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Philosophy Behind the Establishment of
the Ito Foundation

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

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

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

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

Denzo Ito, Founder
June 1981
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Dear Sir :

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

You will find out philosophy behind the establishment of the Ito Foundation described
by Mr.Denzo Ito, in the research report of the Ito Foundation, Vol.39 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. 2021

Koichi Ito

The chief director
The Ito Foundation

Hootthi Ao
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Studies on the new evaluation method of Wagyu beef quality (II)

Comparison among branded Wagyu beef

W Bk

(AR ZE B SE R N B SE - FTah FESERANT RS A I ZE A rh S e JE 2 > & —)

Tomoya Yamada

(Central Region Agricultural Research Center, NARO)

In this experiment, we studied the metabolomic profiling of sirloin samples among branded

(A, B) and non-branded (C) Wagyu beef by GC-MS analysis. The principal component

analysis score plots showed that the metabolomic profile was divided among three Wagyu

groups. Metabolomic analysis showed that metabolites of group A were characterized by the

abundance of components such as fumaric acid and malic acid. In contrast, metabolites of group

B were characterized by the abundance of components such as citric acid and uric acid. In

addition, the present study showed that the metabolites of group C were characterized by the

abundance of components such as alanine, proline, maltose, and xylitol. These results indicate

that the metabolomic analysis is an optimum approach to identify characteristic chemical

components of Wagyu beef.
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Fig. 1 Principal component analysis (PCA) of metabolites in sirloin
sample among branded (A, B) and non-branded (C) Wagyu beef.
Al1-A4 : group A (n=4), B1-B4 : group B (n=4), C1-C4:
group C (n=4).

=

Fig. 2 Heatmap of metabolites in sirloin sample among branded (A, B) and non-branded
(C) Wagyu beef.
Al-A4 : group A (n=4), Bl-B4 : group B (n=4), C1-C4 : group C (n=4).
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Fig. 3 Relative quantity of metabolites in sirloin sample among branded (A, B) and non-branded
(C) Wagyu beef. The middle line in the box plot represents the median, the dotted line
indicates the mean value, and the vertical bars indicate the range of data.

a, b, ¢ : Values with different superscripts are significantly different (p<<0.05).

© The Ito Foundation



MrEHoBLEE [H2 1) $2 () 77 ¥ N o 7

BWTHRBIN %5 CTH - 72fumaric acid, malic
acid, citric acidlZ FIZHRIRIZBIE S 5 50 Th -
720 =77, CRROAFWIZB TN 2 K5 T
& o 7zalanine, proline, maltose, xylitollix H &
ICBE T B CTh o7z Lzas-> T, FIFAH
DEREIHXIC L > TRRoTWE I LR, €
NENOHFADORDEN B L T 2 i hEE:
MHELE S N7z,

KFZEC & o T, FAMETOTT T 7 4 V)
MFRNOBTRLZS>TWD I EDIREINT, T
LOMERDL, MW T 7 v N oZRL % B
LTV ) RT, TN F AR 2
AR S HREE L 7 0 15 2 W REMEAVR S 72,
N ORIE, G5 EESR A OBGEFE T
L5 IE00, SRR ORI 25
M5 X9 2 i3855 BLEAR R0 4= W U i
DRFIZORIF TV ZENEETH L LEZD
N7z,

4. 2 8

AAA 2 J B O 2 AR 2 S 22T %
729, 77 FHFA (AKX, BX) %=50N23E
77 v FHIER (CK) #HWTGC-MSIZX %
A Z RO — LENT 4T o T20 B Sz
R LRSI 2 E b L 72K R, A, B, CO

SEBENEFNG PR TTay bER, XTEIZ
R 2 REWESET 5 2 R E N7z, A
DAZHFB 22 AR S, TCA Il i B AT
W% ¢ & % fumaric acid & malic acidA & F 11T
Wizo BIXIZHB 2 A 121, TCAIRIEE
R C B 5 citric acid & A% ERAC R
BT buric acid3EEFN TV 7z, CRIHFREINY
ACHWE X, T3/ BTH SalanineB L O
proline &, HH¥H Td % maltose B X Uxylitol 25&
FNTWwiz, DLEDO#RENS, X & Ka— AENT
#7192 L - T, ENENORNH & FEft
FAFRRR G EREST S EAETHL I L
VAN (/s

X Wk

1) Muroya, S, Oe, M., Ojima, K., Watanabe, A. :
Asian-Australas. J. Anim. Sci, 32, 1172~1185, 2019.

2) Ueda, S. Iwamoto, E., Shinohara, M., Shirai, Y.,
Yamanoue, M. : Biosci. Biotechnol. Biochem, 83,
137~147, 2019.

3) Muroya, S, Ueda, S, Komatsu, T. Miyakawa, T.,
Ertbjerg, P. : Metabolites, 10, 188, 2020.

4) Ueda, S. Yamanoue, M., Sirai, Y., Iwamoto, E. :
Metabolites, 11, 56, 2021.

5) Yamada, T, Kamiya, M., Higuchi, M. : Metabolites,
10, 95, 2020.

6) IIHEISE  SFRSLAERE RIS 2 B ilf 7e iR A
R, 38, 78~81, 2020.
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Developments in technology for meat processing by fungal aspartic

protease (1I)

Shinji Takenaka

(Graduate School of Agricultural Science, Kobe University)

During postmortem aging and meat processing, endogenous proteolytic degradation of
muscle fibers into oligopeptides and release of nucleotides and free amino acids etc. lead to
increase meat flavor. In addition, treatment by commercially obtained hydrolytic enzymes is
one of efficient methods to improve meat flavor and its texture with reducing conditioning-
and processing periods. In the food industry, several proteases such as papain, bromelain, and
calpain are widely used for proteolytic hydrolysis, to improve meat tenderness. Aspartic
protease from Aspergillus repens shows hydrolytic activity not only toward heme proteins and
casein but also matrix proteins, elastin and collagen. Our aim is to apply the ability of limitedly
hydrolysis of meat proteins by the aspartic protease for meat processing. Hydrolytic profiles
toward myofibrillar, myogenic, and extracellular matrix proteins using the recombinant
aspartic protease (rPepA) and plant proteases, papain and bromelain were examined. The
hydrolysates from several proteins such as commercially obtained collagen and elastin and
self-prepared myofibril proteins were subjected to SDS-PAGE and tricine SDS-PAGE
analyses. The hydrolysates by plant proteases contained much more small molecular peptides
than that by rPepA. The hydrolysates by rPepA contained limitedly hydrolyzed polypeptides,
LC-MSMS mascot analysis indicated that the peptides were derived from collagen proteins. In
further study, the potential of rPepA will be revealed, based on the hydrolytic properties of

actomyosin and beef meat.

077 —EilLo THEHILZGI SIS LT

BEIREOERET I VR RXTF FOGEZHAS

BFERPEBIENTZEAR L, V—t—7, I EIIHDH, —T5, RO ERLT 5 2

N—2a VEORERIN LMz /27201203, Kink Eid, W - T X L ORI, BAEWIC X B8

B — AT S ELwESR, ) F MR EAHCDOR IO B35 h5, 9 FRE S
K- SKREH RS L7200 THEE»S 1) T 572D DORRTEPLEL 25,

DED B S5, RIABEOHMIE, Ao/ BARARZEOMLHDOBNL S & PJD L HEE LB

1.B ®
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BEWHR T ANV T 4 v 7 Tar T —EER N L2 ERN Lo (1) 9

WELT THOESHES], [<bET] 9 FIR]
VBHITFOENE, WIZBWLEZFTRL, HBL
RFTVRH 59 E DRI KEENOM THE
BThbo T, St SRR ETIZNE
DYFHEDOIZTO T T — B SN Tw5b,
BIzIE, WYWHRD/) L v, Taxs4 v, T
F TR = Y ENKGRS B
kagrr—¥ErksHIFons' =Y, —J, 9%
IROHRTF-OOEDTHLEHET I/ BREREROWA
D7D, WAEMHRRTFF—E¥ I HET ST
WYV AR, WE (M ISETALZET )
FRRL KRR LDOD, HETLoEDEL
Wb W] 25 E M THRHBENEH ST
D3, AALZOMILHAOEM ML S
SETETHEHSIND LEDbNS,

HEEE A Y ¥ TV OUEEMRRI R 7 27 Ov
T4y TaTT =X, NAF R RRE
SRS 5, H7aF T —¥eIFrar ol
KGN & > TH L BT T K ORH % fF#HT L7z
Wi FEENIF 7OV ICEENLIANLDER
D 3HFEMAKGHETEL I LN D, NLADE
k2 IF7ue rofifadg g Ehs &
FAoNDT, F, WERRHE - FIEEK - RE AR
Wy >3y BT e, T AF
XA AR B IR EEE O A & ST
L&, M7arT =X, yee7uaxsf v
U REAMBE Y 28 7 BICxt T B G
ol XoT, HT7ANNVTF 4y 7 TaT T —

ik, WHkD & v 37 B &2 BEIIKSHS 5
e, THOFLNE] & [HFKR] Wiz
BEECSETE L LMIfFE NG, 22T, AW
7ETlE, MAOEWNTHBEEL Loty
BLIXRAL R TEATAL v EEBITET ANV
FA v TaF T —EIIoW TR - T
B REEARLER 5 28 7 BT B SR % FR
L, TOBERDEZHELPICTAILEEZHNET

%o
2. /7 &
2.1 #E

SRR TR R L 72 38R, AR EURRE & v
237 B DAL ESigma Aldrich? S5HEA L7z. 72,
HERAE Y 2 1E, A=A U TESD D
WPHWB L7z, TASVTF 4y s TasT—+¥
&, MRS B O 5o TR L 72%
PRAL Y BETURX A VIFE LT 4 VA
FISERRA S SIEA L 720

2.2 MMBZTANNVT Ay 27077 —ED

ELES

A. repens MKSSHI KM 2 7 A8V F 14 v 7
7 a5 7 — ¥ (rPepA) &, Pichia pastoris-
pPICZaA-PepA® % BMMY %% #s (100ml/500ml
WITINRY) 12T05% (v/v) &b XHITx
¥ —NVERRMLZAS 9 HEEEL, @l kb
ZANLL 720 D2OWT, RFIZT7TE M Z2R/mL,
e L LTI L% & 7z 3 2 20mMFERE 7
b AR (PH 5.0) IS LTEM T2 2L
THFHarPepA (2007 5250U) %1572,

2.3 MHIEMHES o BB

THHHOIYF (5 g) IZHl, 6fFwD
TEK % #% (0IM KCl/1mM EDTA/10 mM
Tris-HCl (pH70)) # Mz, xE Y F 4 X
(10,000 rpm, 1min) (Z—ZAFKEI F [ ¥ —
AM-5, HAABEERAERT) L7z, a0 (600X g,
10 min) %, 6 f5&EOTEKEK TR - HIEE
EVFAXL, @LOLTHBEMERZ Avia
74 NVE —THiGHBRERE L, EOROTEE
TEK I TR 2 129 % L /2. Myosin heavy
chainB X Wactinz FE 2y v X7 AL LTED
155 EURAE T 73 %, TEK{A T O &% & a2
5 LIEOBEFERZMYRLL, BWHELL 72
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2.4 EARAE - B - R AR Y v oo B
DMK & R RTF N D=

10% (w/v) #E 5 v 327 %-50 mMY) T
Uy A-FLERE T (pH 5.0) 36 mlZx LT
022% (w/v) 7077 —¥HER (K#rPepA,
284 B LETaATA V) BFEML, 30T
TS 2T o720 2HIE, I47uey,
ANEZFUVY Y, a5—4FY, TITAFUVBIOW
JGEHRAE S R A TH Do marEE (18,000 X g,
10 min, 4C) #, Ei%%SDS-PAGE® X U'Tricine
SDS-PAGEIZfit L7z F 72, RiF % 08w
(Amicon Ultra-30 kDa) 2 Cal# i 2 B L,
RT7FFRE2ERTLE L LI, HMra< s
T4 =1t L7 XTF P&, GlyGlyGlyif
"HelL7,

2.5 ¥RV HEGRIERE WAL

4 b A B MAE T IPATICE ) I L 22
(10 (#E) x2 (B) x05 (JEE) cm) B & 070.22%
(w/v) 7a77—E¥HER 1 mlzF v v 7 &R
VAEAN, 15C C2REHIRE S, Wiz L 720
WHE L 72X TF K% 37 % SDS-PAGEIC
L7z, 777 —EHEWOMK DD IZ50 mM Y
Y MY v A -FLERR R (pH 5.0) ZiRNL
TSR e E L7,

2.6 JEHERTF N OEHT

HAIKENE, ATTOMEORER 7V (P-T16.5S
BIXWE-125% L) B X OwkB R EH (AE-
1415 EzRunT 3 X O AE-1410 EzRun) % f v,
RSB D~ = 27 WIft > THT o720 X4 U8
v FliZ2owTlix, LC-MS/MS-Mascot f##7 12 fit
L. Bos taurusti2ks 7 557 —% (WSG project,
NKLS02) B & U UniProtKB/Swiss-Prot 7 — %
BB N EFAERIT o7z, F2, MY
O 7574 =DM T TH 5,
« % & COSMOSIL 5CI18-AR-1I (4.6 x 150

mm, FHhTATAT, HHB)

- {SHEW ¢ Solvent A : 5 mM TFA®B & U'Solvent
B:5mMTFA-7t r=bFUN (4 :6, v/
v)

<% H : Sol. A-Sol. B (100 : 0, v/v) — (75 min)
—Sol. A-Sol. B (0 : 100, v/v)

- Ji# : 05 ml/min, - #&i 0 UV 280 nm

3. BREEE

3.1 R ARAE - WA - R AR S 28 B
DMK i

rPepAld, IF /B yAEFOV U Z2HRE
SRS HY, MEEEEE & IERESRT T KRR
W35 & (Tablel), I+ 270 A ES T
Y Y DMK fEREL, rPepA& 70 X T4 »LH
P TNICBWCHEREDSHBETH 572205, 2
T YRITAF Vo MRS L8 H
R L TEMEN R S N7z. SDS-PAGET®D /N
YRy — KT HE (Fig. 1), rPepA%
WML 72BOBRTIE, BUOE - Saafic ks e%
ZAoNbESF DN F (Collagen, Elastin,
Myofibrils, V¥ N blane a) 7% A5 N7z,
INEDNY RIZOWTE Yy BERAEZIT- 72
(Table 2)o T T AF ¥ 5320 5 3R 5 > %
7 EWi R R T & 2o 7243, CollageniK 5
Y > 7V H 5 1dCollagen « -1 (1), Collagen
a-2 (1), Collagen a-1 (1) A ER>HRE R
72 (K)) R7F PR 2RI L TE,
R R 7 1 7 7 — & 72 R 5 2 o8
27 B4 (beef topside H13K) DMK 575 b M A%
RSN TBD Y, MK R OB KBS 5 —
YHHISL YRTURXT A UITa T VR
IFVURT IF Loy YNy B G
3% ARWIFE & 13 H B 55 O F LR K 5
RS SRS R B 05, 7L v RTaRATA v
VA SRR - TR - RS AL & 227 BICIRIA
SHYEH L2012 L (Fig. 1, 2), rPepAizch

© The Ito Foundation
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Table 1 Hydrolysis of various natural proteins derived from beef meat.
Concentration of released peptides (mM)
Protease
Myoglobin Hemoglobin Collagen Elastin Myofibrils
rPepA 0.60+0.035 0.28 £0.029 0.027 £0.002 0.049 +0.004 0.20 £0.007
Bromelain 0.60+0.078 0.31£0.022 0.068 +0.004 0.23£0.012 0.63+0.030
Papain 0.34+0.047 0.21£0.006 0.036 +0.002 0.084 +0.003 0.35+0.021

Released peptide concentration was measured using ninhydrin method. Standard curve was created using

glycylglyclglycine.

Myoglobin Hemoglobin Collagen Elastin  Myofibrils
A | A | |
MI " a b ca b ¢a b ¢' fa b c'a b ¢
200 =
120 !
90| ==
64| w=
48 s
36| ¥
28|
20| % -
L
9 . -. x i
-~
Fig. 1 SDS-PAGE analysis of hydrolysates from myoglobin, hemoglobin, collagen, elastin,

and myofibrils by rPepA (lane a), papain (lane b), and bromelain (lane c).

Table 2 Identified released polypeptides from various natural proteins via hydrolysis by rPepA.

Substrate

Identified protein and its region

Collagen

Collagen «-1 (I) (SwissProt no. CO1A1_BOVIN)

ZGSGlyfszys, 352G1y7369Arg' 557Gly,63()Arg‘ 751Gly*76ZArg, 781G1y,795Arg, 984Asn,993Arg‘

106286 r-1092 A g
Collagen « -2 (I) (CO1A2_BOVIN)

15Gly-163Arg, 1L Ala~190Arg, 7Gly-08Arg, 6%2Gly-T06Arg, SMGIu-829Arg, 3 His-"Arg,

1066T] 1079 A g
Collagen « -1 (III) (CO3A1_BOVIN)
MGy

Elastin

N.D.

Myofibrillar protein

Albumin (ALBU_BOVIN)

Phe-HLys, 6Leu-10Lys, 198Gly-2Lys, 26Tyr-2%8Lys, 37 Asp-39Arg, 1 His-412Lys,

21 eu-H1Arg, 49\ et-182Arg, 59T hr-59%Lys

S0 37 HITHT AERHIERENTH Y, &
W T [FrPep A% Fv> 7285, a8 70 53 =2 AL
AN < 72 B & v o 2 REVEIZAR 2 & DS EATHT
b7z, Hab OB HEK Sy v 87 Bl &k T
12, Collagen tyepl « -1, chain A, chain B,

N7 B D EREEE XD

© The Ito Foundation

y S 35 — 4 V4% Myosin heavy chains,
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meat myofibrilli 323 HN B T &b, Thb
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Myoglobin Hemoglobin Collagen Elastin Myofibrils
A | I\ | A
M2 "a b c¢c"a b c'a b ¢ "a b ca b c' M1
Lt 200
“etl 90
20 | S 48
| 36
28
171 | 20
143 | -
6.5 Wy S—— -
1

Fig. 2 Tricine SDS-PAGE analysis of small peptide fraction from myoglobin, hemoglobin,
collagen, elastin, and myofibrils by rPepA (lane a), papain (lane b), and bromelain

(lane ¢).

5N,

3.2 KRG E o THEL HXTF FEOMR

#r

31 THRET Y TINIZOVT T A NT — 558
219 2 L THTE®E30 kDabl ToXRTF F /7
& VX7 H &L L 72 Tricine SDS-PAGET®
NV KRR =V RIET L EEDHIC (Fig. 2),
rPepAlZ X BMKGETHE L7z TF FliZonT
WAz ve< b5 74—t L7 (Fig. 3)s
SDS-PAGE (fi 4 ¥ & %6 38%) & Tricine SDS-
PAGED /N Y F/8% — Y IZBWTHIENR SR
DI, 74 NVF—ABIZLEbDEEZLND,
HPLCZ u~ h 75 47005 (Fig.3), Hi#t” Tk
Rz E DI AT u e CHERINAKG R A 51,
HMLAY Ty ard 4 L8 —r B L HBis
ENTze F72, I L BEOR TN K
T X BRIHIEDST & T hr o 7225, 5 JERGHE
SIMIKGIRD 2> 51%, K5 5 ¥ — 7 B S
720

3.3 FHLHAOMERIHIZE > THELLART

F K5 X H O

WREE S N B DINY B8 F — 2 s b s

ZILEET 5 &, rPepAZ N L7z c% (Fig. 4,

lane a) & xF B (Fig. 4, lanec) %1329 kDall
LDy RGBT RBHRLODOH B T LD
BENT, 72, 708 VIR TR T
(35~29 kDa) IZA X THROFMEHR SN, TH
ATAL YEMARTE, WD IR ENY R
AR L, & SRS T #3 (352 565 kDa)
WA AT Eogetd il s N7z (Fig. 4, lane
b&ec)o W DIRALILEL % AspergillustH KT A 73V
TA vy 7ar7—¥ WESRA, b LA,

B X5 W)Y R Rhizomucor miehei %7 A 73V
T4 v TurT—¥ (KWW &84 T
1o THIERL, WHRNOIEH) (N) EFEAEIC
b EHEINTVDS, LrL, 777 —¥n
I EHRAE - TR - A GRS o8 BTl
* LTl < 2 OFEIE S 2Tl R v AR
B, WEMANES N2 (BT M3
V) LA (37— ) IRERT S,

rPepAld, I 5= U RITTAF VLo il
W v Bre BB E0IES SR (25
LTBY (Fig.1,2), 5%, 772 bh3IFT 12
X3 B SRR TE R TSR L 72 A O BT W o 2 5 0
BEYEZ W S22 5 2 & T, rPepAVYERIKAL
AL LTOFHMEZTFRTEIAAN GO E
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150 150
(a) (d)
100 100
Z 50} Z 50}
0 M f ML 0 ~J 'l /\'
V10 20 30 40 50 Ve 20 30 40 5
- -50
50 Time (min) Time (min)
150 150
(b) (e)
100 100
Z 50} Z 50|
0 f 0
V1O 20 30 40 50 10 20 30 40 5
- -50
50 Time (min) Time (min)
150
(c)
100
Z 50}
74 20! 30 40 50
-50 - -
Time (min)

Fig. 3 HPLC analysis of small peptide fraction from myoglobin (a), hemoglobin (b), collagen (c), elastin (d), and

myofibrils (e) by rPepA.

EZTWh,

4. B 8

FRPLEBIEN AR RNL, V—k—,
N—a VEDOERIMTN 253 L HET 5720
Wi, TROFES» ], [KB T 9 FK]

EvoleBW L E 2D L ERZI EL A5
B & AL 5 S ESEETH L WHEH

Eo 1o LTRHRLEE S ITOoN S, ]
FVIFNDOT ANV T 4y 7 TaTrT =%
AT L CRRE S %R
Fo AWIETIE, WWRTOT 7 —L LKL %

(PepA) 1,
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M1C a b c M

!”

200
120

90
64

48
36
28

!

M2C a b c M2

Fig. 4 The ability of rPep A (a), papain (b), and bromelain (c¢) to hydrolyze meat with
analysis by SDS-PAGE. #lanes : C, control (without protease treatment) ; a, rPep A
treatment; b, papain treatment ; ¢, bromelain treatment.

A5, [FPep Al D THiEMRAME - B - &
MKk s 87 BB L0 B WICH T 2 55 dim T
N, BRMIANOEEERNIEZWHS 2T E S
EERHME Lo MK RN OBEIKE) 85 — >~
Mo, HWWR T T 7 —EhHERHE Y~ 828
RHEHEE Y v B RFENRTF FETHE
BRI # S % DI L, PepAlXpiH ¢ %%
L72E3 122N o0y 8y B BESMELTWY
oo WEHE L 72 BUE SR SO RS ) E & AT -
ToRER, WS, A T—T V5 T B DGR
THDLIENnh ol Tl FLLANLD
T DIRFTH S H PepAIZ X B MEIZTHEB Y
REMTHDZ LD Ghole 4, T27 M3 F
T UREEHRIEL L 72 EROBIWTS - T AF v —
BT A LT, ERNL - UL TIICBIT 2
PR DGR, BIRMER ARO[ LD % 5% B
LNNITELEEZOND,

X Wk

1) BRoZEMRNEHE, $FBIT05-007476

2) BRI SERRESHE,  HEBF05-252911

3) ARt FEHT06-169729

4) Flores, M., Toldra, F. : Trends in Food Science &
Technology, 22, 81~90, 2011.

5) BEREAL, BKHS  HBICEHE TN LBAREEE D
JOEEOBWRMAORE, HAREEER S,
114, 258~267, 2019.

6) Aoki, K, Matsubara, S, Umeda, M., Tachibanac, S,
Doi, M., Takenaka, S. : J. Sci. Food Agric., 93, 1349
~1355, 2013.

7) M E  MAEMEERT AV T4 v s T a T
7 =X & FH L ERINTEM OB, P31
(FFIJCAERE) BWICH T 2 Bt se ks, 38,9
~14, 2020.

8) Takenaka, S, Umeda, M., Senba, H., Koyama, D.,
Tanaka, K., Yoshida, K., Doi. M. : J. Sci. Food
Agric., 97, 95~101, 2016.

9) Ha, M, Bekhit, A. E. D. A, Carne, A., Hoplins, D.
L. : Food Chem., 134, 95~105, 2012.

10) Ashie, I. N. A, Sorensen, T. L., Nielsen, P. M. : J.
Food Sci., 67, 2138~2142, 2002.

11) Sun, Q., Chen, F., Geng, F. Luo, Y., Gong, S.,

Jiang, Z. : Food Chem., 245, 570~577, 2018.
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Development of a magnetic resonance scanner for the nondestructive

quantification of fat contents of the beef round in a carcass

hoRE N fii 5
(VB S A B AR A BT ARG 2 > & —,
2[RRI Rt A B - SRR DT B AL B R e > & —)

Yoshito Nakashima' and Nobuya Shiba?

(! National Institute of Advanced Industrial Science and Technology, Geological Survey of Japan,

2National Agriculture and Food Research Organization (NARO), Tohoku Agricultural Research Center)

The fat content of beef meat significantly affects consumers’ sense of taste and determines
price. Thus, it is desirable to nondestructively and noninvasively measure the fat content of a
beef round, a large portion of a carcass, using hand-held sensors at meat processing plants to
accurately assess the value and price of the carcass. For this in-situ fat quantification of beef
round in a carcass, the applicability of a single-sided nuclear magnetic resonance (NMR or
MR) scanner is examined. The MR scanner enables us to measure fat contents
nondestructively and noninvasively by analyzing the time-series proton relaxation data
derived from the fat molecules. An original planar radio-frequency coil (1.3 kg) was developed,
and combined with a single-sided Nd-Fe-B permanent magnet (3.7 kg) to be used as a sensor
unit of 5 kg. The specification of the MR scanner is as follows. The sensed region is located at
4 to 15 mm (width, 15— 4 =11 mm) distant from the surface of the scanner, which is sufficient
to probe the meat section beneath the underlying subcutaneous fat layer of 4 mm in thickness.
The three-dimensional size of the sensed region is 14 x 15 x 11 mm?® The MR scanner was
successfully applied in a laboratory to 26 packed beef meat samples to measure the fat content.
The required measurement time was 36 s for each sample. The results of MR scanning were
compared with those of conventional destructive food analysis (i.e. Soxhlet extraction method).
Reasonable agreement with an error (root-mean-square residual) of as small as 4.8 wt% was
obtained for fat quantification. This reasonable agreement demonstrates that the portable MR
scanner with a hand-held sensor unit developed is a promising tool for the in-situ

nondestructive and noninvasive fat quantification of beef round in a carcass.

Wi 2 e Fl g i, AN D8 6 -7 Wia M oY) B

DATEREINT NS, DD, EREOS N

FADIENZHES b BRI &H =, AR T EMOIEOBENIZHMEEEANE L < FHili S
WM 2 AT 2 EELFETH o BUTO TWiaWwew) HEzH L. BAOEERT (£

1.B ®
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ERIIEIICHESMM TV E 09 ) ZERMN
(ZEHIE T & 2 IEnE - FRREEHIBAN A B LI,
MAEROIRNIZMZ X ) S EHEE CRMIT&
BT, HARHEiOMERIZKE CHITE
5o

FEBE T 7 a b ¥ &2FHIR G L - A
g FF W P (Nuclear Magnetic Resonance,
NMR. & %\ Zh L CMagnetic Resonance, MR)
1, RSO D & TR AR % 5 EKKOHT
% (7a b y) oB@Ex LBREEICHNYT ST
TABETHLTAFETH Y, RiEEEHIOE
BEHE - AL #E S (IUPAC) AEHEE LT
HHEDPIEL R INTWDH, TORHIEEZ X5
R LT, RMBHRE > & X3 2 5k e
HEOBAME E GREIA Ve -2y b
LTRSS R, FHllgSR%2 Ay FLTH YT
VEITHIAT LR T R, BHAD LX) K& %
WARIN AR VY — 22RO X )12y
T5723 T, WRER D S BEmm~KemiEit o
AL ONRNG & A 2 IR - IR TERTE %,
Z 2T, AFETREEW AV &2 FrBlIc B
L7229 2T, Wy I Volklietsz )i
BRI A ¥ v+ — (MRAF v+ —) THE
WL, EE'HhiFaFhi~o @ H T 51k % 33 2 B
TxIT o720 AF X F —FlZEO BARN 7 Fofifi H A7
EUToEBY, (i) trd—oREHROKX
EXRET - A AR ELET L0 TELTE
FREL, BAMICIZI2x 12 x4 mm L EOE
JitkThr L, FLC, BEFHBOMEIZIA
VEHP»S AmmPlEThdsr i e, 2F), EE
DI v —2 B TRET, HEmK4
mm® B TR & 0 BoFRAL 0 7 WAL o i i
RERTELI L, (i) ByH—2=v b} (K
ANEAEBREKEIA V) X, FTRHRTLES (5
kgfifE) THH I & (i) FHUPTERHIEZE
BEEHNTH L0, HEELTAHAD 1O

AT BERE B 140 LIN & 5 (FTHTA /ML
YH—2= v NOBBICHET A ELEOFHLY TIX
100070 T, Zhze B2 ARy ZIZRE L),

2. /5 &

EEE T A VXM EEAT e TR ClEA L 724
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cable
p

Fig.1 Photo of the sensor unit (permanent magnet and radio-frequency coil) used in this
study. (a) Hand-held shot. (b) Front view. While the z axis is normal to the coil, the x

and y axes are parallel to the plane coil.

-

sensor unit

Fig.2 Photo of an experiment using the single-sided MR scanner system. A packed meat sample is being
measured on the sensor unit. (a) Long shot. (b) Magnification of (a).
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( 1.06Brat wfat)
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Fig.3 Two-dimensional X-ray CT image of a meat sample with a

subcutaneous fat layer. The sensed region (11 mm x 15 mm)

is indicated by a rectangle. The supposed position of the

sensor unit based on Fig. 2b is superimposed.
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Fig.4 Example for the time-series CPMG data of a meat sample measured by the
system of Fig. 2. Equation (1) was fitted to the data by a solid line.
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Fig.5 Summary of the fat quantification by the single-sided MR scanner. “NARO” and “local store” refer to samples
provided by the National Agriculture and Food Research Organization, and samples purchased at local stores in
Tsukuba city, respectively. (a) Calibration curve. The quantity Afat determined by Eq. (1) was plotted against the
fat content (wfat) by the conventional Soxhlet extraction method. The calibration curve, Eq. (2), was fitted to the
data by a solid line. (b) Cross—plot of the fat content measured by the MR method against the Soxhlet extraction
method. The solid and dotted lines refer to the discrepancy of 0 and *£5 wt%, respectively.
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Effect of imidazole compounds on the aging of meat

B fiik
(It R R BB 9B

Toru Hayakawa

(Hokkaido University, Research Faculty of Agriculture)

Carnosine is a dipeptide, consisted of f-alanine and L-histidine, and is abundant in
skeletal muscle. In order to elucidate the role of carnosine in the transition from skeletal muscle
to meat, this study focused on calpain, a Ca®* ion concentration-dependent proteolytic enzyme,
to investigate whether it is involved in the tenderization process after rigor mortis. Protease
activity of calpain was evaluated by measuring the absorbance of the reaction solution with 10
mM carnosine and 0-1.0 mM CaClz. In the absence of carnosine, the absorbance increased
slightly. In the presence of carnosine, the absorbance after 7 days reaction increased compared
with that in the absence of carnosine. SDS-PAGE also showed protein degradation of
myofibrillar proteins by calpain, but the degraded proteins could not be identified. These
results suggested that the addition of carnosine accelerated the degradation of myofibrillar
proteins by calpain under low Ca®' ion concentration conditions. In this study, it could be

clarified that carnosine activated the proteolysis of calpain.
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Clarification of the enhancement mechanism of “koku attributes” by lipids

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 give us Koku attributes such as mouthfulness and
lastingness in the flavor sensation.

In the previous research, the analyses of aroma compounds of smoked and non-smoked
pork sausages showed that common aroma compounds were clarified to be f -Pinene, 3-Carene,
D-Limonene, Octanal, Nonanal, Caryophyllene, Methyl eugenol, Hexanoic Acid, 2-Hydroxy-3-
methyl-2-cyclopentenone, Guaiacol, 4-ethyl-2-Methoxyphenol, 1, 2, 4-Trimethoxybenzene,
m~-Cresol, Eugenol, and 2, 6-Dimethoxyphenol. In this research, we tried to clarify which lipid
in sausages hold these aroma compounds.

The holding capacity of lipids was evaluated by the measurement of amounts of aroma
compounds released from the mixture containing each lipid after heating it. Triolein, one of
triacylglycerols in pork sausages did not hold aroma compounds, while cholesterol and lecithin
held them. Among 13 aroma compounds identified in pork sausages, [ -Pinene, 3-Carene,
D-Limonene, Octanal, Nonanal, Caryophyllene, and Methyl eugenol were held with cholesterol
and lecithin. Furthermore, lecithin held these aroma compounds much larger than cholesterol.
However, Hexanoic Acid, Guaiacol, 4-ethyl-2-Methoxyphenol, 1, 2, 4-Trimethoxybenzene,
m-Cresol, and Eugenol were not held with cholesterol and lecithin. The difference in the
binding property of aroma compounds with these lipids seems to be caused by the differences
in log P (octanol/water partition coefficient) that each aroma compound possess. Seven

compounds that held with lipids possessed log P with value more than 3.
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Fig. 2 Amounts of methylpropyl disulfide released from the mixture containing

each lipid after heating
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Fig. 3 Chromatogram of aroma compounds (A-group) released from the mixture containing each

lipid after heating
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Fig. 4 Amounts of aroma compounds (A-group) released from the mixture containing
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Fig. 5 Chromatogram of aroma compounds (B-group) released from the mixture containing each
lipid after heating
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Fig. 6 Amounts of aroma compounds (A and B-groups) released from the mixture containing each
lipid after heating
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Fig. 7 Changes in amounts of D-limonene (A) and Octanal (B) released from the mixture
containing each lipid in heating
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Development of a system for rendering 3D computer graphics of meat

carcasses (1II)

Al =M - R Bk - P e AR - e R B
(1SRG B T A B3 - S S T 48 £ O S e o B 1)

Michiyo Motoyama, Genya Watanabe, Ikuyo Nakajima and Keisuke Sasaki

(Institute of Livestock and Grassland Science, NARO)

With the recent improvement of computer performance, three-dimensional (3D) graphic
that visually expresses objects with a three-dimensional feeling on a two-dimensional monitor
has become our familiar technology. If it becomes possible to create 3D graphics for meat
carcasses, it will be possible to digitize information on the carcass shape and appearance that
are not currently evaluated. 3D graphics also enable us to easily check more realistic carcasses
from 360° around anywhere on portable devices such as smartphones with combining ICT
technology, which will lead to the creation of new value in meat production and distribution.

In the previous year we had developed a basic technology for rendering 3D graphics of
meat carcasses and its prototype photogrammetric system. In the present study, the prototype
was expanded to a practical system with 40 cameras that enables the measurement of entire
carcass 3D shape instantly. Both hardware and software of the prototype were ameliorated to
solve the expected problems in the practical use.

The improved system was tested, and we confirmed that the strength of frame structure
and the speed of data transfer were adequately ameliorated and also that the newly introduced
devices (automatic release mechanism and flashlight) operated without problems. In addition,
by checking the quality of the rendered 3D model, we found some further countermeasures to
make the system more compatible with various situations in the actual meat carcass production.

We also investigated the countermeasures for applying ICT technology to the system to
distribute the carcass 3D graphics. It would be effective to connect the system to a existing or
newly constructed computer network that can automatically operate to generate and distribute

3D graphics from the acquired image data from the system.
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Fig. 1 Schematic diagram of the improved system

Photo 1

I5uza
ABRIH SRR
I3u M

&aam 0¥

Photo 2 Appearance of the improved software (GUI) and camera windows.

From the GUI, settings of camera and flash light can be easily changed.
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Table 1 Number of image that could not been used for the 3D-model
calculation. Images were obtained under different condition of
exposure time. Rendered 3D model with the condition of 7-ms

exposure time are shown.
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TEAEA & AR REICE 3 A% (1T)

Studies on the formation and the existence form of zinc protoporphyrin IX

in dry-cured ham (1II)

oM —
(BB AL ST Y 7 4 = FRE Y 5 =)

Jun-ichi Wakamatsu

(Field Science Center for Northern Biosphere, Hokkaido University)

In order to elucidate the mechanism by which zinc protoporphyrin IX (ZnPP) in nitrite/
nitrate free dry-cured meat products, we tried to clarify ZnPP-binding proteins which are not
water-extractable from Parma ham and to establish a new ZnPP-forming experimental model
with high yield of ZnPP. The ZnPP content varied among hams or muscles but the water—
extraction ratio of ZnPP positively correlated to pH values of muscles and maximized at pH 9.0.
The weak alkali extract from the residue after water extraction was evaluated with the size-
exclusion chromatography, western—blotting, and immunoprecipitation and the water-insoluble
ZnPP was suggested to exist as complex with hemoglobin and myoglobin. In the experimental
model established in this study, water-extractable ZnPP was formed 10-fold higher than that
in the previous experimental model. Moreover, since the formed ZnPP complexes existed as
complexes similar to those in Parma ham, it was suggested that this new experimental model
is useful to elucidate the ZnPP formation mechanisms in nitrite/nitrate free dry-cured meat

products.

