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Table 1 Statistics of plants samples and relative growth rates

n Mean = SD Min Max
Green herbage mass (g m ) Total plants 75 1312 =+ 48.3 132 2319
Zoysia species 75 1198 = 45.7 106 2192
Other species 75 114 =+ 57 26 278
Dry herbage mass (g m?) 75 1751 = 446 65.0 303.0
The proportion of Zoysia species in green herbage mass 75 091 = 0.04 0.76 0.98
The proportion of dead parts in total herbage mass 75 058 = 0.12 0.32 0.90
Relative growth rate (g g day ")Total 69 0014 = 0016 -0013  0.072
Grazing period 60 0009 = 0010 -0.013 0032
Pre-grazing period 9 0047 =% 0.012 0034 0072

Values were calculated using the pre-grazing period samples from April 17 to May 15, 2007, and from April 22 to May 19, 2008, as well as grazing
period samples from May 15 to October 2, 2007, and from May 19 to October 7, 2008.
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Figure 1. Relationships between the relative growth rate (RGR), season, and green herbage mass. Circles,
triangles, and squares indicate P 1, P 2, and P 3 test areas, respectively. The units of the seasons
denote the number of days from January 1, 2007, and 2008.

Table 2 Model statistics

n The P - statistic of model variable witht-test AIC leel_lhog)d Mod@ ! P i R*

ratioy, statistic
Model 1 67 In W (P<<0.0001), In T (P=0.72), In Wx In T (P =0.40), Place (P=0.002) -464.4 117.3 P<0.001 081
Model 2 67 In W (P<0.0001), In T (P=0.51), Place (P=0.002) -466.2 1166 P <0.0001 081
Model 3 67 In W (P<<0.0001), Place (P<<0.001) -470.9 1162 P<0.0001 0.81
Model 4 67 In W (P<<0.0001) -460.6 1019 P<0.0001 0.78

The model variables are log-transformed values of green herbage mass (W) and seasonal days (T), their interaction, and the effects of study sites
(Place). AIC is Akaike’s Information Criterion. The models were tested with a likelihood ratioy “test. R* values are adjusted for degrees of

freedom.
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Figure 2. Assessments of the selected model with (a) normal Q-Q for residuals (b) the agreement
between measured and predicted values for relative growth rate (RGR). The broken lines

indicate the 1:1 ratio.
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Figure 3. Relative growth rate estimation with green
herbage masses in P 1, P2, and P 3 test
areas, simulated by the model of Equation 5.
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Figure 4. Crop growth rate estimation with green
herbage masses in P 1, P2, and P 3 test
areas, simulated by applying the relative
growth rates estimated in Equation 5 to
Equation 3.
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Effects of the relative growth rate of plants on adaptability to grazing
in Zoysia-dominated pastures
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Abstract

Pastures dominated by Zoysia japonica, whose growth features probably exhibit good
adaptability to grazing, are used in grazing management despite their relatively low herbage mass.
We studied the effects of herbage mass and season on the relative growth rate (RGR) of plants in
Zoysia-dominated pastures using a generalized linear model and examined their potential for
grazing adaptability. The effect of green herbage mass on the RGR in the model was highly
significant (P < 0.0001). The RGRs were higher when pastures exhibited lower green herbage mass,
showing a logarithmic decrease with increasing green herbage mass. No seasonal effect on the RGR
was observed (P = 0.51), whereas we did detect a site-specific effect (P < 0.001). The model
simulated a maximum RGR for initial plant growth (at green herbage mass = 1 g m™ of 0.142—0.150
g ¢! day !, a maximum plant growth of 168.9 —2034 ¢ m % maximum crop growth rate (CGR) of 1.72
-207 ¢ m*? day ', and green herbage mass at maximum CGR of 62.1-841 ¢ m % We conclude
based on these growth features that pasture management, controlling lower herbage mass with
grazing, enables higher plant production, suppresses seasonal growth decline and invasion of other
plant species, and is related to good adaptability to grazing in Zoysia pastures.

Keywords: grazing adaptability, herbage mass, relative growth rate, season, Zoysia pasture
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Development of ovarian follicle culture system using nanobubbles.

Hikaru Kousaku, Ikuo Tomioka

Graduate School of Science and Engineering, Shinshu University.

8304, Minamiminowa-mura, Kamiina-gun, Nagano, Japan.
Abstract

Nanobubbles, a novel industrial technology, have been applied to the field of biology in recent
years. Although nanobubbles have unique properties such as high penetration into cells, there are
few reports on its bioactive effects. Therefore, the present study investigated the possible effects of
nanobubbles on ovarian follicle culture. A medium containing air nanobubbles (Air medium) or 100%
nitrogen gas nanobubbles (N, medium) was prepared by a bubble generator. Mouse embryonic
fibroblast (MEF) and ovarian follicles were cultured in nanobubble-containing medium and subjected
to the following analyses; the cell count, quantitative-PCR, the follicle growth measurement, and
survival rate calculation. As a result, the expression of mitochondria-related genes such as Sirtl and
Hifla were significantly increased in MEF cultured in N, medium compared to those in the Air and
control medium. In addition, the cell proliferation rates and the follicle survival rates were tended to
increase in the medium containing the N, and Air nanobubbles. In conclusion, the present study
showed that the nanobubbles might be able to control the mitochondrial function-related gene
expressions, and the culture system using nanobubbles could lead to innovative culture technology.

Key words: Ovarian Follicles, In vitro culture, Mitochondria, Nanobubbles.
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Estimation of Genetic Parameters for Fatty Acid Composition and

Genetic Correlations with Carcass Traits in Japanese Black of
ISHIKAWA

Miho ISHIDA, Kazuna NISHIKAWA, Kazutaka NISHI

Tshikawa Prefectural Agriculture and Forestry Research Center, Livestock Experiment Station, Ishikawa 929-1325
*Wagyu Registry Association,Kyoto 604-845

Abstract

In this study, we estimated genetic parameters on fatty acid composition in Japanese Black of
Ishikawa, and investigated the possibility of genetic improvement for fatty acid composition. Fatty
acid composition of intramuscular fat from 5,113 carcasses of Japanese Black in Ishikawa was
measured using near infrared spectroscopy. Breeding values associated with oleic acid, saturated
fatty acids (SFA) and mono-unsaturated fatty acids (MUFA) percentages, and each genetic
parameter were estimated by the animal model BLUP method. As a result, the heritability of oleic
acid, SFA and MUFA percentages was estimated to be 0.453, 0.446, and 0.450 respectively. Breeding
values of 15 sires (have 100 or more records of fatty acid composition) for fatty acid composition
ranged from -3.85 to 2.87. And genetic correlations between fatty acids and carcass traits were
low(-0.23~0.07). These results suggest that fatty acid composition including oleic acid percentage
could be improved without influence on other carcass traits.

