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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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2 58 52 54400 4 12,064
3 59 60 49,800 7 17,000
4 60 62 48,000 9 18,100
5 61 70 53,000 8 11,681
6 62 79 58900 2 5,151
7 63 9 70,500 2 2,764
8 PRI EE 86 74250 3 1,900
9 79 60,000 1 500
10 3 70 50,000 1 2,000
11 4 86 60,000 2 5,000
12 5 81 60,000 2 4,000
13 6 81 60,000 3 4,000
14 7 82 65,000 2 2,500
15 8 81 69,100 4 7,000
16 9 78 59,000 3 5,500
17 10 82 60,000 3 6,500
18 11 67 47,000 2 5,000
19 12 57 41,000 2 16,000
20 13 53 37,000 1 9,720
21 14 58 40,000 0

22 15 55 41,000 0
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24 17 56 48,000 0

25 18 11 10,000 0

26 19 12 10,000 0
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29 22 11 10,400 0
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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.29 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. 2011

Koichi Ito

The chief director
The Ito Foundation

Hoiihi Ao
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Study on the Antiobese/Orexigenic Factor in Meat

BN EF-A H M AR ®HI

[

ClUEPNcyNeH 3= 20 St )

Shin Hasegawa, Kazuhisa Honda, and Hiroshi Kamisoyama

(Graduate School of Agricultural Science, Kobe University)

In the present study, we developed the iz vitro assay system for measuring the effect of
( + )-fraction, beef extract-cation exchanger binding fraction, on the expression of fatty acid
oxidation-related genes in order to identify the antiobese/orexigenic factor in beef extract and
identified a candidate of antiobese factor. Addition of (+)-fraction in the medium of Fao cells
significantly increased the mRNA levels of carnitine palmitoyltransferase 1A (CPTI1A), long
chain acyl-CoA dehydrogenase (LCAD), and their transcription factor peroxisome proliferator-
activated receptor a (PPAR a) after 6h of addition. However, the mRNA level of PPAR was
not affected after 24h of the addition of (+)-fraction. These results suggest that the effect of
(+)-fraction on the expression of fatty acid oxidation-related genes should be measured after
6h of addition. The effects of (+)-fraction on the mRNA levels of CPTIA and PPAR were
found at 0.8 mg/ml of (+)-fraction whereas the effect of (+)-fraction on LCAD mRNA was
found at 3.2 mg/ml. A HPLC fraction of (+)-fraction significantly increased the mRNA levels
of LCAD and PPAR a. LC/MS analysis showed that the molecular weight of the main
component in the HPLC fraction is 129. These results suggest that this component might be

one of the antiobese factor in beef extract.

FAPEICR E RIED S %o
B ®
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Table1 Primer sequences for real-time PCR analysis
Gene Primer sequences GenBank Accession number
sense 5-CAT TAC AAG GAC ATG GGC AAG TT-3'
CPTIA NM031559
antisense  5-CGG AAG AGC CGG GTC AT-3'
sense 5-TTG CAA ATT ACG GCA CAA AAG A3
LCAD J05029
antisense 5-TGC CCG CCG TCA TCT G-3'
sense 5-GCA GAG GTC CGA TTC TTC CA-3'
PPAR-a NM_013196
antisense 5-TGG GAT AGC CTT GGC AAA TT-3'
sense 5-TCC TCC TGA GCG CAA GTA CTC-3'
B -actin NM_031144

antisense

5-GTG GAC AGT GAG GCC AGG AT-3'

GrHE - R D B 12X ORI K O 45 W 45T
VBEE ) REGREEIMER D) T Lh b, Y
WCAZ ) == 73 BN Z 72
WEEEEEAL %8R8 & Zin vitroR iR 2 BIFE T %
VERHLEEZLNDL, BIC, 21X, (+)
Hfraction® 7 IViE# ¥ — 7 W 5578, FBICBWTIX
PO 2 CREMMEREZ DA TH I L2 Al
L Tw5 (data not shown) Z &5, FRHIC
X, BoafMEEL, Ho, Wiz oK
T8 E N REEAHED TEV .