Mo TR,
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1.B ®
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HENATHDD, Bkttt 23 5%,
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© The Ito Foundation



WE AN AR OHE 7T MRV 7 1) VIXOTRBEEA & AR A58 (1) 41

ML, —HMICTELIC W SN 5 FUEE R T
X, ZnPP& ¥ VR E L DWEEINNDL (F—
FRET) 72, ZOREL WIS 22
ERhTwiwv, T2, SunafoREg
ZnPPOEIG AN EAFAES 5 728, ANENEZnPP
DIFATREAWSNIIT ST LT,
BT % ZnPPIRISHEREE I O —BZ 7% %o

—J5, 7NV NN LB B ZnPPR R 1D
W, MEOBRPRBINTW S, MEH RO
FIZXBHYI2MA, Adamsen 5 1&, ZnPPid
IATVEYDONLHRTHLHELER 20 NA
2O OPiEkE X OHER O AIZOWTIE, B&
ZM T COIRERNBUS &, FBERI UGS O WH A
FAET 5% BEEMBUSIZIE, NAESKICED
D, NADSORLEk L RO A % filtiit5 % & &
AbNTWE72uy 75 —EOMGIRIBIN
TWb", —Ji, A lZin vitro®ZnPPIEK € 7
VEEREMEL T, ZnPPOIBFEM % Bt L
7225, MATIER#EpHO R 5 2 DO
AT A L 2P, HfHER & o %
PR LY L L, ZR#pH 475D
BT by MY 7O ERIGREOE &
LIEICHBA LT, £ < OZnPPSEIL L72A%, #
DRI TE S, 7SV NLICBIT L5
TERAH L3R 7 5 Tz —J5, Ei#ipH 5501
BERERE CLEMAERNIC X &9, KM T& % ZnPP
T b0, TOREREILRL, v
N EARRDTERE THAE L TV 2 RAEDS T & 72
Vo TO®, L) KREPOLEEIZIPPE LK
B ETFNEBROMENILEL D,

FZTARMIE TR, SV AAICBUT 5 ZnPP
MR HAE B E LT, AKihc&iwn
INPPOGHEREEZH L 2T A L L, BlE
D XY % \in vitroDZnPPIEE 7V ER R *
WgETrZ e L

INVNAIZ

2. /7 &

2.1 79U NLH 5 DZnPPO S - i &
ZnPPO KA DM &

THOXVNLEA (n=3) »OFEL4
DOfA BRI (QF), KER 3 (BF),
PR (SM), “FBERER (ST)) 28I LT
M) L7z b 012, 10REOMAEMZ T, FEY
FA R L7z, BHEOpHEWE L2k, iy
B L CHbIM & BRI Tl L7z T TN ZTTD
AR % X9 ISHKZ Nz TR L7142, 3%
WOWT 2 b ERIMZTZPPZMI L, R
D #ENGHRE (Ex/Em : 420/590nm) % FH Y4 & &
L7z AR AISHFAES % ZnPP 2 KAl T &
%7ZnPP, AKHMHFRIE AT 5 ZoPP & KAl T
&7 \WZnPPE L7z, W OZnPPE 53 % K
WMTELZnPPR ZZnPPO KM E L L7z,
72, NaOHIZ & Y pHZFE L 72700 < L 08
WA O HE LT m L, WA T & b 2 Tt
L CHOGIREE 2 W L7z,

2.2 YA XPEmEREKI O N 7T T 4 —

(SEC-HPLC)

2OV N A K FRE %, NaOH % H v CpH
THIZTHAE L 721, LR AT o T R R,
INEVY STV TIA4NVEI—THEBEL T,
G3000SW # 7 & (Bv —) % M TSEC-HPLC
WL 72, ZoPPO R HNIZ #OEEE (Ex/Em :
420/590nm), % Y87 HEANLOMBIZZENZE
% E280nm, 415nmTH L 72,

2.3 ZnPPHE& Y v /8 7 B ORIEF I E

2OV =N AR B %, NaOH % v CpH
6.0, 758 X U90ICHHE L /214, mLaBEE 1T -
T hiE%H72, ki % SDS-PAGEIZfit L 72 1%,
PNEZOE ik 5T + 7 u ¥ Uik
BFHWEY 227 y7ay 54 v 7P L7,
$72, pH75B X U90THIM L7z DZHiNnES

© The Ito Foundation



42 A2 RSB S 2 B MR 78 R AL

(Vol.39)

O Pk S NI A 7 e e v HikE FwT
R L, HOoNRIELEDE T2 N v
THIM L C, ZnPPO#EE % BGE L 720

2.4 ZnPPIEHE 7V EESR & ZnPPE R O

W E

Wakamatsu 5 ' 34k 5 Lf:%ij)bigﬁ% 70
(2, ZnPPIEMIC ISR &
MEEE, pH, BEXUS vy Fax—MAKOEE
ZE L7co MREHEZMAKTHREY A4 AL
T, HCIF 7213NaOH%Z FlWCpHZEFE L, didk
WHEZRML72d 0% BAMICHET T » % a
N—PL72o £ ¥F 2= MRIBERZ 05
BELC G LB L7, 2R ENEITOMK
Rl 8 X ) ITHkE A TS L 72, 3=
DWW T by EMZTZoPPE B L, HHEO
HtEE (Ex/Em : 420/590nm) % ZnPPAH Y4 &
& L7z MBRIC, EIEHICHAET % ZnPP & K4
T&%ZnPP, RIS 5 ZnPP & Kl
MTE7%WZnPP& L7z,

2.5 ZnPPHi& % ¥ /87 B 05k L FE

LEBOZnPPHA ¥ 87 E 1L, Laemmli®
TR 2 501 %SDSOAED Y 12 4 MIRFE %N

4 V/Fa2XR—

ATRFBTIVESIKETHEEL 72, 7B, @ﬁ%
i OSDS B\ 72 BEARIKENfR, 72725 1CH
A)

300 -
O water-soluble

m water-insoluble
200 -

100

Fluorescence intensity
(Ex/Em : 420/590 nm)

o
|

QF BF SM ST
muscle

FNT, 77 AR SHE BT, 420nmfHizo
W BEBT BN FNAT 4 VT — %L TR
LED (A0 E400nm) # /4L C, 600nmffit
DNEBHT LN KNAT 4 NVE =L LT
FIFINVA AT TInPPOERNEEZIE L. ZD
%, 72725125 v HPVDFIRICHEES v 87 K
PG LT, iNnEZOVC Uy 5 I3 4
raeriikEwiEY 2 A Ty T4 Y
I L 72,

3. BREEE

3.1 NV NLHOZnPPOFAEREM L pHE
DR

NIV NLDEFH R 2L, KB TE 2
ZnPP L KM CTE R \WZnPPORZME L2 2
5, O ENKEL, HNOMECEE D 2
IR N H 57 (Fig. 1A)s LA L, ZnPP®D
AR & B REAOpH L OB E R &
ZA, MAEMIZRVIEDOMBEL RS b7z (Fig.
1B), £ T, AHiEopH% % L CTZnPPO
AR EZRE L2 25, pHO EFHIZHEW,
KT E 2 ZnPPORIIHIIN L TR T & %
WZnPPO =LA L, pH 9 fF i \vTZnPP
OIRFE DR AR L Y, KA T & % \WZnPP

100 1
o -
£ 80 r=0.86 o o
ce o.. "
S 601 o« o
£g R
$’5 40 o
5%—
% - 201
=
0 T T T T |
5.9 6 6.1 62 63 64
pH

Fig. 1 Water-soluble and water-insoluble ZnPP contents in each muscle (A) and correlation
between water—-extraction ratio of ZnPP and muscle pH in muscles (B)

Bars represent standard deviation (n= 3).
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Fig. 2 Effects of meat content (A), incubation temperature (B), pH (C) and incubation days (D) on ZnPP formation in
new experimental model
Bars represent standard errors (n= 3 ). abc : Significant differences among water-soluble ZnPP groups, ABCD :
Significant differences among water-insoluble ZnPP groups (p<0.05).
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Fig. 3 Fluorescence intensities of water-soluble and water-
insoluble ZnPP in previous and new models
Bars represent standard errors (n=3). ** : p <001
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Metabolomic analysis of taste components fraction to characterize meat

flavor

KEPAE ML ATHD GERR - A BT - P R - A T - Bk M
CRRAT RSP BREE 8, AT KO i+ SRR 74)

Wataru Mizunoya, Shiro Takeda, Riku Morikawa®, Shoko Sawano™, Chika Saito* and Yuko Yoshinaga*

(School of Veterinary Medicine, Azabu University, *School of Life and Environmental Science, Azabu University)

The meaty taste is considered to be a complex group of taste compounds rather than
limited known components such as free amino acids and nucleic acid related substances. We
fractionated the hot water extracts of beef by medium pressure chromatography, and
subjected each fraction to TLC to confirm the separation of the compounds. Beef extract was
separated by ODS column and two major broad peaks were observed in UV absorption, the
first peak was assigned to Fr. 3 and 4, and the second half peak was assigned to Fr. 5 and 6 in
the first sample. Silica gel TLC showed a continuous spots consisting of ninhydrin positive
multicomponent at Rf (Relative to front) 0-2 in Fr. 3 and 4. In Fr. 5 and 6, there was a spot
near Rf 0.4 that was detected by UV and another spot that showed weak reaction with
ninhydrin. By the sensory test comments of the first sample, it was found that Fr. 3 had a salty
and meaty taste, but Fr. 5 and 6, which were thought to have less free amino acids, also had a
meaty taste. In addition to the free amino acids in Fr.5, other components may also affect the
meat taste. We also performed the metabolomic analysis with these fractions. The principal
component analysis (PCA) and hierarchical clustering analysis (HCA) showed that there were
large differences in the groups of compounds among fractions, suggesting that the compounds
were separated sufficiently. As a result, there was a remarkable difference in the substances
contained in the fractions with different sensory evaluations. In particular, the fraction
evaluated as “meat-like” contained about 60 compounds, including many substances in addition

to free amino acids.
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UV detector signal

Elution time (min)

Fig. 1 Chromatogram of medium pressure column chromatography. The hot water
extract of beef sample (sample No.l) was separated by ODS column. The 10%
ethanol at the flow rate of 1.0 mL/min was used for isocratic elution. Total
eight fractions were obtained.

ODS7L— hk
UV (254 nm) —>ERUY 10%:RHER

Si0O27’L— b
UV (254 nm) Z ERDY 10% 2

Fig. 2 Thin layer chromatography (TLC) analysis of the fractionated substances derived from beef sample (sample
No.l) by the medium pressure chromatography. TLC was done on a regular ODS and silica plate. The plate was
eluted with ethanol : acetic acid : water 1 : 1 : 18 (by volume) for ODS plate and butanol : acetic acid : water 4 :
2:1 (by volume) mixture followed by exposure to UV light (254 nm), ninhydrin stain and 10% sulfuric acid
spray with heating. The circles drew in the plates indicate spots detected by UV light.

Table 1 EhgMAoa A M GE1)

792 ¥ a No. R A > b
1 fifH K2R (744)
2 MHE L2 (7%)
3 Bk (440), Bo& D &Lk () (14), ZLoFk (14), Aok (14)
4 Fr3k h#iv (14), Fr3:flcws (14), WOk (34), 5 ko700 (14)

5 B Gv) A (14), BRIESAVE (14), Frdkh W (44%), Ao (44%)
BUA Lo (14)
YKL (74)
HEKDH B (14), BBITEX WK (9 K, HIK) (14)
FO PMEATAD B AR EVIELE (AT ZWV) (24)
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Fig. 3 Thin layer chromatography (TLC) analysis of the fractionated substances derived from beef sample
(sample No.2) by the medium pressure chromatography. TLC was done on a regular ODS and silica
plate. The plate was eluted with ethanol : acetic acid : water 1 : 1 : 18 (by volume) for ODS plate and
butanol : acetic acid : water 4 : 2 : 1 (by volume) mixture followed by ninhydrin stain.
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Fig. 4 Principal component analysis (PCA) and hierarchical clustering analysis (HCA) of whole metabolites detected
in fractions and/or undiluted beef samples (sample No.l and No.2).
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Development of quality control method of meat products based on flavor

analysis

R U

(BT IR S J 50)

Satoshi Kawahara

(Faculty of Agriculture, University of Miyazaki)

The taste of meat products is one of the essential qualities, as is the hygienic quality. This
study investigated the relationship between quality evaluation results by typical methods such
as sensory tests and aroma component composition.

Among the sausages manufactured by a domestic meat processor, the same lot of
sausages whose off-flavor was detected during the quality inspection process within the
company was used as samples. As typical quality evaluation items, lipid content and fatty acid
composition, TBARS value, product color, and aroma components were analyzed. At the same
time, a sensory evaluation of flavor was also carried out.

For the off-flavor samples tested this time, increases in TBARS value and decreases in b*
value (yellowness) on the product surface were observed. In addition, the analysis results of
the flavor components showed an increase in the compounds related to lipid oxidation and a
decrease in the smoke component. These results were in agreement with the results of the
sensory evaluation. Therefore, the above results suggested that it is possible to evaluate the

change in taste or quality of meat products by analyzing the flavor component.

AR BB R A E A &, REBRANC D { EH IS
LD ENELEZOLNTWED, BREIZOV
BRGSO LWL, #EMEELST, &b TIPSR WA R KR TH L L SN T
HEZWMEDO—DOTH L, HmOEREEZR, & Vb, Thwz, AOHEIIHEW TS HEKNRE

1. B i

D, BEGRETEBRINLZEPALNTED, A <, BANL 2B O BB R\ 728, Bl
AAEMIZB VT, EARCHRE, miny, MY HETEOIK L %% ) 297w

BLETRRRERMN 2L, STITLREMITLDY BLah o IR ORI X — S ERERHEIC X D ATD
ZALS %o 505, BReaHl B O TEIIKE L-FHEo 7%

B 5L L5 FRETIHEERORELE O, LORECHIWEICHEDIE LR v 72,
BT HENTHY, HEZFZOHBICHEIND WO ENORONIBUIET — 7 LI L
BROWREZ TH 5. HRUK T2 N0 T, ERsHEOR T L <, FHTE

© The Ito Foundation



54 AR 2R BRI 5 B BIFSE AR S (Vol.39)

ELTHH LI v,

Z 2 TABIZETIE, a0 RIRICEREN 20
RIZTERRBOEFERR S ZGM L, ZORE
KXY RBOMEEZERT 52 LoEEICHH
L7zo BHRIKADHHTE, & DB O REERE A
MTHY, POFHEIIZLWI EIGERLT,
EREGOMEEHICAHSNE Z L3 L h o
7eo UL, Eko XD itk a#A T, FRK
GICHED CAWVEUE B E R SGR X BN EEIC B W
TIHHICEELBERETH S,

AHFERETIE LRLoBRIC RO &, Highd
ZIE L &5 DM 2 T X 2 BAFAT AR R
EFRLZR TR E OB EBET 5, THITXD
HONDHMICEDE, RAESOFREN 2 5B
ZUHIIZ, X DEERS CHEN T 5 TFREESET
5L EERNEHBE LTE/BTE2HD0TH 5,

2./ &

P EHE, ENOERINLER B W TRE
ENREREY (V—t—Y) b, FERo
m ERA OB THEIRIER (K7 7L ——)
B nzboeEay b 2R L Tw
2Tz F7z, FRIBOR BRI A [ $a A o T i
7z, T E ToORM, EadEEIRED
¥, -70CTHRAFL 7=

WO EEHEHE & LT, IREEE, TRk
M, FA VY — VRO E M (TBARS
i), o, HheaHlis X OF LRG0T
EFEM L7, IREERIIERETIT - 2. R
HLB T D 728 DIRIEER A F v T X 7 v O i
&, Folchb D)5k (1957) Y 12HE U CTHRIEE % $il
W L 7%, Takenoyama® ®Jii: (1999)2 |2 #E
UT, JALE XAF VAT NALRLT 5 720 MR
BAF VT ATVOHGHIE, Rtx-WAX® (0.25
mmID X 30m, 025 um, Restektl) B & O°
IRFERA T ALl % 295 U 72 B et

GC-2010% FIWT, DFOEMTIT- 72,
Fx YT AR He, Wk : 25em/F, KALEIR
BE 2 250C, MHIZRIEE @ 250C, &1 9 A
160C, 37 PRFF—240C (4C/%)

TBARSIEOHMI5E 1, Yamauchi® D J5 ik (1980) ¥
\HE T o 726

BB OEFME L, BRI X UK
DOV T (MINOLTA CM-23d) % H\Ww T
1o 72

EREMAIE, ARFEAEI0RZ SRV ELT, T
PR X VR ES o 2 SIIERPIC X ) h
DEOER, NPEORS, IhEFEOIFE LS %
M L7z F7z, FESICEURBICOWTH
LR & SR D72, HREHIIC H 72> Tld, 5 H
CoOBIRaMIcEZEE LB %Y +—5 =N
A (70C) T MmL7z0b, @il S8
ZWOML, B3 3mmoEsvic L, 772
BTN AWIZ K BEFili 2 S L 720 734 IV IThefit
T HMOMAE DA BIC L YL, JH
DRI AR Cla s BN & L7z,

TR OGN AR, BRI & BRI,
70C, 2043 N L 721, wiAKHTLOZ s L
720 TO%, WTTHMWL, 7L—FlOFES
FAHF— (AM-7, HARER) 2HvokE
Tevrzou Xy TELRES M L2, €D
#, i % solvent-assisted flavor evaporation
(SAFE, A 8 ET 8 2 CTHEFEME 0 O WE
R AT o720 WA Y 7 aua Xy VICHER
L, ZFNVF - =y ¥ o isiines Tkl L7z,
GC-MSHH %2475 726

GC-MS4#T1x, Rtx-WAX®™ (0.25mmID X 30
m, MEE0.25um, Restektl) %275 L 7-GCMS-
QP5050 (Bt BMET#) 2Kk VAT o 72, 5iMT 4
fHiE, Fx V7 H R, He; KALEiEE, 200T ;
h T LiRE, 40C~220C (40~100C £ T5TC/

4

5, 100~220C £ TL0C/4) : 4+ VLB
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70eV; A¥ ¥ v LY, 33-400m/z& L7z, %
B DFEE, FRHEYE (B (3 2 Mk
FrER (Kovats, 1958) " B X UNNISTF — % X —
A2 EDFTo 72

3. BREEBE

TSN T2 IEH G & BEEZNTOERE
FHiCA 7 7 L= =S E o u y OB,
(F 7 85 O SR EFli#S 5 % Table 1 127R 3, Ji
BHE OB E LTl L7 IRE &= ISk 2=
FITRD LN h o 7228 IREBILOIBETH S
TBARSIEIZ DWW TIdF 7 B A TR Wl & R
L7z B, AWETHEE L2y —t—23m
BERNBMTHLILEEZEET DL, +7HMT
fONZ2TBARSHIZEMA R E T 213 L DR E
Tl %hr o7,

B A ETIZ B W TR < ABOER IS
X0, —RIIREBRIEEHRI S D EHEZ 5T
Wb HEANCE TN A HMERE D S EK T 5 —
BAbZE#HE (NO) A3 A/ ubronnikl s
T52ET, BRRGICEENERARE NS
T5, /2, NAHEANONOOKEAIE, ~Nagko
At EMN 2 et L, SkoBIbiERN T 5k
HEALZHH§ 2 2 26N Tw b, AIFFET
X, BB O W TR 2 51l 2 47 b 7
Mo 7%, BRSO (Table 1 o WiTH )

Table 1 £V, 0D i B FFAM A5

F, IXRToOHHTHEHGHoAERIFOONE
Motze TOT &I, TRTORGTHE)IHEIEK
MIbNTW/Z LZBRT2DDLEEZ LNz,

B CAMOIREZ N T 230 L LT, &
MmO B L OWE oM % e Lz, B
DA (Table 1 O FHth) 2OV Tid, WE
(L) BLOHRMmE (a™fH) 1IFBEFE AR
BOLNLED o7z ZIUH LT, HBE (b*E)
A 7B TR NEE R L7z, ARG EI
OEFNIFICABIZE Y fHG SR, RO
WCHRT 2B EICEEN oG, F7EBOR
HfICBA2b* EOK T IX, #iEkTRICBWT
< AJBIR AT AL RIS+ LT do 72
CERIRIETHEEZ LN,

AABEOF D RERIZIE, RO, 7%
HHIRITMHIE AR & 2 82 KT 2 L2355
NTWb, KR THWZZREIZOWTIE, 1
ZINONI 7 PR\ WA 7 25 52 IR0
N o7z (Table2)s THODOREREE X ONRE
EROMRDS, WHEBARI B 5 HIRRE
5 VIR E R O AT I F O G A3 7 5N
TlEZRWwEHEN NI,

SAFEEEICL ) v —tk—Un bl LFR
Ji% 43 D GCH3 M7 & F % Table 3 127" 3o AWFZEICH
WU, IERWEND 5 Wikt 7 852 WX )
T&2 L9 7%, FENEESOEILIIBIgETE R

LR + 7 B D
MRE &R (g/100 g) 29.3 + 1.69 29.2 = 091 0.948
TBARSf#t (mg MDA/kg) 0.034 = 0.014 0.163 = 0.080 0.022
Fifith L* 59.66 + 143 60.65 = 253 0.542
a* 1330 = 1.16 1299 = 0.74 0.714
b* 2852 = 0.84 2523 = 261 0.081
b i L* 68.20 + 399 67.54 = 197 0.809
a* 11.00 + 1.84 1048 + 0.80 0678
b* 868 + 0.59 879 = 061 0.806

D (EWelch Mg 12 & 24 HHER 2R §
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Table 2 &R E OFRBIEEHAL (g/100g# G HE)

5egvES TEH B + 7 B

14:0 L11 = 002 L15 = 003
16: 0 221 * 02 226 + 04
16 : 1 n-7 198 = 002 198  0.08
18:0 120 = 05 125 = 07
181109 418 = 01 408 = 09
181 n-7 272 = 0,09 273 + 008
18 : 2 n-6 145 = 05 146 = 08
181303 078 = 0.09 080 * 0.12
20 4 n-6 034 = 002 034 = 001
others 259 + 0.04 252 + 008
SFA 359 + 07 369 = 11
MUFA 477 = 02 466 + 11
PUFA 164 = 07 165 = 09

ol LML, FICHEEBILICKEKT S
hexanalZz EO 7 I)VF b FEHP —#H O b VI
F 7 BTN AR bz, T,
F 7 B IC B W CTBARSIE S IR I R fiti 2 5- 2
RHEFZENITLZIDTH o7, T2, A4 DK
SEICHERERIIRV OO, AMITERT
%7 x ) = LEWREIRT b U BIL, o+ 7B
T A G- 2 5 B IAA%ED Sz,
AR ET B ERIMEICE VT, [IEH
gL T 78] orh &, 2 Sk (&
NRER) ZFIUIHEEICHRIDEI N3 L, iR
DDA EAIRENT: (Tabled ). F72, I
HED [RIE | 1383 VS B \WIZHEEREE O HL A
ALEICIVESEEZAEL L300, [IEFHEG]
BEY [HFF L] EFHi SN A HNCH L &
MRENTz (Table5). F72, EREFHiICH bt
TEBLAET Y7 —FTlk, F78FBITONT
[RRMR | 2 [HRE] 2K L, L0 [A
E—ZEPHH] L) axy bBFE LN,
SRS, EFEGHICO VT, [ERESOE
Rl R [RAE—7 ] W& Lz w)axy
Mo 72,

D EofERLY, BETHRTE 7 7L — "=
Bl SN2 TiE, AR —T, (AR

Table 3V —+t— VIO SN2 ERFHLZES (ppm)

IEE *+ 7 B
Lipid oxidation 727 805
Hydrocarbones
Heptane 24 29
Octane 0.7 0.6
Aldehyde
Propanal 37 42
Butanal 1.7 25
Hexanal 170 224
Ketones
2-butanone 89 7.6
2-heptanone 10.8 10.1
2,3-octanedione 8.0 94
3-methylbutanone 43 44
Alcohols
1-pentanol 8.6 8.2
1-penten-3-ol 22 3.3
Furans
2-methylfuran 13 14
2-ethylfuran 31 35
Amino acid degradation 270 273
2-methyl-1-propanol 49 6.9
2-methylbutanal 6.4 59
3-methylbutanal 157 145
Smoke 37.1 26.6
Phenolic compounds
Phenol 2.3 25
2-methylphenol 36 2.6
2-methoxyphenol 138 104
Cycloketones
Cyclopentanone 12 11
Cyclohexanone 98 31
3-methylpyridine 42 45
2-furanmethanol 29 24
Spices
Eugenol 74 79

BT 5 3T Wil iEEAURIE S
7zo L AJEIE, EOHIRICHRS X MG RO
THRE2ER BMLZMLIETH S, T2, AE—
7 F v YN— DR ERE R EOBERIC X - T,
FLay FOBGTHHEDLTHFELRT VD
DEHRMEN D, < ATEOAR BB Ot
RELAWS, W27 = = MBI OERICTIC
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Table 4 ERERHIICBIT A [1IHPFHFEOE OmE | DM

5 A

ISRV DS 40 0

I 25 % =40

Table 5V — -t — ¥ O AEEHifG 5

EWEE F7RE p
G &) IS E 24 14 0.268
T L] v FEHR 26 13 0.081

HEIEH =40
p ¢ EFEG 2 BINT 206 0 R 2R T

LM T 2 EDMEETH L EHENSIN, F
72, IREBILOMEITIZOVT D, IREmILICX Y
AT BT VTe FEOBIMCE YR TE %)
DLFHMENT,

F 77 V—=N—OFREFENILHTH 5720,
Ltk FBROMWIRERT S F & F 2 BN OMAE N
Baemo L, #RoNTARREERILE: & 05
BHLEMHET 2 RAM 2 HET LI LT, &
SIS AT RETH L L EZ O
72

4. E 8

AR (F7 7L —N—) BRT 5 EREE
DBEEE %, T OFRLLDDZEALIZ X 0 FH$
BHBEZOWTHRE Lz EEABBBIOA T
T L= N=538 NI ONT, ek D
SN TS BRI S X OF SR 55 04T

AT o e ZORE, WMBEEHMEREEICO W T
TBARSHED YN, i Z i 0 #  BE DT 2532
oz, i, FREGOGHAERTIE, RE
FRALIZ B9 % 1 084N, B X OF < AR
WOPBBIEE SN, ThEDZENH, KT
723 TR E RO ET B L OV AOA
BAFllEniz, Iho oI, FReEHI O
RE—HTHLDTHo70 ULOKELS, &
EGEGMTHZEICLD, BEOEKROEL
HHVIEME DRl RETH 5 Z LRI E N
720

X Wk

1) Folch, J., Lees, M., Sloane-Stanley, G. H.: A
simple method for the isolation and purification of
total lipids from animal tissues, Journal of
Biological Chemistry, 226, 497~509, 1957.

2) Takenoyama, S-1., Kawahara, S., Murata, H.,
Yamauchi, K. : Investigation of some preparation
procedures of fatty acid methyl esters for capillary
gas-liquid chromatographic analysis of conjugated
linoleic acid in meat, Animal Science Journal, 70
(50), 336~342, 1999.

3) Yamauchi, K. Nagai, Y., Ohashi, T. : Quantitative
relationship between alpha-tocopherol and
polyunsaturated fatty acids and its connection to
development of oxidative rancidity in porcine
skeletal muscle, Agricultural Biological Chemistry,
44, 1061~1067, 1980.

4) Kovats, E. :Gas-chromatographische
Charakterisierung organischer Verbindungen. Teil
1 : Retentionsindices aliphatischer Halogenide,
Alkohole, Aldehyde und Ketone, Helvetica Chimica
Acta, 41(7), 1915~1932, 1958.
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Basic research on skeletal muscle type conversion technology for the next

generation of cultured meat

APR R IR HES LI BT - RB ZOKT - Tl FOKT - bR R
(IR MBS BF LT, 2B RR R G S T gt > & —)

Atsushi Kubo!, Yusuke Inoue?, Akihiro Yamada', Genta Sahara', Takahiro Kondo' and Toshihiko Ogura’
(1Institute of Development, Aging and Cancer, Tohoku University,

2 Advanced Medical Engineering Research Center, Asahikawa Medical University)

Controlling the skeletal muscle type of cultured muscle is essential for the production of
high-quality cultured meat. In this study, we developed an electrical pulse stimulator that can
mimic the activity patterns of various motor nerves from slow to fast muscles, with the aim of
establishing a skeletal muscle type conversion technology that does not require genetic
manipulation such as viral transduction or genome editing. We were able to reduce the size
and cost of the system by designing and manufacturing our own electronic circuit board, which
is a significant improvement over our initial system that combines commercial devices. In
addition, we recognized that the constant voltage stimulation method that we initially used
may have reproducibility problems, so we changed it to a more reproducible constant current
stimulation method.

When we performed stimulation experiments using cultured fast-twitch muscle derived
from mouse myoblasts on a culture dish, we were able to increase the expression of slow-
twitch myosin heavy chain gene, Myh7. At the same time, we were able to confirm the
activation of transcription factors such as Nfatcl. In addition, we identified candidate
transcription factors that may be involved in skeletal muscle type conversion. In knockout
mice of one gene, the expression of Myh4, a fast-twitch myosin heavy chain, was drastically
reduced. This gene may be involved in the determination of skeletal muscle type.

In this study, we also investigated a method to efficiently isolate myoblasts from various
skeletal muscles. Under the myoblast culture conditions we identified, myoblast proliferation
was greatly enhanced. We plan to apply these findings to cultured bovine and porcine muscle

to control skeletal muscle type for high-quality cultured meat production.

PRIRER DR DN DIFNS, Wit = & o0&
WIZHERLTWD EEZ HON5, BHEHIEER
FANELTVLIRIFSFEFSE RIS R PORFGON) T— 3 ¥ B LA, o
D, WRREABAE R Bo O OECIIA L 2o, BB F T AVFE—HE T 2588, e

1.B ®
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FEARIANVF-FLETHHMICHEIND
FE LI, 2AR, 2XH, 2 BMo 3FEEHICS
HOEE) Ve SO X ) ITEEIE, ML X
VTR > TBY, TS OFEDEV)S
HERROE NI TG L TR LEEX LN,
=T, kitRoEmINLEMN & LT, o
TS TIE R, HAMEEZ LI Tk 2
L., BB LR RNAEEEY L C &7z, mmlE
LRERRARZERT 57201213, ZhO50OHRD Y
ATE2AEICT Y P a— VT LEAMAHE VR
%
INETOMEDrS, BT Y A 7T I3EE HF
EXIENDE VL OV DOBETEBIETSHI LT,
oA TOEREFET LI LNTRETHL L
WoahoTE7, LEL, Bl Ww)HEDZD
2, STEWECTHHING I A VART ) A
B X DB TR IR AN~ ORE, HEE
DA X =T DI OIFERIY 2 BIP & 1342 ) 2 7%
Vo BIZTEEEZ VTS, B0y 4 7% a
YOV LR EMENLT A I EPLETH
%o T THRAERFOMBIEIZIER L2,
FREBIAROIENK /ST = IZHIE LT, loE
My A TNEEAL) BT EPALNTY
Y, ZOBKGHOWEEEFEL, #ETERE
WX SRVEKGO Y A TEMEN 2T 5
EDRHEDOHITH 5o

2. /7 &

2.1 MR

C2C12 il B & ) s Y2 1% (FBS, Gibeo -
10270-106) % 10% 1 T 5532 DMEM (nacalai)
R, 37C, 5% CO BB FCTREAZ 7o 720
HANOALFHRIZ, Mldzar vy ML
72, v~ (gibco) % 2 % & HDMEMIZR
WLAT5 720

2.2 EEHMEE

L) O S HRNHEE B SR E LR, 7 7 >
ryvardzil—%—, Fiuxa—-7sxpfk
DOETMEAE W THR L, Bipolar®&E5 IV
ARFETEDL L )T Lz, HEHRTIE, Lid
T E DS > TR 2 o B 1 2 % &
- BEL, A 3K D HIHT AREICATE
L7ze LRV AT ADLAERSNSIBEBLRNIIVA L
i AR %l U CHEAEI o RE AR W IS BT L
7oo MBI ORI A TIIEBIERBTH - 72
P5, L) BEAE VW EE 2 SN B RIS
YRL7

2.3 EBRTFEBUENT

RNA®DHH 12 Trizol Reagent 72, #i#kY
YTNDKRETFA XAPLERGEITE, Ak
50-100mgiZ % L T, 1 ml® Trizol Reagent % H
Wy, U — ARk E Microsmash MS100R (3 —
L) 2T, B#ziTo7. Z0aRV AR
M X B o N7RBEERGIF L, 4V T axs
J = IVibl =47\, RNAZ ML L 72, RNAZ
ReverTraAce qPCR Master Mix with gDNA
Remover (TOYOBO) % JH\WC, #ifnE L7,
AL 72cDNAZ M & LT, Ki#fnF oS
% £ #PCR 1 CFX connect (Bio-Rad) 12X D
fiEEdT L 720

2.4 MIZTHEA

B HNNOBEFEATT 7 AI FEHW
NI ART 2 vay, $3TT/OANVARE
WG X D FEREL 720 77 A3 RV
NG UYAT 7Y a yDf, CSTBL/GNT ™7 A
HORDRNAD B A L 72 I F 2R DcDNA %
$FE LT, BET2BIZTDY 8y BHa—
FHEIRZPCRICE DIIRL, HHRL7, Thzik
Wy 2T TH HGFPEIZT 253 TICHAAE
NTWwWb 75 A3 K7 EiZIn-Fusion HD Cloning
Kit (TaKaRa) ZH\WTHARAL, HMAAF
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N7279 A X PRI RERE, 708y
) UTRIRL 7z, Bonzan=—id, At
FCHR%ER; 72 L, ZymoPURE Plasmid Miniprep
Kit (ZYMO RESEARCH) #l\WwCT7 5 A3 F
OB EFT o TI9AIFDLNS YA T2
voa vl E,
(Promega) #JH\W72o TF /) 74 NVAZH W2
RO, FRoru—= v rFELREEICH
WiEfzT%3—F35DNA%Z, 77/ 74V A
F) L% A—FT5ITAI RXRTF—IZHARA
720 MIREBERLIIZ LD T T/ IA VAT ) A%
IAI R HBLA#E, Adeno-X 29340
Wik v 2722y avl, 7TF/94 VA%
L 720 L7277 w7 4V 2 % Ml ks 2885
WISHEMT 5 2 8T, BT 72

2.5 7 Ltk
CRISPR/Cas9¥ A 7 A ZH\WT, #ET DO
HWixfiolze BWBETOZFY Y 2BENET 5
A FRNA#Z g%t L7z FREISA A4 FRNADE
e HEHEBOT Ry Z2f&IEa FICERL
- —AR$H{+ 1) ITDNA (ssODN) % #&&hL 7,
crRNA, tracrRNA, Cas9 % ¥ %27 %, ssODN
#HAL, HWEETFHNOI Fr2f#ika i
BHEL, ¥R TEPEBL VI HITL7,
2.6 #EIHE

~T A - 7 v MR EEEGPM-101B/V
ANz A) FHWT, KFEXToOMEL
fio72e T RICHIKTN—%00 T, B%
Gloiks & TR ZiLek L7z, WEM DA
YE=NVE1GEL, 6 MOWPERIT- 7,

ViaFect Transfection Reagent

3. BREEE

3.1 EARIMEEE OIS

WFZEBIAG M AT - 72284 1y M EBRTIE, B
MEEALBE, 77 ryavryohl—%, %
YHRAI—T % EOMMEEHE % BEOE Tl &

HMAEDET, BRERH~OBLRMEE L L
720 LAL, ZOHETRI VAT LAHIZYhDa
A MHE L (305005 1), v AT Aakbi
BRIRE <, MMOfNrEE & O#EEDTH T b Fik
AN E W) REDBH 5720 T D0EELYH
WCAT o 72— MO FEEROFER, B> AT AT
AL TCwzRilgi GEBLIH) <iF, H—&
JEAECHIBL L 7236 CTd, Bl o ki
BN, BRTXLIGHEREICIESD DD
0, FHEHECHERD L Z LTl 2D
DOREMRZ T XL, TATHSBFERE %
FheBGEL, U AT LA THERL TWhlie
EOEZ T E 28 LW ELU B E & 13
L7z (Fig.1)o TOBERMBEE I A AH9E
WINE L, FEmEEtBRDLELE Lewn
e, MEICHATAZ LN TE S, $77,
S F F RO & BT 2L R ORI
WY —VRERTHIENTE DL, BERHFAZ
FEREL-ZEIZED, 2 TANORBTHH
FEIEREICERMAE 2> b= V5562 LT, HI
PEASKIEZ ) L 720

3.2 BRI X 2585 7 4 7TEROKES
BERNLDO /RS — 2 DN X > TEK & A

Fig. 1 The electrical pulse stimulator developed in this
study. By implementing a constant current
stimulation method, reproducibility was greatly
improved.
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4.5

i

25

15 N.A.

1
0.5
0

Myh7 Myh2

m Control

I

Myh1 Myh4

EPS

Fig. 2 Cultured skeletal muscle differentiated from C2C12 cells was subjected

to slow-muscle-type electrical pulse stimulation and gene expression was

examined. Myh7 gene expression was upregulated.

Nfatc1-GFP

EPS - +

Fig. 3 The transcription factor Nfatcl moved to the
nucleus of the myotube and was activated in
response to electrical pulse stimulation.

