFTIX.3 X O'PFT + Cytokines[X Tl ikE
M CCASP3 mRNARBUCH B3 B 0o 72,
WTFRDXIZBEWT S BAX & BCL2 mRNA%H
CHBRZE IR o7, UEOKRLY, v
LSCsiZBW\WTE#H A b L AZHSP70% 4 LT 7T
RE=Y2EWHIT L EIRBEINT, T2,
7 Y LSCsIZ B W TPFTIX, YAl CHINAE %
LA AT S 7285, A4 b H A ViCko-T
Hl# S 5 CASPsFEBL b #3225 H &
=2 L h 5, PRTIZCASPIRRATIY 72 kit Tl
FEIZ BG5BT RETEAVR S Tz

X #
1) Mrzmms, s o BRI MRS, 35,
97~108, 2013

2) Beere, H. M., Wolf, B. B., Cain, K., Mosser, D. D.,
Mahboubi, A., Kuwana, T., Tailor, P., Morimoto, R. I,
Cohen, G. M., Green, D. R. : Nat Cell Biol, 2, 469~
475, 2000.

3) ERIGAE, JREE - AR 3AEEEA WIS 2 B
WFFERR A Rt 40, 165~170, 2022.

4) Okuda, K., Miyamoto, A., Sauerwein, H.,
Schweigert, F. J., Schams, D. : Biol Reprod, 46, 1001
~1006, 1992.

5) Hojo, T., Siemieniuch, M. J., Lukasik, K.,
Piotrowska-Tomala, K. K., Jonczyk, A. W., Okuda,
K. Skarzynski, D. J. : Sci Rep, 6, 38211, 2016.

6) Cohen, G. M. : Biochem J, 326, 1, 1997.

7) Aboelenain, M., Kawahara, M., Balboula, A. Z.,
Montasser, Ael-M., Zaabel, S. M., Okuda, K.,
Takahashi, M. : J Reprod Dev, 61, 229~236, 2015.

8) Antonsson, B. : Cell Tissue Res, 306, 347~361,
2001.

© The Ito Foundation



154

ZHaYE % BT B BN O 0B E B EIRE O
fer (M)

Identification of a molecular marker for the uterine involution to affirm

the female fertility (II)
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Kaiyu Kubota, Masafumi Miwa and Miki Sakatani

(Institute of Livestock and Grassland Science, NARO)

Longer post-partum interval causes huge economic loss in the cattle management. Full
recovery of the uterus from the damage by parturition, so-called “uterine involution” is
necessary to achieve the subsequent embryonic implantation into uterus for pregnancy
success. Even to date, the conventional rectal palpation with ultrasonography is the almost only
choice to evaluate the genital tract, however, it only gives a gross information, e.g. size of
uterus and loss of discharge, but not the details including the probability to become pregnant,
ie. fertility. Therefore, our purpose of the present study was to establish a quantitative and
reliable molecular marker for the uterine involution to affirm the female fertility. We collected
endometrial samples from Japanese Black cows by cytobrush during the uterine involution for
RT-qPCR gene expression analyses of insulin-like growth factor 1 (/GFI) and mucin 16
(MUC16). IGF1 function was evaluated by evaluating cell proliferation after treatment of
endometrial epithelial cells with IGF1 protein. Concentration of IGF1 in cervicovaginal mucus
(CVM) was determined by ELISA assay, for indirect evaluation of IGF1 expression reflecting
a uterine involution. The results showed that the expression of /GFI1 was high at involution
and decreased after recovery. IGF1 promoted the endometrial epithelial cell proliferation. IGF1
concentrations in CVM were not altered before and after involution. Those results suggest
IGF1 plays a role in uterine involution. However, the methods utilizing the IGF1 concentration
in CVM as a marker to evaluate uterine involution cannot work to date. On the other hands,
other potential candidate, MUCI16 expression was also high after calving and decreased
gradually along with uterine involution. Therefore, MUC16 might be a next target for a