Key Words: Japanese Black, fatty acid composition, breeding value
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L )

F 5, A IZEE, LY A ¥ (CCK) 5=

R DT T HUL 7 55 2 15 ) Wi 3FMiia (R arBRiiaR) oeizid,
7 b FE RO L AR TR 2 S BN Y — R OR

kR A N A A

e L7z, CCKIE, HPHRMHRER Tl mZ N, B TIIELE SV E E LTERT 5 2 &8¢

HSNTW 5B,

BEFANBIC BT 2 ENIF SN T2 v, RIIETIE, KBEWOBHERET VE LT k

Bz v, 2o bilsir 5 CCK OFER 2 #Et L7z. 28 PCR Oftk, & b FiFlidsds CCK RSk
£ 200 CCK ZBMRDOBIZTEHEL T LI edbhol, 3FEDENRI CCK (CCK-8) %Mz llia

WZHG- LT bR L7z e 2 A,
Nhhosze Lo, CCK-8F7z1d 451 CCK

BETERARNE B LA Lz DEofRIE, 2l 2> 5 2w S 7z CCK A%,

THBBIZEHT S22 L 2RET 5o
F—T— K A, B,

oAb~ — 71 — BT OB,
(CCK-4) #A > A v & QTGS 5L,

34T EHBEOHERRICEII RS

LA VHEET

AVIVAMFZ, RTFF

#

B2 5 BRI Z B OMmBRMED DR SN b,
FARHE DM & BRI M 1E, HEME LIRS
WIS b0 BEHOEBMEIEICB VT, ik
REIZd % A M L i (i) ~ & Gt
SN Do MR O M a5 2 Ak TG L 721,
HE O 5L T %0 FfilgiEEVIcEEe L T%
BOHmEZR L, TS DHHMEMENE gL 72
D, BEfFFOmMSHEEMAeT 5 I L THMBIIERT S
(Dumont et al, 2015)s L7=H > T, ERWEEOH 2%
FAiBsI, IR TR 2 1 E & 7 3 3R
DYEGE - G O PFSA TR TH Lo HiFieo s
1bI2IE, R EE S 12 X 5 s IS BRI, Amia
WHESEH, BXOZHEOY A VI A U DFE5T L0, %
O TEBEIHMEN TCTEEICRESILTY S
(Abmayer and Pavlath, 2012). #lz £, v7 Ak =7

M) ORI R LM T CHENICEE AT 5

il

CENHEENTEBY (Takaya et al, 2017), =7 k1)
M CE S N2 MAO%L IS b EHT 5 2
ERTED,

o ldmol, WHE SINVHEOHFMILOEETFHH
L, o O bt THREI RSNy — v &
RYHP A v A A LT TILYAMNFZV
(cholecystokinin; CCK), CXCL14 (C-X-C motif
chemokine ligand 14), v KA A ¥, =757 7))~
REE LTz, 612, Ty7 77 ya=7 MY E3E
e AIE+62 &, =077 7)) ViR TFORE
Y —iE~ T AL e FOBHFEMIEIZB T gl e
BT HZ E RS MIZ L 72 (Nihashi et al,
2019), PLEofEgix, =7 M) E3EME CRE Sz
INSDFA NI A YA, WFLER RIS O ITER T 5
TREME o CORIET 20 ARIFZETIE, INHEO ARG L%
mEFEMBCEEHL, St THAENKT T2
CCK |2 H L7z,

CCK &, WAk#i#%% (Saito et al, 1980) =W L%

KL © Tel 0265-77-1426, Email : ttakaya@shinshu-u.ac.jp
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(Bitar and Makhlouf, 1982) THH T A H-NVEL & LT
MONDLD, i, 7% LIEICBIT 5 CCK miBiAD 5
BNy — o 3F IR E A TEALS 5 2 el S
(Goetze et al., 2018), k4 Z=EaR S5 W S N5 T T
FELTHEBENTWS, CCK mIEkED2 51, 4, 8,
22, 33, 39, H8FILDIEMR CCK 7T FAER S 1L
5o B2, CKunfll 8 I 5 7% 5 CCK-8 (Asp-Tyr-
Met-Gly-Trp-Met-Asp-Phe) (&Jix & KA ML oD W /5 124
HETHZ NS, CCKARTF FEEO R TH mE 25 H
o Twbd &EE 2 515 (Rehfeld et al, 2007)
CCK-8D 7 3 JFRELHNIX, B b, W, 7%, <UA,
ZT MY TEEI-HLTBY, FOEBEEIECR
Wi D 4 FFHH 5 7% B CCK-4 (Trp-Met-Asp-Phe) 758
{9 % (Rehfeld et al, 1980), CCK-8i%, Hifiks L UK
TR TR mZEN T & 2 WIZRERAFIN T & LT
B it + 5 (Crawley et al, 1985; Soltani et al, 2018).
CCK OZFMHRITIE, RigMfERTHBT 5 CCKA 2%
f& (CCKAR) &, E I T33 9 5 CCKB s & 1K
(CCKBR) ® 25D H% 7% 4 7HHFEHET A (Huppi et
al, 1995), L& L, SFEMALICEBIT S CCK ZHEKDFE
U3 2513 v,

ARIFFECIE, KEBWOHIEEET IV E LT MHIF
Mifaz fv, 2055 bicBiF 5 CCK-4 & CCK-8D1EH
FMET L7z BUWiHEARDEZRT YT A0mEMIE
&, KHEEN ORI & e, RO ENER L 2
EDHLENT WD, —F, b bE 7% QMBI IES 0
BLXOAEHENIZHEML L TB Y (Douglas, 1972;
Groenen ef al, 2012), HERIZEHFHIZOWTIE, T
VAN T4 —ETNVIEYTAETIVED b MOEIR
HFEICHB T 5 (Klymiuk et al, 2013), KELEY o
FRE, AEOHA4FE 5D D EERRRKOMBETH
D, FOEBIHE ) RABERNE (VO, max) 131
EEIRBICHMET 2, b, vy, YELRERME)
W VO, max/fRE X, - AEI & IZRKE
72572l % 7R3 (Bassett and Howley, 2000). & B0
MO E O—FRE, BRI N DO 1 X%
B2 E%260THEY, b MiFFMo Lk
&, KB OFHEROBEN-ET IV THDL LV D,

M#EBLUOHE
iHRaiEE

T o v b ZEMIE (CC-2580, Lot #0000483427;
Lonza) %, I-CEl 25—/ > (Cellmatrix ; HrH ¥ F
F ) Ca—bLEENICHEEL, 37C, 5% CO,
TREFE L 720 Bl 5% #1213 SkGM-2 Skeletal Muscle