TR NI FLETE L0 L) »HGEL 720
BGEI I~ T A HER O 3 M T d 5 C2C12#1 1
WEBERZINETHMEI TR0 x v,
C2C12 bR SR DBS 2 /H W IX B FH LD I 4 2 &
HIPTH L Myh7#AZ TR T a Bl I+ o K
THDEMyW2BIETIRFE 72K BB LTBHT

EFHMEZZ SN Do BERAMHEE 2 VTR
BORH 5 — ¥ TR Z ATV, B8 % #

MLz s, EHMoOIF Y VEHTH
Myh7BETOFREAN LA L7 (Fig.2). T2
HROBELRIPIC L - T, BEHANTEE TV
LG EIRD 202, W6y 37 BGFPEAY
MU 7285 N 12 BB NI B S &, ZDR1E
ZALEBIE L, To—fE LT, ENT
Nfatc1D Bl % 7R3 (Fig.3). NfatcliZC2C12/iHz
HR DR AT, MREICRIEL TW 525,
BB OR Sy — e LT, MBI AT
L7zo F72BBOEGRFITOW TR R
Nfatc 1 PIAMZ b )R 1E 2 2L S & 2 95 K F % #
BREMT N TE,

3.3 SF TR, SR EMIH I E

HEES 2 IO

INFETOERTIE, #HHEO< 7 A
FRC2C127% W TIRIT 24T > T & 7248, ‘B &
ATEBPA DAL EZWLNICL, E5HIIEAER
ANDOIBHEBETH-0121F, FRB sy
FRAWHEO, SFSFLIMOMmANEHVTHR
FEEITORLCE R bR, TDH, Ak r
DX BHAN LTS, LEMIH N % B
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14

1.2

Jany

-

0.6
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0.2

I
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BWT

Myh1 Myh4
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Fig. 4 To examine the effects of the candidate gene on skeletal muscle types

determination, expression levels of myosin heavy chain genes in wild-type

and knockout mice was compared. In soleus muscle, the expression of the

Myh4 gene in KO mice was significantly decreased.

T2 HEEREMT 2UERH L, TNETICEA
AT 72 AR A 7> & O i 350 o> Bl 5 ik
T, FFMBOREINEL, <7 ABEER O &
) BRI KE RHALSIERA LMD 2 LA
TETH, YU ARMMHO & 5 /S A A
SOHEETIE, M9 HICKEIIH M E
T LORNETH > 72, &2 THIFMOR:E
BHEOWF 2175720 BEDOLITIE, B8l
DEGFELT, =7 MY R EZ RN 5 2 &
T AN O B hE 2 WAL T & 5 & v ) IS
Holzled, ThEME Lz, EBIZ, ARz
AFL, BREBRBEO=7 M) Er5=7 MUK
I ZER L 72 F W3l oR 8 12 B W T
1%, Engelbreth-Holm-Swarm~ 7 A @ A Jifi HH 3k
DHNEER T Z W TH RGO —T 1 Y 7%
110720 LLEOKGEIORR, #iZFMilg oA K
MR L, AR eE» S 1 EMARET, B
M ThiuE, 1 <10, REMMHTH-TDH,
15X 107842 BE O i 2 O F AL AT g & 72 5 72

3.4 B S A TG 2 BT RT O
R

INFETOMEDLNS, B Y A 7EHRICES:
T 5 WREME D & 2 B K F O 2 v o R
L7ze SNOHDOEENT-OHDS, EAGMHEICHE
PACHHL T RHEH T/ v 7 7Y b7 X
Z, 7 AmEICEDIER L7z LEHRILAA
TaRMBHLEOD, v 7T YT AT
L AT B T Myhd 15T OFBAHE T
BLTBEY (Fig.4), B DIET LTV,
3.5 #H

AR BT, B BEEE 2 A ICH %
L, ZhzHW TN R e 0 5 4 75 %
FHETEDDPMET L. F2, BWHOY A4 TE
BB G 2 W0 H 2 HEn G N T % WL
L, /9779 M AO(ERZE LT, S
YA TG R WEBEMNMTHIENTE, —
JiC, AWM TIE, EBOERKOMK L H
W, M A B L, BREEIL LR EMA
WS, 54 TEBIPETH L9089 1 xR
ATAZ L3 TERDLoT, BREIGEEEICT Y
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¥ 27 bL, KO L BRBEEETOHEDO AT
kAT, AFTHIENTERP S22 T
Hbo

4. B 8

EE R RERROERIIBWT, BEHROE
Wi s 4 7HEIBT 52 L 3LEATRTH S,
AR TREETHRIEC L S VWERHD S 47
BWHEM 2T THIEFHME LT, EBH»S
WIS W75 S F S F BB R OB XY —
BT E ZBARIMEELZHEL, ThzHwv
THGET 2T o 720 KR, BTN BV TR
WIF Y VEHEOEBZTHEIEL T LEHNTE,
Nfatcl 7 & OGN T OIEHAL 2 R T 5 2 L AT
T&7ze SOHITHWKT S A 7TEBICE D 2 fetk

Db HEHRFOBEMZFE L7z, B, HoiE
ErERASEL L, HEOBKHIA TOIF
YEMORERDNRAT B I L BMRTE T
%o AWFTE TR O NI Z F R K OHFEM A
WIS 5 ET, B S A TESeaY ba—
NVTEBLNE) D, SR ZHED DL FETDH 5o

X Wk

1) Stefano Schiaffino, Carlo Reggiani : Physiol Rev,
91(4), 1447~531, 2011.

2) Melissa L Ehlers, Barbara Celona, Brian L
Black : Cell Rep, 25, 8(6), 1639~1648, 2014.

3) Katja S C Réckl, Michael F Hirshman, Josef
Brandauer, Nobuharu Fujii, Lee A Witters, Laurie
] Goodyear : Diabetes, 56(8), 2062~9, 2007.

4) N Nikoli¢, S W Gorgens, G H Thoresen, V Aas, J
Eckel, K Eckardt : Acta Physiol (Oxf), 220(3), 310
~331, 2017.
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Add value preparation from livestock by-products to regenerative

medicine materials

LU
(R REBE T SER)

Hideki Kanda

(Graduate School of Engineering, Nagoya University)

Porcine aortic tissue was decellularized by subcritical dimethyl ether (DME) used as an
alternative to the surfactant sodium dodecyl sulphate. The process included three steps. For
the first step, lipids were extracted from the porcine aorta using subcritical DME at 23C with
a DME pressure of 0.56 MPa. Next, the aorta was collected from the extraction column, and
DME was evaporated from the aorta under atmospheric pressure and temperature. Residual
DME in the aorta was not detected by a headspace GC/MS. The second step involved DNA
fragmentation by DNase, which was primarily identical to the common method. For the third
step, similar to the common method, DNA fragments were removed by washing with water
and ethanol. After 3 days of DNase treatment, the DNA was completely fragmented, and the
amount of DNA remaining in the porcine aorta was 40 ng/dry-mg, which was lower than the
standard value of 50 ng/mg-dry. Haematoxylin and eosin staining showed that most cell nuclei
were removed from the aorta. DNase treatment for 7 days after DME extraction resulted in a
more complete removal of DNA. These results demonstrate that introducing subcritical DME
into the conventional method of decellularization of porcine aortas eliminates the need to utilize

surfactants.

F) BEHTH Y, TOMEE LTEIIKMIED

1. H g} . "
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Fig. 1 Amount of lipids extracted by subcritical DME extraction
from porcine aortas.
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Fig. 2 Porcine aorta before (a) and after (b) subcritical DME treatment.
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Fig. 3 Haematoxylin-eosin staining : (a) Untreated. (b) DME extraction only. (c-f)
DNase treatment for 1 (c), 3 (d), 5 (e), and 7 (f) days following DME extraction.
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Fig. 4 Residual DNA amounts in the porcine aortas.
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Fig. 5 Fragments of residual DNA in the samples detected by agarose gel electrophoresis : (a) Untreated. (b)

DME extraction only. (c-f) DNase treatment for 1 (c), 3 (d), 5

extraction.
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Elucidating a novel mechanism of angiogenesis by mesenchymal

progenitor cells
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(Graduate School of Agricultural and Life Sciences, The University of Tokyo)

Mesenchymal progenitor cells (MPC) are present in a variety of organs including skeletal

muscle. We previously identified chondroitin sulfate proteoglycan 4 (CSPG4) as a molecule

specifically expressed in MPC in skeletal muscle, and its distribution during muscle

regeneration suggested a role in microvascular development. In the present study, we aimed to
examine whether MPC-derived CSPG4 affects behavior of vascular endothelial cells (VEC).
Lack of CSPG4 in MPC resulted in lower migration of VEC in co-culture system, and

angiogenesis from microvascular fragments from CSPG4 knockout rats was less than those

from wild-type rats. In addition, skeletal muscle growth was retarded in CSPG4 knockout rats

compared to wild-type rats. The results obtained suggest that meat production could be

improved by controlling the function of MPC-derived CSPGA4.
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RS N2 BMIEN % /i L 72 REZROMIEIK
ELRBY D, LA o T, Widio i #uBfc
RSN 5 EBMIMEREEARNSEs 2 LA TENn
&, BRI DR R AT T & A3
FEEh s,

Z ZCAMZETIE, MPCH 5l L 7-CSPG4
MHEBEZOMGBMEREICERL, Tz HIME
L CVECH T 5 2 & T, ®h=RMy 2 s Hi 2k
ML, ZOBROMHBMEDOIEIIHFGT DL
PR OMESE - VAE% U C, fm 2 20028
SR TTEmOMEICET 52 L2 HIIZ
L7z

2. 7 &

2.1 fEHEW

CSPG4XHH T v Mi&, HHFE% 12 CTCRISPR/
CasiEz HIWTIERL L 72, 23T, IRFE60% 12
HMEFESN7-BWRICCET L, BUEHE, KiZH
HICHEN S &7z, T XTOBWEBRIIHTKF R
FI Y FER R H S OB E T T T 5 72,

2.2 MIZERETERANIG & I N R Ml o Hhks 48
7 v b HZERERATE2GIIAEY & 2225
TE% L 72CSPGARHHMINE (B2GOMINL) B X Ui
EHNEMOE TV E SR BHMSS31HIE (JCRB
HMila Ny 7 K 0EEAN) &, 10%FRTiE % 5T
DMEMH T #4EH L 720 3 x 10 > MSS315

i % transwell® @12, 5 x10*E® 2 G114
b L <IEB2GOMIILZ TREIZ, ThEnfHmRL,
24RFMIGE Lce AV T L v B FAFRMLIZD
L, FOWMMICHEHEE L T bMSSIH LB L
CRA YTV YO TFMIAE#EE L 72 MSS31# a2
ZEHA L 720

2.3 B OB IR

BB X OCSPGARIET v b 2 » H &
57 B2 RELZMWE L. EHIT, 4V
TV VRO BRI AN & 0 B & RIS
720b, BB IOLHERIL 72, fHER
(RIIEEh, eI 2B L) 2llEL, %
WU 7B AR ERTHE LA v Ry v
HCAMBR L, fHRE T -80C THRAF L 720
AT TN LB 2 ERL, BLY R b
074 YHRICE D REGRE LR 2 v
2 r HI\Z BT 2 e 2 5l L 72,

2.4 M¥E795 2722 OENE

AR B X OSCSPGAR T v T+ DRIk~
O, BEFRAHIC XY BMIME oM (E 7 7
AN BN LIz, ThEas—4 v )
WML, 6 HMEEAEL -, BT T, MmE 7
I 7 AV MIHFRT 2 MENEMILIC X ) B
NDHAMEORES L BsE e L7z,

3. BREEE

3.1 ERRTERGHNE S 5883 5 CSPGARDS AT
WM DL G 2 5 5%

ARIE H C U % 0 B A 35 1) B CSPGA%E
B OH WA MAE NI DL EEE 5 2 5 H
EANIOVWTHIET A L2 HME L7z, M
PR (MSS31MIE) & 52 R Rl (%
AT B X OFCSPG4A K FH2G11 M B (B2GOA L))
AT L IZE D ETIIXY) S 7z transwell
ZRHLCHRE L 72, 24BERIRICA VT L VD
ETFIA#E L Tw 2 MSS3LAM e %1z, T
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2G1TMIAE L < IZB2GOMNE % % L 7B L O°
MBREFRHEL T2 WHEOB TEVWSALNE
Motz (Fig. 1)o SO & A5 B3R RT RN
DA MR, Z NI BT 5 CSPGASEBL O A M 13 1t
HHNEMEOMEIZIZEEE G2 W L2555
Motz TOK, AV TLYOTFTHIINELTWY
7-MSS31MifaE, ThbuE X T Ly BN S
TN L2z, R ICE AR 02G11
H % 38 L 7235 & 12 ik L CTCSPG4 /R H2G11
Mila (B2GOAMNE) % #&HE L 72356\ B
LTw7z (Fig. 1) SO & A 5 [ 32 % i BE AN
Fa 2 F6 3§ 5 CSPGAI I3 Pz Ml % 3% 51§ %
VEMDH 5 2 &AL 72,

3.2 CSPGADSMAER G- 2 5 5

ARIH TIXCSPGAD A M3 A8 Fr 2B\ B %
B2bhEINICovwThGEsTs 2 &2 HE L
720 CSPGARIET v b A HEREL 72 I 45 MLk H
(75722 ) ©0as—4 v rVNE#SR
BT IMEHAEICOWT, BAEMS v FEkD
bOLI L7z TOMR, FIE6 HEIIBITA
PR ME ORI CSPGAT v M kD
M%7 5 7 A v b CEHARI AR TH B Z
RL72 (Fig.2)o @ Z k%5 CSPGAAH LA
KT A IREEHZ S22 E DS E o7

2500
< 2000 -
q) L]
8 ) .
~ 1500 - T T
p: 7 Kl -~
E 1000 - I .
e !
8 500 -

2G11 B2G9 Control

Fi

3.3 CSPG4ARST v s ORE ARG 2 5
7

ARILH TIECSPGAD A Mt A3 FE B I AR D A
MRDZEEEER G 2 HHE ) PITOTHGEET
52 LEHME L7z, U EDin vitroDFEER TR
SNz, ME PRI o 3 R i A A 3 %
CSPGADEHIE, UM FHL Tt BYDY
DTHo72e 22T, TOL) HIEMOFE X
D EBICHEEIENPEL L2089 ion
T, CSPGARET v PEHWTHE L7z 2 4
HigB L5 » HIBIZBIF 5CSPG4T v T+ 1k
BEOFHHER, CHEEIVITNOHARS v
MCHARTEMEZ R L T2 L2 s, Mo
BEMETFLTWBZ ENEZ LN (Fig.3).

ZZ T2 ARICBIT 2 BHMHIEEICOWTH
% HIGT, HFREENTH LT & B
MBI T B & T A& Z NE IR T 5 i
DIE % ERmINILE - T L7z 2 ORER, aik
T, €I AME HICCSPGARIET v  TIlEH
AR T v MR THREISH MR LT
7z (i MAMERE o v g, HTIS S ¢ B AR T8R4
um vs CSPG4/K 16850 um, & T A : BpER
104.3 um vs CSPG4/X 989 um) (Fig.4), Z®
Z D HCSPGAREDNHOFEZ KT S50

600 - an
I 1
~ 500 1 —r
q) L]
S 400 + .
g 300 - T
£ 1 .
3
£ 200 A o o
© . s o,
S 1001 . 2
2G11 B2G9 Control

g. 1 Effect of mesenchymal progenitor cells with (2G11) or without (B2G9) CSPG4 on proliferation (left)

and migration (right) of vascular endothelial cells. Graphed data are means = SEM (n=8). ** and

*** p <001 and p < 0.005 vs 2G11, respectively.
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Fig. 2 Effect of CSPG4 on in vitro angiogenesis from microvascular fragments
in collagen gel. Angiogenesis was evaluated by measuring sprout length
(left) and sprout number (right). WT, wild-type : KO, CSPG4 knockout.
Graphed data are means = SEM (WT,n=4 and KO, n=3). * and **, p <
0.05 and 0.01 vs WT rats, respectively.

*hE DEES
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Fig. 3 Body, skeletal muscle and cardiac muscle weight of wild-type (WT) and CSPG4 KO rats. Graphed data are
means = SEM (number of rats used are indicated in parentheses). *, ** and ***, p < 0.05, < 0.01 and p < 0.005
vs WT, respectively.
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Fig. 4 Distribution of fiber diameters of tibialis anterior and soleus muscles of WT and CSPG4 KO rats. WT,

wild-type ;: KO, CSPG4 knockout.

RETEAVR S N7z
4. B 8

A OGN [ HRHE O L T S
5 EMMEREZRINS &5 2 EATEL, 2%
M A DI ER R R T Z eI S h
5] LI b0ThHL, DLETHRLNAHAE,
IR R AT BRI X 5 M T AR AT 5 2
LERTHDT, KPEOBHIZHEHT LD
THo7zo 5 %1Zin vivoll B 5 IMLEFEDFE
M 75 AT <> T 52 10 BIHE K 2 & CSPG4 23 ) iy &
NCTHEEHT LB ICOVWTOMY ZED S Z &
T, ERREOWENIIZIT 72HBO 7 78— F750]
TEICR B2 AR E LA,

Xk
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Evaluation of meats functions as a choline resource

I
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Yutaka Miura

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

The nutritional properties of meats as the dietary choline resources were evaluated. The
contents of choline-related compounds, that is, betaine, free choline, phosphocholine
(P-choline), glycerophosphocholine (GPC) and phosphatidylcholine (PC) & sphingomyelin
(SPM) in several kinds of beef, pork and chicken meats were determined by LC-MS/MS
analyses. Water-insoluble choline (PC and SPM) was the most abundant in beef roast meats,
while pork roast meats were rich in water-soluble choline, especially GPC. Chicken breast
meats contained much amount of betaine as compared with other meats.

Rats were fed for 16 days with the diets that contained freeze-dried meats powders as all
dietary choline source. There was no statistically significant difference in body weights, food
intakes and liver weights among all groups, and the serum biochemical parameters were
almost equal, although slight hypercholesterolemia and hypertriglyceridemia were observed in
chicken-diet group. The serum concentration of PC and SPM was 10 times higher than that of
water-soluble choline. Although there was no statistically significant difference, beef-diet group
showed the highest serum total choline concentration among all meat-diet groups, suggesting
that dietary PC and SPM might be important for the homeostasis of serum choline
concentration. However total choline concentration in the control group was almost equal with
beef-diet group. This result suggests that free choline is also important as dietary choline
source in water-soluble choline compounds.

In conclusion, beef roast meat was proved to be a good resource for a dietary choline
resource and dietary free choline and water-insoluble choline might be important for the

homeostasis of serum choline metabolism.

RLIRD 2 <, FAAFHIUEEL EO LTV

WS, SRER N T IR ARG ED 5T

IV NFAMRT VEZTLAFT YD) AF BY, FLESERLITOATVWS, 251, XK
TIIAZI—=NTHY, A, I, BEREICEE ERBA O T— 5 N— A3 &R, Wi
IZEHEIN W5, BIE, FAETIZa ) VIdWHE MO YEEDPTLRENTVEA, BKPEOE
DRBHRELTWONTES T, BRESE~ND  whoa) MMeawoam 3 ENICHAE Iz b

1.B ®
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DU BN TB LT, T—FIRXR—ZAJMEL
TWwWhwv, L2aL, 2 YI3EEMETH 5
TeFuay r, M) VIEETHL T + A
77 FINAY) YOFERTHLIEZTTHRL, ¥
NGB BIRD X F VA G35 — i FACHEE
PEEMN T 2 EELLEWTH Y, ZOREFN
RBEEEIHS 2 TH 5,

AWFgeix, mHEmka) Y oRELERIETDH
HEW, FHICEPEICBWTEELRAENTH 54
W, KA, BAZERELT, a9 rE5ataw
BT EOEVWDEOTHEL, BT —%
N—2ZLWgT LI L, SHICKEENOF TR
By v ERPL VI OWE £/ Ve
L CEBRBYICERSE-Bomb a2 v &41t
WO EMET A LIk, )
MRS LTER-EREZ ML, SRORMI -
KEFMME 2 HO L2 HMET S,

2. /7 &

2.1 BRI rEEOflE

o) UEAEEWE LTRKBEED D E LT
W #E 29 ~ (Free Choline), " A &k 21 ~
(P-Choline), 7V +tukzkay v (GPC) @
3HA, WAool LT7+ A7 7FYNva
) (PC), A 74T ¥ (SPM) 2°dh
0, ThHO5HERICIZLC-MS/MS% w72,
W’/ R (-2, %), K
W (e—2, el), BW (b, &h) 061
THY, WFRBHITDO A== —4 v b Th
AL7ze BERPSD ) YYPIEHRY » TV O3
WBUTFDO L) IHTo 72, FERIIHEZ A w
XRS5 gL, 4BEORX Y ) —LER
mL, xEV2FA ALz OLLEEEZZD
F¥a) YHlEHOY Y7 vE LTLC-MS/MS
Wt Lz KBEMTY & LT, Free-
Choline, P-Choline, GPCIZhiz T2V ~ B4k

EMTHHINY A Y%, JREMET) v & LTPC
ESPMAMIEL, vy 7V EICARL gdb 7
Vo) Y EhHEERDI,

LC-MS/MSIZ#HAS O T 2% EL TiT-
720 KRBT ) Y OGMFMIUTOEBY TH
%o HPLC (H3ZLC2000) (2% 7 & (XBridge®
HILIC35 um, 2.1 x 100mm (Waters)) %345 L,
Jit#0.2ml/min - 4 7 AWEI0C - B T IVIE
10C, v 7 IWVEARED uLOGMTHEEL 720
WEEERIE A 5 5 mMREER T ~E=" ApH40, B ;
100% 7t h=tUNEL, 05556325 A
185%, B.815%, 32455 5% A.80%, B.
20%, 545144 A.80%, B.20%, 1454
51415+ A.185%, B.815%, 14.153% 5205 :
A 185%, B.815% D75 TV T v M TokL
720 HRAMHTIZIEBruker daltonicsftt:MicrOTOF-
QUL % 7o ST R A N RS HE - & L C
FEF b v A (Brukerth) Z oI &S
WL, ¥—27 oAk LTRSS R
ExIT o720 4 F VLE— FIZES/positive & —
F& LT, &1 dm/z (Free Choline 104.1070,
P-Choline 184.0733, GPC2581101, X % A4 ¥
117.1463) K3 2WEO Y — 7 HfEL b & 12,
IR I E D K BEHE S D 73BT 2> SRR L 72 M
WX DIREEZRD Tz,

—J5, BB VLT oM THN L7z,
w7 bt METhr, HHI I LI
CAPCELL PAK C8 (OSAKA SODA, Type :
UGI120, 5 ym, SIZE : 15mm LD.x 150mm) & L,
Wk 1 02ml/min, # T AEEE 30T, 4T
HEE 0 10C, ¥ 7 NViEAR 5 uL D5MATH
BEL720 Ny 77 —1E, A SmMEERT v E=
v ApH40, B ;100% 7k F=hrYNELT, O
S5 145 A 95%, B.5%, 15705 5% A
40%, B.60%, 55225104 © A. 15%, B. 85%,
102517453 A. 5%, B.9%5%, 170552745 -
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A. 5%, B.95%, 2755527245 1 A.95%, B.
5%, 272575305 A.95%, B.5%D T F
VIV ML 7o BEHES (PC, Avantith
#WoOPC (12:0/12:0)) ¥ 7hEl 90
HRTRAL, WHEED Y — 7kt & ol
Iy, MBS hE—2soEE2ER L, PC
BILUSPMO ¥ — 7 Ooeiix, MS/MSHHTIC &
DR ARTY) YT Hm/zTdh 5 184.0733%°
Bl EN7BA + v onFREMRAL, 2051
HEHETHWEO 7 VI A EBERT AT &
TiTo7c MIMSNBHOE -2 25 LD TH
3 HI L TPCBLUSPMOEEL Lz Lz
HoT, ZHOGHTEES TR EDPC &
SPMOAFEHE L TR L7,

2.2 BR%EI) VL LSO B

f SR
BEADOIHHRERDSIREE D) YR DL E
AINBTHW (T—R), KEtkay ¥ &b %

CHEENBEA (T—R), N¥ AL 9% LEE
N2BA () #2EY, FERTIY) VFEET
LEMERHLT, Iy MEMAFE L. ARRE
WA—=A—XDHEBEHEA L, BGETEL7210

Table 1 The composition of experimental diets

WykrE, o—ARIHAT 5 OAZIY H
L7zo EHF a v =2 HWT, WEIrFIi2
L, €OF itk 77— 7oty ¥—7T
AL U720 AEHHLE X Table 1 1278 L7zo A
MBI AINISGIZHEHL L 7228, dlFERINsShTnw
L) v EEEROARATHRINTSZ LITER
hoa) YEHRPONETH 72720, ay v
HGRE3SFOLICHS L, HEoaY) Y2808
WK ZEH L, ThollaEnsd v vy
B, REERE HALMEER 2 (L)) 0%
YT 2HA»SHBL, Thoofz v, &
s 5P, WEERE Lz, L7z >, 4
MW7 BTy U7 B3 L IR %
(Table 1 IZFMEIC X A &L FEHK) o

Wistar, 287 v b (58, HASLC) 24FH%
FhfAE D%, —H 6T L L TFYREDSEL L
% &9 AR, AIN9SG (kY »,
Con), Beefff, Pork#, Chicken&E® 4 #T16
HEf8E L7z &, KZAMERE L, AHE
BEEH, REIZ2HZEICHE L, fER
TRHZREET, THRERIRE D &R L, g2
L7z, Mo ) v EELE I oOMER,

(g/100 g diet) Control diet (20C) Beef diet Pork diet Chicken diet
B —cornstarch 39.227 41.7 42.2 34.3
Casein 20.0 0 0 0
Beef powder 0 25.6 0 0
Pork powder 0 0 25.1 0
Chicken powder 0 0 0 280
« —cornstarch 132 132 132 132
Sucrose 10 10 10 10
Corn oil 8 0 0 5
Cellulose powder 5 5 5 5
Mineral mixture (AIN93G) 35 35 35 35
Vitamin mixture (AIN93G) 1 1 1 1
Choline bitartrate 0.073 0 0 0
100 100 100 100

The values are calculated based on the choline contents in meats (Table 2) and other nutrients contents in Standard
Tables of Food Composition in Japan (7th ed.). The protein contents are 16.7%, 15.5% and 25.7% for beef diet, pork diet
and chicken diet respectively. Fat content is 8% in all diets. The choline contents in all diets are equal.
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MHIOuIZAE 7 —N90ul ZEML, 10457
TP O L BiEE Sy TS E LT
GMEMI R ERUTH S, 72, I
Eh OB FIE 2 ANRICZREE L CllE L 72
(fEfE, My v 828, 7Vv7I v, %o
LA5u—)v, HDL-aL xA5u—), ~Y 7Y
)k, MR, VU CIRE).

??O f:o

3. BREEE

3.1 BRTOIY yERIZOWT
Table 2 IZ/0 T R 2R L7zo #fiida Y
HALEWZTEoa) v oREELTHBLZLDT
HBo FRIIKEET Y AMLEWITIRT, JRE
PHay v 22L&l L, KRRMEOENIIT
FUTHoA, HBKEKEETY ¥, FFICGPCAH
TR & RRRIREE T Y ) Hs
LS, FORIIFRHLY DL nEn) 2P
Y/ Table 2 IZUSDA®D 7 — & N —
AV oL ERNOMED IR L 7228,
P-Choline % B\ TR TEINIZ R - TW b,
48l @D Yl 5 TP-Choline A3 9 12 72 - 72 P I A
WThL05, WELDE, BHEROMER EH
IR L TV 2 REMEAE 2 b7z, F72, USDA
DT =& RN— AWM EER DT > 72

ZnwZ &,

7&‘97}:0

Table 2 Choline contents in beef, pork and chicken meats

D, WEAOBMATFIR S Tz ) LEHEK
T5Z LI HEL . BAEOEM DS HD,
MHDI) ¥ F =7 N—2AZHETLLEDND D
LEZOND, BB, SROSHCIdIREET)
> & L1000 R % D5 F AR S TV 525,
FICOWTIIEET 2, L2 L, =il 50>
TIRERPIHERIRNRZ 43 5PCHEET 5
CELWLPIIENTEY, SHOWETDHHFH
NRWiRASH: & L 72PCOFEIE R RIR T 5 7 — & %
BohTwb,

WIZ, Table2 DFEREZ D LIZLTaY Ltk
IR & L CRWHARSEER KO A% 7 2 % 1F
WL, Ty MIERSE, SR SHREE
L CoORMIi % FEh L 72,

3.2 FEWHkI) YEAEICK B EE IR

16 MBI T % H8ET— % % Table 3 12
R L7z RERINEIZEY L TidChicken#f A Beef
LD OABITHWEEZ R LA, MoBEHTIX

BRAZEZRDOON ol Y yEmar by
% 72901ZChicken#ETIE 7 Y X7 B L XV <
oTWbIENZOHHDO—DOTHLLEZDL
N7z, FRFENGE, FFRERISEIRO N2
720

Fig. 1 12 EAL AR OWEM K Z T L 0

Betaine Free choline GPC P-choline PtdCho & SPM Total Choline
Meat (mg choline moiety/100 g wet weight)

; Roast 545 2.60 453 13.80 4233 63.72

Beef ol ollololololoooooooooooooooo
Tight 5.02 0.80 352 13.34 28.14 46.13
. Roast 7.06 404 14.48 14.21 40.82 7372

20} 0 S
Fillet 278 240 15.25 13.77 31.85 6342
Breast 12.04 2.77 2.68 8.33 34.89 4897

(001103 0§ B
Tight 361 3.64 2.20 562 38.38 50.13

USDA database?

Beef Shoulder 120 1.0 6.1 15 66.2 75.0
Pork Shoulder 4.1 54 11.0 1.0 61.0 795
Chicken Broilers 85 58 11 35 56.0 66.0
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Table 3 Initial body weight, body weight gain, food intake and liver weight

Con Beef Pork Chicken
Initial body weight (g) 151.8+15 1523+20 152517 152.7+30
Body weight gain (g) 74.8 2.0 72.0£3.02 74.0 =292 83.7+24b
Food intake (g/16 days) 2375+26 2266+54 2337+54 2393+27
Liver weight (g) 8.90 +0.26 8.36 +0.25 868+0.32 9.51+0.36

Values are means+SEM for 6 rats. Values not sharing a common letter are statistically significant at p<0.05 by
one-way ANOVA followed by Tukey-Kramer’s multiplecomparison test.
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Fig. 1 Serum concentration of biochemical parameters in rats. Values are means + SEM for 6 rats.
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Fig. 2 Serum concentration of choline-related compounds in rats.
A : Betaine and soluble choline-related compounds
B : Total soluble and insoluble choline
Values are means * SEM for 6 rats. Values not sharing a common letter are statistically significant at p < 0.05 by
one-way ANOVA followed by Tukey-Kramer’s multiple comparison test.
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Studies on 2-oxo-imidazole dipeptides in meat

Ja Foy B R B
(KBRS R 7R B RS

Hideshi Thara and Shingo Kasamatsu

(Graduate School of Science, Osaka Prefecture University)

Imidazole dipeptides (IDPs), such as carnosine and anserine, are present in meat at high
concentrations. They can act as antioxidants and metal chelators, and are involved in various
physiological processes, such as anti-aging and anti-advanced glycoxidation end-product
activities. Recently, in mouse tissue samples, we demonstrated the endogenous production of
2-0x0-1DPs, such as 2-oxo-carnosine and 2-oxo—anserine, which exhibited significantly higher
antioxidant activities than IDPs. The functional oxidation products of IDPs, 2-oxo-IDPs, are
most abundantly found in muscle. However, information has been scarce about 2-oxo-IDPs in
meat. In this study, we aimed at quantifying 2-oxo-IDPs in various meats and increasing
2-0xo0-IDP content in meat hot water extracts.

We quantified IDPs (carnosine and anserine) and 2-oxo-IDPs (2-oxo-carnosine and
2-oxo-anserine) in meats from various animals and chicken using high performance liquid
chromatography-tandem mass spectrometry coupled with a stable isotope dilution method.
The analysis of 36 samples showed that IDPs were present in meats at the concentration range
of 72.8-397.2 nmol/mg protein, consistent with previously reported results. Furthermore, we
identified and quantified the 2-oxo-IDPs in meats, and determined that 2-oxo-IDPs are present
in meat at the concentration range of 0.026-0.90 nmol/mg protein. The 2-oxo-carnosine
contents in foreign bovine sirloin and 2-oxo-anserine contents in chicken meat were higher
than those in other meats.

In addition, we prepared a chicken breast hot water extract as a model of meat processing
residue. The hot water extract contained carnosine and anserine in millimolar concentrations.
The incubation of the hot water extract with copper ion and ascorbate under oxygen
ventilation enhanced 2-oxo-IDPs levels in a copper ion and ascorbate concentration-dependent
manner. Under optimum conditions, the 2-oxo-IDPs levels in the extracts increased by 359-
fold. When air was ventilated instead of oxygen, the 2-oxo-IDPs levels increased by 140-fold.
These results suggest the possibility of effective meat residue application by increasing the

functional 2-oxo-IDPs molecules present in the meat processing residue.
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Table 1 List of meat samples
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Table 2 MRM parameters
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Fig. 1 Quantitative analysis of carnosine and anserine in meats. Carnosine and anserine in meats were quantified using
HPLC-MS/MS coupled with a stable isotope dilution method.
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Fig. 2 Quantitative analysis of 2-oxo-carnosine and 2-oxo-anserine in meats. 2-oxo-carnosine and 2-oxo-anserine in
meats were quantified using HPLC-MS/MS coupled with a stable isotope dilution method.
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Fig. 3 Production of 2-oxo-carnosine and 2-oxo-anserine in hot water extract of a chicken breast. The hot water

extract was incubated with copper ion and ascorbate under oxygen or air ventilation. 2-oxo-carnosine and 2-oxo-

anserine in the extract were quantified using HPLC-MS/MS coupled with a stable isotope dilution method. ASA,

ascorbic acid ; Cu, copper.
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Development of internal verification methods for control of biological
hazard in beef carcasses adapted to both global standard and domestic

slaughterhouses

WoOE ML
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Yasuo Inoshima

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

In slaughterhouses in Japan, the cleanliness of all carcasses (lots) is generally evaluated
by examining the viable bacteria count by the “cotton ball method.” In this method, cotton balls
are used to wipe the surface of a certain number of carcasses determined according to the
number of slaughtered animals. However, the testing accuracy of this method is not high due
to its low acquisition of viable bacteria from the carcass surface. In addition, no clear method
has been established to evaluate the cleanliness of all carcasses (lots) based on the test result
of extracted carcasses. This study compared the viable bacterial counts examined by four test
methods: excision (EC), sponge swab (SS), cotton ball (CB), and cotton stick (CS). In addition,
the number of samples required to evaluate the cleanliness of all carcasses (lots) at internal
verification was calculated by probability estimation based on the three-level method
recommended by the International Commission on Microbiological Specifications for Foods.

EC displayed a high value in the comparative quantification of the sample collection
methods and was considered appropriate for evaluating the true value. However, the EC
method could not be easily performed on multiple samples, and was therefore economically and
operationally challenging. The viable bacteria count determined by EC is equivalent to the
viable bacteria count measured by the CB multiplied by 50. In addition, the three-level method
revealed that 10 samples were required for adequacy evaluation of lot at internal verification.
Therefore, microbial testing by CB with 10 samples was considered practical for internal
verification.

To control microbial hazards of beef carcasses in slaughterhouses, we successfully
developed an internal verification method. Statistical evaluation demonstrated that the method
is compatible with the actual situation of domestic slaughterhouses and is scientifically

supported by international standards.
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Daily
operation

Scientific
evidence

International
standard

Fig. 1 Requirements for internal and external verifications.
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(International Commission on Microbiological
Specifications for Foods) 3 & WWNEU @ B A & %
kA ik R B EIC L,

& BN TRHMRIR IZ 4B GME Y Rl & Bl S
n, BEEDUE L7ZIEFA 282 vz, 13
257 Al O HSHTMM, —BFL LTHA, b
9 1 B30 H i O RFAHERE, i & L THRA
SN BHAOREERDOIE D 5 EUDY) Kk
(EC, excision), KEDAKY Y AT T (SS,
sponge swab), D AETIA LT E N TV 5 M
ki (CB, cotton ball), I X OHtk#: (CS,

cotton stick) (2C10x 10cm?® 3 2 &£ 128k, &
bR TLMIR = PRI L 72 (Fig. 2, Table 1), #
WA, JEAEG A OFHITHE VI K OE;
#EITV, — AR (logCFU/cm?) Z&H L,
% @ It# (Dunnet, p<0.05) %4772,

2.2 PIEPHGERE B 2 BB o M

ICMSF D% 2 J512 30 < 5] 7 1 4 £ it g 2
Je D E RN ENOBMBIEEORE L SHITHEE
R HEE2 20, BEE TomBEITHE) 1
WEREEEBL, LELHOTHATO—RERKD
FEN HEE (PO, Performance Objective) % ik

excision
(EC)

(B)

Back side

Left carcass

sponge swab
(SS)

abdominal siple

i

cotton ball cotton stick
(CB) (CS)

Back side

.
.
~

Right carcass

Fig. 2 Sampling methods compared in this study (A) and sampling sites (B).