molecular marker for uterine involution and fertility.
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Fig. 1 IGF1 in the bovine uterine involution. A) Time-course change of the /GFI expression in the endometrial
epithelial cells of Japanese Black cattle during the uterine involution, analyzed by RT-qPCR. Data are
presented as the mean *+ standard error. B) Localization of the IGF1 expression in the endometrium at 20
days after calving, analyzed by immunohistochemistry. Arrowhead indicates IGF1 expression. Scale Bar =
50 um. LE ; luminal endometrium. S ; stroma. C) Cell proliferation analyzed in the endometrial epithelial
cells treated with IGF1 (100 ng/ml) and/or IGF1 receptor inhibitor (Picropodophyllin, 1 #M) for 72 hours.
Asterisk indicates statistical significance compared with control (p<0.05). D) Representative pictures of
cells after treatment.
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Fig. 2 Time-course change of the MUCI6 expression in the
endometrial epithelial cells of Japanese Black cattle
during the uterine involution, analyzed by RT-qPCR.

Data are presented as the mean + standard error.

720 MUCI6WEFEEMICRE <, HARINHA L <
BY, TEHBEETHOERIVE VHFICL )L
LTW%, £o7T, HHMIZTFEHBEZ KWL T
LIRTIR %L, GBI ELE 2D, £
7z, LECIGF1O X 9 IR R M SE 12 & 0 i
i - SREICEHIICE 2 TTEEL BT 2 LD 5,

4. B 8

Do W R 2 T B 72012, FEE
1 - 2T % R BN EHIG 3 2 51 e Al 37 % W
OHME L, IGF1B X O'MUCI6D T & 1515 I
DT EMEIC BT 2583 X ORRE % AT L 720
P e & DIV EIR D D 7 BB AR ZEGH I 2
WPE - FEPEDRX 2L 5 v ¥ MR L7z F5
BAER OS5 HE20H H A 5 TEBHES THO5 %
#%50H H £ CTI0H & IcHilaz iy A b7 9 %
T E AR M ZBRICL, RT-gPCRIZ
X VIGFIB X UMUCI6ED 3B Z @At L7z, %
7z, IGF1OFHE MBI T 22 5202
b7z, BN ZIGFLY ¥ 87 B CREL,
MR & G- A L 720 X 512, R OIGF1
o HRERMNE LTz TORE, v TE
W R R o IGFIRBLE T EBEP Icwm <

MUC16

c 15
il
2]
g | I
o
x
[0}
2 05
o
: B

0

Estrus Follicular

Fig. 3 Alteration of MUCI6 expression in the bovine
endometrial epithelial cells during the estrous cycle,
analyzed by RT-qPCR. Data are presented as the mean

+gtandard error.
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Developing new method of conservation of poultry genetic resources

using gonadal primordial germ cells (1)
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Yuki Nakajima

(Institute of Livestock and Grassland Science, NARO)

The technology for long-term conservation of poultry genetic resources is necessary for
stable production of native chicken. Cryopreservation of primordial germ cells (PGCs),
progenitor cells of sperm and ova, has been developed as technology for long-term
conservation of poultry genetic resources. Efficient method for cryopreservation of poultry
genetic resources has been developed in my previous study using gonadal PGCs (gPGC),
which present in embryonic gonad by cryopreservation of embryonic gonad. In the present
study, to evaluate physiological function of gPGCs cryopreserved using this method,
gametogenesis of gPGCs recovered from frozen-thaw gonad were investigated. Embryonic
gonads were removed from 7-day-old tdTomato induced chick embryo, then placed in
cryotube containing cryoprotectant including 10% dimethyl sulfoxide (DMSO) and serum and
cryopreserved by slow freezing and stored for more than a month in liquid N2. Recovered 200
gPGCs from frozen-thaw gonads were injected in blood vessel of 2.5-day-old recipient
embryos. Recipient embryos were hatched and raised to sexual maturity and progeny testing
was conducted by mating with White Leghorn of the opposite sex. Embryos induced tdTomato
gene were obtained from two male recipients. This result suggested that gPGCs recovered
from frozen-thaw gonad maintain functional ability of gametogenesis. Furthermore, to elucidate
more efficiency condition of cryopreservation of embryonic gonad, effect of cryomedia, adhesion
with mesonephros and osmotic pressure in survivability and migration into recipient gonad of
gPGCs were examined in each developmental stage. In 5-day-old embryos, no effects of
adhesion of mesonephroi with gonad and addition of trehalose in cryomedia were not observed
on viability and migratory ability into recipient gonad of gPGCs. In 9-day-old embryos, the
number of recovered gPGCs from frozen-thaw gonad tended to increase with increasing
osmotic pressure and osmotic time, but viability of gPGCs were significantly decreased.
Further, migratory ability of gPGCs also negatively correlated with osmotic pressure and
osmotic time. These results suggests that it is the most effective conditions for
cryopreservation of 9-day-old embryonic gonad are immediately cryopreserved with
physiological osmotic pressure. In the present study, therefore, a new effective method of
conservation of poultry genetic resources using gPGCs maintaining differentiative ability into