Cell Growth Medium-2 BulletKit (CC-3245; Lonza) #*
FHwize A bEiHciE, 2 % <& (SH 30074. 03;
HyClone), 100 units/ml ® =31 ¥ 3 X 1’100 ug/ml
DANLVTINRAL Y (FHTA) ZHRMLIZT MRy
IYEA T VEH (5T 4) &z, CCK4
(4083-v ; 7' F FHIZEHT) & CCK-8 (4100-v ; 7T
FEFZedr) &, AEMAEKT I mMICHER L 0%,
TAIEIE0.1~30 pM & 72 B £ ) 12 BRI TR L 720
CCK oG-, 7 v M HMEMEMORE 5L
BCHWLNZEE (0.1~10uM) 1IZH# L7z (Plaza et
al, 2019). A > A1) ¥ (099-06473 : B 7 1 )V LA
FEH) 13, 0.01N @ HCLEHISHEM L72b D%, ik
100 ug/ml & 72 A X ) LR ISR L 720 xR
FEIZIE, K7 F FOBEZEFRERML 72,
EE PCR

i 35 A0 B & AR B A AR K Tk %, TRIzol Reagent
(Thermo Fisher Scientific) % F\>T RNA #REIXL 7z,
ReverTra Ace qPCR RT Master Mix (B#FERE) % W
T RNA Z3ifi#z5 . cDNA #1E# |72, GoTaq qPCR
Master Mix (Promega) ¥ & U StepOne Real-Time
PCR System (Thermo Fisher Scientific) % W C%E =
PCR #1475 720 ACt#ETHM L 72K EIZ T OFEBR I,
NI CTH 5 YWHAZ Iz F D5l THIE L 72,
ER PCRICHW/ 74 v —ORFNEFE ISR L 720
HERBERE

ML 2 % /8T RV ATV Tk FTREEL,0.2%
Triton X-100 (7% J 1) TEBUHEZ L 721k, —KkIT
£120.5 pg/ml DI 4 ¥ »HEH (MHC) Hitk (MF 20)
(MAB 4470; R&D Systems), — &KL IZ 1 pg/ml D
Alexa Fluor 488yt~ 7 A IgG Pifk (715-545-150 ;
Jackson ImmunoResearch) # F\CoiEiets |72, H
i DAPI (4, 6-diamidino-2-phenylindole) THsfh
L 7o % 1 1% 13X EVOS FL Auto & ¢ ¥H % 8
(AMAFD 1000; Thermo Fisher Scientific) THis L7z
MHC Pl =Eid, MHC BN O e, B
Ok LCHE L2, MEREEIX, MHC EEOSH
MENOBRZ, BB THRLZbDE Lz, Mgk
X Image] V7 b7 (7 X)) 7 ENEHAENZEH) T
FHEIL 726
RETERAT

2 BEM o #1213 Student’s t—test & vy, 3 HEM DL
OB — TR E 5 #0212 Scheffe’s F o test %
Aviee 77— ZITPHME 2 FH#ERETRL, AEEED
0. 05K D & X IZKERIZAERZDH D EHEL
726
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%£1. TEPCRICAWETS A Y —DEF

BnT%4 Byl (5-3) SCHk
CCK-Fwd CAGAGGAGGCAGAATAAGAA )
Ritze et al., 2014
CCK-Rev CAGGAGTCACAGATGAAGAA
CCKAR-Fwd GGAACTCTACCAGGGAATAA
Zhou et al., 2014
CCKAR-Rev GCATGCGGATCACCCTTTTC
CCKBR-Fwd  GACACGAGAATTGGAGCTGG
Zhou et al., 2014
CCKBR-Rev CAAAGATGAATGTGCCCATGAG
MYH3-Fwd GGACAGGAAGAATGTGCTGAGATT
Norman et al., 2009
MYH3-Rev GCCTCTTGTAGGACTTGACTTTCAC
MYODI-Fwd  TGCTCCGACGGCATGATGGAC
Sharma et al., 2013
MYODI-Rev TCGACACCGCCGCACTCT
MYOG-Fwd AACCCAGGGGATCATCTGCTCAC
Sharma et al., 2013
MYOG-Rev GTTGGGCATGGTTTCATCTGGGAAG
YWHAZ-Fwd CAAGCATACCAAGAAGCATTTGA ) )
Nihashi et al., 2019
YWHAZ-Rev ~ GGGCCAGACCCAGTCTGA
" 2 CCK-8D# 512 & 5 TEAL L a5 720
A

EEM O LR IC BT B CCK & A/ RO SH %
ATz WML A R R CHRRE L -3 0, b
WM LTt e FE L7z, o LFE 0, 2, 4HH
O % 3 MK A 5 RNA % [ U L, CCK, CCKAR,
CCKBR #1517 D%M % 8= PCR T L7z (K1),
CCK DEBUIRDAL M TR o 7245, 5751Lik
2 HHPBEIIZRHENTFL WA Lze CCKAR &
CCKBR O3 Em\I o b Z B L CHBEIZEIL L o
72 CCKBR DX 72 5B & 1% CCKAR & H~<"T40
UL EE <, MBI BV TIE, KR D CCKAR
L0 RO CCKBR S ZRHTH 5 Z LRSI
720

Wz, FFEMBLO LI BT 5 CCK-8DIEH % Fi-~
720 10 uM @ CCK-8% il L 7z 43 ALKs b C i 2l i %
AR ALARE L, Wi b~ — 7 —#ET O ER
PCR Tt L7z (K 2)o Wi MEE KT MYOD 1D%
Wi, FEEEE & X C CCK-8%% G- CHIIN 9 % f#H A
2B - 72708, BER#EITR»o72 (p=0.144, Student’s
t-test)o F 72, MYOD 1D Tt 2 & 5 55 W T
MYOG L Wt 3 4+ ¥ v EH MYHID 5 Bl & 13,

BT, WMo 5L L HERR I B 5 CCK-8
OEH % MHC O gl L ) 5 L 720 0.1, 1.0,
10 uM & CCK-8% 31 L 7243135 H C 5 2E Ml i % 4815
MO LFE L, SEgmEs 5 MHC BB & 558
EEzHE L O bEd#EmL7z (K3). wIiho
EEIZBWT L, xFIREE L CCK-8¥%5-# ¢ MHC Bk
MR & RIS B 223 o 720

i, 7 v FORRBIZBWT, CCK-8iZ 1~ A~
FAET TOHA CCKBRAKTFWNZ T 74 RA 7 F v OAE
BICHET S 2 S &Nz (Plaza et al, 2019), 2
T, 4 YA VLT TOHGLIZ BT 5 CCK-8D1E
Hl % MHC O Gt 12 X o THE L 720 30uM
CCK-4% 7212 CCK-8&, 100 pg/ml DA > A1) ¥ % i
TN L 7243 05E HC #5 3EHIE & A8RF I 40 (LEFE L, MHC
P PEMIf e & TR 2 M L ORIk & 5RM L 72
(F14), CCK-4, CCK-8, £~ A1) v % FNEFNHAE
#LCTh, MHC MR s & O BRI Z L L
Lol LAL, A4 YA YHEFETTCCK4F 7210k
CCK-8% MM 1z 5 Lz #ETld, £ v 2 YIEHFET
DORRHRE & N, BETEBEIAREIC LA L Twiz,
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ZAEIE

12 - 3.0 - 2.0 -
1.0 4 N25 N
S I T 15 1
L 08 4 < 20 A <
= = =
> 06 A n\:1.5- E10-
X 04 - $ 1.0 1 a
Q 05 4
%) 1 - o ol
0.2 . O 05 A O
0.0 - 0.0 | 0.0 -
Day0 Day2 Day4 Day0 Day2 Day4 Day0 Day?2 Day4