Table I Comparison of sampling methods and sampling number

Method Japanese Black Cross bred Total
Left Right Left Right
Excision 3 3 3 3 12
Sponge swab 3 3 3 3 12
Cotton ball 3 3 3 3 12
Cotton stick 3 3 3 3 12
Total 12 12 12 12 43
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L7z PO K O AR 810 12 s A Wy o BLAE Sk
(MC, Microbiological Criteria) % &1y, =Rk
B YMC~POD KT = 1 & LG
Ty FDB5%VPOLEKT S & 290%DIEH
JECHERR S 2 72O I A a2 HIl L.

3. BREEBE

— AW (logCFU/cm?®) @ F3138) Bk
(EC), 393: ARy T AT 7 (SS), 249 ; #
Kk (CB), 223 Mtk (CS), 0.867T, WIbRk
(EC) #25 A 7zDunnettTik, ARV I AT 7
% (SS), MEkE (CB), Mtk (CS) wihd,
»<005TH Y, Ik (EC) 29F BICHEMZ IR
L7z (Fig.3)o $72, 1#12BATIIER A
WKIE Y, FRWTHoTerbBLL TR
FREIY AL SUBREEHEE T 5 2 &A%
fELEzohi, $4bb, Mk (CB) 12X
Dl Lo — AR EZ0M53 5 2 & T, YIkRE
(EC) 12X 2 —MERBICHATE L2 LW 5
e o7z,

R MGGE R 1S L MR, ZRERIEIC LD
10k E S 7z,

SRIOWZEI LY, BAOREMRAEE LT

L 72 4 O MARPEO R TIX, EUTHR
MENTWBYUERE: (EC) 7k d % Miwkkz
MHTELZEBHOLNEL o7 LL, ®)
W72 X9, A ZREOT, EsiiEZ E R
W, F R E TR AL, Sk I fEA
YRR (EC) &, WIS H MM b W
Thbo MEREE (CB) 1&g Lz—ER
& 5085 3 IR (EC) 12 & 2 W EIZIRA
TELZENPWNELo7zZ rn, NIEMGE
CBWTIE, ZREHREIC X ) HEE S hz108k %
MW7 MERE X DA MRAEDSERNTH S &
% 2 b7z, ICMSFid iF 2 A EIC D Ww T,
WA BRI (MC), AR 4 H
(FSO, Food Safety Objective), ¥ K H £ i
(PO) 12, WA (OCHi#, Operating
Characteristic curve) 12D W7z =l To
VTN T TT rRRIBLTNS Y,

Wk (BEC) M LTWAEUBND A 71
7 T, Wk (EC) TO—AEREIE, MEk
7% (CB) #&ateBUEIC L Ve L2 o5
BCTHRETLEHELTVDEY, Tr DRy
KRESELZZ01L, BRI H RS T
DEPRE N2, R bRERPER SN

=

I

% %

s

Viable bacteria count (log/cm?)

EC SS

CB CS

Fig. 3 Comparison of viable bacteria count among four

sampling methods. Statistical significance between EC and

others was calculated using an ordinary one-way ANOVA

test followed by pairwise comparisons using the Dunnett
test. *, p<0.05. EC, excision ; SS, sponge swab ; CB, cotton

ball ; CS, cotton stick.
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eeEbhs,

k&b, KEFEICEY, EHFLTORERD
MEMfEEE T L2002, BERNEZESOBY
FERIEEG L, »OEBIEEIC S FANEN T2
Fo THA LWEMGE T E, et icko &
BIZET 2 2 T L7z,

4. E 08

—HRIZDDE D LFRTIE, EHFBEHIS T T
WL — 2 BoBA ORI ZMERTHEWS
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WEH (0y ) OEFELZFHEL TV, L
L, FEIEARZER D 5 O LR ORI <,
MARGEDTE v F /2, fB LB R ot
WRPOBREK (v b)) 2 &) i 5512
DWTH YR FEMIEL SN TV, £2°T
4], Yk (EC, excision), AR VAT T
#: (SS, sponge swab), ¥k (CB, cotton
ball), 3 X O (CS, cotton stick) D &R
AR L AW A R L7z F72, Wb
FEIRELS, BIREE (T b)) OFSEORHIE T
B 72O\ E R, ERS AR BIEE
B 4 ICMSF
Microbiological Specifications for Foods) 723 3%
§ 5 ZRERE IO CRERIERHC X DV BN T 5 2
LAz,

BARBRIGE DB g A 6, EfEE xR Ltk
% (EC) »HAEZFHili T2 ) R TRUTH 5L L

(International Commission on

A ONTH, LMk IS 7% 8 B ik
(EC) 1%, MFMICHEHNWICORETH S, M
KL (CB) W2 & 0 llsE L7z —Me A W & 5005 5
WOk (EC) WX pWBIcETER L L
PAL,ERY, ZREICE Y ey PR
Sl D 72 60 V2 IR RIE IR (2 2622 720 AR X 108 A
EEHB SN XoT, WHMEEIZBWTIE, 10
Btk % 725k X 2 RS2 T
HbHEEZ LN,

RIFEIZ LY, LB TONHRAOMEDGE
WS 572000, BN L ELOBIEREIES
L, 2OEEIEHEIC A EMIT 2 Ho THlG
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Development and evaluation of smart risk communication method on the

food additives formulated in ham and sausage

Wil e il PR - BURL e
(R e H R I A RO RS L RUERFT 5 2)

Takeshi Yamasaki, Miyuki Yamasaki and Masatoshi Aki

(NPO, Science of Food Safety and Security (SFSS))

Risk perception bias on certain food hazards is generated by consumers even when food
safety experts evaluated them as safe. In this study, we aimed to verify the effect of “smart
risk communication” method targeting the risk perception bias, particularly “confirmation bias”
on food additives. We hypothesized the “smart risk communication” that the consumers should
understand the proper “risk size” of food hazards calmly when they are sympathized on their
risk concerns and get the precise academic explanation on them.

We performed the internet questionnaire survey to 2,500 female consumers (age 20's to
50's) who have health concerns on the processed meat, such as ham, sausage, and bacon due to
food additives (who think that the processed meat with food additives is unhealthy). First, we
gave them the questions to sympathize their worry on the health risk of food additives, and
subsequently, we gave the scientific explanation on their concerns by the food safety expert.

Although there was certain limitation due to internet communication, the health concerns
of food additives were corrected up to approximately 30% to 45% of respondents by “smart
risk communication”. However, 72% of respondents answered that they are willing to buy the
processed meat products without food additives, if available. As a result, we found the strong
relevancy of risk perception bias to the cause of the lack of understanding the risk/safety of
food additives, which should be expected for good opportunity to develop the new method of

“smart risk communication”.

Ba52Twb, 20174, 1IKRX ) R 7 381N A

TADKEREZ Y —7ry e L7zADY A7 332

BEMRZEOEMRBE bAOREY) 27 0515 = —Yary (VARa3I) FEFEREEZ, )
INEBEEFMIL TOANF—=RIZL b b AT BAVSA T A OFL 2O EFI R E 2 BRI
T, —MHBEA) A7 R MKICHEFREEL T A4OBHIFTCEDYAAIFHEOD Y FEREL
YR BHANA T AERERML, HRITKERE 72V bt OFHIR—DFHY, @Slovic

1.B ®
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Table 1a  Questionnaire #1 (in Japanese) to ask respondents to select the reasons (anything in 10
choices) why they have health concerns on food additives used in ham, sausage, and bacon.
Ql. NAY—k—=Y - R=TVEEDNMLARMI, BBREBENPIAAS TOZOTRIFICES ZVEEZ
ZHME LT, HTRESFHETRNTGRATIZZL, (WD TH)
1| BN AE N TR E D 2 o 72 IO 258 % 52 5
2 | BERICREFOFERKEFOBHRCTEMBMBIEITELZHEL RV L ) #1225
5 Nh = —TORMTNVERD &, S B LEWE (LRI 5% ErhTnT, o
HTHEHEN TV 200500 h0uhs
4 | A E WM O LERZILERT % &, RROBRMERD T B RZERE,D
5 Nh Y= =D Ao TR ERBMP OB TE, —HY IV E VR HAENaz &, fHICX
K BWDDWHBNH
6 EBEDSABFZEREBAAS, NA - Y — =V ERPAEWBICHE L2 L vz, A - Y —— VIR
BN/ A Z DRI E B 55
7 [BMEMIEEH L TOu R WAL Z L L TARON. | LEEBGEDOIEH SANS > TwizL,
3D TR AR LE LTI L TWwE 06
3 ERBRIMIOA - 72 TN [EXTIEWIT RV - - | Zllw)EERHE 1 v 7 —4% v badd
AT ERDDHND
9 | EREIPIEARNICER LT, BXHTTW2 9 BICELSEENN L2 Lk nhs
10 | pFhcib ST 2 R 2s, AATREHATTEN TV 085500
11 | BRSO 2o B E AL S

REPED 5Nz ZNUE, BEFERLERIC
9B BTN 2 & & ERT 5 b 0 LAl
Nize B, FHEFEET S EREXETHTDH
% Z L, RO ENEIEE L O %%
BTz,

KIZ, ERTHIFEALERNQ 1 D10 HIZ
35 EMEEOA MG (RFHIR) ORMEi
R, BUREZMERA L. Z DiEE % Table 2a,
Table 2bIZ7R9 5

Table 1 T\ F72105H H OARLERIZH L T,
ZNENDY A7 FBAVNA T A LT % FH)
AP ERZEOEME,rb5 2605 L, Rl
DTable 2bD & B Y48% ~68% DMEH (BB
R2ANZTADS3IAIIZ2AN) 753 EEC
&zt onEeRi, FERNITRSLE, &L
(230 D BFESEAS103H H v 8 L H TR X
D5 %Y EEDPo72Z EnD, NS EOE
WEERT B L TR L X 9 v ) T & 7
BB, 30RO LMEIEO L LN TERDD

EFM L7z B, THEMET A ERHEET
WCThbdI i, Q1 LItk ROMMERED
M2 =% RO e h o 726
FREOAREE X BANEI O, AR
WA M THEGEZZL L TERXLNL N E
9 D7z E DGR % Table 3a, Table 3blZ/R 7,
Q 1 OREEN % ) oSV IR 5 M H v
T, Q2 THARERICHT 5 EHMEOFMH
HOBMNOIBE LR L 720D, Q 3 TIEHK
REERIHN T 2L 0EEMER L7205, BBEh
FZIHHICE L T30%~45% 2% [EMimmm oA -
ZMLERMEZLLTERLNE ) 72] LhEL
720 F7z, THiEFEOHW (103HH) 2F5ATD
IR TERVOT, BMENPIOKA > 722
L V== TR DM TEMETE 72T
72w v BRI R A 7% #1394 % T,
9QHLL LoBBEFIIVTNAD [ROLLTERDS
NEH 72| OBRPEEA TV, EORERE
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Table 1b Results of Questionnaire #1 (QI) : Percentage of respondents who select the reason why they have
health concerns on food additives used in ham, sausage, and bacon.

*over 5 % less to average indicates % number with underbar

The reasons why you have health concerns on live with .
food additives used in ham, sausage, and bacon All 20s 30s 40s 50s children housewife
No. of respondents : 2,500 625 625 625 625 1,139 697

Because there were some histories of health
-1 accidents by food additives in the past. 152 136 136 178 160 14.2 135

Because I was taught not to use food
1 — 2 | additives in nutrition class at school in the 26.2 29.8 29.1 25.9 20.2 282 24.7
past.

Because I see many unknown chemical
1 — 3 | names on the label of ham and sausage, and 36.9
do not know the purpose of their role.

18]
=
Ny

371 39.2 40.0 385 37.3

Because the natural food without additives
1 — 4 | should be safer than process food with 31.2 339 339 29.1 28.0 31.6 324
additives.

Because some food additives, such as sorbic
1 — 5 | acid and sodium nitrite, should be 304 219 317 326 354 330 330
unhealthy.

Because food additives should be the main
reason why International Agency of
Research on Cancer (IARC) categorized
ham and sausage as carcinogen.

244 184 24.6 217 26.9 258 264

Because sales persons in supermarkets
1 — 7 | promote the process food without additives 73 9.6 9.3 5.6 46 85 59
claiming its safety.

Because I read the books and internet
articles claiming that you should not eat

-3 process foods if formulated with food 221 182 %38 246 221 235 199
additives.
Because food additives should be
1-9 accumulated in human body ?nd make the 365 301 381 370 108 289 85
bad influence to your health if you consume
every day.
Because the food additives which are
1 —10 | prohibited in overseas can be marketed in 16.8 10.1 194 21.0 17.0 18.0 17.2
Japan.
1 —11 | Other than above reasons 20 2.2 24 14 19 15 1.7
W—EREREDOONTEEZ D, EDG o TH L TIHEN
B, 3-1TH#EBEOHY (10HHH) %A CHRIE TR [RODLTERLNZEH 2] LiF
THMBMRTET, MBI DOA STz - FwniewnwE i)

V=t =T EOMLEMIITE 2720872 CFRBLTERODD
Vv, L L7zREFEOBBE (HHRZ 236 0) % CfEEHTE L ETHVAS
T YT AP LT2DT, T T L Oh &Sl CEMS OB S ERMEMPE AT TH

Sz, 5720, REICILS 2w
cHBEDHHFETA— I —DEWEDORNT &
CHLNEBoTBELRYDL, BTHENR LW Z L2EbawndSfiv

© The Ito Foundation



100

A2 FAICE S 5 B JE s AR (Vol.39)

Table 22 Questionnaire #2 (in Japanese) to ask respondents whether or not they understand the scientific explanation

about the accurate risk information on food additives by food safety expert (university professor).

Q2.

NAh Y=k —=Y - R=AVEEIHHIAZEMBNIOY 221200 T, BMERISHELOASRSE (K¥P8R) chz

PO Lz, SABRTE =BT 2T RN TGEATLZIV, bk, 123 TEL280 k-85, ZoMNI%E11EF
IZZHEL 2V, (WD TY)

W FEEIMP RN TR EATR Z o 72O LI L2 ch ) 925 OB THEUEFoZETHY, HAREPKN
TIEZNLRE, A HED OMHEHRIIEL T TR A, FOHIERBRNIEEH L aro722 21280, 01574 Lo fhis
ECHAMME L FAEL TR, AEMFERE RRIP CdI2iE, EMRNwE2 ST 2 e 03EEFNFE T,

FRIEF R KL OKRBE ISR 2 EH L 2 VAR L WA EORELSH 5 XD T, I CURE OBR &k
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MK F T,
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Table 2b Results of Questionnaire #2 (Q2) : Percentage of respondents who understand the scientific

explanation about the accurate risk information on food additives by food safety expert (university

professor).

*over 5 % more to average indicates % number with bold

Percentage of respondents who understand the scientific explanation

All

20s

30s

40s

50s

No. of respondents :

2,500

625

625

625

625

Scientific explanation about the following health concerns (Q1-1) :
Because there were some histories of health accidents by food
additives in the past.

68.7

69.0

66.9

638

Scientific explanation about the following health concerns (Q1-2) :
Because I was taught not to use food additives in nutrition class at
school in the past.

60.9

61.4

58.2

57.3

Scientific explanation about the following health concerns (Q1-3) :
Because I see many unknown chemical names on the label of ham
and sausage, and do not know the purpose of their role.

59.0

59.0

54.2

57.8

Scientific explanation about the following health concerns (Q1-4) :
Because the natural food without additives should be safer than
process food with additives.

51.6

50.1

486

50.6

Scientific explanation about the following health concerns (Q1-5) :
Because some food additives, such as sorbic acid and sodium nitrite,
should be unhealthy.

486

456

52.6

46.7

494

Scientific explanation about the following health concerns (Q1-6) :
Because food additives should be the main reason why International
Agency of Research on Cancer (IARC) categorized ham and
sausage as carcinogen.

50.7

485

536

477

530

Scientific explanation about the following health concerns (Q1-7) :
Because sales persons in supermarkets promote the process food
without additives claiming its safety.

50.7

464

57.4

475

514

Scientific explanation about the following health concerns (Q1-8) :
Because I read the books and internet articles claiming that you
should not eat process foods if formulated with food additives.

51.0

482

49.3

49.6

Scientific explanation about the following health concerns (Q1-9) :
Because food additives should be accumulated in human body and
make the bad influence to your health if you consume every day.

489

477

46.9

456

2-10

Scientific explanation about the following health concerns (Q1-10) :
Because the food additives which are prohibited in overseas can be

518

475

498

52.8

marketed in Japan.

2 —11 | Select if you do not understand any of above explanation.

33 2.2 29 37 43
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Table 32 Questionnaire #3 (in Japanese) to ask respondents whether or not their health concerns

on food additives are cleared by the scientific explanation.
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Table 3b  Results of Questionnaire #3 : Percentage of respondents where their health concerns on food additives

are cleared by the scientific explanation.

Percentage of respondents where their health concerns on food additives
are cleared by the scientific explanation.

All

20s

30s

40s

50s

No. of respondents :

2,500

625

625

625

625

Respondents who claimed no more health concerns (Q1-1) :
Because there were some histories of health accidents by food
additives in the past.

45.2

478

4338

418

422

Respondents who claimed no more health concerns (Q1-2) :
Because I was taught not to use food additives in nutrition class at
school in the past.

386

43.5

386

35.7

36.8

Respondents who claimed no more health concerns (Q1-3) :
Because I see many unknown chemical names on the label of ham
and sausage, and do not know the purpose of their role.

40.5

39.0

459

379

39.2

Respondents who claimed no more health concerns (Q1-4) :
Because the natural food without additives should be safer than
process food with additives.

35.8

32.3

39.2

333

384

Respondents who claimed no more health concerns (Q1-5) :
Because some food additives, such as sorbic acid and sodium nitrite,
should be unhealthy.

419

41.6

44.5

395

419

Respondents who claimed no more health concerns (Q1-6) :
Because food additives should be the main reason why International
Agency of Research on Cancer (IARC) categorized ham and
sausage as carcinogen.

34.6

30.7

378

338

36.0

Respondents who claimed no more health concerns (Q1-7) :
Because sales persons in supermarkets promote the process food
without additives claiming its safety.

334

280

376

336

344

Respondents who claimed no more health concerns (Q1-8) :
Because I read the books and internet articles claiming that you
should not eat process foods if formulated with food additives.

31.0

283

35.2

294

31.2

Respondents who claimed no more health concerns (Q1-9) :
Because food additives should be accumulated in human body and
make the bad influence to your health if you consume every day.

35.2

31.0

370

35.8

37.0

3-10

Respondents who claimed no more health concerns (Q1-10) :
Because the food additives which are prohibited in overseas can be
marketed in Japan.

30.6

26.9

330

304

322

3-11

Select if you claim still big health concerns on any of above.

94

6.9

9.6

99

114
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Table 4a Questionnaire #4 to #8 (in Japanese) to ask respondents about other questions about food
additives (purchase attitude and extra health concerns).

Z DO M
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&b o3& MR O BRI REEERY D B &0 ) BRI W22 L 8d ) A, Th
L) BB SOMABESSEE L2 22X, BEROT LV VIR SN RV, REFIIC
FWREOT- L L2 2 2 TREMEIZ F o icitb s 2 AL 22 £ (BUHIEH [7LVF— Lk
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b

Q8

Table 4b Questionnaire #4 to #8 to ask respondents about other questions about food additives (purchase
attitude and extra health concerns).

Other questions Yes, . so—and-so Not No
certainly really | way
Q4 Do you purchase process meat, such as ham, sausage, and bacon, if 218 50.4 2.4 34

without food additives? Please select the following choice.

You want to refrain food additives since there should be bad effect
Q5 | on human body when some chemicals are combined with 24.0 54.3 19.7 2.0
interaction. Please select the following choice.

Scientific explanation about the following health concerns (Q5) :
Q6 there should be bad effect on human body when some chemicals 18.5 68.1 10.7 27
are combined with interaction. Please select the following choice.

You heard about the possible effect of food additives to cause food

Q7 allergy. Please select the following choice. 154 8.7 374 85
Scientific explanation about the following health concerns
Qs (Q7) :there should be bad effect on human body when some 16.4 67.1 142 23

chemicals are combined with interaction. Please select the following
choice.
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Study on awareness of consumers about safety of food additives (1)

YiiLo aE— - g W - W T
(KF L T RFERBCE L)

Masakazu Horie, Moe Watanabe and Chie Horii

(Department of Food Science, Faculty of Home Economics, Otsuma Women's University)

It is important to clarify how consumers have fostered or fostered awareness of food

additives, and to bridge the large gap between scientific safety and consumer perception.

Continuing from last year, in this study, we conducted an awareness survey on food additives

through an online survey (1,800 people).

An online survey revealed that younger age groups, and especially individuals in their 20s,

tended to have less concern about food additives while women in their 50s to 70s were highly

concerned. Women in their 50s to 70s heard frequent media reports of food safety incidents in

their early childhood, and women in those age groups often purchase ingredients and prepare

meals. Presumably women in their 50s to 70s steadfastly perceive food additives as dangerous.

Once one is convinced that “food additives are harmful and dangerous,” dispelling that belief is

well-nigh impossible, but repeatedly providing accurate information that is easy to understand

could lead to a change in one’s perception of risk.
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Fig. 1 Differences in women’s awareness of the safety of food additives by age.
Age groups : 20s= 20~29 years, 30s= 30~ 39 years, 40s= 40 ~49 years, 50s= 50~
59 years, 60s= 60~69 years, 70s+ = 70 over years
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Fig. 2 Differences in awareness of the safety of chemical substances by gender and age.
Age groups : 20s= 20~29 years, 30s= 30~ 39 years, 40s= 40 ~49 years, 50s= 50~
59 years, 60s= 60~69 years, 70s+ = 70 over years
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Fig. 3 Effect of correct information on the safety of food additives.
Age groups : 20s= 20 ~ 29 years, 30s= 30 ~ 39 years, 40s= 40 ~ 49 years,
50s= 50~59 years, 60s= 60~69 years, 70s+ = 70 over years
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Molecular basis of novel genetic disorders in cattle and their adverse

impact (1)

KA 1% - Rk e - Md Shafiqul Islam * Shahnaj Pervin
(B 0 5 A 2 [ R 27 0 e A B 27 53-8 )

Osamu Yamato, Akira Yabuki, Md Shafiqul Islam and Shahnaj Pervin

(Laboratory of Clinical Pathology, Department of Veterinary Clinical Sciences,

Joint Faculty of Veterinary Medicine, Kagoshima University)

The present study was carried out in order to identify the causes in Japanese Black calves
with congenital spongiform neurodegeneration and multiple ocular defects, respectively. This
study was also carried out to determine the mutant allele frequency of the bovine isoleucyl-
tRNA synthetase (JARS) gene in the population of Japanese Black cattle, and investigate
differences between the carrier and wild-type cows with respect to either metabolic profile
test (MPT) results or reproductive performance related to the JARS mutation (c.235G>C).
Immunohistochemical analyses revealed that the central nervous system in a case with
spongiform neurodegeneration might lack two subunits of branched chain keto acid
dehydrogenase (BCKDH) : BCKDHA and BCKDHB, suggesting that the calf might be affected
with maple syrup urine disease caused by either BCKDHA or BCKDHB gene. Sequencing
analysis of the bovine WFDCI gene in a calf with multiple ocular defects revealed that there
were no distinct mutations in the exons’ region including the known mutation (c.
198_199insC), suggesting another novel molecular cause in this calf. Genotyping of the JARS
mutation revealed that the carrier rate was 6.9% in 2009 and 15% in 2018, the difference of
which was statistically significant (p<0.005). There were no statistically significant differences
between the carrier and wild-type cows with respect to either MPT results or reproductive
performance, indicating that the carrier cows have necessary IARS activity to maintain

minimal health and reproductive potential.
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Fig. 1 Immunohistochemistry for the detection of bovine ASPA (cerebral
cortex), BCKDHA, BCKDHB, DLD, and DBT proteins (cerebellum) in a
calf (Case) with congenital spongiform neurodegeneration and a clinically

healthy calf (Control). Counter stain : Mayer’'s hematoxylin.
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Table 1
carrier cows for the JARS mutation

Results of serum biochemical analyses in homozygous wild-type and heterozygous

Analyte Wild-type cows (n=58) Carrier cows (n=4) Reference range
TP (g/dl) 76 £ 04 80 = 04 6.6-8.1
Alb (mg/dl) 34 02 33 £ 02 3.0-38
A/G ratio 083 = 0.14 072 = 013 0.8-1.3
Glu (mg/dl) 422 + 89 388 + 24 44.6-67.0
BUN (mg/dl) 84 £ 15 75 = 11 5.0-16.6
TG (mg/dl) 398 £ 842 2522 + 3830 85-434
T-Cho (mg/dl) 1364 + 375 176.2 = 427 76.7-141.7
FFA (mmol/1) 2847 + 186.8 3409 = 1217 289-354.2
3-HB (umol/1) 2523 + 1212 2243 + 56.8 110.0-545.0
Ca (mg/dl) 88 + 04 91 = 03 8.8-104
iP (mg/dl) 52 £ 09 52 = 04 42-6.7
Mg (mg/dl) 21 £ 02 19 £ 01 15-22
AST (U/1) 537 = 85 626 * 6.9 44.0-76.8
GGT (U/) 189 + 45 178 = 72 11.3-21.6

The results obtained for each parameter are expressed as the mean * standard deviation. There

was no significant difference between the two groups. TP, total protein ; Alb, albumin ; A/G, albumin

to globulin ; Glu, glucose ; BUN, blood urea nitrogen ; TG, triglyceride ; T-Cho, total cholesterol ;

FAA, free fatty acid ; 3-HB, 3-hydroxybutyrate ; Ca, calcium; iP, inorganic phosphorus ; Mg,

magnesium ; AST, aspartate aminotransferase ; GGT, y -glutamyl transferase.

Table 2 Comparison of the reproductive and developmental status of homozygous wild-

type and heterozygous carrier cows for the JARS mutation

Performance

Wild-type cows (n=58)

Carrier cows (n=4)

Calf data :
Number of live births
Birth weight of male calf (g)
Daily weight gain after castration (g/calf)
Birth weight of female calf (g)
Daily weight gain of female calf (g/calf)
Cow data :
Frequency of treatment (/year/cow)
Treatment cost (Japanese yen/year/cow)

88 £ 0.7 90 £ 0.7
29,730 = 303 29,538 + 322
11 =01 11 =02
26,084 + 298 26529 = 25
09 £ 01 09 = 01
26 =138 33 £ 16
841 = 620 1,066 + 605

The results obtained for each performance parameters are expressed as the mean * standard

deviation. There were no significant differences between the two groups with respect to any of the

assessed parameters.
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Analysis of dynamics of circulating microRNAs as biomarkers for

diagnosis of carcass traits and meat quality in beef cattle
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Norihide Yokoi

(Graduate School of Agriculture, Kyoto University)

To establish the blood microRNA (miRNA)-based diagnosis method of carcass traits and
meat quality in beef cattle, we examined the extraction and detection methods of plasma
exosomal and non-exosomal miRNAs in Japanese Black cattle, investigated changes in plasma
miRNAs between early and late stages during fattening, and tried to detect these miRNAs in
skeletal muscle and subcutaneous fat tissue. At first, we examined the internal controls for
blood miRNA analysis in Japanese Black cattle and found that bta-miR-15a is appropriate for
plasma exosomal miRNA analysis and that bta-miR-15a and bta-miR-93 are appropriate for
plasma non-exosomal miRNA analysis. Then, we examined whether the 23 miRNAs found in
blood and skeletal muscle in cattle are detected in plasma exosomal and non-exsosomal
fractions in Japanese Black cattle. We found that 11 and 13 miRNAs are specifically amplified
in exosomal and non-exsosomal fractions, respectively. Among them, two miRNAs tended to
change in plasma between early and late stages during fattening. Finally, we tried to detect
these 23 miRNAs in skeletal muscle and subcutaneous fat tissue at the end of fattening. We
found that eight miRNAs are specifically amplified in skeletal muscle and subcutaneous fat
tissue. Further study is needed to perform longitudinal and comprehensive analysis of plasma
miRNAs in beef cattle to identify novel biomarker candidates for carcass traits and meat
quality and to examine candidate miRNAs in large populations of cattle.
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79— PN S RIS B2 T% <,
ZNAELRHEC S S L T2 2 S22
oTE7, Lo T, i~ 4 2 aRNA%
NAFI—=H—E LTRZBITIE, =7V V-4
WCBR S Sl HFEAET 5~ 4 2 DRNALK % #
Wd 252 ENUETHD,

Z ZCARIFEICBWTIE, MH~ 4 27 BRNA
W2 X 2 WHFOBWIEE B L CWE OB B %
H¥ET 52 LR HEE LT, BREMELEE
POFM Lz o7 ) — L& Fh st
DM 5FDOMHZIZDOWT, ¥4 7 BRNAOHIH B
L OB A OWTHRE T2 & & S ITEE I
LRI BT AR DL OV THGET L 72,
EHIC, M THibEsh7z~<v A4 7 BRNAIZOW
THE#TROSENB L O VIR comt %
ATz

2. /7 &

2.1 Mhzzvy—2aPWsto~ 4 7 BRNAD
T & qPCRIC & % i
SRR B8R MR B 12 B Tl h
BEMMEF 2% L LT, RENMM OIS S A G
(n=4) BIXUORE®RY D307 His (n=3)
2BV THEEIR 2 S EDTARIE (7 v E4L)
Z TR 2 SR L, AR T T o0 & 0 i
B o lE U TR RAE L 7o RIS, BT L 7
1mL%¥% > 7))V & LT, Plasma/Serum Exosome
and Free-Circulating RNA Isolation Mini Kit (/
VY xrtk) ZHGTIETOL Y VY — Ay
BLOzEhDA oMW 55A SRNAZ I L7z, fil
i L 72 RNA 2* 5 @ cDNA & B 121k, Mir-X
miRNA First-Strand Synthesis Kit (¥ # /54
) AW,
qPCRH @ Forward Primeri¥, ~ A4 7 ERNA
7 — & X — X (miRBase, www.mirbase.org) 7*
o< 4 7 uRNADOESI % AFL, BylHho
VI YNET I VICERLTERLZZ, PCRA]
D Reverse Primer{ZMir-X miRNA First-Strand
Synthesis Kit (# #1 /854 +%L) {48 ®mRQ3J’
Primer# il L 720 qPCRI%, KOD SYBR qPCR
Mix (TOYOBO#:) %MW CThISH % B L 7
#, qPCR =~ ¥ ~ (StepOne Plus, Applied
Biosystemstk) Z MW TAiTo72. 72, 4R
IR ARERE T 5 729, qPCRIZICIHER03TC D
E1299C & T LA S & TRl AR & 1ER L 720
2.2 BHEETRICBIT25%0HB XK TR
o~ 4 7 aRNADHH & gPCRIC & % &

B
SRR AE R S A JE R B IR A 70 & Uil £
Wil i S 72 REMEREBEE S (o=
5) IZ2oWT, tHEBTCICHREMBIOKET
g Wi % ¥R W L, RNA later Tissue Collection
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(Applied Biosystemsfl) 1ZiZiE L T 4 CT—Hi
PRAF L7k, BURSPRAE L 720 RIS, QIAzol Lysis
Reagent (QIAGEN#H) (CSHIREMHY ~ 7 V25
mg¥ 7213Z THRNI100 megziE L, Y — itk
(=739 v¥x— uT-12, TAITECH:) %
FITH L 721%, miRNeasy Mini Kit (QIAGEN
1) W CRNAZHIM L7z, filllh L 7Z2RNA 2
5 @ cDNA & B 121X, Mir-X miRNA First-
Strand Synthesis Kit (% %1 /54 F#) #JHw
720 qPCRIZ, UbZWHI > bu—ve LTk
LD T 7 Y — AWS DO~ 4 7 BRNADY;
G LMD EEHWTIT - 72,

3. BREEE

gPCRIZX 5~ A 7 uRNAFHT 2179 1213, &

Bl AR RE, RNA@?HEHM?J’Y‘, B X O°cDNA
ERAFEOEREIIRAFT LTI DIELD &%
ﬁETétbK,W%ZVFD—wk&éEE?

PLETH5D, L2rL, Fompiigins~A
27 U RNAMRAT % 17 ) BE O 2 N a >~ ha—
VIFFE. ST, 22 TRIFETIE, 4%
MNRETEHINETOMRICBNTHET >~ H
TO—)L e LT & z2 & Db 5U6, bta—miR-

i< A 7 O RNAFHT I RE 2 NHE T~ b e —
WIZOWTHF L7z TORE, PCREFD
threshold cycle (Ct) fDIE 5D & B X OELfFEih
PRI X DR RHIEOMERRIC X b, A7 Y
V—AWD< A 7 aRNAFEHTIZ B\ T lidbta-
miR-15a2"NET > b — L & LCIRETH 5
ZepmaEns (Fig.1)o 72, FAEOMEHO
R, MmAETh T2 v — a8k~ 1 2 T RNAR
T2 B W Tlidbta-miR-15a 8 & UFbta-miR-93 %%
N bao— e LTRETHL I EIRIN
72 (Fig.1)o

RIS, Folih B L BB 5 2 LN
s SN TV B23HEH DO~ 4 7 BRNAIZDOWT,
BEAELSBEF FomiEh 7 vy — AN
BIFBBHOTHIZOWTHRE L7, Z Ok R,
MAEh 7 vy — ANHl5TIE, 11EEO<A 2
T RNA (bta-miR-16a, 18a, 19b, 26b, 27b,
29c, 128, 142-5p, 451, 2373-5p, 2478) W4F
FIICHIR S N2 DI LT, EhlSt o128
D<A 7 URNAL, 4 OqPCREM: TILFRRM
HRSFRD DN hotes —F, MEEHT 7Y
v — 2 A0 5T, 13RO~ £ 7 TRNA (bta-
miR-16a, 18a, 19b, 26b, 27a-3p, 27b, 29c,

15a, -93, -127%fEwis U<, BEMMLEF o 128, 142-5p, 451, 874, 2373-5p, 2478) A k¥
A B
Exosomal fractions Non-exosomal fractions
38 38
gg 36 i
35 o 34! ]
534 Sa ;
>33 o ° 30
& 32 == == &} .
31 28 o
% ° 20 == =
28 24
ue miR-15a miR-93 miR-127 ue miR-15a miR-93 miR-127

Fig. 1 Examination of internal controls for plasma miRNA analysis in beef cattle

Ct values in qPCR analysis of internal controls in plasma exosomal (A) and non-exosomal (B) fractions are

presented as box-and-whisker plots.
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BRI Nz02x LT, 2 Sto10f%
OmiRNAZ, 41 DqPCREA: TR 7 1 I
DRRD LN o Tz, MIERI 7 VY — LA E S
DA THRIICHIE X 72~ 4 7 URNA IEbta-
miR-27a-3p & bta-miR-874® 2 fi¥iTH v, 11
FF DO~ A 7 TRNAIZT 7512 BV TR 2
BEEATRD STz,

X512, FROMENT X 0 BRI R BRSO
5N72% A4 7 ORNAIZDOWT, ERN & %1
BT AMIERFZ VY —ANIMZBIT <A 2
O RNA DR R DB DWW THET L7z, M4
HL Yy — ANEFICBWTIE, EEWNY &
B L CTIEE®RYIC X D% < Obta-miR-24782%54F
3 AR b (Fig.2). —F, 1%
L7y — AH BT, IEEN &
B LCTIEFE®RINC LD % { ®bta-miR-26 b 2°7F
3 22580 Sz (Fig.2).