functional gamete were developed by directly cryopreservation of embryonic gonads.
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Table 1 Progeny testing of recipient after transferring 200 gPGCs recovered from cryopreserved gonad of 7-day-old

tdTomato embryo into White Leghorn

D Recipient sex Incubated eggs Fertilized egg Detectable tdTomato-positive
M1 male 123 101 92 1
M2 male 118 107 104 2
M3 male 127 97 97 0
F1 female 76 69 58 0
F2 female 66 64 64 0
F3 female 44 38 37 0
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Fig. 1 Number of survival gPGCs recovered from frozen-
thaw gonads of 5-day-old chick embryo. (means
+95% CI).

Notations ; Ctrl : control, TRE5 : 3% trehalose and 5% dimethyl

sulfoxide (DMSO), TRE10 : 3% trehalose and 10% DMSO

ab : number of gPGCs with different letters are significantly

different at p<0.05 among cryoprotectant.
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Fig. 2 The number of tdTomato-positive gPGCs in the
gonad of recipient embryos at 5 days after transfer
(means =95% CI).

Notations ; Ctrl : control, TRE5 : 3% trehalose and 5% dimethyl

sulfoxide (DMSO), TRE10 : 3% trehalose and 10% DMSO

ab : number of tdTomato positive gPGCs with different letters

are significantly different at p<0.05 among cryopreservation

condition.
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Fig. 3 Number of survival gPGCs recovered from frozen-thaw gonads of 9-day-old chick
embryo. (means+95% CI).

Notations ; L : 260mOsm/1, Ctrl : control (330mOsm/1), M : 400mOsm/1, H : 560mOsm/1

0 min, 15min, 30min ; Penetration time before cryopreservation.

ab : number of gPGCs with different letters are significantly different at p<0.05 among same

cryoprotectant.
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Fig. 4 The number of tdTomato-positive gPGCs in the gonad of recipient embryos at
9 days after transfer (means=95% CI).
Notations ; L : 260mOsm/l, Ctrl : control (330mOsm/1), M : 400mOsm/1, H : 560mOsm/1

0 min, 15min, 30min ; Penetration time before cryopreservation.
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The mechanism for keeping the ovarian reserve level during the

pregnancy period in Holstein cows
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Cows with high ovarian reserve have high fertility. Using the number of antral follicles as
an index for ovarian reserve, a similar value is observed following one parity. During
pregnancy of nine months, follicular growth and regression occur repeatedly. It is speculated
that a mechanism exists to maintain ovarian reserve during pregnancy. However, this
mechanism remains unclear. Anti-Miillerian hormone (AMH) functions by suppressing the
mobilization of primordial follicles. During pregnancy, blood AMH concentrations of
primiparous Holstein cows increase during pregnancy, suggesting a potential role of high blood
concentrations of AMH in maintaining ovarian reserve during pregnancy. In this study, we
analyzed the changes in the blood concentration of AMH during the pregnancy period of
Holstein cows, as well as the effect of nutritional status and heat stress on AMH concentrations,
in order to clarify the mechanisms involved in maintaining ovarian reserve during pregnancy.
The results demonstrate that the concentration of AMH in the blood of primiparous cows was
higher at the fifth and seventh months of pregnancy than before pregnancy. In contrast, in
multiparous cows, the concentration was lower in the second and third months of pregnancy
than before pregnancy. Furthermore, a positive correlation was observed between the rate of
change in the blood concentration of AMH from before pregnancy to the ninth months of
pregnancy and the rate of change from before 