1. BEFMIEOMEICEH TS CCK, CCKAR, CCKBR &ZFDHIR

M MBS TIBIEL 22 A, MEEmICKBL THMEeEFEEL =, MEFEEO0, 2, 4H
B OB HEICH T 5 CCK, CCKAR, CCKBR BT NDH#I & FEE PCR T L 7=, n=3, *p<0.05
vs Day 0, Scheffe’s F test,

25 - 1.4 - 1.2 -
< 20 - N 12 N 10 A
I § 1.0 4 T 08
S15 - S 08 §oe-
3 . o 0.6 - =~
§10 S 04 . 2 04 -
> 05 - g s
Sl 02 - 02 -

0.0 4 0.0 4 0.0 4

Control CCK-8 Control CCK-8 Control CCK-8

2. BHMET—H—BIEFORBRICH TS CCK-8DIER
10uM @ CCK-8Z FM L =M LiZ THFMB 2 MEFEL /-, 245HEOHFMEICH T 3
MYOD 1, MYOG, MYH 3&InFDHEIE%EE PCR THFL 7 n=3,

F 5=

Control CCK-8 (0.1 uM) CCK-8 (1.0 uM) CCK-8 (10 pM)

B
40 - 15
S -
30 - R
£ 20 B
& s
% 10 - iR
= g
0 —d— T 0 e T
Control 0.1 yM 1.0uM 10 uM Control 0.1 yM 1.0uM 10 uM

3. BHEFMBEOMEIZH T B CCK-8DIER

0.1, 1.0, 10 yM ® CCK-8%FM L = big CHEFMBEE MMEFBE L, 488FRI#%(IC MHC
DHRELEICEUHMEEEEL . (AMHC eiELe%k,. B : M (DAPI), JX : MHC,
A —JvN— 200 um, (B)MHC 4l & BHEFKRE, n =6,
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Control

Insulin (-)

Insulin (+)

Olnsulin (-) Minsulin (+)

CCK-4 CCK-8

MHCB HEHRRESE (%)
co 8833883

Control

Olnsulin (-) MInsulin (+)

60 - .
50 4
40 -
30 |
20
10

0 T
Control

(%

BRI

CCK-4 CCK-8

4. 412 EETTOBHMESL T 5 CCK-4/8D1EH

30 UM @ CCK-4/8&100 yg/ml DA > X > %F[MU =2 LiE# THFMBEE MMEFEL,
48EEEZICMHC DREFEZRBICLYHMEEEEL -c AMHC REZRG%K, B MlaX
(DAPI), IR :MHC. A% —JL/N— :200 um, (B) MHC BRi#ifask & BB E, n=6, *p<

0.01 vs Control-Insulin (-), Scheffe’s Ftest,

z —

KIFFEIZ L - T, & MMM Tl CCK, CCKAR,
CCKBR #InTH3H L TBYH, CCK-4& CCK-8iF 1
YA JAFTET THESMB OB E TR R AEHE S 5 2 &A%
TRENTz. WM CCK BT 2388 T 5205,
CCKIZHO WY 7 F V& L THIERICIER T A 2 &
BEZHNA, CCK BInTOISHEEIIH MBS
Wk - THEBHICEAD L7z, EEHRE KN TIFLy
(transcription intermediary factor ly) #f{n¥ % KIE &
72y AT, LR L ML T CCK o581
WILHET L 2 e HE SN T\wb (Parks et al, 2019) .
<~ A TIFly O3B &L, EW 2k ok, B

HOFETEHE LD, HMESBEEI NS EHOREAT
52 Ehb, TIFly 3 bcE 5T 2 L #2 5hTw
% (Mohassel et al, 2015) o 7 MERANE <> A 5EATE T,
TIFly 1Z TGFB ¥ 7 F )V & B L CHll g o1& fy % il i
3% (Dupont et al, 2005; He et al, 2006; Dupont et al.,
2009). TGFB (& 55 IFE M o 55 4b %2 #3572 0
(Dumont et al, 2015), TIFly (&5 btz /L C
CCK ZEHIETIZHG L T 2D TIIZWwreERDL
N5, 4t BHEMIEICEIT5S CCK & TIFly O#R%
FEAMICAN S 2 & C, CCK BInTF DFEHETE A & 2
(275 EHIRES NS,

CCK BIZFDFEBIE IHmALFERIE W L 72— 77,
CCK AR BIT ORBAEITLOBBET-EHLTH
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MPolze TNHOBRTFIRBY — %, MFEMIL
S b% @ L C CCK &2t 2R 325, 243 5 CCK 1d
FAALRFICHT W EN S D DIZBEL W2 & ZRIEY
bo T v MEWENIZ CCK-8% HIn# 535 &, ik
T AMP FF+—¥ D) YA L ik B Bkt TTHES
% Z 2 h 5 (Merino et al, 2008), AfbfifzsA S i 12k
a7 CCK dantlikicEZ L TERTAEE 261
%o F#IZ, CCKIEA ¥ R YAFAE N THE K % it
THIENS, HLEHRD CCK L OMEENE 2 5
Nz, HaR FEORESY v /X7 IS L THE
4w Sz CCK I, MAR IS S, Akt s
WHER L CaERZ BIH5 4 (Cummings and Overduin,
2007)0 2O XHIZ, WECCKDGMs A3y 7 LAk
HERIZA v 2y Y EHMLTWwb, CCK &1 R
E, BHFMIETHRIRICSAE SN TRIRE ST S 2
Enn, BELHERLEESES Y 7V E LTHEER
LTWAREEIEZ IS,

£ 2 i, A v A UHEERT (insulin-like
growth factor; IGF) # /LTt Y/ ALt = FF—
£ (Akt) ¥ 7 FNERIFEEALL, BEHOI % T3
% (Song et al, 2013) F 72, "AT7FINA ¥
h—)V 3 £+ —+F (phosphatidylinositol-3 kinase; PI3K)
/Akt ¥ 7PV oiEEALE, BEFEMEoEhE, a1k K
a3 5 (Mnatsakanyan et al., 2018) . Befiha0 BRI
foClx, CCK-8ix 1 » A ) Y I F T A CCKBR K
FIICT T4 KA 7 F 2 OB EZFLET L0, ZOEH
it Akt FHEFICTEF vy v v &b (Plaza et al, 2019).
&b bH, CCKBR 2% L7z CCK-8D ¥ 7 F WARE
Wi, A YA VI & B Akt BEEOIEEAAT K &
WENE, B LeHmERRIZBITACCK &4 A1)
Y OMEMERHIZOWTIE, SROMIET S 5% 2 BED
WETH 5,

ANz Tl CCK-4 & CCK-8% EERIZH 7273, i3
AW - T 2GR CCK 7T FOEEIL R
FETH 5o FIRS 7z CCK mikRiZMifgNTcsy v o3
I B, RSORRL CCK RTF P s
N7z, Wb EoBHiE 2t 5, KGR CCK 12
Ml % CRIGHELAIAS CCK-4C, BWfER] CHEREEICMR
HFENTWD, CCKO7uty v 73l RmTdh
D, CCK DHfe &L % B1R2"H 5 (Rehfeld et al,
2007)s T v M TlE, CCK-8Tlx7% { CCK-337°H i
WVER L CEE&ITE) % 8 9 %2 (Washington ef al,
2016), T 72, CCK-58E A#ifIzh Rk, CCK-8& t
L TR KA (Glatzle ef al, 2008), X7F FE
AR 2 IO DEFIZIIAWZ TS L v, Ta7