BB, LiiomEEhickitshiz~< A 70
RNAIZOWTIEE# TR O T B L OB T IR
I CTOMM OG22 MEt Lz, SiREHB L O
TR, k@l T3MEDO~ A, 71
RNA (bta-miR-16a, 19b, 26b, 27a-3p, 27b,
29c, 451, 2478) OFFFENZHMIEATED bz,

M4EB X OFREHICBOTE IR SN
<4 7 BRNADOH T, bta—miR-24781%, F45H

A miR-2478
5 31 p = 0.087
1]
o
o
x
(0]
(0]
=
8
)
m -
No.1 No.2 No.3 [ No.4 No.5 No.6
Early stage Late stage

DA Z7URNATH ) IREAERICHETGT 5
stearoyl-CoA desaturase 1 (SCD1) %y & 4
L OWED DB L, MAEROT Y Y —
2N 53 I AFFE S A bta-miR-2478 ASHLE W U &
EEHMOMCTEE T AL & H
5, li4Ex 7 VY — AN Dbta-miR-2478 055 14
B BIREIERDNA < —F— &7 5]
AR X N7z F72, bta-miR-26blZ A F 1
S L CHBET S L 0MmE»H Y, AN, I
oy vy — LGN ISHEAET A bta-miR-
2607 IEF ] & NEFH R 0 [ TEE§ 5 o3
ohzzenrs, ML vy — L4 dObta-
miR-26bA3 4 £ ) FMO N A= —Hh— LD
WRETEARIE STz Sk, I~ 4 7 BRNA
(2D T DFRERERY > O REFR N 2 FRHT IS X 0 B 7z 22
WAF =N —OFFRITH L LHIT, FESH
72N F = — H — IO W TS I OB 21T
) LED D B,

4. B 8

i< 4 7 aRNAIWC & 2 AHE OB RIBE B
SUOWEOZWHEM 2T 5 2 &L it HEE L
LT, RBHEEEE2SHML 2 4Eho s
VY — A G & ENDA DM G DOME T DOWT Y
4 7 BRNAOHIL B X Ok, EEH L

B miR-26b
54- p=0.16
2 3
g
d 24
2
g1
[}
[0y 0 -
No.1 No.2 No.3 | No.4 No.5 No.6
Early stage Late stage

Fig. 2 Changes in plasma miRNAs between early and late stages during fattening

Expression levels of miRNAs in plasma exosomal (A) and non-exosomal (B) fractions are presented as fold-

change relative to those of animal No.l. Welch's t-test was used for evaluation of statistical significance.
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BB 2 HEAROEFHIIOVWTHRET L L &
BT, EERTREOFEEM B X OB TR O
AR Y

9P, REAEREEomb~ A 70
RNAMHTIC /B 2N T > b — v IiZOWTH
ALK, mighzs vy —2NOY 470
RNAEHTIZ B Tlidbta-miR-15a7%, F 7z 1%
I VY=L DO< A 7 aRNABHTIZEB W T
bta-miR-15a & O bta-miR-93 2 # 2 ~ b

O— )L LTRHETH S Z LIRS NI,

WIS, Folih B X OEEHGICAATET 5 2 L
s SN TV B23HEH DO~ 7 BERNAIZDOWT,
HEMMELBIEEFomiEr 7 vy — AWRFHS
B ABHOTRICOWTHRE L7z, Z Ok H
Mg 7 vy — AN CTRIEEO~ 4 7 0
RNAZS, F7-lifErhz 7 vy — L4 05 Tid13
M D<A 7 ORNADFERIICHEIE I N7z, 2
D)L 2MEOIMAEF < 4 7 TRNAIZNEE WM
RN BV TER) T 2 HAAED b7z,

%I, REomERicmtishiz~4 70
RNAIZDOWCTRERTREOEHT B L U Tk
i COMM &R A T R, SiREHDB L OB Tk

fHlzBw, Bl 8o~ 7 URNAD
PRI R WIRSRO bz, 4%, Mh~A4 70
RNAIZ DWW THRERERY 2> D MEFE I 22 FEATIC X 0
T2l N F = — A —DFEREIT, FESNIN
A= —Hh —FERHICOWTE BB %175 4
ENh b,

-

RWFFEDOBATICH 20 THHTHE T L 22 5#RE
BTSRRI B0 O Wk B O BRI EH R L R
E

x @
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Investigation of biological factors associated with growth of pig fetuses

AR - R AR - SR AR
RIS FE R S0 A B - Pt e SRR A 2 Bl 4 P BFZE 6 1)

Masaaki Taniguchi, Ikuyo Nakajima and Aisaku Arakawa

(Institute of Livestock and Grassland Science, NARO)

Due to the long-term effort of breeding scheme for genetic improvement of pig
reproductive traits, the litter size of pigs has been increased. However, that also increased
relatively smaller and weaker fetuses and piglets compared to the other littermates, leading to
stillborn and loss of piglets before weaning. In our previous study, we revealed that gene
expression differences in liver tissues affected more on pork meat productivity than skeletal
muscle and subcutaneous adipose tissues during the earlier periods of pig growth. Therefore,
in this study, we focused on investigating potential metabolic pathways which are associated
with pig fetus development by the trans-omics approach including metabolomics and
transcriptomics. We collected pig fetus liver samples at 63d, 77d, and 98d of gestation. For the
metabolomics, we employed a gas chromatography-mass spectrometry (GCMS) due to its
wide range of target detection features with reproducibility in analysis data. Additionally, we
applied RNA-seq for transcriptomics. The results of our study identified in total 145
metabolites detected by the GCMS. The number of differentially detected metabolites with >2-
fold threshold between large and small pig fetuses were 9, 11, and 11 in 63d, 77d, and 98d,
respectively. In contrast to the size differences, 27 metabolites were differentially detected
among time points. Transcriptomics by RNA-seq showed 20, 12, and 16 differentially expressed
genes with >2-fold threshold on 63d, 77d, and 98d, respectively. There are no genes commonly
detected through time points. Based on this research, we are going to elucidate the key
metabolic pathway that is potentially associated with pig fetus development. Candidate
metabolites and genes can be applied as possible biomarkers, for safety and effective fetus
growth by a nutritional fine-tuning of sows during the gestation period, and for genetic

improvement by detecting causative genetic variants and clarifying gene function.

T, ETHORELOZERYPEHE L %575 — AN
Wz, WEMOEZEFIHEAICESTHEL T
WRDEFEVER) 1, FIKEIC L o TERLGHE LEYEENEEToTWD, ZDXIBTKRE &
Thrbo TDROLERMOMEN & 2 ETFEHD I EVHEOREEOERIL, woERS, Lok
WESK SN, —EOMEVHLNTVE, —J IBRERICE DRI SNZDES I 2?

1.B ®

© The Ito Foundation



130

A2 FAICE S 5 B JE s AR (Vol.39)

DORERHT 2 I ERTEIUL, FRMICAREE
OB RO BHG R, TIRIKS X 057
FET ORI - BRI R R EIC L F5 T 58
WBAFENC DD Do ZD0EIRIIBUT B RN
D E~NOW R RITE N EEZ N5,
WFFeftas 51, KanfEf B X RS h o
M O W CTHRBEROR LR 2 BI5T %2 5%
W, BEEE, 70 © ONZEE FIRIEALEL % v TfET L
72V, ZORE, Ao TIE, Mo
B THBREOWE 228D, KW ORWE O
L o THNLE—HERD I EER LT

Z 2 TARIZE TR, KOBEEIIICBWT, &K
B L U/ ONR RN BT 5 IR O AR A
W1 Z R 2 2 LT, IBEoRENE
MET2b0%E L, TOWRE R DLAEWHN
THEAEMHT LI ERRKADL I LI Lz, K
fas63H, 77THB X UHIZBWT, &1 9720
D9 HIRKB L ORANOMERRIE X O PR 2 37
WL 720 HARRE T & L CTRG TCH B X O
e TS HE & MEt L7z,

2. /7 &

AWFFEDOFENZI, KRIG I O LR 2 H W
720 PRMINGER63H, 77H, B X U98H @ 3k
TIr o7z ZRROBENELZIT->72 (Fig.1)o

(8)
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0.2 g
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o e

FENORKS L ORAAOMERIE X 0, I
1 g ZBRINL, WARSEFRDTEEMAN L72%
—80C 7V =¥ =T THRAF L 720 Bk L 72 PR
HRA0mgZ VT A Z R a— AN, 72 5 0N,
100mg % i\ TRNA-seqfEMTICHE L 720 WL
DFFTIZBNTD MM & LERZFEM L, &
KB & O/ NG W 0 72 O M 135580597 12
X o TIrv, 155 17 pfii % False discovery
ratio (FDR) #iEL7-Q<005%F & & L7z,

A 5 R — AFENTIE S T O % HERERY
WCHETAZENTE S, WERNFHHEOE VT
ECThr A AU~ NS T T 4 —HEGN
(GCMS) 12k Y, B K= ME#ES LA H
YD IF € % Fefti U720 WRIG Y2 o SRS I IRGRL A 22 8
L7-b oz, NEPEREYE & LT 2 -isopropyl
malic acidZ Mz, @K - 2% /=700
7k VARTLENE L RAIL, #mLaEER O LigE
WM L 72 b 02 BB L L TS, B
QP202012 TGCMSH#T &2 47> 720 AW T — %
1¥Smart Metabolite Database & U'MS-DIAL %
JAWTHZE L72#, MetaboAnalyst? % T
FHEAT, R 5NV v F A Y MR Z AT 720

AR TFHBIEOBEIIE, 2RNAZ KIS —
o — THREFEM R FE S 5 RNA-seqfif i 12 &
DM L7z WRIG YR o SR MR & 0 il L 72
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Fig. 1 Difference in body weight of pig fetus between largest and smallest individuals
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4 RNA % 5 TruSeq Stranded mRNA Library %
ESL L, NovaSeq6000 (Illumina) 12XV, %1
HRIZDOE AGhHLDI00IEHERT =Y P — F%
Fastqg BTG L7z =7 v 21 — FIT,
HISAT2Y 2 X ) 7% )7 7Ly AT A
(Sscrofall.l : https : //www.ncbinlm.nih.gov/
genome/84?genome_assembly_id=317145) 12 < >
Y7L, FEBIEHRNAEI121EStringTie® 2 Hw»
720 MART-FEBLE O KIG B O KN D FLESRAT I
1, edgeR$B & U'DESeq2% W@ L 72 TCC/% v
r—=% 2wz,

3. BREEE

JERE VEFIRALAR D A 7 Ra— A EHTIC XD, 5
Kb L O/ OREIRR THE 2 R L 72,
k63 H, 77H 3B L V98 H 3 U Cl45WE T
B otz FIREHIIB VT, KANEZR B L 7HR,
2R EDEER R L7 EBIL, 63HETIZ9

Table 1 Raw data Stats

FHEH, 7TTH#ES, O ICBHETIE, & BICIRE
B S NTze —75, KRl CTEB) T 23D
F2THE AR SN, RKAAELIDBELOWME
A, KM ORI L > TEFLz. T 0fH
WIZE LTI v F X2 MEN AT 7225, A
OB o7zl dh, HEAKEQ<0.05
iz REw Ly MIFRZ I NRh o7,
RNA-seqf#TIcB W T, MLz — N3
X7 A T4 —idERENTHICE L, #B5TF
BHBEOWEIZHZ A DD TH o7z (Tablel)o
RNA-seqV — FDO 75 )7 7L YART /) AN
D=y ¥ TS ISEBERFHEROPIRIZ X
D, 63H#TIZ328:5 ), 208 (5T, 7T7HETIE
128258, 1185, B XU, 98HE TlI29=%5
W, 16EETARE SNz TN HRBBIET I,
EIGRDKNE L) Z#EER L2 DD, KR
Ml LT sz d o, KZEICH
H L EIAFIHBEL, BROFERREICB VT

Total read bases

Sample ID*! (bp) Total reads GC (%) AT (%) Q20 (%)*2 Q30 (%) *3
63L1 4,239,219874 41972474 52.169 4783 98.220 94.775
63L2 4,681,564,524 46,352,124 52403 476 98.342 95.077
63L3 4,070,470,690 40,301,690 52910 47.09 98.391 95.190
63S1 5,717,461,126 56,608,526 52.710 47.29 98.263 94912
6352 4,067,365,142 40,270,942 52.667 4733 98.289 94.996
63S3 4,212,296,506 41,705,906 52925 4708 98.237 94.858
77L1 4,701,669,584 46,551,184 52.296 47.7 98.218 94.782
77L2 4,426,511,244 43,826,844 52.281 47.72 98.336 95.041
77L3 4,367,265,048 43,240,248 52.487 4751 98.318 95.024
7714 4,099,881,284 40,592,884 52.713 47.29 98.206 94.803
77S1 4,803,701,400 47,561,400 52.260 47.74 98.169 94.680
77S2 4,604,223,774 45,586,374 52.724 47.28 98.338 95.076
77S3 4,340,854,558 42,978,758 52.617 47.38 98.262 94.857
7734 4,225,204,710 41,833,710 52.726 47.27 98.079 94.453
98L1 4,834,529,428 47,366,628 52.249 4775 98.263 94.387
98L2 5350,648,114 52,976,714 52.048 4795 98.204 94.711
98L3 5,325,731,010 52,730,010 51.914 48.09 98.211 94.671
98S1 6,099,328 592 60,389,392 52.269 4773 98.196 94.712
9852 4,718,090,972 46,713,772 52.253 4775 98.062 94.425
98S3 4,672,899,5632 46,266,332 52.468 4753 98.114 94.531

*1 Sample ID is defined by fetus age, large or small and serial number.

*2.Q20 (%) and *3 Q30 (%) denote ratio of bases that have phred quality score of over 20 and 30, respectively.
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VLTWAIREEIEZ b b, 72, BHEH)
BHETICHETA2Z ) v F X v Mt kfro 7z &
A, 66BLXOTTHEIZBWTAHEAKMEQ <0.05
iz ATy MIRWEE Lo 7225, 98
HEIC BV TIE 3EB BRI Dk E S 4
OB T2y MFE SNz (Q<0.05),
AWFRICE Y, WREORERRIZBWT, K
INEFREUSELERERY ) 2R 7% 50N
BIETOBEMENETAIENTE . L2l
Mo, Ty yF Ay MEFTIE, ey b
BLO#EETEY bowvwdhd, 63H% 5N
TTHRCHE R D ODRD LN holzs T
K, WIFROEMIZBWTH, BEOKNER
TRAENTE S N2RHY B L ORI T oD
Tipolzlzb #2605, 5%, BEMO%
WITHDIBHEIZEMERD, Y T VEEHK
KGN EBTHEICEY, KB TR
72 LG B X OVfiiE (=125 b 2 A0
FEHE OB IANT 72000 ML A & ke L, RIS
IR O SRR X 2 BROREICH ST 518
W OBFEOWHEYE, RSO, RN &S
BT OREBEIRNT, BIRWEROBRES, Hhil
BAO#M % BEd %,

4. B 0

JROAFEVEIIEREIC X ) ZERmAE SN 5
Lo le—T, KRALI2DMED B\ I3HETL

WZELBWVEF OB REE o TWaDH, At
e CIRIKIB R ORI A & BN AT T, K/
DFEHEE Y 5 2 RHREEE BETT <, R#BR
WOFLE 2 5N D A OHY B X O8Iz
THRIBICMLT, GCMSA ¥ Fu—2B I
RNA-seqic & 0, ZhEhiifL7ze Thbl
L0, BBOKNEICED B REHEREIE W72
Lhroizboo, B LD B EAMREHY % S 0N
BB In T 2 e L7,

Xk
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Research for objective evaluation of forerib conformation of Japanese Beef

Cattle

WOAR WX
(A58 37 5 A R E B 4 7 k)

Hiromi Suzuki

(Hokkaido Research Organization, Agricultural Research Department Animal Research Center)

In Japanese beef cattle, the between the backward part of scapula and forward part of rib
called “forerib” is observed for estimation of combining form of rib and backbone. However, the
method of evaluation of forerib is a visual judgment only and we have no objective
measurement method. Therefore, in this study, we verified the validity of the angle of
depression at that point of the cow body (forerib angle) as an objective value for the
evaluation of forerib. In the Ist study, we measured the forerib angle using the digital level in
66 Japanese black cattle judged body size and shape, and compared forerib angle with the
judged results. As a result, there are correlations between forerib angle and body condition
score (BCS), and this indicates that forerib angle reflects fatty of cow body. In the 2nd study,
we surveyed the variation factor of forerib angle through measurement of forerib angle and
body measurement in 1,279 Japanese black calves at the calf market and estimation of genetic
parameters. Heritability of forerib angle with the standard error was 0.32%0.10, and this
indicates that forerib angle is a trait that can be improved genetically. In the 3rd study, we
examined forerib angle measurement at an early period in calf through forerib angle
measurement 6 times from 0 to 12 months after birth in 24 calves born at our farm in 2020.
The highest correlation of forerib angle was calculated between 5 mo and 12 mo. This result
suggests we can predict forerib angle at 12 mo through one at 5 mo. Therefore, the forerib
angle should be examined moreover as an objective value for the evaluation of forerib. The
selection using measurements of chest width will lead to improvement of body shape

(including forerib angle) of Japanese beef cattle.

XA LTRIET 5 GRAENHED. ZORHiliZzHEL
THAE, ERW, BhehZ2HET 5. BEoHE

MEMME T, FEERORRHERESIREO— T, R L 2 BRURDPERTHH ),
DL LTHREDOFHIA < 22 5iTbhTwde, B HIMEE AN ER S OB £ 0 72 ORI
THHME DO BEHEEICB T, EMERHFOEH EDOHTEHVIEDBEMENDH 5 72, Bk
FAEMEUE & RO BREMZ & - T, A8 AR E BhETE & O TOMBITE L Hik ST

1.B ®

© The Ito Foundation



134 A2 FAICE S 5 B JE s AR (Vol.39)

Wi,
BRBERICB T L2 ERBOFMED D) 5, ER
R OFHIIEH O—212 [HH (bw 9 )] A
B 5o BEREFA IR E, AR OARRME
& IHFEDITN & HBLEHI L, RO % 4
T 5o REGLBMIIERAEDIRNE ENDEY,
R B BEHIEEAL 0 5 B, B S % &
Wi OFALE T & ] LiEh, e
EHEBONEZEOHBIREHET 57-DICBE SN
o MEVPLYHVZZETERLHELTVD
&, BESPHBAERAREVEREENS 20T
H5HY M Eo%BRIZXY, WEELTOREN
DOURDPHEFEEINL Z 00, WX ORI X
bOTHEETH L. L LAEAS, FEA Ol
FHEEIHHOATH ), BB 4 E T
ENTVEV, Z070D, fFEOBwRIZOWT
A e 1 7R

Z ZTAMITETIE, I & OF B 7 5Pl T3
ORIFEEHME LT, W& OBSEEMOfMEZ
WEL WA &MEE), ZhAt & oeRICH
TR 7 FBINEUE & 7% % 7% BETGEE L /2.

2. /7 &

2.1 A & EE & AR & DAHBE AT

N 5 VREER R VT, MERDTE F 4
T3 8853 & Mg Hi I 3R D ACER A S o (Fig.
1) ZWEL, WEMEE Lz, @A, It
EE PN C BRI S O B kA & 2 72 2
AR RS R (365H), B X OESFEERKT
W (308H) & L7z M &MmpEEL, BEwAR
(2B ERAEA B ASIE L7 RIE B X OR300
DOIFBLO HBLEH & DBIFRIZO VT, MBS %
1715 720 BHEILHEHNT Y 7 MR version 4.0.2°
B X U'RStudio version 1.3.1056 (RStudiotl) %

Horizontal line

Angle of /

depression

Rib

Fig. 1 Measurement of forerib angle (photograph) and the scaled point of forerib angle at cattle
body. That point is angle of depression from horizontal line at back (indicated by arrow).
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e 3.1 A & AR & AR & DOAHBE T
20194 9 H 2 H20214E11LH ISR 7 L v T IX FR - REBFRZE T OMAT & 4113254 =

KA WY B L O M AblER S T 2 S 7z
BMAET-A4-127980 (%5 @ 72486, ©3 : 5548H)
O & AELNE L7z, 72, |, T35,
JmE, WBH, 3B X OEEIC O W T E R T 720
EIEMY/$T A — %1%, PEST version 4238 X O°
VCE-6 version 6.02% W THIEE B X 02 Y
7 =< IVETFIVIC L HAREMLIEC X W L7z,
RIRIE, E, RE, Taeile, WWiE, HpE,
JEPR, HEAELB IO EAEOSEE L
Too ZRFEL LT, HROERERRIR, BR
(92K#E) B L UBRAEZINDY LIF, BEHIRE L
T, M (20k#E), WAEEH Q7KE), fEkoH
(1 WRIEDR) 2D _EVF 720 gk K ARk
31639 (3R FET) THo7z0

2.3 FoOREBRIIBT M EAEOLE
Al it LA B I T B 2 i AR T 20204 12 4R
WS N BT 2480 % T, AR
51, 3, 5,9, 127 A0 & MEZNE L7z,
Hiy & & & MEOMBSHT 217\, 127 H
WO & M EE & A BIAR & o H ke & X
720

71087, EAMEIZ406°, HMEIZ103°TH -

2o MEBRRZ R TIE217 84 LY, KK
H13395°, W/MEIZLS THo7ze WEND,

SAEBBURERGAEZ#H VI, o2 ey
SR & MBI, S F SE RMEISHAT RE R
BiichHor Lz bhl,

Table 1 (ZBh i+ & £ B & ARRIME B X O H BLEHA
B & o DA & OMBRBER L, AR
MV SN D o2 b DD, MEHI/PNE
W, TR b B ACEIZE W & FEAE RS g B 6
MARD SNz T2, M EAELRBEELD
HTHR S HWAEOHBBRIZED SN, B X
OME & ORI TH b T HICE ORI D
hize —hT, ﬁx-ﬁﬁmﬁﬁ%¢:ﬁw1%
fF & fEE L RS & ORI TIZIEOM MDD Sz
D, BERGZFEIICBO IO ONL o T,

Table 1 225, T ZMAEIZ/NS VI ERWET
2R bLEZ NI Leh-T, B0
SFESFLRMEAGHICBNT, I EAEEOM
THEOHBERICDH S5 DT LWBRICH S
& L7zo WA & MBI SRARE & PR B X O iR &
HEN LTS 5 EEZ DN, REESLHIE,

Table 1 Correlations between forerib angle (°) and records of judged body shape.
withers hip body chest chest chest croup hip thurl pin bone bes
height height length girth depth width length width  width ~ width
standard _ _ _ _ _ _ _ _ _ _
registry *(.34 *—040 0.03 0.01 0.05 **% —(55
excellent _ _ _ _ _ _ _ _
grade registry 0.06 0.07 015 *-041 014 *-040 0.01 0.29 0.19 000 **-056
body fore middle  hind . impressi- : .
capasity quarter quarter quarter proportion feet,hoof Vhess face quality dairy final score
standard _ _ _ _ _ _ _ _ _
registry 0.26 0.26 0.23 0.01 0.19 0.02 0.04 0.15 0.06 0.04 0.16
excellent -001  -001 —015 —006 -010  —009 002 -029 -022 —008 -0.11

grade registry

*#%p<0.001, **p<0.01, *p<0.05
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T PR o> FE T2 BT 75 B PO VE R SRR P 253 i &
M, AR BV T RO BRI S & O
OGO A5 —H T, REOHILE
WA EAEDLHIIML, FHESMKT T2 LE XS
Nz BRERESIEFELEFERALZINT, #*
HEHREOREICBOTIRIREON SR L 22, %
LT, ISR EMEL, FAMRIC
BT HECHEE, R E OB TRO N bT
DR AOMENE LT S EEZ S5N7 (Table
1) HAWMEMA EMEL OB TOHELRM
BYEZH ST 5720020, REEBE T
CETIDHEDRRIERIT ) LEVD %,
3.2 WM EMEPBIIBITBEEHITA—=FD
e

T3 & OB A EE PR ST S B B I
EMEEI21.0+77° L0, BKAHIZ439°, H/h
131.2° Td o 720 BB T IEBL A & il 72,

Table 2 ICHXTE DO BIEHEB L OB RSHEEG %
MEHERRGE L & B IR Lz W & M oM@ InHE
032+=010%Z /R L7z. RmiZHEMRVEEEZ
RL7e—0T, ESLHPHZ &3 PR O LR
ZRL, INSIEHEOWE L FBELFERETH -
7275 Table 32T & MEL & KTLHE & OB BT
% BRAHR & RRAN R OB B X ORI &
RL7ze M ESMELRESE DT, &b EVIE
DOEATAHADFRD bTze —F TERREM O
B, hit &M L ARELINIE, W& O TH
IR EVWAOMEER L. /2, &ML
g & DM TIE, MBI B X ORERRE O
BWFIiZBW T RBEDOHE E %5 72,
Table 2 22 %, AT & A E X @R SR A5
BERIPETH DL EEZ ONT 72, Table3 5,
REOWRAED & T & MEEITEAL S 5 2 &8
Badhi, —hT, SEERIZEVWTRER

Table 2 Heritability and ratio of farm variance of each traits.!

ratio of residual

ratio of farm varian
atio of farm variance variance

traits heritability
forerib angle 0.32+0.10
body weight 042+0.13
withers height 054+0.14
hip height 052+0.17
chest width 0.21+0.08
chest girth 0.18£0.08
stomach girth 0.56+0.15
weight/height ratio 0.36+0.11

0.23+0.04 0.45+0.09
0.22+0.04 0.63+0.12
0.12+0.04 0.34+0.14
0.14+0.04 0.34+0.15
0.27+0.06 0.53+0.09
0.31+0.05 0.51+0.08
0.15+0.04 0.29+0.14
0.26 +0.05 0.38+0.11

1 estimation value * standard error

Table 3 Genetic, environmental and phenotypic correlations between forerib angle and each

traits.!
traits genetic correlation encxz)i;‘;)eri;ri%lntal phenotypic correlation

body weight 0.17+0.23 -093+045 -037
withers height 091+0.11 -0.31£0.20 0.17
hip height 0.80+0.18 -0.36+0.19 0.11
chest width -065+0.15 —0.79+0.09 -051
chest girth 0.07+0.31 -0.96+0.39 -047
stomach girth 0.18+0.23 -0.74+0.10 -0.28
weight/height ratio 004024 —-095+0.03 -049

1 estimation value * standard error
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MORAE LTHAEIZL LT TR —F %2475 72,
ZOMRE, N EMEIEEOREEZZ T Y
THY), BIENZUBRRRP DL EHLN L
Holze —HT, W EMEIHFALKICBITS
A, A, IR E O ThHh IR OBROM
2S5 H 0D, KEEE O THERHMEL
FoZ EDWS L hotee UL, T XM
i T &) 220 e d, ok Bad e

40

30

20

Angle of depression (°)

10

oA —_

ENTVWEILEEKRT S, LA T, ftE
FRE % AEREBL CIG T 51213, AR IEE B %
T3, KRBEOEIDHVERICBWGRES
L% E, SLhIMEPLETH S,

JiE O RS & fEOY RO %A 5 2 &
AR E 7z (Table3). Ml & ke, 231
THEE OB TIAOBEEMMEER L (ZhE
N —026+024, —014+029) DD KIS
Vo — 4T, & KPR E & O R TIRIEO#
EMHEZR L (FRZEH063*017, 057+
016)o L7225 T, #EfzB X UHBEEHOWT
NOMIZBNTD, WHOL R zHED L Z LT,
MOBRNCEREZ RITT e l, Wt EME
LFEMICO R0 ICY R EH#DDL LN TED L
ZEzbhh,

I & £6 B AT T & O T IR 2 AH B P AR
oM s, A& A EEDRE RO EFi
DR B WEEIRIE SNz, 7Y 7 VKR T
OWETANLE 6 -7 Mg FEAICHLS L, ik
BT OB OG-l G & % 23 TD H 5o
PRI SE S & B AR O T IR I & D 2%
D, REME L BAERERAE T L ofisH

Omo 1mo

3mo

5mo 9mo 12mo

Fig. 2 Changes of forerib angle during growing period. Forerib angle was

measured from 0 month after birth (mo) to 12 mo.
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LEMMTIE, JTHHE RS &M
OFRALE, T & ] LIRS E & &G oft
DOIREZHEE T A2 OIBIE S ND DS, FEALO
FHITFEZEROATH ), ZBI2HE T
ML EN TV, 2 TAIZETIE, FMEko
VDS DfMEE (T & MEE) AEHMICH R 2= %
BIEAE & 72 2 0% BGE L 720 B8 1 TlRB ek
26600 (FEA36HH, 305 % RHIC,
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fiF & M EE L AR E K L7z ZORE,
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78 2 Tix, WHFRETHIC B W CRBM 14
12798 (&% 1 72496, ©7 @ 5548) OllE %
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HEARIETHL LEZ BN, MZE3 Tk, BE
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5, 57 HlslZB T & MEEDO R A iE &
ZRoNe D EOKRD S, KREFHEICE T 2
[t & | OFHlifEEE L LTid, iy AR
5% HIRAHLYETH B0, MRz EIAE L 5
52T EAEDLEDT, RMOYERIZOR
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Investigation of sire lines and genetic transmission modes on carcass traits

and a fatty acid trait in Japanese Black cattle using genomic information

NI A S S (T T A S v X
CRURB R F R BE R IRGERE, *REURL > 5 —, B )

*

Hiroyuki Hirooka, Keiichi Inoue*, Masayuki Takeda® and Yoshinobu Inoue*

(Kyoto University, *National Livestock Breeding Center, * * Tottori Prefectural Livestock Research Center)

Historically, several divergent sub—populations with sire lines have played important roles
as suppliers of breeding animals to the Japanese Black breed. In this study, the effects of three
sire lines (Kedaka, Tajima and Fujiyoshi line) and genetic transmission modes on five carcass
traits (carcass weight, rib eye area, rib thickness, subcutaneous fat thickness and beef
marbling standards (BMS)) and a fatty acid trait (oleic acid) were investigated using
conventional pedigree and genomic breeding values. The transmitted modes (genetic
contributions of sire and dam) were quantitatively represented based on path coefficients
(standardized regression coefficients) of sire and dam breeding values on progeny breeding
values. Phenotypic and genomic information of 1,901 fattening progeny and genomic
information of their parents were used to estimate both breeding values (pedigree breeding
values from BLUP method and genomic breeding values from GBLUP method) . There were
significant differences among sire lines for carcass weight in both breeding values; Kedaka line
had largest breeding values of carcass weight and Tajima line had smallest ones of carcass
weight. For BMS, only significant difference was obtained for pedigree breeding values and
Tajima line was highest. For the genetic transmission modes, there was no difference for all
traits when genomic breeding values were used, but the larger genetic contribution of dam
was obtained for BMS when pedigree breeding values were used. The genetic contributions of
parents varied among sire lines in the same trait; for instance, with respect to rib eye area,
larger genetic contribution of sire was in Kedaka line, larger genetic contribution of dam was
in Fujiyoshi line and equal genetic contribution in Tajima line, when genomic breeding values
were used. It was suggested that each sire line in the Japanese Black breed may have different
type of non-Mendelian transmission modes and further research considering the difference of
sire line would be needed to investigate complex genetic mechanisms of inheritance of the
breed.
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T, MRRTEHRICEED < Bl Lz S 2 0lZo
7o RBERMOBEMAE T LIREIN TV D
T, BUEHIC BT 2 M E Rl X EOfE & 7> T
Wb, TRTOBEIZOWTY /7 A FHAMD M
Bl S X ORHEORRIIAFET, TXTORE
B L TRARESROAED S ChTBY, £
BeWER, v— AR, NTOEID L) R
RIZHE T 2 EIZHEERP RS LS > T,
BMSF v N—iZ2oWTid, BAEFEIICELT
BTAERTHZEER LD DMEROKERA
B> Ty /2o Table 1 R M O FHAl (F )
ERALEFOFEMM (T 2HETsL, w
THORHIZH L T HAEEFFOFEMMDIE )
HEELWHICEL o TEY, Iiudmiift
POOBFMUBRORELEZ LNDLD, FFIC
BMSTH ¥ N =22 W TIIRE R OB RAHA T

Means of genomic and pedigree breeding values for carcass traits

Genomic estimated breeding value

Pedigree estimated breeding value

No. Carcass  Rib eye Rib Subcutaneous Carcass  Rib eye ‘Rib Subcutaneous
animals Vel ght area thickness fat thickness BMS no. weight area thickness fat thickness ~BMS no
(kg) (cm?) (cm cm (kg) (cm2) (em cm
Sire
All data 233 -8.396 -1.149 —-0.105 0.004 —0.283 -0.716 2112 0.151 0.043 1.259
Sire line
Kedaka 72 182672 -0.564 0.16902 0.0852 —0.264 225012 2416 04032 0.0982 1.2682
Tajima 109 —33.196b -1263  —0.330¢ —0.116> —-0.157 —22.708b 2331 —0.068> —0.060> 1.4142b
Fujiyoshi 54 6.8884 -1.699  —0.009> 0.141a —0570 13.409a 1.254 0.262a 0.183a 0.929>
Progeny
All data 1901 0.022 -0.007 0.000 0.000 0.002 6.134 3.338 0.240 0.036 1.587
Sire line
Kedaka 779 9.097a 0.8564 0.120a —0.038> 0.183a 15.1032 4.150a 0.357a —0.010> 1.7532
Tajima 734 —10639c  —0275¢  —0.130c —0021>  —0.065> —4.546¢ 3.071b 0.106¢ 0.025P 1.529>
Fujiyoshi 388 1971 —1.233b 0.008> 0118  -0.235P 8454 2.164¢ 0.262b 0.151a 1.370b

Means with different letters differ significantly among sire lines (p<0.05)

BMS no is beef marbling score which is represented by the 12-point scale with a minimum value of 1 and a maximum value of 12

© The Ito Foundation



AR E 7 BB OB & IR M 3§ Rt & B R pko

Hy
e

DR 143

LI DDR Do

JAB & FHART L, AWITE L % 5 BT 5
FRRE D 7 — % % TR OB 12 FH T il
FHELAE A, BAEEIZOWTIEARERD
ROKEC, ROTHRERERD, WEHARATH L
HAR (RAFZECTIREEREEHR) kDN S
{, M)y, BMSH v =22V TIZHRR D K
LEVWEHELTWS, ZOREI, AiFEIcE
VJ B I E R OR R L X L Twiz,
Table 2 (ZHiHEAICBI 9 2 2 Z & o F Hififi D
% 2R & RFRNRL72b DO TH 5, Bl
HOMBIZREHE L 3R 2200, BERO
BIZHRESIOBRE R TIREE LTHWL Z &

TEXHLEEZOLNS,

RO F— 21O TIE, 7/ 2FHIM & M
BRI OMB O T 130845 (10— A%
) 2250912 BWERE) OHHICH -7z, 2
OBfRE RN RS &, TH A oA B 134
WILE, NIE, ETRBEIZOWTIIERSRD
b <, BMSTF ¥ /8= I220WTIIHE R
bEholze KIEIZHES 27/ AE MM O
B (k=) #1568, BRERENTIEOMHEY
VL R CHIR I, B E R & BMST ~
N=DOHBIFE R EHERTIRIZEZETTH -
72DH LT, BERRTIEHE (0369) Tho
720 T 72, BMST v — L TV IREGIE & o MBI,

Table 2 Correlations of sire genomic and pedigree estimated breeding values for the same traits (on diagonal)

and sire genomic estimated breeding values among carcass traits (above diagonal)

and sire pedigree

estimated breeding values among carcass traits (below diagonal)

Subcutaneous fat

Carcass weight Rib eye area Rib thickness thickness BMS no

All data

Carcass weight (kg) 0912 0.245 0.798 0415 —-0.005

Rib eye area (cm?) 0.135 0.845 0.280 -0.131 0.608

Rib thickness (cm) 0.779 0.243 0.877 0.378 0.073

Subcutaneous fat

thickness (cm 0422 -0217 0.343 0.898 -0.031

BMS no —0.054 0.623 0.075 -0.053 0.893
Kedaka line

Carcass weight (kg) 0.807 0.292 0.696 0.248 0.035

Rib eye area (cm?) 0.239 0.863 0.182 -0.297 0.690

Rib thickness (cm) 0.686 0.190 0.813 0441 0.171

Subcutaneous fat

thickness (cm 0.346 -0.310 0419 0.897 —0.256

BMS no -0.009 0.762 0.124 -0.261 0.866
Tajima line

Carcass weight (kg) 0.856 0.322 0.738 0.355 -0.049

Rib eye area (cm?) 0.218 0.831 0.385 0.031 0.613

Rib thickness (cm) 0.725 0.408 0.819 0.197 —-0.007

Subcutanedus fat 0373 - 0,091 0.188 0.849 ~0.104

BMS no -0.089 0.591 0.122 —-0.089 0.901
Fujiyoshi line

Carcass weight (kg) 0.876 0.237 0.574 0.399 0.369

Rib eye area (cm?) 0.151 0.843 0.401 -0.148 0507

Rib thickness (cm) 0.468 0.298 0.852 0.253 0.389

Subcutaneous fat _

thickness (cm 0.378 0.214 0.221 0.931 0477

BMS no 0.349 0.458 0.318 0.447 0.902
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AR TIE-0256, HERTIZ-0104, BRER
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W, 0= A NHEE, NFE, BMS) v N—"THht
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Table 3 Path coeffients (standerized regression coefficients) from sire or dam to progeny for carcass traits

Subcutaneous fat

Carcass weight Rib eye area Rib thickness thickness BMS no
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam
Genomic estimated breeding value
All data 0.567 0.549 0571 0532 0.607 0.565 0.616 0.529 0.546 0.568
Sire Line
Kedaka 0458 0.490 0.629 0.498 0514 0.553 0.595 0515 0.559 0.574
Tajima 0437 0.628 0.521 0.559 0.509 0.607 0.587 0.564 0.538 0.550
Fujiyoshi 0.463 0.612 0415 0.612 0.426 0.624 0.618 0.492 0425 0.614
Pedifree estimated breeding value
All data 0.674 0.645 0.598 0.618 0.616 0.650 0.644 0.633 0.490 0.681
Sire Line
Kedaka 0.555 0.614 0.643 0.602 0.521 0.651 0.633 0.632 0.489 0.681
Tajima 0471 0.727 0.551 0.627 0523 0.691 0611 0.646 0.489 0.635
Fujiyoshi 0571 0.700 0474 0.683 0.461 0.698 0.618 0.632 0.405 0.692
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Table A1 Means of genomic and pedigree breeding values for oleic acid

No. animals Genomic breeding value Pedigree breeding value
Sire
All data 52 -0.197 -0.174
Sire line
Kedaka 20 0.251 0.3532
Tajima 21 -0437 -0.531P
Fujiyoshi 11 —0.554 — 0449
Progeny
All data 743 —0.005 0.007
Sire line
Kedaka 410 0.1582 0.1722
Tajima 203 —0.285P —0.294>
Fujiyoshi 130 —0.0812> —0.066"

Means with different letters differ significantly among sire lines (p<0.05)

Table A2 Path coeffients (standerized regression coefficients)

from sire or dam to progeny for oleic acid

Sire Dam
Genomic estimated breeding value
All data 0511 0.623
Sire Line
Kedaka 0.346 0.643
Tajima 0.639 0.583
Fujiyoshi 0.341 0.666
Pedigree estimated breeding value
All data 0.661 0.688
Sire Line
Kedaka 0.460 0.752
Tajima 0.727 0.583
Fujiyoshi 0471 0.738
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The effect of monocyte appearance in endometrium to uterine involution

in cattle
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Ryotaro Miura and Tsuyoshi Tajima

(Department of Veterinary Medicine, Nippon Veterinary and Life Science University)

In our previous study, we found that mononuclear cell (MNC) increased in endometrium
after inflammation convergence of endometrium during uterine involution in lactating dairy
cows. In the present study, we examined the cell type of MNC, relationship of the timing of
MNC increase and uterine involution, and the timing of MNC increase and fatty acid
[eicosapentaenoic acid (EPA) and arachidonic acid (AA)]. In Experiment 1, we used 15
lactating Holstein dairy cows. From 2 to 10 week (0 week = 1 ~ 7 day after parturition), we
conducted cytobrush for taking samples of endometrial cells and uterine lavage for collecting
intrauterine cells to detected CD4"T cell using fluorescence-activated cell sorting every week.
MNC increase was confirmed 93.3% (14/15) of cows, and CD4*T cell was confirmed 93.3%
(14/15) of cows. In addition, concordance rate of the timing of MNC increase and CD4'T cell
detection was 63.3%. Experiment 2, we used 51 lactating Holstein dairy cows. From 2 to 10
week, we examined the timing of MNC increase decrease of polymorphonuclear cells (PMN),
vagainal discharge disappearance, equal in diameter of left and right uterine horn, intrauterine
fluid disappearance. Timing of MNC increase was 54 * 0.3 week, decrease of PMN was 44 +
0.3 week. vaginal discharge disappearance was 2.8 = 0.3 week, equal in diameter of left and
right uterine horn was 2.8 = 0.3 week, intrauterine fluid disappearance was 3.0 £ 0.2 week.
Experiment 3, we used 23 lactating Holstein dairy cows. From 2 to 10 week, we examined
endometrial cells for detecting MNC increase. We collected blood for measuring of EPA and
AA on 0 week. There were norelationship between timing og MNC increase and serum EPA
and AA concentrations.

From the present study, cell type of MNC which was increase during uterine involution
was CD4"T cell, and the timing of MNC increase occured at the end of uterine involution.

Therefore, it was suggested that the MNC increase may have an effect to uterine involution.
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Ny LU (EPA) BXU7 7% F Uik
(AA) DREZEATS 720

3) B2 LHBOHET, A VT TR
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>50% ThrAHEe “TEHHNRICRED D"

L, SHEAPR L7z 2 554l L 720 5lBR 1
L OMNCH >50% & 7 - 72 % 1) » 738k
FAREE L7,

4) EPAB X OFAA & MNCHE I HE I & o 41 B B
PRz G L 72,

2.4 REEHENT

AERBIC BT HEPAB L UNAA & MNCH nE
L O MBI 13 Spearman O NEA A BI 4R £ & I W
720 fEMES0% Rz HEAD Y & Lz, TX
TOF =7 I B L OEREFR TR L,

3. BREEE

3.1 RO MNCHEHOME

AR P OMNCHI B X OSCD4" T ¥ 738k
IR E 7238 % Table 1 \27R§, RERIR A2
MNC @ 5§ il A3 72 3 72 21 15 B i 14 B
(933%) Td o720 MNCHHEMS 2 BRI
FYRELEALY, MNCOHIL 72848 1 Mo
A0Z118E, 20413 28, 3EO4IE1ET
BHolze FEHNERBHPIICDL T ¥ 738 EKH3 K
WS N2 3158 1450 (933%) TH - 72,
CD4" TV ¥ 7SERA S Nz id s L K
ELERD, CDATY Y 8RS L 72825 1
BOAX125, 2 O4E 15, 3mo41x 15
Td -7z (Tablel), F7z, MNCA#IML 728
DFEPIEZ & L 72PBSHIZCD4 T ) » 78 Bk
MR S Nz 01 X18 12l (66.7%) TH Y,
CD8'T1) v 73Ekide i Stz h o 72,

RREEL Y, BEZIO% DI TTEHMNIIBNWT
MNCOHNE L OCD4" T v kot sh b
ZEDRENTz, F7, FoNB I UHBLIZF
WCEDEZY, SoICHMEZELTHEINLD
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YOSERDHH SN B REIE B X E70% T3 5
ZEDIRENTZ, 2O EHS, MNCIZCD4'T
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Table 1 The relationship of the timing of MNC increase and CD4*T cell during experiment.

Cow No.

Week after postpartum

End point

2 3 4 5 6 7 8 9 10
Nol CD4¥’11“\I ccell - - - : : - - - -
N2 o peren - - .. Lo T
N3 e - 4~ o=
Nod ZIII)\ET cell _ - - - _ : - - -
Nos ?[I)\ET cell _ - - - ] ] ] - -
Nob gggT cell - - - + : + - - -
NoT Z[l;\fT cell _ - - - - - : - -
Nod I(\:/III)\IZIC‘ET cell : : : : : : : : 1
Nod g[ll)\zlc*l‘ cell - . - - - - -
oo NS o~ T LT T T
Nodl 1&/111)\14C+T cell - - ] ] - - - -
Nol2  (Direw - L . S
Nouz o -~ T LT T oo
Nou i - -~ LT
Nols i - LT T

(=) : Non MNC increase or CD4*T cell negative
(+) : MNC increase or CD4*T cell positive

) YSERTHHWRETHE W EDHEN S 7z,

3.2 WBRQ FEBHEE MNCHINER & o B
KRBT, FEHBHEOBEL LTHEHSH
%, JEHD O ORI OF Y, EAfEMAO
PIEEO -, FENIFRWOHKEEN® B
XY A+ T I VI EBPMNOKTY § %4
& MNCHENE & o BE#E % 3 fifi L 720 MNC2H0
51354+ 03 B TH o 720 FEHNED RKAED
WK 21344+ 03B TH o 720 L FHEHELE

M=K T 5HIE30£01HTH > 70 TENEH
WAHERT 5HI1Z30x02HTH > 72, NS
PEASH LT 21328 03 HTH 720 TNHD
RS, MNCOHNNFEEHE O e fe T
BIESNIBRTH DI EDRBI N, MRS
BB WT, CDA'TY ¥ /38D Thl, Th2$
X O TreghM{E T2 EHRENTBYY,
MNCOBIMEF = NEBEICBT 5 T Y ¥ 88k
DI ETEHAL 2 7% LT 2 W Rl X 7z,
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Fig. 1 Relationship between the serum eicosapentaenoic acid (EPA) or arachidonic
acid (AA) concentration and week of MNC increase in endometrium.

3.3 WERG) MNCHIMKE & 25 Wil o i
EPAB X ONAAJERE & o B

MNC2H N L 728 & P EPAB X NAA RS
WA E R HBEERIERD SN h -7z (Fig. 1)
EPA X w- 3 ENile D % i A fafI GO 1 > T
HY, VUERECEH, (OB REVER B X O
RREEREETAHIEARENTVS, —)
AAIF w- 6 RO RO 1 >Tdh b
TRAY TSV a4 a b Ly EDONRYE
AT A4 =5 —=EAE SN, A EBEO AR
IF R ER OB G AL O 22 P58 % 7 g 2

EDIRENT VD, £D720, FENRETD
MNC O BN 73 e 4 ODEPA B X IFAA R
FEDSBG-§ % W ReME 2 MaT L7248, BEEIZEED 5
Nhholze TOI EPE, MNCENIEL & 75
WREHZOIMHEPAS X TAAMREEIZBE L 22
EAIRIBE NIz,

4. B 8

AFFETIE, DHBEOFEHBEERICBT 5T
B ABLC TR ATHERE S 1 B MNC O O F &,
WL 2 FE B EHRRR L OB S X ORI %O
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ML ARG R T e & MINCEA I & oo B3 2 3 A
L7ze ZOFEH, MNCIZCD4'TY ¥ /3kCTH 5
TRETED S <, FHEIBEORMERETHmT 2 2
&, F-MNCHMEEG & 5% ol EPAL &
CAARBEICHBEIZFED N2 NWT LR
720 TOZEIF, FEMBHEIZBWTCDA'TY »
INERDSEE R EE R LTV D 2 EARIBR SR
72o L LAEDSH, KRAETIEITHEHBEERICS
1 BCD4"TY) v RERDS T EMNBEICHT 2 2 7
= X LRI EIC OV T TSI T X
Lipotzlehb, SHBILLIMEVPLELE
Py (S

X Wk
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Effect of intramuscular injection of porcine FSH in hyaluron acid prior to

ovum pick-up in Japanese Black cattle

B fefl - kB HRRE - g F°

(VETMUL R, 2 AR E R SEIRELAAD)

Toshinori Oikawa!, Ikue Ueda' and Takashi Numabe?

(! Miyagi Prefectural Livestock Experiment Station, 2Miyagi Agricultural Development Corporation)

The objective of this study was to compare the efficacy of superstimulation treatment
with porcine FSH (pFSH) plus hyaluronic acid (HA) before the ovum pick-up (OPU) on in
vitro production (IVP) in Japanese black cattle.

IVP after OPU was compared in untreated Japanese black cattle oocyte donors and those
superstimulated with a single intramuscular (IM) injection of pFSH in HA, and pFSH only.
The control group received no treatment, whereas the FSH group received 8AU of pFSH. The
FSH+HA group received 8AU pFSH in 4mL of saline plus 4ml of a HA solution by a single IM
injection. In Experiment 1, 6 animals were prepared for each test group and the study was
performed. There was no difference among groups in the number of follicles that were
aspirated per OPU session. However, p-FSH-treated cows had a higher percentage of
medium-sized follicles (6-10 mm) at the time of the OPU than control cows. The FSH+HA
group had a higher oocyte collection rate (79.5% vs. 66.5 %) and blastocyst rate (30.7 % vs.
182 %) than the control group. In the field demonstration experiment of Experiment II, the
OPU and embryogenesis results were similar to those of the FSH+HA group in Experiment 1.
In conclusion administration of the hyaluronic acid preparation before OPU is expected to
improve the oocyte collection efficiency in OPU and also improve the embryonic development

results after in vitro fertilization.

1.B ®

- DARGV S REBAN |3 FT A AL BR; i SR INHE 2 A1
5L TREITHER L TE S, g, ALk
POBMEWRBWEBETE= Y — LT %2R
W9 2 2 ERIP (OPU) RS MIRAE (IVP) Hdly
DHEEBLTOEBINIBEDPIZ TV D, W
T, BHME T O S R B O WA AR AR

SND TN L1 Hiliks O w28 v T B
D, FAHTEEIER R EE LBIA RS & A S
bBHHO0, EFHHRAMEDEEIILETRR DR
HEERECIEHEALTWAS, OPUIE AV E ¥ #HF
ERG LB TOMDBLE-T S EAMHET
B, R ANV E YHNIKT B OB AR N
ZHITE B Z & h o mFHRINLE A D % 5
fire LTS Twab,
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OPUIEF V& » 85 % #5237 12 #E T
& %%, OPURG AR O KR Ha 3+ v &~
(pFSH) #A % 552 LI KE L R0 1k
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2.1 #EI OPUHIi®v 7Vvwa ¥R

pFSH# A 512 X 2 FRBU T g B L O
BRAVZ R AR O BT
Bx OFATIHZERE RS, FVE v BA O
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75, 21 (degenerated) : JFHINEE 2343 —
TN, #1t (denuded) : JIEAMAEAF - 72 <
% LT, BALURT (expanded) : JF Al
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2.2 FEBRI B ToOREARER
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TG % F >~ 7 212 # e L OPUE fiti48 I [ Hif
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A %247V, IP-TECE %R v 7 X TRk
LSk Lizo Wikt Ohdiag, RILers
BIORAERBIERT LRABOTBETER”L,
OPUENGHT DI la %, #RIUN ¥ %, &I B L O
ISt AR AR e A L 72

fra LB

RS AR O T 5B X OB FEA 555 13—k
B #212 Turkey-Krameri: 12 X 1) 26
ERIToT0 N—kVF—VDF—%3 y ZFek
FENTHEM L 72o #atiaf BEAEE Il vz p
fEIZ5 BARimEAEED Y & L.

3. BREEBE

FEER 1

OPUZIEHT DI D H 4 X R EI G % Fig. 1 1R
L7z, HIPasix, FSH+HARX B X OFSHR %
SHHRIX & I L CHBICE VW TH - 720 /NIF
fasid, WX AMbo 2 X & B L THEICHEY
AT D o720 FAx DEBATHIFEIZ B W TS pFSH

100 3.8 25
[JLarge
o 80
s [ Medium
g 60
s [ Small
o
8
‘» 40
Q<
5]
£ 20

FSH+HA  FSH

Control

Fig. 1 Proportion of small (<6 mm), medium (6-10
mm), and large (>10 mm) follicles suitable for
puncture immediately before ovum pick-up (OPU)
in Japanese black cattle submitted to OPU without
previous
superstimulation treatment (control), after
treatment with pFSH (FSH), or pFSH in hyaluronic
acid (FSH+HA).
2> Columns with different superscripts are
statistically significant (p<<0.05).

BAUZ G- L 72 B ISR G O &I L T
PR AT <, NI ERIERIX G- OB A A E
AT o 72h3, ARBEFEIZ BT H R
TdhY, pFSHEA 25922 & THIIOH
EHREL DI EPWLNIT% 572, OPURKD
FHIRT-HUS DWW Tid, FSH+HAXIZI0 50T
325 £ 27120 L CH-3925.8 £ 2.8 25 HR I S
N, FSHIXIZIMNEECE539.2 £ 500120 LT
283+ 3 1MEFRI S 1, xR 1T F932.8 =
37T L CFEH218 A1 S L, Wi
NOXBIZBWTOHEELREZZIROON LD
720 PRFHREURIZFSH + HAX %3795%, FSHIX
W723% B L U HEIX 2%665% TH H, FSH+HA
KIZHHX LD b AEISEHCHEFTH - 72 (Fig.
2), ZHhiE, OPUZEHEHIOINLDH A XBIHE &
2BV THIEERASIRIX & IR L TR R T
HolzZ b, WHlLRTWIEAS L
Tl bEz b7z,

WRIIRF D7 » 7 jlEE % Fig. 31R L7z, C
7 DEAEITBWTEFSHIX1X329% TH 1,
FSH + HAX 920.0% & Fig U CA 81258 W B
ThHolo A, By v bwoslzl ) BERINT

(%) B FSH+HA [OFSH []Control
85

a

70

55

40

25

Fig. 2 Proportion of oocyte collection by ovum pick-up
in Japanese black cattle
a» Columns with different superscripts are
statistically significant (p<<0.05).
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(%) W FSH+HA [EFSH []Control

40

30

20

10

L

Denuded

A-rank D-rank

Category of oocyte

b-rank c-rank Degenerate Expanded

Fig. 3 Proportion of oocyte category recovered after ovum pick-up in Japanese black cattle
Recovered oocytes were classified into four morphological categories based on the number and

density of cumulus cell layers and the color and structure of the ooplasm.
a’b Columns with different superscripts are statistically significant (p<<0.05).

ORMEGIAELREZIRDON LN o2b D
O, e7ve rBERERMNLZZ & T, pFSH
HBRADOATOHRLG LY b L) RELRIFZRINT
X DMHREMNE Z bz,

VAT W B 53890 T BUIFSH + HAX X
Y3212+ 1718, FSHIX1XF3924.7 30188 L O
SR X 1E 34168 + 33 & AR a2 30 Sk
Mo 723, BT EIA IS B W CFSHIX 1387.1%
ThHY, FHBEDT71% & g L THEIZE VI
HTHolzo

[R5 WA % Fig. 4 (278 L 720 SFH 0 IREIIn%
BLOBRBRRBEICITAEERZIRD SN h o7z
oo, E#ERZEIZBVTFSH + HAIX 1£30.7%
THY, HEXD182% &I L THEICH VK
BCTHholo ThiFe 7L v EH o pFSHE
AN T B IEBEDORI R L T DL EEZD
NBH, Sk 7ra i opESHE A 25
T AR R L A RIT T HBIIOnT, X

(%) B FSH+HA [EFSH []Control
70

50

30

10

Blastocyst

Cleavege

Fig. 4 Proportion of embryo development on in vitro
fertilization after ovum pick-up in Japanese black
cattle
2> Columns with different superscripts are statistically
significant (p<<0.05).
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Table 1 Results of iz vitro embryo development using oocyte by ovum pick-up in the field

No. of No. of
. No. of No. of
No. of cows No. of follicles oocc(;}ltzgt?%) o%%lytger:(}%) cleav:gé)s (%) blastocoys(gs (%)
6 190 150 (78.9) 120 (80.0) 85 (70.8) 49 (40.8)
%R L7z (Tablel ), BICEWEHTH o720 T2, MO %
YLl Z & 6 O0PUEMRT 212 5-3 % pFSHE B 2290 A H A& IEFSHX 2S5 B IX & IR L T &

Flice 7o yBEAZRNT 452 & T, OPU
FE PN ERIE ST L, Az hitg o ikss
RO EAFFCcE 5,

4. 8 8

AWFgeiE, #EERIN (OPU) HilioR)={bz
HiyE L, OPUEMRIIZ, b7 v »REH &
PRIl R V€ >~ (pFSH) 45 % 3 A L A
W59 % 2 L APIE RS B X OBRIUIE-1- D 7844
ZHBORTEE I T T B ERGET Lz, %

B 1 CTIZOPURT O pFSHEAI G- mix 8 AU L L,
pFSH# A O A ¥ 5 DFSHIX & iR X & L T
pFSH#A Iz v 7 v v BE3H 4 mlZ2 3L 72
FSH + HAIX, tHEIX & L CpFSHEA K5 X
ZaE L7zo OPURTOHIRIEaIL, FSH+HAIX
BLUFSHX 53 HRIX & i L CAHEICE <, I]
FORPFIIFSH + HARX AR R IX & i L CH

ICEWIERTH o720 E5I, BV RH O IR
N2 = I3FSH + HAX A3 X & Fei L TH RIS S
WIKHTH o 720 FEBT OFEFEFEERICBVWTH
OPUXB X MRS A Wi 1, B I OFSH+ HAX
LRIBROEEZ R L7z Lo EN» S, OPU
HIZ# 59 5 pFSHEANC v 7 v 1 & FREH 2R
s %2 &T, JFERIGHRD I L, HRIV2RE
BOWIFEERR O ESRFTE %,

X Wk
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Improvement of the sperm freezing procedure by treatment with

L-carnitine to protect Okinawan native Agu pig from extinction

R
(PR B3

Hideki Tatemoto

(Faculty of Agriculture, University of the Ryukyus)

The present study aimed to evaluate the effect of the addition of L-carnitine (LC) to
freezing extender on qualities of frozen-thawed Okinawan native Agu pig sperm. Ejaculated
sperm frozen in the extender supplemented with 0, 1, 2.5, or 5 mM LC was thawed, and then
evaluated the post-tawed sperm parameters. Treatment with LC effectively improved the
mitochondria and plasmalemma integrities and the proteolytic activity of the acrosomal
contents among the concentrations tested (p<0.05) . In particular, the mitochondrial activity
and the proteolytic activity of the acrosomal contents were markedly increased by treatment
with 25 mM LC during the freezing procedure in all individuals. It was further shown that
treatment with 25 mM LC remarkably kept higher levels of sperm motility in the post-thaw
sperm after 3 h of incubation compared with other doses of LC treatment (p<0.05). Although
the addition of LC to the freezing extender had no effect on interference with DNA damage
and caspases activity, sperm treated with 2.5 mM LC during freezing possessed significantly
higher penetrability levels to matured oocytes in vitro than untreated sperm in all individuals.
Therefore, the present findings indicate that the addition of LC to the freezing extender
efficiently improves the post-thaw qualities, but not DNA damage and caspases activity, of
Age sperm by blocks against the damages of mitochondria and plasmalemma and
conservations of the proteolytic activity of the acrosomal contents and sperm motility.

1.B ®
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TREEMRD 720, STFEERBEDOLCE M
HHAPGEA~BIL, ZOREEMEEL 72,

2. 7 &

IR L TR 0REZRWT, §XToOR
31X Sigma-Aldrich (St. Louis, USA) % & i A
L7z

2.1 75 S HBREREF OTEK

GRS, RSB E N B TR 85 3% o

TEHEINTWLT 7 =30 (A-1, A-28X
C'A-3) 2OFEFEICL ) FRILEBRIHE L 720

FUE ARG X, BES™ & Hv7z, FRECL 72
R 2 R DL ICIEE R ISR B IR 0, 0 RlE
(1600 x g, 34, 30C) 52 & CTHELER
F L, BTS” T20x10°® sperm/mliE I2HET %
B L7z T0%, 72725108 EEG (1,600% g,
3450, 30C) LCThEZBRE L7, —KHH
A (1st BF5) €10 x 10® sperm/mli# FE
WAL 720 2 LT, 70y T AKiEAR (NCB-
3100, EYELA, Hx) ZMH\WwT 2K 21 C
25C 255 CETHAIL 5C DR TSR i
BL7, F0O%, 5% (v/v) glycerolz &t —
WHAE A AP (2nd BF5) #%®mimmL, &
BOBPELAE, DMREEBMLEZFIAT7A4AL
12100 u | DFFHESRL v b BB 72, S L v
ME, FI4 74 ALETISGLLERE L TEael
B L7, MARERPITRE LR L. &5,
S A B~ O LCH M ASSfiAS Bt 0 7 7 —
FFIERICKIETTRE2RET 5720, 0, 1, 25
B LS5 mMIZ 7 B & 9 IZLC % % sfifl A G
WML, SR A AT o 72

2.2 I MaYRYTIEFHEOBILE

WAk T 1 XL v b % Dulbecco’s phosphate-
buffered saline (PBS) 21 % (w/v) polyvinyl
alcohol (PVA) 3 X 181 mg/ml D-glucose % Jll
Z72PBS-PVA (3 ml) H1iZHBT39C TRlfig L 72
AEAS 2 LB L 12750 u | 2k L 720 %
LT, BEHCH#E L™, Mito Tracker Red CMXRos
(Lifetachologies, DcriveRockville, MD, USA)
& SYBR Green I (TaKaRa Bio, ##) TH#:fa
L7zo £ Dk, SOGHMEE (H600L, Nikon, HH()
TTEZEL, ARV IREEOEAEED Sz
BT2EF2IPa vy P72 LTV KT
L7
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2.3 FETMRIEIE O BigE

KRR I ORI, BERCY o JiikicHE
U TAT 572 PBS-PVA (4 ml) P THHEHT%
39C CTRlHRE, WT-IREE272.0x10° sperm/mliZ
b X)L 72, D, CFDA/PI staining
solution % FJ v JE SR & 0 39°C T15-30 45 ] Gt
L, 0.03% glutaraldehyde (FGHi3E T KBR)
TREE L7ze 2 LT, HOLBHMEE M oL, &
TADED A% R LT 285 TR IEH M 2 P45
LTwakire L, —#fd L I3 mmiilii
HEEL TR FIRBEEELZZITTw AR &
L7z

2.4 FETARERD & ¥ o3y F o R RIG

DH5E

AFGA KT FALDOEXT T BB EA L7k
FIZE YIRS Dl (halo) ZWET 5T &
THFERHIR & 23 7 B RS TE 2 W L
7 BISIIA A A BEEE T T, WA S
BT F VW LIS L7287 87 BRSO
TERNC X DR S N7zt (halo) OFAEE, <
470X =& —THUHX Y71 2548 DL _EFTHHI
L, ZONERE% LRIk D & o8 7 B 53
FIHET b BRIERTEE U CRRli L 72,

2.5 W EHTEO W

HAER T %2 39C 12 L 7225 mlod Ca, Mg~
free Tyrode-HEPES solution H{* Tl f# L T2.0 X
107 sperm/mlEFEIC 2 5 X D ICHRE L, 39C T
A vFax—FL7, £LC, @#EL0, 145
NIZ 3 HEMNCAE BT AT 251 (SMAS ; Sperm
Motility Analysis System, DITECT, ¥ ) %
M TR FEBEZE L, ESR R &
MEPEAC B R B RS 13 ] 2T L7z & B,
SEBAE T30 7 um/secPl ORI HE 7 7R
L7z T ol ichosEas L, i eiE
S SE B RS 1350 um/sec Pl FOEBREE R L
THEFOERTFICHDHE&E Lz,

2.6 DNAIEHMEOBILE

K7 ODNARE EIZBERICE N RET X v b
T v AL TEME L2, BAKEIRO T
O—ANODNAD T — ¥ 71§ %, SOGHME
TTHIZ LDNABEEZH S L,

2.7 HMIFLPIA A8 —EiEEOWE
WA A R8N — BiE %ol E g,
CaspGLOWTM Red Active Caspase Staining
Kit (Bio Vision, Atlanta, GA, USA) % f\wT
To 7227, BHAEF 2 AL, 39CIThiR L 72
8 mIDOPBS-PVAHNEE L, oW BEIR
B00u1) 121 ul ®Red-VAD-FNKIA K % 7N
L7zo Z0O%IE, Fv bo7a ba—VIilitw,
FOGHEE T T H R EBICEE R 2 2 R B OGSO
LNAKET%, IWEERAAR—XEHT LT L

L7z

2.8 k4 ¥ (in vitro fertilization ; IVF)

2 X KT R iR ORI

YRR IR D RSV (IVM) 7 & OISR AL 24
(IVF) FBERICHELC TIT o 7280 ks, R
JRIRE2> & OBEAE 2 - 6 mmO/NIRE A SERIL
7290 AR OE 786K 2 NCSU37® CT44IRp R 55 28
352 L TIVM%E AT 5720 IVEREHIZIEmTBM®
R, RiREEEIT o 72K F 2 IVEREHT2.0
10° sperm/mli EIZA R L, I ML %2 Br 2 L
7RI RS U 720 BERS LORE [ £ 12 B 1 % [ 2
L, AHZSEE T CIRMIBE NI L 724+
GRS L ITHEVERTZ SR S, RIS TR
YO LN F 2R FRAIIE LTHE L7

2.9 e

HRBXNZ BT BT X TOEMERFF 4 [k ) K
L, 7= P HERETR L, 72, &
FRALE E AT Y 7 PR (http © //www.
R-projectorg/) % H\T4T7 5 72, Shapiro-Wilk
normality test CIEBIMEZ MR L 722, 285 X b
Ny 7B E#EHL—RTH LEZRHFo—
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AL £ 7 v (Generalized Linear Model ;

GLM)-ANOVAZ 17\, HEMENRD SN2l
£121%, Tukey-Kramer testiZ & %% LM E
THEATRFE L7, &8, %7—%I121%, ZH
S A B R R A L 72 GLM#NT 2 41> 729 2 T/
YXg ANy 7 BTukey®™ 12 & ) % E R
EEITo7. LT, §RTOTF—=FIZBVT
p<0.05% MEFTHHI AT & HIWF L 720

Concentration of L-carnitine (mM)

1o M 1
A MWos5 [OI5
60
b
50+ c
s ac
S _ 40t ° b 2
£ aa
'_§ % 30+
Q o
5 @ 20+
el
S 107
O L
A-1A A-28 A-34
Agu
Concentration of L-carnitine (mM)
o Jo 1
25 [J5
70
60
= c
Esot c c
- b b a
2 40+ b b d
£ a d a
8 30+
e
o 201
T
10+
O L
A-1A A-2~ A-38
Agu

3. BREEE

Wil KAKF OB RAFRFIZ, LCORMA
ATPHEEREZHMI TS & L HIZ, ROSEIHZE
T HMEHIC & o THK RS ROR T OE 2% L
720 KBIRIZBWTY, WThOfEfkD T 7 —
SR TH25 mM LCRBFIX TIEH &2 I ha >
KU T A 5K OHIEHBIEN N LA~ TER)
RAVMERTE 72 (p<0.05) (Fig. 1A)e —F, 5

Concentration of L-carnitine (mM)

5 o M1
W25 [5

Plasmalemma-intact

A-28 A-3¢
Agu

Fig. 1 Effect of various concentrations of L-carnitine (LC) added to the freezing extender on mitochondrial integrity

(A), plasmalemma integrity (B), and halo diameter (C) in post-thaw Agu sperm. Values are expressed as the

mean = SEM for four ejaculates from the three Agu. The total number of sperm examined was 720-726 (A), 720~
740 (B), and 103-112 (C) in each treatment group. “¢ Significant differences were observed within the LC
treatment groups in the same pigs as determined by a one-way ANOVA (p<0.05). #°¢ Significant differences were
observed among individuals as determined by a two-way ANOVA (p<0.05).
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Table 1 Total motile spermatozoa after freeze-thawing with various concentrations of L-carnitine.

Concentration of Incubation time after thawing (h)

Agu L-carnitine

(mM) 0 1 3
0 849 = 10ax 734 = 142y 224 = 1427
ALA 1 811 + 12bx 876 = 09 bx 344 = 150y
25 874 = 09 ax 854 = 100 417 = 16 ¢v
5 680 = 15¢x 764 = 13 2Y 396 = 14 ¢*
0 645 = 1.7 ax 628 = 1.7ax 243 £ 1942y
AgB 1 646 = 162 66.3 = 152x 328 £ 150
25 694 = 16ax 674 £ 16ax 382 £ 16¢Y
5 672 = 16ax 632 = 15ax 439 = 1.7¢v
0 828 = 11ax 826 = 14 2x 249 = 142y
A-3C 1 811 = 12ax 721 = 15y 29.1 = 167
25 833 = 13ax 784 = 13y 334 = 1607
5 817 = 12 ax 696 = 150 258 = 1627

Values are expressed as the mean = SEM for four ejaculates from the three Agu.
ac Values with different superscripts in the same column are significantly different within the LC treatment

groups in the same individuals (p<0.05).

xz Values with different superscripts in the same row are significantly different (p<0.05).

A-C Values with different superscripts are significantly different among individuals (p<0.05).

mM LCALBEE X TIZ, #i23 har Y 7IEHE
A EIART L7z (p<0.05)o KIZ, SRS Rl
OO IEHETIZ, A-1 2 A-312BW
C25 mM LCRLHIX Tlie b @5\ IR 2 AT % A7
TR T oMM RENS (Fig. 1B). 72, A-
212BWTH25 mM LCUHEL X THIRIX & K
FICEWEEAR SNz (p<005). ThF T#
B %ROSIC & 2 RE BRI ERG 25 &
FTLVSZZMEPEINTE YT, U AR
DLCHMIZ & > TROSA: W= A5 A L 72 4 R,
G R R O RG THIABE FHEAYE L2 e E 2
bbb, T, WTHAREED Y ¥ 57 BorfRi
FIEEICOWTHE Lz 2 A, FERRICHEL 725
RTOMAET25 mM LCRILXIZB BT v 782
oML L > TETF VERICER S
halo AR b M L 72 (p<0.05) (Fig. 1C). &
NODORERNS, LCHIZE Y, I bay YT,
ML 72 & AR D IER EASERF S B 2 &8
R T& 72,

S AREA O FEBME I, SR oREE
3 RE[H O S EYAS T3 532.5 mM LCALHR X T} X
XD AEZICEWETH -7z (Tablel ), F7z, Al
1% 3 I DTG PERUAS Tl E A 73T, X
HEIX & Wi U CLCALBE X CF B 2 B I As@i ¢ &
N7z (p<0.05) (Table2), L7:%3-> T, LCOE
INASKGF-E B = & GV TSR R =30
L CHERN RN D B Z LA SNz, Thig,
t MEFICB W THRERAFREOLCORMIZ X -
THE BBV &G PR FT AL B A 1R A3 &
Nzt volzifif&—%3 %",

—J, BRI ONEF ODNAIEFEICE L
T, WHMERLCEEIXIZ X 2 DNAKFALIZxT 3
LIRS N o 720 RIS, 5 A28
LIS B W T O LCLHLIC X ) A ZIIE MK
T3 52 &i3hdro7. DNAKWHALIX, WK
B 7200 T K A A=A TR b=
ARMMLIEIC L o THFHEEIN LY, ThET
DA OWGEN S, T 7 — KT B Rl R R | oA
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Table 2 Rapid progressive motility spermatozoa after freeze-thawing with various concentrations of
L-carnitine.

Concentration of Incubation time after thawing (h)

Agu L-carnitine
(mM) 0 1 3
0 125 = 09 e x 139 = 1.1 av 0.7 £ 03 b2
AL A 1 170 = 1.2 bx 125 £ 092 16 = 04 be?
25 100 = 0.8 »x 11.3 + 0.9 ab-x 29 £ 06¢v
5 144 = 11 ¢x 135 = 1.0 2x 1.7 = 04 bey
0 9.8 = 1.1 abx 151 = 1.3 Y 18 = 0627
AgA 89 £ 10abx 95 £ 1.0bx 18 £ 04 av
25 166 = 1.3 170 £ 13> 30 = 06>
5 64 = 08 x 100 = 09 Y 47 = 07 by
0 198 = 1.2 2% 169 + 1.3 2% 07 = 032v
A-3B 1 170 = 1.2 2% 210 £ 14 abx 17 £ 058y
25 185 = 14 ax 150 = 1.1 & 16 = 042y
5 26.7 £ 14 bx 149 = 122v 07 = 0322

Values are expressed as the mean = SEM for four ejaculates from the three Agu.

ac Values with different superscripts in the same column are significantly different within the LC treatment
groups in the same individuals Agu (p<0.05).

xz Values with different superscripts in the same row line are significantly different (p<0.05).

A-BValues with different superscripts are significantly different among individuals (p<0.05).

Table 3 Effects of L-carnitine added to the semen freezing extender on fertilization parameters in post-thaw Agu

sperm.
Oocytes (% : mean = SEM)
wo bome S0 | ot e
examined Penetrated Polyspermic! pronucleus (mean = SEM)
A-1 0 151 285 + 37 349 + 73 721 * 68 14 = 00
25 173 480 = 38* 39.0 = 54 829 = 42 15 + 00
A-D 0 143 392 + 41 306 + 64 571 = 66 1.3 =02
25 128 55.1 + 4.4% 300 + 47 686 = 55 14 =01
A-3 0 116 36.2 = 4.5 429 = 76 66.7 £ 7.3 16 = 0.1
25 137 540 + 4.3*% 311 + 54 662 = 55 15 = 02

D Percentage of oocytes that were penetrated.

* Values are significantly different between two treatments in each individual (p<0.05).

BEEZZT BT, I hay B TIRERO
H A= BIHED R EN L Z LS 2T -
2% L Lo, HkHAFMANOLCOG
&, sRREZOR I bay FY TIEEEE
YE LD DD, J A5—EiGM L DNAK 1L
EHT A Lid ol ThbD,
8 7TARAFR A A8 —EERAL DA O T a 75 A
HINBFEIZ B 2 VE AR 23R 5- L T\ 2 W RE k23
TR X N7z,

SN

%I, 25 mM LCALHEXIZ BT 2 IVEHE O K
FRAFELZZILDO LT LEMMIT X —F — 2 Bl5k
L7z, §XCToOMETHEXE KL T
25 mM LCRLIEX D IRF~DRE TR AZEI A B
WL 7 (p<0.05) (Table3). 7%k TI2BW
TIEE BT ZAERG L EAR TR TH S &
Vo ZZRERENTWEY, $habb, Hik A
FUEANOLCOTMNC & % 4 Tk~ Dt % R
DI T~ORETRAROHMOENTH B L% 2
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bhd, LA>T, 25 mM LCEIRM L 72k 1
SO AR CHUR LI L 72 7 7 — K11, Sk
AR D VR Z MR L TWw b 2 & A%EH
a7z,

RO R? S, B AP~ D25 mM
OLCHEMAS, I ha > KU 7R L iR
O, 7 5 VTR T B & AF B PE DAERF IS
XoT, dHERIAREROT 7 =Rk E R
WET D EDHI SN o T ATFIEHE R,
T 7 — RS R B O AR L, T o —
DR OLEN HIEICHH T E 5 L b
%o

4. B 0

EHEME—DIERIKTH B AP 7% T 77— DIER
i L COEERIT ), KTl ARl o
WAV TH B, 2T, AWFETIET 7 —I
BT B B A O LCHA N A S 6 Rl i 4
FEF R RIZT B OV TN, 25 mM
LCUHEIZ L > TIEHZI ba vy K1Y 7 &
AT DR T OHEDEF ML 72 (p<0.05).
Rk 7 > 8 7 F o RmeET 1225 mM
LCALHX CHML, SLAROIEFEEIED LI
(p<0.05) . HiAERLIAF 3 BTS2 KT EB)ME
X, 25 mM LCRLH X THIEX X ) A EITH <
o7ze LA L, DNABESE & JEHERI A 23— 8
DI R THEFOHEGITE L Ti&, LCALBEIC
X 2 WIS S o7z —H, IVERk
BR A AT SRS RUERS - OSBRI A e L2 L &
%, X E R T25 mM L-# )V = F 2 JLHLX
DREFRARPIEREIHIM L 720 bbb, A
FEDRERD S, HFEHE D25 mMOLCALELAS, @l
oI bay ¥y 7, MBS X ORFEEO
IEEMEE R EBEZ ML, 77—k o
PEIR Z R RBNC S ET D 2 E A S IR 5 72,
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One of the factors that influencing the iz vitro embryo production efficiency is oxidative
stress. The objective of this study is to investigate the effect of « - lipoic acid (ALA)
treatment, which is a strong antioxidant, on the production of bovine iz vitro fertilized (IVF)
embryos. Oocytes collected from slaughterhouse were cultured for 22 h in maturation medium
supplemented with 0, 50, 100 or 200 uM ALA and IVF embryos were cultured for 7 days. At
first, examined the antioxidant efficacy of ALA from the levels of Reactive Oxygen Species
(ROS) and Glutathione (GSH) in the cytoplasm of i vitro matured oocytes, and revealed that
the significant decrease in ROS and significant increase in GSH in the all ALA treated groups
compared to the control group. Next, as a result of evaluating the effects on the status of in
vitro development, the rate of blastocyst formation on Day 7 was significantly higher in 50 u M
ALA treatment than that in other groups. Whereas, the rates of maturation, fertilization,
cleavage and apoptotic cells of blastocyst did not differ. On the other hand, the number of total
cells and ICM were significantly higher in 50 uM ALA treatment compared with the control
group. In addition, the morphological quality of blastocysts obtained on Day 7 and the survival
rate after cryopreservation tended to improve in the 50 or 100 uM ALA treatment group.
Finally, after treating the immature oocytes collected by Ovum Pick Up (OPU) with 50 uM
ALA, IVF embryos were produced, and fresh embryo or freeze-thawed embryo were
transferred to recipient respectively. As a result, conception was confirmed in both cases. In
conclusion, it was revealed that treatment with 50 uM ALA during iz vitro maturation was
effective in improving the developmental capacity of bovine IVF embryos and had no negative

effects on the developmental potential on iz vivo.
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Fig. 1 Effect of « -lipoic acid treatments of the IVM period on intracellular
ROS and GSH levels in matured bovine oocytes. Fluorescence
intensity are normalized to that of the control. Different superscripts
indicate a significant difference (p <0.01). Experiments repeated five
times (Sample numbers of each groups="76).