7 —ERZER L OBAEOEAPEEHL L TEZLN
5o b MMFEFIZBIT S CCK OFmiix, CCK-42°13
4, CCK-872%187%5 72 7%, CCK-101x30%, Wt & 1t
CCK-8135055 &, 7 F FOIILERFREGHIZ L -
T CCK DZEMD % %5 (Koulischer et al, 1982) . i
SALIZBIT 5 CCK D8 % IEMEICERF T 5121, 53
MM ZE T 5 CCKRTF FaMET L e 8 h 12,
CCK-4/8LI iRl CCK A & Mk L 2 1 g7z
5730,

AWFZEIC L o T, & MHFMIEA CCK & ZDZHE
DOBIETEFEMTH L, Z1LTCCK-4/8034 » A1)
YT CHERRZRET L2 EHL NI 272,
CCK IZHTAWHAET L LT, FIHmaitomiBR I
FHGLTWAE I EIREENZ. CCK #EfnT DFBlR
A HBEEINH®B TR % > TH Y (Nihashi ef al,
2019), CCK Oy L3 fliaotgsn - 5-1big & AR
LCW AN D 5, WAL LA OFFMIEO ik 7%
Sl ko, REEYOHEFMIE TS CCK =D i
EERNDL LT, CCK LML D BMRA X 0 BRI
nhrtEZONDL, F72—HT, CCKIZEMIZKILL
THEPSTWMENDLTA NI A THHY, B, S
FWENDA A Y ERE LT, EROHIENIMZ
T, BB EHEEOMERICES L TWwas 0TI
TwnrbkEz 5Nz, CCK-8& CCK-58TliE &%
AL D X512 (Glatzle et al, 2008), CCK OfiEE
BAREER S R T F FRICKEFE L T2 BEED D 5.
WHZERZBOBEZOIF CCK DERILZHS 2129 5
ZliE, BERICIEREET, X DRI T
HA 7)) A PO R LR L LS
bo HTH CCK-4Z4RIEDORTF FT, ERED LK
MWESH THb. YA bH AL THIETLIHED
CCK # A ¥ 2 Z LIIHAMMICTAWRETH 5. 414,
otz B 5 CCK OIERI# R 2 & 0 #ElI I L <
WS ZET, HARSEOEEICOFRZMEI LN
eI NG,

it 3

AWFFE D —FRIE,  H AT IR 255 U 58 B 33 5)
(DC1) (FHHEZE 5 1 19J20888) DAAT % I\ CTHEME L
776

X (73
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Effect of Cholecystokinin during Differentiation of Skeletal Muscle
Myoblasts

Yuma NIHASHI, Tomohide TAKAYA

Graduate School of Medicine, Science and Technology, Shinshu University

8304 Minami-minowa, Kami-ina, Nagano 399-4598, Japan

Abstract

Various kinds of cytokines contribute to differentiation of myogenic precursor cells, myoblasts,
that play a central role during skeletal muscle development. We recently identified that chicken
myoblasts express cholecystokinin (CCK). CCK has been known as a neurotransmitter in central
nervous system and as a gastrointestinal hormone in intestine, however, there is no information of
its function in myoblasts. The present study investigated the effect of CCK during differentiation of
human myoblasts as a model of muscle formation in large mammals. Quantitative PCR
demonstrated that human myoblasts express the genes of CCK precursor and its two receptors.
Treatment of eight-residue-active form of CCK (CCK-8) had no effects on expression of myogenic
marker genes and myotube formation of the myoblasts. Intriguingly, co-treatment of CCK-8 or four-
residue-CCK (CCK-4) with insulin significantly facilitated the myotube formation. These results
indicate that the CCK secreted from myoblasts would contribute to muscle formation as an
autocrine signal in the presence of insulin.

Key words: myoblast, skeletal muscle, cholecystokinin, peptide
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— % & X

TRD KT AL TV FIZBTS
I ¥ h ¥ (Thamnidium elegans) DFEEIZDONWT

TR R - AL HUAR HE

VBT LR PR R B F B SE BT R A O S i vy —
I I1124-1,939-8153
PR LV R K i S A R
BTG E ) 5-13 B ILEER Y OVIORE, 930-0004

(2020.2.19 =fF, 2021.3.9 =ZH)

E N FIATA DU FROKG &R, pH, MEGEER, 727 AF v —, W7 I BREE, WK
TN OB Y 1€ (Thamnidium elegans) 7352 558120 WTHAE L7z #HHET I/ HRE=I2OW
T H E OB AR T 57D RONE & 28 % 5 2 1200 Lize BUliite ) FROKG G&

pH, M#EHEL, 727 AF ¥ —DZLIZZFr D

(SHERE T & e dp o 720 BUUTHE D SFANE D BE T

I/ ALA mod, GLY Gaoignihl, 4rW3#EE o GLU, PRO &mOHN, GLY &= icz
T CEE LRI o 7o FARIMOBERT I/ RERDOEAIILY 7 h CORBIIMRTE %
o lze BHUEW RO ERIZE MAYME TE ARBEICHINL 722, 287 7 COBBIIHRTE Lo
7oo BABUZHE D FAROFE D ICHRT 2HEEMEMEOLZIC LY H e B LT REr S o720 26D
RIS T NI RIA ATV ZIZBIAFROMWIR, 727 2AF ¥ —, WOZALIZES LS, Stk

T AIHA D AR BG5BT RETEAURIZ S 7o

X—TJ—K LA, NI4T, 575 B Y (Thamnidium elegans), FIELE

#

FRIEHEICE DR, FDAMEL, KO0 ST
(A5, 2015) Zenbh, BRI ETHrLERET 5,
P, B L C-EHeE T Ty b
AT TH, HENTOAR LR L, B - BEIPES
THHIENL—HITH 5,

VAR, TEE, XTI K OVEGE F L - & T
EMMZERICRBE LI T A N TA A D 7T e )3k
B DS, BRI ORRAM 53N 2 Lhh, T
AVHEF =AM T TIZBVWTHLEEE->TBY
(Dashdorj et al., 2016), HAEWNIZBWTHFRO F
TALAT YT ERT)FEEDVHN TN D,

L2LAaRs, FADORIA AU 728141
BE, AHOREE, RO, PARCHIR, RN o f M fEE

il

EDOPPLEMNZ DO W T A 52 H 1) (Dashdorj
et al, 2016), ZFAIHUE O IR DS 5- S B A A0,
O > Ty,

R4 A Dy 7B T RO 53913
TEFE D O T8I RE (g 52 & Uhtkefix
A, 2015) BHESNTBY, FIA AT Y7 OMEE
e BONEF ISR ICHRT 2 0L EZEND,

72, KA T4 7IBwTiE, FREZERICE
T L TR 425, KMz PUELET 2 EFEAHIZ 5
NG (MPE5, 1992 A5, 1993) Z LAiE ST
BY, BAEWPPIE O GIZER L T A REED B
%o

I H Y (Thamnidium elegans) V&, N7 14 A
Vv 7 OEE (Dashdorj et al., 2016) & Hh D E 224,
FLCTWARWEREE (Brooks and Hansford, 1923) T
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F1 BEREGERUBRICHEIFREROZLICRIFTIZSHEDEE
CIX N[X K [X
E95% meE (C) 1.7 = 0.3 1.8 = 0.3
Stk HIRHBEE (%) 700 * 2.0 69.3 = 2.7
] TX 305 = 1.1 B 281 +* 1.0 B
INASEL (0,
Ko (%) 1% 73.6 14 A 576 + 15 B 598 + 09 B
pH 551 + 0.02 A 560 * 005 B 567 * 0.04 B
Wo  NEdEEK (%) 293 = 16 A 81 = 29 B 105 * 24 B
PEAR s (kgw/cmA2) 98.7 = 9.5 75.6 + 4.6 88.7 = 2.1
cpage ERIEZ (gw/omiZem) 847 * 141 68 + 106 816 + 395
L% s 153 = 006 Aa 1.19 = 012 B 131 = 007 b
fifs 1.33 + 0.06 151 + 0.16 144 = 0.20

Mean = SD, ab p <0.05, AB p <0.01

EBFEPMHEREN TS, TOHER, FHADORI A A
VY TIIBWTEI NV IROBINEFEOMNGICHHTE S
v i (Williams, 1957, 1962) 55 2 &h5, F
FTA LA DY TINIBIT BPNEFEON GG AW
THLHUREEND %,

T/, IY ALY X B RO iee & o
(Kotula et al, 1982) Z L5 AOMEIRRPHEIZ D
B LU REED D Do

ZFITARRETIE, FIA4TA VY 712 FRDK

e, pH, 77 AF v —, HEET IV BREE, K
UROL AN s M N P28 7 i By

MEB LT
a4 & RS

EINEEDO RNV A S A Y HEEBIE L (20520 A #
HEHMC2) okHED B L b (£:99ke
10.1kg) » & #f, HZ=EHL, 0CT6 HEMREL
7%, RBEREG AL, 12F 208 Lo x skl
720 12K OFFHIHAWOBHF RS v & ) B E
T, # LW CIX (n=4,400~575g), =¥ 7 Hh ¥
ML C3HHMBAMT A NIX (n=4,715~920g), =%
rH A THHBHET S KX (n=4,825~1,015g)
D 3XIZHFT72

CXIZEBERL AN B 2 BRI L 720 N RO
K X O &I IR EE K OAHAHEEE % 1055 B <l (B
ALXE ) RTR-503, &t 7 F74) L, i
JEROHMEEDRTELMY)FE LICR S L) E (£
1) L72Wl A4 OWEEMNICES, H 3 RENOEETE R
WA Z %S, SSHMMA 1T 72k, SRk %
L 720

RN O B L, EGEE (7 ) v Ay — A EE
MODEL6531-21, HAH /< v 7 AR &HE) 2w,

FEND 6 BETEHIEL, FE»HRD,

I57h Y (Thamnidium elegans) (NBRC6152) 13
FRAZATBUE N R Sl A ki 2 S A L, PDA
FoHh©25C, 6 HEEE#ER, WMW/AK10ml 22, ki
EHZx 27— IBTREP) BEEE L, BERIC
EINLTY A CORT L PDA KM CEEL
au=—HEAT YR L2EZAL6x10%H/ml Th -
720

KIXiE, 13K 720FH1 .4 g 0B WE L7
TV 3y BRI CHEERE IS EBA L TR L7, F 72,
NXAZERRZ T 1tk 72 ) F351.6 g DR K%
AT L CH L7,

KAEE -pH - MBIEX - TV XF v —

FIA4 Ay LARIE, L Bl i-kegz
M)V ZLT, WEPERE LTHis b, Ailbi
IZBWTIX, T 77 EOREL I T 5720,
AENEROM, b I v LRENS SRR IRIL
720

FWIEBHME, NEPKRXRZENLZENE, WmE1.7+
0.3C, 1.8+0.3C, MXEET0.0£2.0%, 69.3%£2.7%
(1), MKX%@AEFEH0.03m/s TRIA A D07
L7z, Wb - Z2f L 7-50REE 2 S I L 728650 % T
X&L, KoggaMOEwHT I/ BEE05IEiTv
BT HERILL 7238855 % T X & L, K&, pH,
MEGER, 77 AFv—, HEHET7 I ERER, W OB
DIH AT > 720

AREO—FRIFFRIBERL I v — (AT =3
—, DK0580, HFEI#RX &) CHERIME L, X<
REIVFRE L7, KoodsE, pHILI v FRERRE
MR HE L, T S BE OBR B oIy
53 UFRIE, mILEICAN, BP0z HaEE A
RTAL, D ET-30CTHE L 720
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KygmolElE, I vFRB2g%, TV ENE
el AN, L7200 % 1380470 3MHAEL,
105C C2ARsMEZ L, T3 7 — & — N T3055 s 1%,
MELTEN LA S, 2010).

pH DMPEIZOWTIE, I vFHH2g 2L, 10
R ZE- K2, 10,000 rpm T1 4 M AET F A
AL72b0%#ll%E L7z (Ahnstrom et al., 2006)

IEFELEOWEIX, FEE/50g (45.3~64.8g) @
SRR D T 7o b o & 1 RS0 2 ~ 4 fEE
#lOFEL, FNENEEZ—LRIIAN, TXL70F
2R E W72 O %RT0C T 1RSI L, Wik T3045 1
s, WitESEWY, FELCaEB L (BES,
2010) o

T AT v —OREL, INBIRLZ W L 72 B0R %
HAEIZTATIC lem DIE&IZAT A4 AL, 4T T—MufR
L% 737 L vH— (TENSIPRESSER My
Boy, HIR&AS 7 M EERK) 2V, Rbors, L
GRMNE, WATIZ, s %, 14720 4 20870
lsE OF#ES, 2010) L7,

W7 I/ BEE

e OMERET X ) BROZALE RNRICT 5720, 3
YFREIRKEG LD LRE L, SWIRE TR g
L, PEBIENRE & | C1/10 NNaOH {2 i& %> L 7215 pmol/
17 vaAg 2 r1.0mlminL, HPLC FHZE%E K10 ml =
Iz, K& LZ&H510,000rpm Tl oM AET F A4 X
L7co 0%, WEOZO, n-~FH 2 10ml # Nz &
CHFEL, 1216xg, 0OCTI3HMELDEEL, LiEA
Dn-~"FH U EHELZEZ 2 ELZZ. RIS, B
TN EDIS, T M= b L30ml A L L
L, 1750xg, 0T Tl .OaEL, EEADT
LR MY NESBLEASEILL, o ik
HPLC HZE8/K5ml & 7 b= b U 15ml #MZ & <
L, 1750x g, 0T TIoamim.0BEL, FHELE
AuEDH\LAENFSEIL 72, ZhE HPLC fZEE KT
100mlFTAAT Yy 7L, 7407 — (A4 L7 A
-LH 045pm 1, SLLHCI3NL, MILLPORE) T»# L,
M ET-30CTRAE L7 (S, 2010),