Table 1 Effect of «-lipoic acid treatments during iz vitro maturation period on in vitro

development of bovine embryos*

No. (% = SEM) ** of embryos develop to

Number of

ALA COE&ntratlon E$E§¥g§ Day 2 Day 7 ’E%ila;euinél}lznl\?[?r
2-cell < Blastocyst <
0 160 99 (619 = 28)ab 54 (338 = 1.9)2 1394 £ 6,02
50 160 114 (713 * 29)= 70 (438 = 24)b 1434 = 512
100 160 101 (63.1 * 29)2b 48 (300 = 26)2 130.8 = 5.3
200 160 91 (569 * 1.8)® 17 (106 = 35)¢ 1121 + 84b

*Experiments were replicated seven times.
**Rate to the number of cultured embryos.

ab.cValues with different superscripts within each column differ significantly (»<<0.05).

B O IRIZGSHO GINASHIBR 2 5 723, FELEW)
B B TREA X B ROS D 53 L2 1 B EAIE IS
HEWHEN/-GSHEZHE T 5, JIMIENGSHD
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7 OREREYGE 2 /i U RIS A S 1,
BARROMEICOL o/t EZ N5,
3.3 MR o a E EE
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Good) B & UCode 2 (Fair) OHiE, &KX

B T3 %75 7255 Code 1 DWEIE, 0 uMIX
(541%) & HT, 50uMIX (604%) &100uM
X (61.0%) TEL R2EMERLZ. —H, &
ML EOZ, 100 uMIX %200 uMIX & [K#E L T, 50
uUMIXTHE (p<005) @ Zolze TH—
¥ AR RS L ORI BT A T AR P = A
Ml OB, SUIXEICH B 22137205
NZh o7 (Table2)o

KA ENC Lo AICM B L O'TEM AL L % Table
3ITR L7z MMIBEENE, 50 uMIX Mo LB X
IZHRTHEE (<005 IZm< %D, ICMAll
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Table 2 Effect of « -lipoic acid treatments during iz vitro maturation period on total cell number and

apoptotic cell number of bovine blastocysts™

. Number of . .
ALA conentration Apoptotic cell Apoptotic rate* *
embryos Total cell number

(uM) examined number (% = SEM)

0 15 176.7 + 7.0:> 105 = 1.2 6.0 = 0.7

50 15 1957 + 542 106 = 15 54 =038
100 15 167.7 = 38> 99 = 14 59 = 08
200 15 1178 + 84¢ 83 = 1.1 72 £ 09

*Data are mean = SEM values for 15 embryos.

**Rate of apoptotic cell number to total cell number.

ab.cValues with different superscripts within each column differ significantly (»<<0.05).

Table 3 Effect of «-lipoic acid treatments during iz vitro maturation period on inner cell mass,
trophectoderm and total cell number of bovine blastocysts*

ALA conf/[ntr ation %ﬁlﬁ)s ' Total cell number TE cell number  ICM cell number IC%}E%&&B* *
H examined o=
0 10 167.3 = 9.5° 1102 = 742 57.1 + 5] 349 £ 21
50 10 2175 = 57° 1291 = 7.8 884 = 6.6° 422 = 35
100 10 1729 = 88 1052 = 6.72 67.7 = 41 405 = 21
200 10 1131 = 148 733 = 9.3° 398 £ 6.2¢ 350 = 24

*Data are mean * SEM values for 10 embryos.
**Rate of ICM cell number to total cell number.

ab.cValues with different superscripts within each column differ significantly (p<<0.05).
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Fig. 2 Ultrasound diagnostic images of the fetus. A : 48 days after ET
of fresh embryo. B : 32 days after ET of freeze-thaw embryo.

Wavy circle indicates fetus.
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Development of predictive system of chromosomal abnormality on bovine

in vitro fertilized embryos (IT)

(7 I
(R B TR AR b B 9 B

Satoshi Sugimura

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

Chromosomal abnormalities are one of the causes of low viability of bovine in vitro
fertilized (IVF) embryos. This study revealed that>50% of bovine IVF embryos that reached

to blastocyst stage have chromosomal aberrations. Chromosomal aneuploidy was confirmed in

more than 50% of in vitro fertilized embryos that reached the blastocyst. This was suggested

to be a chromosomal aneuploidy of de novo due to in vitro manipulation of the embryo. It was

also suggested that it is difficult to predict the chromosomal aneuploidy of bovine IVF

blastocysts by conventional morphological quality evaluation or by morphokinetics using time-

lapse imaging with light microscope.
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Fig. 1 Frequency of chromosomal aneuploidy in in vitro fertilized (A) and in vivo fertilized embryos (B). ICM, TE,
ICM - TE show aneuploid in inner cell mass only, trophectoderm only, and both ICM and TE, respectively.
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60% 80% 100%

®|CM =TE =ICM - TE * Euploid

Aneuploid

Fig. 2 Relationship between morphological quality and chromosomal aneuploidy. ICM, TE, ICM+TE show aneuploid in
inner cell mass only, trophectoderm only, and both ICM and TE, respectively.

%, AneuploidfiZ 2 il (25%), Euploiditit 6
ffl (75%) TdH o720 Aneuploidifd 9 %, TED
H Aneuploid® it 11 (50%), ICMPB X U'TE
M7 T aneuploid DR I1X 1 (50%) TH - 72
(Fig. 1IB)o DL EORER LY, RERICBIT S H
BHPE T ORAER BB IR R OBIL TH
LT EARENTZ,

3.2 JEREMGE 2 — P E QORI L OB fR

IETSIZ & % I i B EFAli 256 12 L 72285 T,

BRI E 5122207 L — FIZ4 CTHH
L7zo ZMWEMEAS15% LT Db D13 Codel, 271k
EBALA50% LLF D b D1 Code2 & L72o Codel®
E1Z23M, Code2d iz 9l TH - 725 Codel &
Code2®D It ¢, Euploidit, ICM® & Aneuploid®
&, TE® % Aneuploid® i, ICM# & O'TER 7
T aneuploidD D EE % B L 72T NOFET
3 Codel & Code2i2 BWTHEAEIZRD SN
o7z 24 DCodel DD 95 %, Aneuploid

© The Ito Foundation



TRV REIE O Gt R ELE BT o B%E (1) 177

Table 1 Duration of each cell cycle of aneuploid and euploid bovine IVF embryos. Values indicate mean + SD.

ccl cc2 cc3 ccd
Aneuploid 26.34+1.40 10£0.81 8.74+1.07 4826 +1341
Euploid 26.51+1.98 9.86+1.05 8.21£0.86 4734+191

1548 (625%) TaH, HEWEHGIZ XD
excellentd L < 1Zgood & HIWF L 72D 2012 b,
AneuploidEAEE L EAFFEL Tz (Fig.2)o
Vb, DEROTEREF Y 7 i BRI ClI St R 8L

HOWHIZFHMTE LW EAVRENT,
3.3 FEAEEE & e R BB & o B
TLCIC X 5T 2/ (12),

3 (t3),

5l

fo (t5), 9#ifiE (t9) OMBlOF L I 7%l
%L, ccl (=t2), cc2 (=t3-12), cc3 (=t5-
t3), ccd (=t9-1t5) oW MERM L,
Aneuploid it & Euploid B Z lLE L 72& 2 A, ccl
P HeccAD VT NOHIIZ B VTS HEEIZED
LMo 7: (Tablel )o

3.4 FRINE L G R EREE & OBR

E—PRETDCAR I L2 RIZ 2 8MTH - 72,
Z ® 9 HLEuploidix 5 (625%), Aneuploid
IRiE 34 (375%) Thotze F7z, FAHNTH
% &, TE® &aneuploid ® kA% 4 1 (80% ),
ICM & TER )5 T aneuploid ® =25 1 (20% )
THolzo T2, RCEEILZZMITITIMETHY,
Z DOIRIZICM D A aneuploid DR TH o720 7 T
FAYMERBLERE2HTH 720 209D

1 1 % Euploid /R T & 1,

1 @ 1 ICM @ &

aneuploidd L TH o720 UL LDOFEERP S, 4T
L BEINE D Gt R RO R R 22 5 L I3 R
LRV EAIRRE N, —T, IREBRICHE
L7-MDOR12% % Rikka T 52 L, R
FL 7%  ODEPRBEEIATH L Z L ZH SIS
LCwa Y, SR Gtk hkcix, F
BRR LR L o B0 R 2 I T & &

W2 L, SR S &0 o etk
DIFMALEETH 5o

4. E 8

IR A\ 58 L 2RSSR 050 % UL E T gt
REREMEATFER S N2 ZUE, BRI
HEEH T % de novoD Yt R BREMETH 5 Z L AUR
WS N7z F72, TERDIZREZEN i B A A v]
WIALTGTAZLDBRENAXT 4 7 AIED
FHIliClE, A IVER RN O Jeta RS2 8otk & 7§
HZLIIRHEETH DT AR I N,
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Study of circulating microRNA as biomarker for pregnancy in cattle (II)
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Keiichiro Kizaki, Tomomi Kanazawa and Toru Takahashi

(Cooperative Department of Veterinary Medicine, Faculty of Agriculture, Iwate University)

The development of new early pregnancy diagnostic methods is very important in

considering livestock productivity. However, the method for early and reliable diagnosis has

not been established at present. In this study, we showed that miR-2455 is an optimal

reference gene for comparing plasma miRNA content in estrous cycle cows and pregnant and

non-conceived cows on day 21 after artificial insemination. In addition, further validation was

performed on seven plasma miRNAs, which are candidates for gestational diagnostic

biomarkers at day 21 post-artificial insemination in cattle. These results suggest that miR-G

has a specific low level in pregnant herds and may be an indicator for diagnosing pregnancy.

There was no significant difference in other miRNAs between pregnant and non-pregnant

cows, but there was a trend toward higher levels at pregnancy compared to non-pregnant

cows when compared individually, suggesting that a possible indicator of pregnancy may be

provided by examining comparative methods.

1.B ®

FIERICBWT, ZRHZ TE 572008
% T LASBRHGRE O RV R AR RE TR E O 72012
HThY, NLEIRIIAZR: 2RI RS
BVEND L, FITBWTIE, BEAMHETH
B2IHPMNIZZIE L T Wiz R s5 2 &
TRBIOFEERIZHERL DI FHEA 2179 2 LT
&5, Lotk LT, BAEHATIIE
B, BEESE, 28— vikk
EPHCHN TV D, BEEREZETIIEITHA
THAERIOH LIBE T RETH 5o BEWBWITET
(3R AT N LIS #%25~27 H LUK THWrAS i 5 T

HDHH, FHNIBIT 2 IEMH 2B L 72T
BBV THBY TH LIRS, ffimnln
DOALAZ RN PRI RB 26 MK O MATN & 2 HIRES
WrikAskd HNTWD, ITETIE, KRHIMERD
BATHRBAZEEE LR 2, Mk ok
BEpE & > M EiREEE LT dREEh
TWd,

~ 4 7 ORNA (microRNA, miRNA) &, 21
~ 254 2k} D 45 vy — A $inon-cording RNA T &
D, BEEFRBOMHIIBTHEELRZEZ D 5
Twv 3. mRNADHERKIZIAT € UGz D
D pre-miRNA T, RNA polymerase I {2 & o T
§n 5 X 172 pri-miRNA % RNase I ® —Ffi T& %
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Droshall X o TYIW SN2 T & THKSI NS,
pre-miRNAIZBZ N S E %k S, FU
{ RNasell ®»—#fC& % DiceriZ & » TUIHF s
52 ET2ARMmMIRNAL 25, 2 REEmiRNAZ
Argonaute2 (Ago2) % v /X7 H L HEEKEEK
T5ZETIABOEAMMIRNALE 2D, &5
B D X v & ¥ ¥ —RNA (mRNA) &A¢#
M A L, R mRNA O BRI E e )W 2 51
EHZ 9, mRNAIZZ DL H I L THEEETOR
AR5 LT, ARNOS T T AR
BLEHELTEEEZ LN TS, MfaTHE
B E N 72miRNAIZZOMIEHN TE) < 2217 Tld 7
, 7 VV—ulxEOMIIVNNER SR E) R
¥ 828 (HDL) % EDVKRY V7 BIZH
WENTD, Ago2¥ X7 E LKA LIREET
MNBAHZ I S, Bk S M7 oOMI IS BB =
52 %0 MM 20659 % miRNA DRI A K
NOBRERMBL TWnbEEN, PAZIILDE
L7 BHPIR DN F~=—h—& L TORHIRE
AR SN TS Y, — T, BEHEIIBWT
AR, JEERmIRNADYVEO 3 — AR A E %%
WioNA F—<—F— & L TOMREEDSHE S
TWBTY A, FERLINBITE 720,
WEARBE I C o kel &M B SFZEI1C & 5 C,
ANLEB#ISB X U21HHIZB T 5 41k
miRNAD 7T 7 7 4 )b, E5HIIERERCE
J 2 miRNADOBESY S0k o720 £ TA
Fge i, M miRNAWCH B L7224 o 55k
TWEO IR 2 B9 BRI, WEERE
FTOHRE S LI, ZRBIOZHRDB L ONZhE
Ok W72 d58ERZ FEid 5 2 L 12 &
T, BEMmIRNA S5 % F - 72 40k Wr o B itk
Mg EEds X ORI R OffNT 2 06 L, FEnT
HE H i % 2 O 72 I RES T O KGBE 2 WRaiE L, LR
EDIMEETEET B,

2. /7 &

2.1 AEEA R

ANLER#%21HE (D21) OREMEEE» O
MZEAT, BEWRAI X RS H (N LR
%40H HYD) ORRIC X VIR (P21, n=
22) BIUOAZRERE (NP21,n=15) 1207
72, NTIER§HT O FEME R 20 S8R Z ATV,
SRR o 7 v e Lz (E, n=5). L

L7 > 7 bRl o & B9 Ii LTtz
G, —80C TIAAFEL 7.
2.2 miRNAHIM & E&WY) 7TV ¥ 4 ART-
PCR

I 4 Z0ORE 20 & @ miRNA il 12 13 miRNeasy
Serum/Plasma Kit (QIAGEN) =i/l L, Mir-X
miRNA First-Strand Synthesis Kit (TAKARA)
VTG UG 217V, miRNAZ 5 cDNA
WMLz, ERmMWY T VE A LAPCRIZIE,
KOD SYBR ¢PCR Mix (TOYOBO) #fH{ L,
7300 7 v % 4 A PCR ¥ A 7 A& (Applied
XY BIERISB L ORI & 1T -
7oo ARFEBRTI, WEAEEL S CTABAIZE CRE L
72miR-AD 6 D #MRGE L7z RIEFRSCE R T
HrHT LMD, TITEAKAORBIZET, A
PHDEL). BB, V7 7Ly AmiRNA (N
fEPEa > ba—)v) (i, FRRICHEATIIZE T S
12 L 72miR-245538 £ U'miR-128% ] L 7=,

2.3 Receiver operating characteristic curve

(ROC) fi##7
NLIZHG%21 H H O - IR BT
LM EHRICHBAED D > 7-miRNAIZB L
TWOIREEL L7726 OZ 42 301 L 720
IMP#& &t f##1 >~ 7 + v = 7 (SAS Institute,
USA) 2 & Y ROCHEMT % 47\v>, ROC Hi##3 T I
& (Area under curve : AUC) BXU'H v M+
7 (Youden's index) Z#H M L7z, L7

Biosystems) {2
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71y b 7 E B E MBI & B BRI R S &
B, REREE, BtEnyrhERB X OB R RO
720 J&FE = (TP/TP+FN) x 100, 4¥5EE = (TN/
TN +FP) x 100, Fpikiys = (TP/TP + FP) x
100, BatERHhE = (TN/TN+FN) x 1002 55 H
L7zo TP : True Pregnant, %%+ miR-126-3p
WX BZWIIBWTHIREZH SN, »OoBEk
DB IC L 2BMICBWTL IR BTSN
H D, FP : False Pregnant, M4EAmiRIZ L 5%
WrlZ B\ CHER & BB S L7278, Bk i
2L 2B ClRIEIER L BTS2 b Do TN :
True Nonpregnant, IM4EFFmiRIZE 2 ZWIICZB
WCIEHIR & Bl S, o E ISR E I &
LEMICBWTHIEREZHEINTZD D,
FN : False Nonpregnant, IM#EHmiRIZ X % ZH
2B W TIEIEIR & B S 7228, BE IS
WX 2B TR EZHE N D,

3. BREEE

3.1 IM#HEFmMRNAEFIIBITLY 77 L YA
BT OWE
WEAEJE F CTOMZEIC BT, D2UFIRERES &
ORZIREREOLIETY) 77 L Y AT EL
THY)TH 5 LHRENzmiR-2455, B L
PWHOFHLTY 77 Ly A#ETELTHwLR
TW72miR-128® 2 fHl ® miRNA DWW T, %1%

miR-2455
<
& % 150000
T8
w 5 100000
£ C
8 & 50000
> 0O
gL 0
(@]
E NP21 P21

M D7) 7 7Ly ABIETE LTORYLME
ERRE L7zo SIS 0 ~20H 12 B1F % I E
mEAR L, D2UEIRAHEDS X ORZIRAHEIC S
JAMAEREAREZLE LA, FHOMIC
AEEATRDON o7 (Fig.1)o
RT-qPCRIC X @& TiE, YR 77 L >V
ABIETICE 27— 7 OBEBEANEETH D,
Mol T 7 LV ARG TORERFITEEARITK
ERET LY, W, MM TR T 58
fz F o 3% Bl i #t <%,
3-phosphate dehydrogenase X° beta-actin 7z & &
Vo 7eNT AF =V Y BTV NLE D,
MFEFCBITE) 77 L Y ABIEFIZOWTIEE
PEHESL L TR W% WY, KIFFETIE, Y
77 LY A#EET L L TmiR-24553 X O'miR-
1280 _FifHICERH L, MEEFERFREZRRIL
ZA, HREBNRE L-ZHOBTREELT
B, V77 LV ABETE LTHEHUTH - 72,
L2 L, miR-12812PF L CTix, miR-2455% &
L 724 O miRN A 53 FH 12 o CCHILAE & 4 A8
Bl Enn, BRI ER - A2k
MAE P mIRNAE A R OWEIZ BT, M E
HENET5H ) BEED TV MIR-2455D 1% 95 28
V77 VY ABERTELTRIDELTHL &

2 %o

glyceraldehyde

miR-128
40000
20000
0
E NP21 P21

Fig. 1 Abundances of circulating miR-2455 and -128 in estrous, pregnant and non-pregnant cows.
Plasma miR-2455 and -128 quantities were measured by quantitative RT-PCR. Peripheral
blood was collected from estrous cycle (E), day 21 pregnant (P21) and day 21 non-pregnant

(NP21) cows.
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Fig. 2 Circulating miRNA quantities in pregnant and non-pregnant cow on day 21 gestation.

Circulating miRNA (miR-A to G) from day 21 pregnant (P21) and day 21 non-pregnant
(NP21) cows were analyzed by quantitative RT-PCR. Each values represent number of
detected miRNA. Data are shown as mean = SEM. *p<<0.05.

3.2 /NBIBTIEGERER

D21 IR A B X A Z G 2B 1) % %
miRNAGHRIZOWT, S SHICHHEHMPL
TeMGE % AT 5 720 FHmiRNA O AE & A 112
DWTIE, miR- G 2SR HE T FIALE %2 7R
L7245, ZDI3HhOmiRNAICE L TIEmi#ETH
BhEEROLN e, o7 (Fig.2). miR-G I
BLT, EBICBHICHVYZBOZYYE%ZR0C
FRMTIC X D EFi L7z, S hzh v b 7k
125 CTh o7z T/, MAEL LToOBHREDOR
& RTAUCIZ075TH Y, HREORUIETH
HEFH s (Fig.3). ROCHATIC X Y HEH

0.8

0.6

0.4 4

Sensitivity

0.2 4

0

0O 02 04 06 08 1
1-Specificity

Fig. 3 ROC curve of circulating miR-G as a biomarker
for diagnosis of gestation.
The values of circulating miR-G from day 21
pregnant (P21) and day 21 non-pregnant (NP21)
cows were analyzed by ROC curve analysis.
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ENAy b 7HEICES W TIPmiR- GEIC
X BURSWT 21T o 7o R &, BE BRI X
LW ORE R S UK IRT73%, JEREI
73%, BEtER R ERI1280%, FaTEMERIZ67% T
H o720 mR-GOROCHENTIZX DRI i
AUCIZ075TH ), BB CIdZhike LTo%
BPREREC VT EAUR SN, NLER&Z O}
IZBWTIE, P 2 TR & NS
HTHIENEETH S, L7zd->T, ANLEH
%21 H HIZB1F 2 BHEURES Wik © IR AR R EEAYE
WZENEFE LW, BIERETOMHmiR-G% H
Wz ORFREEIXT3% L B o T2e BT
P LCOEMMBIZIT T, 4% S 5Tk
R LMGER AT O LB D Do miR-GILE F
SELREHWREO M THRAE SN TS mIRNATH
D, RELMENREORBIIEG LWL ESh
%o — N CHURICEIE S 2 M3 F 2274 &, MR
BB 2 5HROBETORFICEHLTLS
BORETH D LEZT WA,

51T, Mk L C AT Z AT 7RI L
T, ZNZNOD2IBIT 5 IM4EHmiRNA & A
% b L 72 (data not shown)o. IO AN L%
K CAZNG, RO NTIAE TR L 72 IC B v
TiE, AZIEERC R TZIERI2 W < D2 OmiR
PHEICEME b LREEE R aHENEALNR
720 WANDONLIERETAZ, ROANTERTY
N2 TH - 7RIS LT RO K Z 1T -
2EZh, WEFROmIRICE L TH &A=
DEALIZFRD bNeh otz TNH DRI, &
miRO M & A B IIBAREDTAET 505, %
AR TR X U e b &4 = 258N % T BE
BEREL TV,

4. B 8

72 RIIEIRZ W TR ORI, REOAE
HEEZD)ZTHEFICHEETHL, LirL, F

WS ORISR 2 H I S Twu iy
ONVHIRTH 5. AFETIE, FIRERMIFB
KON TR %21 H B OMR - R2ZEicBi5
MAEFMRNAZH =2 KT B0 77 L >
AT & LT, miR-24552 B TH D Z L %
RL72. 61T, FONTER#2IHHICEIT S
WHRESWI N4 F = — 7 —ERiTH 5 7 Mo 4
miRNAIZDOWT, E L4 3MitEEIT 72, €D
R R mIR-GASEAR I CHRER I 2 IRl 2R L, 4T
IRZWIOIRIEL 52 B Z EARB ENT. T2, i
OmiRIZE LTid, HIRARE L Ao T
BEREZREOONEP o720 00, RN
B3 % & IFAT AR 12 I CHEARIE IS Tl & 72 2 {8
MA3H SN, WG EEZRGETT 5 2 & THIRDE
BEE B RENEDSH A T L AVRIBE L7,

X Wk

1) Lucy, M., Green, ]., Poock, S.: Proceedings,
Applied Reproductive Strategies in Beef Cattle
(August  31-September 1), 367~375, 2011.

2) Balhara, A. K, Gupta, M, Singh, S, Mohanty, A.
K., Singh, I. : The Scientific World Journal, 958540,
2013.

3) Kizaki, K., Shichijo-Kizaki, A., Furusawa, T.,
Takahashi, T., Hosoe, M., Hashizume, K. :
Reproductive Biology and Endocrinology, 11, 6,
2013.

4) Reese, S. T. Pereira, M. H. C., Edwards, J. L.,
Vasconcelos, J. L. M., Pohler, K. G. : Theriogenology,
106, 178~185, 2018.

5) Bartel, D. P. : Cell, 116, 281~297, 2004.

6) Mitchell, P. S, Parkin, R. K, Kroh, R. M,, et al. :
Proceedings of the National Academy of Sciences,
105, 10513~10518, 2008.

7) Farrell, D., Shaughnessy, R. G., Britton, L.,
MacHugh, D. E, Markey, B., Gordon, S. V. : PLoS
One, 10, e0134310, 2015.

8) Lai, Y. C, Fujikawa, T. Maemura, T., Ando, T,
Kitahara, G., Endo, Y., Yamato, O., Koiwa, M.,
Kubota, C., Miura, N. : PL0oS One, 12, 0177182, 2017.

9) Pfaffl, M. W., Tichopad, A., Prgomet, C., Neuvians,
T. P. : Biotechnology Letter, 26, 509~515, 2004.

10) Liu, X, Zhang, L., Cheng, K., Wang, X., Ren, G,
Xie, P. ! Journal of Affective Disorders, 163, 133~
139, 2014.

© The Ito Foundation



183

IR A O BTAEIC B 5 FHEIRIMLTEEIRES L O
fa o MFt AR C X 2 e #EbkiE s L O o
e

Estimation of placental function in dums and health of newborn in
Japanese Black cattle based on uterine arterial and placental blood flow

hemodynamics in late pregnancy
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Kosuke Iga

(Division of livestock and Forage Research, Tohoku Agricultural Research Center, NARO)

In this present study, the relationship between the peripheral blood estrone sulfate (E1S)
concentration of Japanese Black cows and the uterine artery blood flow (BFV) dynamics on
the pregnant horn side or the placental blood flow area (PBFA) at the end of pregnancy, and
the relationship between these blood flow dynamics and the birth weight and vitality of
newborn calves were investigated. As a result, peripheral blood E1S and BFV in cows that
delivered normal calves (N group : n=9) were increased significantly (p<0.05) from day 270 to
290 of pregnancy, and there were showed similar transition pattern. The ratio of PBFA
remained in the range of 0.13 = 0.01 to 0.14 = 0.01 regardless of the days of pregnancy, and
it showed a different transition pattern from the peripheral blood E1S production rate. The
peripheral blood E1S concentration in the stillbirth (S group : n=1) remained lower than that
in the N group regardless of the days of pregnancy. In addition, the ratio of PBFA was lower
than that of the N group and decreased from 0.12 to 0.08 on the 275 to 280 days of pregnancy.
On the other hand, with some exceptions in N group, when BFV at the near the day of
parturition is high, the birth weight is heavy, and when BFV is low, it is light. In the S group,
BFV was lower than in the N group, and the birth weight was the lightest at 29 kg. The ratio
of PBFA at the near the day of parturition was concentrated in the range of 0.1 to 0.15
regardless of the birth weight of newborn calves, but it was low (0.08) in the S group. In
conclusions, it was suggested that the normality of placental function and fetal development
could be evaluated by examining BFV dynamics or the ratio of PBFA on Japanese Black cows

in the end of pregnancy.

HWA60% 2 HOTEY, Z09H) LT IRSERE

RTOMDIEFREDKREDZ LHDT WD, MR

20174F B MORBE R R B I Patic L 2 &, W T, HEPE RN L 2 R OBEH R it O %
MAFORT - WETFFOREFRO ) bHETR  REONBRBIER S 2505 &, BENR 1L

1.B ®
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AT T RBIIRE , REWN TR I3
CASERAE

RAEINC IR BYEA 704 FRVEVTH DT
AZrarHnr7e—1b (E1S) Z&ERICE S
52 LT, WBBREEFEEIEBOIEHEZTTRL,
AT oKE -3 (B TR - 3L %3
ETXALIEPMEINTVEY LALEDS,
E1SHIE R ICET ZEMPL I A N, HDHWVIE
DL LTI IR TwanZ L9, HER
B COMMIERESEN TV,

WAE, B ICHH T 5 — 8 oR—F 7V E
A5 Dk {55 T 225 18\ 2 I B T 00§ 2 AW B 72 A
T—B LUV A FT T HRRREDERIEREAR S T
%o TNOHOREZFIH LT, FEAKD MG Ai
EEARERRE, 7% o NIRIRTEE OBIFRY, IR
WIZAE ) TEBRIMEEOHER 2 Eh@mE s T
BYY, BAATIE, BRBSIZBW T HAEAOIL
WA 2R & U 7 AR RE RS2 IR PR 0 RFAf A%
ALNTWD, —J, KREROERTHLH, H
JITREAL - WA TET, TORILE L7 ERARE
15kg DR E T % 5300 L 7= REFFE 12 BV T,
TR A 3] D S A 7 0 - B DR ML 0 T AR
M U7 R L TR HER 3 2 AT i 2 153 C
Who ZORRIE, AN IELR A 1 E BR
MRz MET 5 e T, FETEORE - Hh
EHEETE LML REZL TV,

Z 2 CTAMZEIRE T, BRBIICBVT, B
BT EREOIERENE, 206 AT ok
&SR WIS T ABMIEORED 7
W, MERAN O BEAE O KRS ME1SH EE & 4T
IR IR MR B RE, & 2\ IZE#E o i
L OBk, INSIMKENE S Firk 4 ofRE -
)1 & OB E Rz,

2. /7 &

2.1 HRAM O BEMBEF BT 5 KA 1M
E1SHEE & itk E B IR MR B RE, =
72 3RO M EEE & o Bk
IR AR W O BB 1080 2 3 L, 4L4R270
H2 550 E TS HZ EICSHTIRE D A%y &~
IMELZEERINAE % FI W THRINL L 720 MR 5 005
%, MEEZ RICLEISHIREOME £ T -35C T
5 L 720 I 4 A E1S 3 B2 13 7l MR @ ELISA kit
(Estrone-3-sulfate ELISA kit, Arbors Assay
LLC, No.K038-H1) Z#HWTHE L2z F72,
HIR2ZTOH S50 EF T HI LA T —B LT
ISV AR T T HERE 2 A S B R R I 3 i
(ARIETTA 60, HY-.7 8% 25714 A7) ()
v, IR E BRI E (BFV) O
BEFRL E DI, BEEHRAIT XD ] 58 %
B O Wi O RS X O Ai 2 72, 7
B, BEVOllE, 7 5 I 54 o 8l
UL 727 =B LUV A R T T OHEIR
Table 1 1278 L7z MEUR270H 2S5 E T5 HT
LIZHT—BIUWVA T IHEE v, E@E
WM W B o BB EHERE 2 F VT 104
729 ®BFV (ml/min) % ii~7z, %€ L 72 K4
1% H B OBF VI HE4R270 H OBF VIS 3 5 H 5503
R L, 72, - F7 IR,
JEARARNS X ) vl e 2 IR O i g O KA
BT B IRI 2 Tz T — KT F0H
BERAE L, WfE@ENTY 7 b (Image J, Wayne
Rasband (NIH)) % H\wCHREBHEAIZ S O 5 I
Rk OE G (PBFA) 28I L, KMIMEISH
[, BFVE &L UPBFA & ORfR% <720
2.2 FAEFFOKRE - 5T & RN E )
DRIMGEEIRE, F 72 dREOMRE)EE OB
R
2. 10K O BEMAEF 108 2 AL, K
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Table 1 Setting of ultrasound imaging diagnostic apparatus for measuring uterine artery

blood flow on the pregnancy horn side and placental blood flow distribution.

Uterine artery

Placental blood flow

blood flow distribution
B mode Frequency 75 MHz 6.5 MHz
Gain 72 65
Dynamic range 70 65
Doppler mode Frequency 1.6-6.25 MHz 1.3-6.25 MHz
Color gain 115 115
Velocity 10.0 cm/s 8.18 cm/s
Angle 60°

WIMEISHEEE, BFV, *7-1ZPBFAEL#ETF0
HEIRAE - G OBRERRSL 720, HiAET4
DHERARE X5t S DI ET 2 & & b
2, WEHIEEBL HEVIESMER S X T O
L) BEITERY - WAL 720 B TRl L7z, F

EEﬁiJI[LElSD%FF BFV3E X UPBFAWX, &h

Mo HE I Lz E, BEVB X O
PBFAZ N IZ IV 720

3. BREEBE

3.1 HREMOREMMICB T 2 KR IMELS
B &R B R MR BN RE, £ 720
fia i o it BN RE & o BILR

ARWFFEN LA U 72 4R o BB RN 2 o B

%, AT O A RRE LR, itk o BEE
BIXOHAET O HLiZTable 2 1278 L 72, 1088
oD B, 1HIZEETH Y, 9FHIXIEHR
GRS L7z A (n =10) O IR
H%132924+14H CTH o722 L6, RIifgT
(&, HEER270~290 H KRS MELISiEE, BFVE X
UPBFADT— % Z v, [EHGT4%2 0L 7
HO(NH#) BLUBELLRE (SE) 8L,

TR O BEAFEA B0 5 KA IMEISHEEE &

BFV, % 7:13PBFA L ORZ X7z T ORER
N #HORKAYMELISIEFE B X OBFVIZ LR H B 0%
WISV AE (FhZhp <0058 X U p <0.03)

WML 7ze L2 L&A s, SHORMIMEISHE
JEB X OBFVIE, HIRHBOGKEEIZEDL S TN
MEEHBRLTKMEZMER LA (Fig. laB X O
Ib)o 512, NEEOKWMMEISEAERGEL LV
BEVZHEOHER /7 — v &R L7z (Fig. 2a)o
—7Ji, NHOPBFAIZIARH A58 LT 3013
£0.01~014+ 001 O HiPH % HER L, L8R H B
WCHBLREZIBOON o7 STHOPBFAIX
NAFEHBELTRMETH Y, #HIR275~285H 12
PBFA i K 001245008 F TILT L7z (Fig.
le)o 512, NHEOKMMEISEARHGL LV
PBFAIZ S 2R 2 /R L72 (Fig. 2b)o
3.2 BAETHOKE - F L IERKS O BRE
AR B 2 KM MEISHEE, AEiR A1
EEIIRIM A EYE, F 3B mitEkE &
DR
PR IE3. 1 & FBRIC N B K OY S B 8 L
BrL7zo ZORE, NEIZBWTHMHEEOR
WIMEISIEE A E (=400 ng/ml) & #rd:1-2F
OEAEIZE { (31~46kg), EISHE KW
(<400 ng/ml) & AERAKREIZE W (29kg) Z &
BN S, FEIC S HEO S H T O KA ME1SiE
13287 ng/ml, AWFKE 1Z29kgTH - 72 (Fig.
3a)o T/, NEIZBWTEHIINED 275, o
W AL OBFVAS W & i E 7 o AR RR R 1X
L, BEVIA v e ERBAREIIEL L2 L
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Table 2 Age, reproductive histry, days of pregnancy, birth weight and sex, and postpartum clinical findings on

Japanese Black cows and newborn calves.