ITHOWERET I /8 (79=> (ALA), 7LV¥=r
(ARG), 7 A/ ¥l (ASP), ¥ A5 1 ~ (CYS),
7NVvy I (GLU), 79V ¥y (GLY), BAF T~
(HIS), fvuAf» (ILE), uAf ¥ (LEU), U ¥
v (LYS), 25+ =Y (MET), 7= V7 5=V
(PHE), 7uv ¥ (PRO), £V ¥ (SER), rL A=
¥ (THR), ¥u ¥ ¥ (TYR), ~NV ¥ (VAL)) &&
1, AccQ - Tag#FF v + (WAT052880, HA™ + —

7 — Z#kX&H), HPLC  (Waters2690, HAR ™7 + —
& — XpfRaAath), dOobEE (Watersd74, HARY + —
7 — ZAHAEH) #HCCTHE L7z, &7 3 /e
i, NEBELEE & SR oK EECHlEME T MIEL, R
BowwEsdh-h) & LTHEB L,

S

BB OWEHET I ) BREEOZLE R/ANRIZT 57
W, IVFREKGLEDSOMBEL, HWH30g % FE
wl, EEdD 1 %D NaCl =Nz & <RE, 4T I8k
MREL72% EE lem OFHEBIRO ST IZHEF L,
Av b 7L — b (NHS-300ND, #kst&tt B ) =
vy, Wil % 200C T 4 4 HImE L7z, ZiRkE Tlts i,
INT GRS B g FRILL, 16% L% / — VKIER (v/v)
30ml Mz, 1,960xg TLO4 & 08 L, LEA
15ml #FRHLL, 15% T4 / — )LIKiEH60 ml THAL,
Mt 9 —C00, AE1, AAE, CAO, GL1ZI Y
T 7R R (TS-5000Z, #Ra&t INSENT #)
T, BEMK, WEIRMERK, EBRIEL, BER, R, Bka
7, HAaxzPE L7z (Chikuni ef al, 2010),
=)

— B N R 3 B 3 R 36 S B BT A 4T L AR
L, DRSO FHEIZIZEY), Iy FRA» S, %
MW DS E AT 72 UMk EE AR, 2015),
atE

KorEm, pH, MEIRE, 77 AFv—, K FD
DC, N, KKEOLEIL Tukey DEEME, WHET
IMERICBITLCKICHTANKXOT, TIX, KX
DT, IXD4X0LEIE Dunnet ORE, 20 4 XH
DI Tukey DL EMREZ V720 TS HEFHLEL
13 R-34.4 for Windows T1T- 72,

] £

NXTiE, #uTo35HE T, SRR N ik
WRATE Lo/, KX T, #Ukil2d Hiz, #pEm
WCHBEO 7 ERHETE (BE 1), #HM30H B2,
HEON ERSSICHBEEE o7 (BHE2), #kEHE
D H EDRFER NPO NI Mkt v & — CRRTENK
HIX) IKEE L, e BAMEE COSM R OREF2I2 L D),
ZFOWIREMHR L2 22 A, 57 71 ¥ (Thamnidium
elegans) KO ¥ (Mucor sp.) T&H o720

AEINEE DK S EEIE, PHTO CXDT73.6% & IR
LT, #Ulfzd I IXONIX57.6%, KIX59.8% T, MX
TEHEEICRAD LD, N, KKECTEELZE T o
Too F72, BEERBOKGEEIE, BT L REL T,
P RO TIXONIX30.5%, K[X28.1% T, MXTHE
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BE1 IS4T5HEZZMUAKREDOFH (FK FH2 IS5HEZZ2WMULKEDOFA (B

128 H) 308 8)
#2 BEICHIFRORARVRBOS T 5887 I/ HEE (1g/DMg) DEILETS 7 HEDHE
NIX KIX

Ci TK % T %
ALA 1,133 = 56 892 + 56 T 1,040 + 47 959 = 58 7 970 + 43 T
ARG 1,375 = 128 1,148 + 171 1,643 = 169 * 1,272 = 63 1,635 = 126
ASP 1 =1 6 =7 38 + 32 2+ 8 49 = 40
CYS 201 = 37 0+0 0+0 T 56 + 112 ° 0o+x0 'F
GLU 305 = 49 416 = 70 994 = 91 o 457 = 48 * 1,034 + 83 **
GLY 259 = 31 201 = 28 511 + 48 ¥ q 175 = 26 7 427 £ 52 ** p
HIS 2,628 = 457 1,546 = 152 /1 2,739 = 390 1,485 = 116 7 2,437 = 254
ILE 113 = 19 323 + 41 ** 696 * 66 o 289 £ 49 ** 698 + 59 **
LEU 291 %= 37 715 = 67 ** 1,059 = 73 o 632 £ 79 ** 1,055 = 43 **
LYS 211 = 18 443 = 91 * 831 + 149  ** 428 =+ 81 * 846 + 87 **
MET 128 = 16 280 £ 22 ** 513 + 43 o 261 = 22 ** 506 = 50 **
PHE 123 = 27 456 = 23 ** 736 + 53 o 415 £ 34 ** 753 + 59 **
PRO 177 = 21 110 = 12 A 257 + 26 1,000 = 316 ** B 241 = 30
SER 284 = 36 432 * 65 941 + &7 o 417 = 60 873 + 115 **
THR 808 = 53 603 = 61 7 1,051 = 69 o 697 = 42 1,058 = 59 **
TYR 196 = 21 483 £ 42 ** 674 = 108  ** 454 £ 40 ** 745 £ 84 **
VAL 266 = 30 463 = 67 ** 946 + 80 o 455 = 60 ** 041 = 70 **
&3 8,496 + 993 8,515 * 812 14,668 + 1,141 ** 9,470 = 535 14,265 + 841 **

Mean * SD, CIRIZH L THEIZZ W p<0.05 **p<0.01, CRIZFLTHEIZA % "p<0.05 ""p<0.0l, TREFIKON, KEOH
F& ab p<0.05 AB p<0.01

X3 HARICHIFHOROTET ST HEDHE BRI
CIx ES KX
R ND ND ND ok ! -y

ELS 0.07 = 0.01 0.05 = 0.01 0.02+0.01"

SEERMERE 0.02 = 0.01 ND ND

NI ND ND ND -

ELS 11.70 = 0.01 13.43 +0.03 ** 13.36 = 0.06 ** ‘.I/I —
1
] -t

SN
#pk 0.08% 0.04  ND ND -4’ e
BWa2s 0.8 * 0.16 1.43+0.01" 1.40=*0.01"%
Hk 597+ 0.04 6.73£0.29 6.02 = 0.30 Swkas -
Mean = SD, CKIZK35HE#% *p<0.05 **p<0.01
R

K1 BRICEIFAOHEKOELEI L THED
HEBBAOCEEELEL LTI UEDE
e FPRETE 2HKROZEIL
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A LA, N, KRMTHERERZ I P72 (K
1)o
pH i3, #ABIRTO CXD5.51& L T, #iizid,

NIX5.60, KIX5.67C, AEIZEFALAD, N, KIXH
THERZI P72 (1)

MBGRLE, SUKRTO CIXD29.3% & ik L T, #k
%%, NIX8.1%, KIX10.5% T, HEIZIED L7,
N, KRKMCTHEERZ I P72 (1),

T AF X —IZOWTIE, BEATOCKD L aeh &
LIELT, #ikiE, N, KRTEEICRY, %o»
SWRET @S2 R5B) @A, WA 2T T @,
fie 2 IXIMEMNICH - 72A%, N, KX CTHEE R 2

£4 BRICESFADOERMEME (relative abundance) DEALICRIFTIZ TS HED

Motz (F1).

BN OBERET I BEEICOWT, BT CIX
EHBAEON, KKOZ T XKARKT L, N, KX
TGLU, GLY, ILE, LEU, LYS, MET, PHE, SER,
THR, TYR, VAL K Q17HE O &5 F =28 L,
CYSHHBEIZMA L, NIXDOAT ARG 254 E 2B
L, KKOKTALA EEICHA L7z N, KKXKHT
BEREDNH >0, GLY DAT, NXEHEELT
KXCTHEBEIC o7 (R2),

T70, AEEBOBEET I BEREICOWTHEETO
CREBWHZEDON, KROZTXEZRETLL, N, K
i X <ILE, LEU, LYS, MET, PHE, TYR, VAL

2488

=1
CIX N[X KIX
TNhaA—=) TEH =) 0.59 = 0.05 0.62 = 0.10 0.639 = 0.19
FAFN-1-T7% ) —) 0.05 = 0.06 A 007 = 014 A 2.8 *= 118 B
1=y /=N 1.6l = 030 A 774 = 120 B 6.14 = 247 B
1-~7% )= 0.25 = 0.02 0.49 = 0.35 0.28 = 0.35
1-*77v-3-F—Nn 7.05 = 0.98 10.80 = 13.99 10,97 = 16.11
*o 5 =) 1.01 = 0.15 1.06 = 0.40 1.35 = 0.49
T AFTITIVI— ) 0.03 = 0.01 A 0.04 = 004 a 04 = 027 Bb
1-/F /= 0.18 = 0.03 0.04 = 0.07 0.06 = 0.11
TVTFe R AFHF—) 3.9 = 092 a 7411 = 39.27 b 56.66 * 23.83 b
NT L F— 1.206 = 0.26 a 6.072 = 3.023 b 4.764 = 2.628
* 7y =) 1.633 = 0.67 a 6.954 = 5.245 11.24 = 5.015 b
JFF—=n 7.078 = 1.79 5.747 *= 2.52 4.854 = 1.289
24-7HYV L r-1-T—)V 0501 = 0.1 a 4.292 = 2,174 b 4011 = 1.147 b
-7 F—n 0.027 = 0.05 a 0.878 = 0.65 b 1.168 = 0.325 b
VAR R HERR 77.61 = 1.57 Aa 355.4 = 1274 B 2724 = 77.97 b
PASR Y 3 2.703 = 0.11 A 9.641 = 1.493 B 8.412 = 1.152 B
A VAR 507 = 0.7 a 1071 *= 2.246 b 11.31 * 3.88 b
fikmR 4248 = 587 A 18.7 = 38.29 B 146.5 * 50.56 B
A R 0.202 = 0.04 Aa 1.09 = 0.314 b 1.311 *= 0.473 B
R 4.838 *= 0.8 A 16.62 *= 3.922 B 10.48 = 3.76
71 7a vk 60.78 = 11.7 A 223.1 = 46.64 B 1359 = 64.92
NT L VTR 3.587 = 0.33 a 6.307 = 1.142 Db 5.856 == 1.998
717 ) Vg 8.243 = 2.11 14.23 + 8.681 19.07 = 11.21
RI)N T VB 12.45 = 0.75 10.62 = 2.283 11.01 = 1.811
e 2-AFNEFT D 0.025 = 0.01 0.126 = 0.065 0.079 = 0.093
25-VAFIKET T 0.09 = 0.01 0.314 = 0.166 0.255 = 0.28
26-VAFIWET TV 0.024 = 0 0.029 = 0.041 0.046 = 0.073
2,3V AFINET TV 0.012 = 0 0.016 = 0.018 0.01 = 0.021
2,3,5- U xFNEFTT Y 0.125 £ 0.03 0.965 *= 0.659 0.363 = 0.419
7 b yANFH Tk 0.097 = 0.01 A 0.947 = 0.074 B 0.796 = 0.162 B
Y-/ F T 1.52 = 0.27 7.5%6 = 5.169 8.304 = 3.712
A/ 7 M 0.211 = 0.14 Aa 2.012 = 0.816 B 1.296 = 0.381 b
sq2kith ~l b= 0.09 = 0.03 0.444 = 0.29 0.341 = 0.261
2-RYFNVT TV 0.313 = 0.06 Aa 9.187 = 5.04 b 13.61 * 5.431 B

Mean += SD, ab p <0.05, AB p <0.01
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Z £
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Kastner, 1992 ; Simada et al, 1992 ; John and Elaine,

2015), K 5 4 = A4 ¥ » Z (Warren and Kastner,
1992 ; Campbell et al, 2001) OW A THESNTEBY,
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TA LAY YT DN PEHKAILT %5 (Campbell et al,
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The Influence of Thamnidium elegans on Dry-Aging of Beef
Taisei GOKA', Ikuo SAMARU?

"Toyama Prefectural Agriculture, Forestry & Fisheries Department Agricultural Technology Division
Wide Area Agricultural Extension Center, 1124-1, Yosioka, Toyama 939-8153
“Agriculture, Forestry & Fisheries Department Agricultural Technology Division, Toyama Kougin Building 10F 5-13,
Sakuradouri, Toyama 930-0004

Abstract

The effects of mold strain (7 hamnidium elegans) associated with dry aging process in beef
were investigated. Specifically, changes in water content, pH, cooking loss, texture, free amino acid
content, taste and aroma were analyzed during the dry aging of beef with the mold strain. The
mold did not affect the water content, pH, cooking loss, and texture. The amino acid content of the
internal and surface (trimming sections) meat samples was separately analyzed and clarify the
effects of the mold. The analyses revealed that the internal meat samples in the mold-aging beef
showed a decrease of alanine and remained glycine. On the other hand, the surface samples showed
a dramatical increases of proline and glutamate and a decrease of glycine in the presence of mold.
In addition, the dry aging process enhanced tastes, such as umami, compared to the non-aging
process beef. However, the enhancement did not occur in the presence of mold. These results
strongly suggest that 7" elegans did not contribute to the changes in the properties, such as texture,
and umami taste of beef during dry aging. Furthermore, we found that the dry aging with mold
produces some volatile substances associated with intensive “nutty” aged aroma, suggesting that 7.
elegans may produce some unique aroma compounds during aging beef.

Key words: beef, dry aging, mold, Thamnidium elegans, aged aroma
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