Newborn calf

Postpartum clinical findings

Reproductive Days of  Birth weight
Cow No. Age history pregnancy (k) Sex Cows Newborn calf
Assistance, .
B938 2 1 293 41 J Released placenta Stand up and suckling
B920 3 1 286 34 J Released placenta Stand up and suckling
B445 7 5 289 42 £ Released placenta ET, szirﬁlﬁg and
B638 6 2 297 46 J Released placenta Stand up and suckling
B849 3 2 300 41 I Released placenta Stand up and suckling
B317 9 7 287 29 £ Released placenta ET, Stillbirth
Assistance, :
B1852 1 0 292 40 J Released placenta Stand up and suckling
Assistance, . .
B1903 2 0 293 41 J Released placenta Died 40 min postpartum
B204 10 8 292 31 % Released placenta Stand up and suckling
B326 10 6 295 39 J Released placenta Stand up and suckling
60 Normal (n=9) . Z 2007 —e—E1S (n-9)
250 = -Stilbirth (n=1) S 1go] - -BFV (n=9)
® a-c : p<0.05 b & Group : None
® 40 52 160+ Days : p<0.01
; 30 5N Inetraction : None -
g P Omenne" o 27 1401 Z
S20{ ©O°°7 52 1204
@ (a) » 2
w10 o ¥ 100
= (a)
0 o 80
day 270 day 275 day 280 day 285 day 290 & day 270 day 275 day 280 day 285 day 290
Days of pregnancy Days of pregnancy
g 180, 0.18 - 200
g _ —e—Normal (n=9) * - ——Placenta (n=9) (b)
25160 - -Stillbirth (n=1) g 016 —-E18 (n=9) L 180 §
SN *: p<0.03 (vs day 270) <8014 — % -%
O > _ —
£ .§ 1401 1 * 52012 / - 160 38
5§35 58 o 5%
> 52 120 [SRs . L 140 » ®
&g 22008 23
2 B W
521004 OF---- ®) = £ 006 L 120 5
i} [aa) o=
5 80 a 0.04 o L 100 &
day 270 day 275 day 280 day 285 day 290 0.02
Days of pregnancy 0 . : T T 80
0.16 day 270 day 275 day 280 day 285 day 290
= Days of pregnancy
[0
% 0.14
g_—g Fig. 2 Relationship between the ratio of the peripheral
a g 0121 .Q blood estrone sulfate (E1S) production and uterine
58 PEAR N —e—Normal (n=9)
©20104 Lo S«.  =o--Stillbirth (n=1) blood flow volume (BFV) on the pregnancy horn
=N id o . .
& = o Sl side (a), or the ratio of E1S and placental blood flow
g 0.08 1 e © area (PBFA) from 270 to 290 days of pregnancy on
0.06 Japanese Black cows (c).
day 270 day 275 day 280 day 285 day 290
Days of pregnancy
Fig. 1 Comparisons of the peripheral blood estrone ARENT (Fig. 3b)o SHEEIZBWTIX, N#EE

sulfate (EIS) concentration (a), the ratio of uterine

artery blood flow volume (BFV) on the pregnancy

horn side (b) and the ratio of placental blood flow
area (PBFA) from 270 to 290 days of pregnancy in

Japanese Black cows (c) that delivered normal

ca

Ives and stillborn.
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PBFAIZ0.08 £ fXfili Td > 7= (Fig. 3¢)o LA LD
R0 S, HIRAM O BBHAI2B VT, BFV
B E R R s ORIl & L TR T hE
THhY, 72, WK OPBFAD G FIHT R
MARBEOFFMIRER & 70 U 15 2 W HEVEAVRIR S 7z,
ILHR257~271 H O BEMFIC BT, 740
AR NIE R B X ORI D & R oI
HEISIREEZBMS 50 LA L, AEFTIRIE
WARE A L IRTEISREK S, FPAREE O
BIZIEOMBIASEED S, BES T TIE MR I
EISIRERBEMZHEET L. ZhoDZ &R ol

50
eNormal (n=9) °
P 40| ostilbith (=1) o ®© © @@
- [ ]
g 30| (a ° )
[
2 20
ES
@ 10
0
0 10 20 30 40 50 60 70
E1S conc. (ng/ml) most recent on the day of parturition
50
e®Normal (n=9) ° L4
B 40 | ostilbirth (n=1)® o e ¢
= (b) b
'-ED 30 o [ ]
g
< 20
.E‘_!S
10
0
0 2000 4000 6000 8000
BFV (ml/min) most recent on the day of parturition
50
e®Normal (n=9) 4
40 | ostillbirth (n=1) o e
Za0| © o
® ©
g
c 20
“ 10
0
0.0 0.1 0.1 0.2 0.2

Ratio of PBFA (PBFA/ placental area) most recent on the
day of parturition
Fig. 3 Relationship between the birth weight of newborn
Japanese Black calves and the peripheral blood
estrone sulfate (E1S) concentrations (a), uterine
artery blood flow (BFV) on the pregnancy horn
side (b), or the ratio of the placental blood flow area
(PBFA) most recent on the days of parturition (c).

T OFRE B L OE GG & B LRSS
0, BHMROIMPEISHE X Z o & B B3
LIEL L DHLZ ENMESIN TN DY KB
ZEZBVT Y, HIRKMOREBNEFICBIT 5K
FE IME1SH B IR H B D #8881 AR WA 7 2 B4
R L, FERE L7 Tl IRE 2 R (224~
287 ng/ml) §5Z&Hh5, BERoHE L FERIZ,
IR O REAFEFIIB VT, MHPEISTEE
e 1FE IR 2 LT 2885 TH B Z & ®
RENT,

WHA (7 0 AR 1I2B8WT, HEROREIC
FEWBEVIZHIING %o #ARI0H LLRED & iR 5
X OEHIRA M OBFVIZEN A Uk, Z01,
JaFRE IR AMBEVIZEM L, 5w
WCIRRIEIZET 5% ABIRIZBNTYH, 551
HMEEOBFVIZIEMR270H & B L CHEICEH
<, FRIT, BERE L7232 BT, i H BT
DOBFVIZIEAR270H & ik LT3 %25, 1E%
4% i U e & i LTI 2 R 5
B EMIRENT FAETHOAREKRESL LT
BFV & O BfRZ 745K, BFEVOK WA
D U 720 L T o BRI I v, T 72, R
FROBRTH LD, BITEY - WA TET,
ZDHRIET L 72 AWK B 15k g DARARE T % 431
L7ZBEAMEPICBWT, HIERREMOBFVIZIE
WREF MU 2REE g U TIRSHERR T AT
RERFTWLZEPE, BEVERTRER S
T BB RBEREH 5 LE 2 6NY, BEVE TR
BEE L7628 O IR H PEREAM O W] BEVE AR S
ns,

— AN IR LR - JE T TP R, g
EBICEBEYOLEITDONLEETHY, i
BEALZINLOREMRE, 5B X OB oI
WIHEFLTVB I EPFFOEN TS, YT T
FARARE &R RERICEOMM» RO N,
7o, FERLPhT BRI E & RiEEEICD RO
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AR ENTHB Y Y, FE R W BRI & 0
BRANE T I B R MR B KT 2 et
WEINTWDY KFFRIZHBWT, JERE L 724t
A4 OPBFAIRIEH =4 % 0 L 72 ik ek & 1
RLUTIKIETH D, IR H OB IR
T 5, F/2, HAETFOERMKE L 7506 0 EL o
PBFADBAtR % R, IBF %724 % 50tk

F 7230 L 22 OPBFAIZ01 2B R & LT
GHCTEDLZ LMD, PBFAZIRIE L LG T-5
B R MG B Ak o0 I W VR Rl o W R R ARIZ S
5o Gtk HIREMORERMEAOBFV, PBFA
BLUFETFORE - Gk EOfT Rz RA L
FHZET, BREGTIHI—BIXUORVAFT
FHEREZ AT B AR — & 7 VB I 55 2 1
ZHAH L, BTEERREREOILEED X O
HFFORE - 15)) % M ICHEE T & 2B WL
BIEDIIFF T & %o

4. 2 8

ARFFETIE, HEERRIY O BB 0 A I
A barH7e—1 (EIS) #RE &A1
HERIMLEENRE (BFV), F 72138 o i
(PBFA) & OMR, Zh o IMmshEL it 114
DR - 15T &L OBIRE AR, TOME, EW
T EESM LR (NBE) ORMIMEISHEE B
X OBFVO I A3 R H B o B It vwg &
(ZNZFN p <0058 L Up<003) (2¥mL, XK
R IMEISFE A 3B X O'BFV O #I & 1 X AR O 3R /<
¥ — &R L7. PBFAIZIENRH %% 8 U013
£001~0.14+001DHiPA = HERE L, EISPELEES

LR DRSS — VBN LTz, SERE L 7B
(SHE) ORMIMEISHREX, HikH ORI
MboFNREL IR L TIREZHER L, 72,
PBFAIINHREL L TIRETH b, HEIR275~
280 HICTHifE10.122 5008 F TIK T L 720 —75
A FOERARES X0 HEROBFV &
DR Z R ARTAER, NEIZBWT—H65EDH
5H, SFMHBEEOBEVYE S W e ETFE04
RRE X <, BEVASA v & AERMRE I W
ZEDIRENT, STEICBWTIE, NE L
TBEVIZA %K, FEF 0 ERKE S 29kg &
ROENP o720 T2, PHHBEEONEICISLIT S
PBFAIL, HrAETHFOEBAKEICEDL S T01~
015D FPHIZHE R L7228, SHETIZ0.08 & fXfiET
Holze Do s, WHRAN O REMNES
IZB1F 5BFAPBFAZ#~ % Z & TlilgténE o
IR T3E 23l & 2 REEAVRIR S
720

X Wk
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Development of simple and accurate procedure for pregnancy diagnosis

by using fecal and urine samples in the mare

Toru Takahashi

(Faculty of Agriculture, Iwate University)

The aim of this study was to establish simple and reliable procedure for pregnancy
diagnosis in mares. In the present study, the author tried to quantify the urine chemical test
that formerly reported by Cuboni as a qualitative assay. Urinary samples were collected from
draft mares in Iwate Prefecture, Japan. Collected urine was hydrolyzed by heating with
hydrochloric acid to generate free steroids then extracted with toluene. The toluene layer was
collected and mixed with sulfuric acid and further heated. The sulfuric acid layer was
transferred to the 96-well plate and the fluorescence (355/535) was measured by
fluorescence counter. The urine fluorescence was quite greater in pregnant samples. Dose—
dependent increments of fluorescent intensity were observed when estrone, estradiol or equilin
was added to the charcoal-treated urine, whereas progesterone, testosterone and cortisol did
not induce dose-dependent fluorescence. Results in the present study suggested that intense
fluorescence in pregnant mare urine was caused by estrogens excreted to the urine. Urinary
fluorescence greatly increased from the second trimester of gestation to term and the
difference between the pregnant and open samples was quite prominent. Urine samples
collected from the pony and miniature breed mares with impracticability of rectal palpation
owing to smaller body size were subjected to quantitative fluorescent assay. Although the date
of mating were not checked in most mares, all mares (7/7) were diagnosed as pregnant by
urine fluorescent assay and confirmed subsequent foaling. Results in the present study showed
that the Cuboni test, the urine fluorescent determination for pregnancy diagnosis in the mare,
could be quantitatively evaluated by fluorometry. Quantitative Cuboni test could be utilized for
pregnancy diagnosis beyond the second trimester of gestation not only in the draft mare but
also pony and miniature breed mares with impracticability of rectal palpation owing to smaller

body size.

HEkoEz HNE T 5. RHAKEIL HOBM

N ZIRDYHERR & M7 3Rk £ CHUBF IO S

AWFEIE, RAHE (7 b 2fE, ~Avvany NBGEDE . BEKE LTTFECERINS
B X OCHAERMZ &) O ORIk 77 Ly FHEICHART, RSB ERET

1.B ®
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S NDMEAD Y, LI, HERE
PR EOMENL, BEB LY 3455 2 LG
ENnTnwasl,

TR BH R IR W 2 47> C TIi% S (B
TOWE) | 2F v 7352 Lid, WEZEHO
SR ORGS0, W DO AT RAERL A b DB
WA T 5 72D IR PRV, BROILIRZ I
BEAEOAERALTIEIH TV ERL TRV, &
CTARIZETIE, BABAER S ITHRIT &
DR A AR E LC, iR T cERmTE
IR LT A2 HINE T 5,

2. /7 &

ATIRNTHIE SN TV S BB OB E27
AN DR ZFRIL THMICH L7z F 72, FRIREI
DEFRRTIZ, GFRANTHEINL TN SR
SR IR —ABREOHE T (WITRD A
ANE L, BRI EEAEE) »HIRL
Em Cuboni K 12 & AHEIRFIE X EfiL, €D
D 53 Wkl % TRz

2.1 HIRKEOREERDOFISIZE > TEL S

WG BUE 2 IS L 72 8 2 0 B

2.1.1 CuboniJt? O =EEHEY

1000mIDH T A7 5 A T IZHERIR 1 ml& 288K
Imlz Mz, &5ICHEMEELGmMIZRML 7,
IO & > THERDPBHMT H2DT, 75 A
I DHMH % K EKDFEAK TEE L DD WN%HE % 3
L7z Bl ERTE THALZRICZ I A2
WIS L THGEBIZE L 2.

2.1.2 BIEEOLEK

ZHRELAZHREOREZARE LT LERED
Cuboni G Z AT\, 79 2a3%, QKB @
HOGET, @IS © 7, IZhELEEOREZ
Bigz L7z,

2.1.3 CuboniXJt® & =il

IR 3 ml% A7 ARBREICE D, THICHE

EER0SmMIZ N 2 CHEEE L T, 90 T15% [k
L 7B SIS HE L CTus L7z, E|iE Tz
2RI MV Y 3mlE R T 2 R L
728802 30 MIEHE LT PV V@ S LS o L
PeBIZ VI U RE 2mlE RO T T A RERE IR
L CIERERE0.5ml % i 2 CTHFE L 72#£1280TC T20
SrEmE L7z,

AR A FIICHE LTS L, PV VEO
T OmEERE03mlZ EWI6 /T L — MIEL,
Jihe i & 355nm, HGIE F535nm O G %
L7z,

2.2 ERECuboniKJED AT 14 FERYEDOK

Gl

WV L 22 BRI A by, TANSY
F—=l, 74y, FusyArary, FAMA
Ty, ANVFI—= Ve ZENEN05ug/ml, 5
ug/mlB L 50 ug/mIDPEIT R 5 X 5 IZE
LT, RE2.1.30 4 THOLME 2 & L7z,

2.3 RIRAR DMK G & A B R 2 E00

RS AT T

FRC21.3D 771 TSR & KRR TNk 73 f A
L7222 PV U &2 4T 5 7203, KRS f#AL
L MoV H ASHOGIREE 2 T 3B & B
L7z

2.4 &= Cuboni SIS O HOGHRE & JRp T 2k

Oy R L OB

ERE2.1. 30 ETHIGHRE 2 WE L 723X T
DRBARZ T, RP TR b ViR R
PR EE TR Lz MBS, IRRA % 3
TR TR R L, K% ¥ = F )V T —
FUTHH LT =7 Vil o = 2 b o Vi
ZWE L7z

2.5 E&Cuboni KUt O HEAR I 2 K B O MGE

W OUEIRA 7 — ¥ O (HEAR120H #5 % T),
] (ER121~240 Hiie) B & ORI (k241
HLIBE) o R % 308 & L T & Cuboni KUS
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(2 & B EARH E AR 2 ATV, BIERERE 2 MRGEE L 720
2.6 [RERBIOKGE

HEIG ETJE L CORBH 2R L T o /2
D, BHARZR %N L THEEZI 2 FE5 L 2%
Do 2RI O/ IG 7 B SRR L CE i
Cuboni B & & IEIRFIE 2 17\, T DRDG
WA 2 A4 L7z IR E DEREE LT, i
67 ¥ b As50008 Do iR & L7z,

3. BREEE

3.1 HIRBEOIREFBEORINIZ L > THEL S
HOGSUE % IS U 72 22 5l 28 1 0 B 38

3.1.1 Cubonits (Z%4%)

RIS & RS iR ) 2 SERICL 72 R
Wik % W T=% 6 O J 12 X % Cuboni IS &
FEhiL7ze 25, HRRERIKE L7 A3%
OGIC A S L& ISR Eaots Bl s, —
Ji, FEIIRE oA TIZEBIIBIE S ko
720 WHBIROWTIIHIIH S LBOMER 7
FTAAONE xR WAHIROIMER LI X 2L %
J, =207 7 AT BEHRANTBRELLLE
2, EEPFERICEEEZBIRTEZVWEEbH -
7oo Fo, BRI RIS T, WIRTHOLD
CHEENTL 79 A3 2HE LB E T
DO LN W EDEL Do 72,

3.1.2 BIgHEDHE

Cuboni it Z B¢ AICIE, 7523 %2 &
YN i WP RELS Rasd: 6 WAL N ine) bRty i o}
BB Th o 720 WG O RBARATR L O HOE
ERTHIEDNS, TORRERIIROLLD D
BREMICHLLETPHLT, UVET VA4 3
F—%— (BME7 u— 27 VERKBORLT
F VT DY BIE) DY R365nm DRI T ~
TETIAIME L E 2 A, HIRE DRI
TIXIREN 2 BB S 728, FEALIRIE Ok
TIXHIEATRD LN b o 726

3.1.3 Cuboni5t: @ 5 & # Al
FE2.1.3ICEMB Lo FE TR E Mk L L7z
Cuboni /& & 17\, #OWGER (Vv F I X
h s —=SX, N=F Iz —t) EHVT
JlEE % e 355nm, OGN R535nm D HOGH E & 92
L7282 5, HWHEDGAMTLIRIRA D A THlEE S
Nize WMIETERERNC & 2 J % (i e BE 23 B fil &
LTEINDLDOT, #E0H)E % /I ERT
5 EDUEETH o7z, HOUIRE LG E B
PO LIS RO LN, Zh
WEFH5 0 DOMIETIZI6R T L — b OEMIZHEE
355nmD e EA— I E T L v, HOBIME
ENggE A7z b, ko T, DIEDOFER
13355nm D Jihke St & 15 & ST L C535nm D 5t
TEREZMEST H T & & L

3.2 SERECuboniIBD AT 1 A FIFERMEDM

wf

WML CTATu A FEBRELZRICTR
tey, TANST V=N, TIAY Y, TUur
AFuay, FAMNATFOY, ANVFIS—LEEFN
Z105 ug/ml, 5 ug/mldB L 50 ug/mloiEE
W27 % £ 9L T, Cuboni Kt % 17 - Ci
SshEAME LA, TAMRY, TALT
VA =N, T4 2OV
NRED T F 7275, THFXATHY, TAMA
T, TVTF = VAR EARAE Y 70 SOGIR
DOWMRKIFBO LN h o7z (Fig. 1) WL
Fxzs4Vy, TAMuY, TAMTTF—LD
2B 22> 720 £ - T, CuboniIt @ # 5t IR
HOZZ Py VICHRT S 2 EAVRIRI N7,
F72, ZOERTHEREKMEWZEOUIBLEINT:
274 MeaEWix, FHEILSNIZAREET S
L) R C3ITKRBIEELATHMTIMLTY
720
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Fig. 1 Effects of steroid hormones on urinary fluorescence

3.3 REUEDIAKS & AR B A3 E0OE
SRS RAT T R

FREo2.1. 31 L HETRE Rk E L7
Cuboni Bt % 17 o 7o BRI IR AR I B 2 7 L
TIME L 7223, THIIIRHBPICE RIS S 3G
W2ATFaA FEMARSHL CERNMATOA N
HERESELZEVHNTH o7z, MAPRIRAFIZIE
WERDOZA T4 FH MR OB R OBREE T
ELTBY, IhEMAKDHEST S Z & TCuboni
ORI ENZ AT 04 FOREZHELT I LAT
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IS EATVY, HEERZ N 2 TINEAT 2 K%, HEig
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JUBR U 723800, SRR BN O N AL B S AL
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RIS IR AR I AR TR IS DR TR & o 72
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MK L CleEpERl 2 L S5 2 & T,
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g 27z,
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DM FED bz (Fig.2)o L2 Lo Ptk
¥ (R?) 130245 BH WD DT b oz 2D
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Y, TANITF =, TIA) DLW —
VICERDHY, AL T v LB AR Y
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WIEENDH D T EHIRIE S T,
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(Table 1),
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i (Z2h) OEBAICHRTELIEMET, it
k& DAEFIZE DD THFTH > 720 RHFZED M
B s, EECuboniEoHBIIRPICETNS

© The Ito Foundation



b LR B RAMAA L LT B 20D 1EHE % 1 O ITIRZ W O Bl 56 193

20
* . .
& 15 .
- .
% S *
* y=0.1911x + 7.6805
3 10 R R2 = 0.24515
C A 4
[0
[&]
8
5 .
3
2 5
= -
O Ir T T T T
0 10 20 30 40 50

Urinary estroneconcentration (ug/ml)
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Fig. 3 Urine fluorescence intensities in different reproductive stages
in the mare (*p < 0.05)

Table 1 Pregnancy diagnosis by quantitative fluorescent assay

No. mare breed breeding method  fluorescence (x10E6) diagnosis foaling
1 pony crossbhred pairing 12,53 pregnant foaled
2 pony crosshred pairing 13.17 pregnant foaled
3 pony crossbhred pairing 1291 pregnant foaled
4 pony crosshred pairing 1541 pregnant foaled
5 pony crosshred pairing 12.89 pregnant foaled
6 pony crosshred pairing 12.39 pregnant foaled
7 miniature falabella natural service 6.88 pregnant foaled

negative control draft horse Japanese draft nonpregnant 141

positive control draft horse Japanese draft 6 mo. Pregnant 747
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1) BASEAE, FIHESE, W7 3, g@Ek8E 2,
JEARY:, TRACRKEN, EEE © ESEB) Y R IR 4
s, 8,98~99, 2017.

2) Cuboni, E.: La Clinica Veterinaria, 57, 85~93,
1934.

3) = R BAEREO T E (FARR,
pp36-37, 1992.
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Improvement of post-partum reproductive performance by Rumen

protected niacin supplementation in cattle

FOHEOHE R -A I Fo—
(Al RAEROEBA G IR, B BAET V74T 74 b 2SR

Yasuhiro Morita™ and Shuichi Matsuyama

(Graduate School of Bioagricultiral sciences, * Asian Satellite Campuses Institute, Nagoya University)

Niacin (NA) supplementation as rumen-protected niacin (RPN) in cattle increases milk
production and dry matter intake ; moreover, side effects, such as niacin-associated skin
toxicity and their effect to reproduction performance, have not been investigated in detail. This
study attempts to determine whether oral administration of RPN increases uterine artery
blood flow and whether RPN feeding promotes uterine repair and improves fertility in
postpartum cattle. Experiment 1 involved 6 non-lactating multiparous healthy Japanese Black
cows. The estrus cycles were synchronized and cows were randomly assigned to 2 treatments
[control group (0 g RPN, C and supplementation group (60 g RPN, RPN)] and were orally
administered once at 1000 h before the morning feeding. Uterine artery diameter was
measured by ultrasonography every 4 hours from 2 hours before RPN supplementation to 42
hours later. In RPN group, the uterine artery diameter was significantly increased at 6 hours
after RPN administration compared to other time points (p<0.05). In addition, there was a
significant increase in artery diameter at 6 hours after administration in the RPN group
compared with the C group (p<0.05). Experiment 2 involved 6 multiparous cows, and cows
were randomly assigned to 2 treatments [control group (0 g RPN, ACC and supplementation
group (15g RPN, ACRPN)] and were orally administered niacin once at 1000 h every day
before the morning feeding from 1 week after calving. There were no significant differences in
the reproductive performance, however, RI value in ACRPN was tended to higher than ACC
group in 2, 5, and 6 weeks after calving (p<0.1). The present study indicates that RPN
supplementation could affect uterine blood flow. Moreover, inflammatory tissue needs more
blood flow and decreases RI value in related blood vessels, thereby suggesting RPN

supplementation could support uterine repair in the postpartum period.
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3. BREEE

3.1 1

3.1.1 FERRZAL

EEWM 28 L <, EBEERICERAR L Lo
TEOEALIXR S o 7275, RPNFLGEEO
6 BHH 4 B CRPN#5-# 6 R[] 2> & 221K [l 212
2T TR E A BIgE S hiz,

3.1.2 MEEOZEAL

RPN 1451 £ O 1= B Ik o L8 £ D 281k
& Fig. 1 IR T, CHRETIXFERNMZE L CF
EEREEIE—E L TWw7z2%, RPNEETIZRPN#
56 WM TH 5161 0012BWT, AEICFEE
MR M ZEASKE5-1 2 We ), $65-#522, 26, 34,
38, 42WFM A IR L Tz (p <0.05)
F 72, CHCHEL LRPNAECldfe 5-74 6 el C
AREICMEEO AL SN (p <005).
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Fig. 1 Change of the diameters of the uterine arteries in six cows in control (C, open circle) and rumen-protected
niacin administration (RPN, filled circle) groups. Values are means*SD of rate change of both right and left
vessels of each six cows from two hours before administration (arrow indicates the time of RPN administration).
Values of different parameters with different asterisks (*,) on the same day differ between groups (p<0.05).
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Fig. 2 Change of the diameters of the uterine arteries in three cows in control (C, open circle) and rumen-protected

niacin administration (RPN, filled circle) groups. Values are means = SD of rate change of both right and left

vessels of each three cows from 1 week after calving.
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Fig. 3 (a) Change of Resistance Index (RI) values from uterine artery in three cows in control (ACC, open circle) and
rumen-protected niacin supplement (ACRPN, filled circle) groups. Values are means * SD of rate change of both
right and left vessels of each three cows from 1 week after calving. Values of different parameters with different
daggers (1,) on the same day differ between groups (p< 0.1). (b) Change of Pulsatility index (PI) of the uterine
arteries after calving in both group cows. Values are mean + SD of rate change of both right and left vessels of
three cows each. (¢) Change of Time-averaged maximum velocity (TAMV) from the uterine arteries. Values are
mean *= SD of rate change of both right and left vessels of three cows each.
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Study on bovine endometrial function regulator and regulatory mechanism

during estrus

oo B M et
(s B2 A REE F REBY Y A B2 = 1)

Tomochika Sugiura and Ken Nakada

(Laboratory of Theriogenology, Department of Veterinary Medicine, Rakunogakuen University)

Recently, poor reproductive efficiency in cattle has become serious problem. The objective
of study was to clarify the physiological function in bovine endometrium, which is the place of
conception. The expression of VEGF mRNA was noted as an up-regulator of bovine
endometrial thickness that changes throughout the estrous cycle, and the relationship between
VEGF mRNA expression and endometrial thickness, and the mechanism of endometrial
thickness regulation were investigated. Natural estrus (= Day 0) of 12 cows was observed, and
measuring endometrial thickness with ultrasonography, collecting uterine endometrial tissues,
and blood sampling were performed on Day 0 and 14. The expression of VEGF, VEGF receptor
1, VEGF receptor 2, estrogen receptor« (E-Ra ), estrogen receptor [ and progesterone
receptor in endometrial tissues were measured by quantitative PCR. As a result, the
expression of VEGEF mRNA in bovine endometrium during the estrous phase was higher than
that during the luteal phase, and the expression level showed a positive correlation with the
ratio of changes in endometrial thickness. In the estrous cycle, an increase in blood E:
concentrations and a significant increase in the expression of E-R @ mRNA in the endometrium
were observed, and a positive correlation was detected between VEGF and E-Ra mRNA
expression. In conclusion, it was clarified that bovine endometrial thickness during estrus was
increased by increasing the expression of VEGF through the increase of blood E:
concentrations and E-R « in endometrium. Since it has been suggested that the degree of the
increase in endometrial thickness is related to fertility, it is necessary to investigate the
physiological role of VEGF and the positive effect on conception caused by the increase in

endometrial thickness.
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Endometrial thickness was converted to a ratio

B ASI5R ML 72 2 & R S 7 (Fig. based on the reference day (Day 14). Data were
1), & ST o VEGE mRNA%%fﬂbiDay shown as the mean + SEM. Peak in endometrial

thickness in the Day 0 was 1.5-fold greater than

14 & 1t L CDay O TlXZORBUCED D A FH 1] basal level (Day 14 as the reference).
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Fig. 2 mRNA expression in the endometrium.
Expression of vascular endothelial growth factor (VEGF), VEGF-Receptor (R)1, VEGF-R2,
estrogen (E)-Ra, E-R S, and progesterone-R mRNA were compared between the Day 0 and

14 using paired t-test (a-f). Data (mean = SEM) were shown as relative values of factin.

0.05<*p < 01, **p < 0.05.
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Fig. 3 Correlation between endometrial thickness and expression of VEGF mRNA (a), and expression of VEGF and

E-Ra (b) on Day 0.

Endometrial thickness and expression of VEGF mRNA were converted to a ratio based on the Day 14 in panel (a).
Positive correlation between converted endometrial thickness and ratio of VEGF mRNA expression was suggested.

Similarly, positive correlation between VEGF and E-R @« mRNA expression was suggested.
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Fig. 4 Progesterone (Ps) and estradiol (Ez2) concentrations
on the Day 0 and 14.
Black and white bars represent P4 and E:
concentrations, respectively. Data were shown as the
mean * SEM.
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Peripartum management using a multimodal tail-attached devise with a

thermistor and a triaxial accelerometer in dairy cattle

iCE RN A i S SR S .

(VSR ZE B S N S - T ah BE SR M8 A F ZE R B Wy i A F 2 20 F
2 )7 SRSTAT BE NAC S S AR S TE BRI 2 Sy )

Shogo Higaki!, Reina Sakurai! and Yoshitaka Matsui®

(! National Institute of Animal Health, NARO, 2Dairy Research Center, Hokkaido Research Organization)

In this study, we determine the applicability of a new multimodal tail-attached device to
peripartum management in dairy cows, especially to calving prediction. The tail-attached
device equipped with thermistor and 3-axis accelerometer can monitor physiological (surface
temperature : ST) and behavioral (activity intensity, standing time, posture changes, and tail
raising intensity) parameters simultaneously. Sensor data were collected from 50 and 12
pregnant cattle reared in farms A (tie-stall barn) and B (free stall barn), respectively. Since
one cattle showed astasia before calving in farm A, the data was omitted and the following
analysis were done using the remaining data. Based on the sensor data, substantial changes in
physiological and behavioral parameters were detected before calving; namely, decreasing in
ST and increasing in activity intensity, standing time, posture change, and tail raising intensity.
Two machine learning models were constructed for predicting calving within the next 24 h
and 6 h using the randomly selected 30 datasets (training data) of farm A. When the
prediction models were applied to the data of pregnant cattle that were not part of the training
process in farm A, calving within the next 24 h and 6 h were predicted with 94.7% sensitivity
and 94.7% precision, and 684% sensitivity and 100% precision, respectively (n = 19). While in
farm B, the prediction models were relatively ineffective; sensitivity and precision of the
calving prediction models were 75.0% and 45.0% within the next 24 h, and 58.3% and 87.5%
within the next 6 h, respectively (n = 12). Since machine learning is the search for algorithms
that reasons from externally supplied instances (training data) to produce general hypotheses
(models), these results suggest that a tail-attached device may have the potential to achieve

effective calving prediction, if enough training data is available.
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Fig. 1 Shape of the tail-attached device and the attachment unit, and position of the trail-attached device

A. Shape of the multimodal tail-attached device. The device characteristics were : 21.0mm X 26.0mm X 9.7mm and
5.8 g with battery. B. Attachment unit of the tail-attached device. C. Attaching position of the tail-attached device.
The device was attached to the base of the tail. Orientation of the x-, y—, and z-axis were lateral, proximal/distal,

and dorsal/ventral of tail, respectively. Roll indicates rotate the x- and z-axis around the y-axis.
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Fig. 2 Representative of sensor data for 24 h obtained by the tail-attached device
Gray horizontal bar indicates the range of roll angle at standing position.
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Fig. 3 Changes in residual tail surface temperature (ST) and ratios of activity intensity, standing time, posture change,
and Y-axis acceleration throughout a natural estrous cycle

Residual ST was calculated as actual ST-mean ST for the same time on the previous 3 days. Ratios of activity
intensity, standing time, and posture change were calculated as sum of hourly values during the last 24 h / sum of

hourly values during the last 24 to 48 h. Y-axis acceleration ratio was calculated as average value during the last 3
h / average value during the last 24 h. Data were standardized to calving (0 h : vertical line). Black dots indicate
the time points with significant differences between values at the indicated time point and the mean values during
the reference period (-240 h to -169 h from ovulation) (p < 0.05) . Data are expressed as mean = standard error (n

=61).
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Table 1 Calving prediction efficiency based on the data obtained by the tail attached device

Prediction True

False

False

Farm* No. of cattle model positive positive negative Sensitivity Precision F1
A 19 24-h 18 1 1 94.7 94.7 0.947
6-h 13 0 6 684 100.0 0.813
B 12 24-h 9 11 3 75.0 45.0 0.563
6-h 7 1 5 58.3 875 0.700
Total 31 24-h 27 12 4 87.1 69.2 0.771
6-h 20 1 11 64.5 95.2 0.769

Calving prediction models were developed using 30 cattle in Farm A through artificial neural network. Sensitivity, precision, and

F1 score were calculated as TP/ (TP + FN), TP/(TP + FP), and 2 X sensitivity X precision/ (sensitivity + precision), respectively,

where TP, true positive; FN, false negative; and FP, false positive. *Housing system of Farm A (dairy cattle) and B (dairy cattle)

were tie-stall and free-stall, respectively.
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Fig. 4 Representatives of sensor data around calving in cows with and without disease

Graphs in the left and right column show the sensor data of the cows with and without of

disease (astasia), respectively. Data were standardized to calving (0 h : vertical line).
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Identification of a molecular marker for the uterine involution to affirm

the female fertility

APRET g M
(17 BOF B 58 e A B3 - it e b T AR A T G 4 B R )

Kaiyu Kubota

(Institute of Livestock and Grassland Science, NARO)

Longer post-partum interval causes huge economic loss in the cattle management. Estrus
detection followed by certain performance of artificial insemination is the initial step to shorten
its duration. After that, the full recovery of the uterus from the damage by parturition, so-
called “uterine involution” is required to achieve the 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, i.e. infertility. Therefore, the aim of the present study was to investigate the
molecular profile of the endometrium during the uterine involution for the identification of a
quantitative and reliable molecular marker for the uterine involution to affirm the female
fertility. Endometrial samples from Japanese Black beef cows were collected by the cytobrush
continuously during the uterine involution for the RT-qPCR gene expression analysis. Protein
localization was also analyzed by immunohistochemistry for the endometrial mass specimen
from slaughtered cows. The results showed that expressions of the inflammatory factors such
as interleukin 1B were upregulated at the beginning and immediately reduced, indicating its
usability as a marker for the condition of the inflammation like metritis but not for the uterine
involution. On the other hand, insulin-like growth factor 1 (IGF1) expression was high at first
and gradually decreased along with the involution beyond the timing of lochia loss. IGF1 is
known to function in cell proliferation and, thus, seems to play a role in involution and be
diminished once the process is over, demonstrating its usage as a marker for the involution. In
addition, the expression of epithelial membrane marker, MUCI did not altered throughout the
involution period, but increased after involution. Because MUCI is believed to inhibit the
embryonic implantation, it might be used as a marker for uterine receptivity. Taken together,
although there are still numbers of bottlenecks to be solved in future, IGF1 and MUCI could
be the potential candidates for the malecular marker of the uterine involution and uterine

receptivity.
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Fig. 1 Time-course expression of ILIB, SAAZ, IGFI, and MUCI in the endometrium of
Japanese Black beef cattle during the uterine involution. Expressions were analyzed
by RT-qPCR. Data are presented as the mean + standard error.
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Fig. 2 Localization of IGF1 in the endometrium of Japanese Black
beef cattle during uterine involution. A representative picture of
IGF1 expression analyzed by immunohistochemistry in the
endometrium before (20 days after parturition) or after uterine
involution. Nucleus was counter-stained by DAPI. Scale Bar =

20 um. LE ; luminal endometrium. S ; stroma.
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Fig. 3 Upregulation of MUCI expression in the
endometrium of Japanese Black beef cattle without
pregnancy for more than 500 days (long).
Expression was analyzed by RT-qPCR. Data are
presented as the mean *standard error. Asterisk
indicates statistical significance compared with
control (p<0.05).
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Examination of new selection method of recipient cow based on ovarian

reserves

/Nl

b4

(CIt e 8 7S B FE AR A o R )

Takeshi Koyama

(Animal research center, Hokkaido research organization)

The purpose of this study was to investigate the effect of ovarian reserve on reproductive
physiology after estrus synchronization for embryo transfer and performance of embryo
transfer. In experiment 1, the effect of ovarian reserve (antral follicle count (AFC) and anti-
Miillerian hormone (AMH)) on reproductive physiology after estrus synchronization for
embryo transfer was investigated using 22 Japanese black cows. The mean value of cross-
sectional area of right and left uterine horn was larger in cows with high AFC (AFC >62)
than that in cows with low AFC (AFC <62). This result suggested that cows with high AFC
had a thicker endometrium after estrus and might have higher fertility. AMH concentration
had no effect on reproductive physiology after estrus synchronization for embryo transfer. In
experiment 2, frozen thawed in vivo derived embryos were transferred to 32 tested cows to
investigate the relationship between ovarian reserve and fertility outcome. The odds ratio of
AFC for conception at 40 or 60 days after estrus were 1.21 (95% confidence interval (CI) : 0.94
to 156, p = 0.14) and 1.24 (95% CI : 093 to 157, p = 0.16), respectively. The odds ratio of AMH
concentration for conception at 40 or 60 days after estrus were 1.24 (95% CI : 1.00 to 155, p =
0.05) and 1.12 (95% CI : 093 to 1.34, p = 0.23), respectively. These results suggested that cows
with high AFC or AMH concentration might be more likely to conceive. Future studies are
necessary to increase the number of embryo transfer, as well as a detailed mechanism of the

effect of ovarian reserve on endometrium function.
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Fig. 1 Relationship between AFC and AMH concentration.
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Fig. 2 Effect of AFC level to the average cross—sectional area of right
and left uterine horn.
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Fig. 3 Effect of AFC level to the average long diameter of right and left

ovary.
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g. 4 Effect of AFC level to the amount of change in the number of

steps relative to the average number of steps during the 10 days

prior to estrus.

Association among antral follicle count (AFC) or plasma anti-Miillerian hormone (AMH)

concentration and pregnancy by embryo transfer 40 and 60 days after estrus.

Variables Estimate Std. Error O(gga%fcdﬁo p value

AFC model at 40 days post estrus

AFC 0.19 0.13 1.21 (0.94 - 1.56) 0.14

Age at embryo transfer -0.31 0.20 0.74 (049 - 1.10) 0.13
AMH model at 40 days post estrus

AMH concentration (pg/ml) 0.22 0.11 1.24 (1.00 - 1.55) 0.05

Age at embryo transfer -0.24 0.20 0.78 (053 - 1.16) 0.22
AFC model at 60 days post estrus

AFC 0.19 0.13 1.21 (093 - 1.57) 0.16

Age at embryo 