ZTT, RWIFETIE, RO B
ERTZHETA7200—8E LT, BT,
WK T2 X0 RIS 08k - T 5L, K
i 2 726 vitrodFili R OREEEZ 4T 9 o K
2, COFREMNWT, (+)-fraction® 7 Vi
WY —Z W EENLPRHR T2 ET 5,

2./ &

2.1 PN TREO 200, BEHEZ

T2 IR BRERAL % F6 8L & % in vitrodHii 5

DYR

S v MIFHINERETH 5 Faofililigix, a L 275
o — VAEFAES ORI L CHw S RLA e I
Jabk T HHepGIIL ) &, PPARaDT7 I =X b
W BN E S, FIEICEB T B
iR LR iR O ICHV O TnE 7,
Bz, EMHEROPPARa 7 T=A FTH 513
e ra®y9, 11-F 7% 70V BT,
CPTIA ® mRNA & % H B2 8N & & % 2%,

HepGITHIHEIZ B W TIXE ORI EDTRDO b e n
ZEFMEIN TS, Fhilk, ARWFZETI,
BRIGERERAL 2 FRHE & 9 % in vitroRFATI R OREHE I
Faoffilid % v 72

¥ 9, Faofilz%10%FBS, ~=31) >»10,000
HAL/ml, APL7h<A 2210000 g/mlEh
F-125:#12C37C - 5%CO. FTHis&L, 3~
7Ly MIELK, RRE32mg/ml % %
L9, BEIRY L FARICHRB L7 (+)-fraction®
BRI L, 6 R 324 R RS 22 12 2R
RNAZHH L7, HRNADOHIHB XL/ 3 — L
RNA 1% W CTHT 7% - 72c ¢cDNA®D R #1ZDNase
13 X FcDNA Reverse Transcription Kit % i \»
THiT% o720 VT VT A LAPCREENTIZ, 7300Real
Time PCR System, SYBR Premix Ex Taq, B
XU Table 1 IZ/R L7727 T4 ~—% W TR
BILOBHEBEEB L F0RER T [ Vv=F
Y28V M VIR 1 A (CPTIA), R8T
Y IV-CoATk Fasr)—+ (LCAD), BLU,
NV F Y — ABEANGE AL SR a (PPAR
a)]l ®OmRNA®R % H#HR7z. KIZ, Faoflig % [H
MOZMTFTary IV y M FOREL, KL
02, 088\ Z32mg/mlic7 b X9 (+)-fraction
RIS L 721, S 512 6 R EH O
CPT1A, LCADB & 'PPAR a ® mRNA & % il
72

2.2 YRR OsHE - [FE

(+)-fraction® 7 Vil Y — 7 W5 %, S
T L HWAHPLCIZE 5o TE 524 L, 21T
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Fig. 1 Effects of (+)-fraction on the mRNA levels of CPT1A, LCAD, and PPAR a after 6h and 24h incubation

of Fao cells. *, P <005
W HE S NTzin vitrodii R % F v 72 IR D B ER AL A
(R T mRNA & OHE % 812, PRWHHET 2
LWy E i AL, 2L T, BHNH
IOV T, LCMSE W T FRERE L7
2.3 At
5 N/ IO TidStudent Hestll & -
TR o 72,

3. BREEBE

Faoflild DEEFEA~D  (+)-fraction D 7 )Vt
Y— 7 W O@imiE, @6 k%I
CPT1A, LCADZX X UO'PPAR a ®mRNA & %
BACHIINE 7228, Wm24Rg#if%121E, CPT1A
BLULCADOmRNA R # A HIZWiNE 72
O ®, PPAR a DmRNA®RIZ T8 % RITS %
Mo 72 (Fig. 1). Moya-Camarena & 1%, 51 7%
PPART I= A b TdH A WY-146431%, Faoffiizd
RABA DTN 6 FEI 21213 b 7 1 AP450A 1
OmRNA®R ZFEIZHEMS 25, ZOfEiE24

BRI ICITA IR T LCLE) 22 285 L C
Wb ZE5, PPARaD7 T= A MRMNEORE
ERMOERIZX T, NI EE =T
DFRBURERRIIET T2 I EARBIRATY
59, FNH, (+)Afraction®FMNAS, Faoill i
IZB1FAHCPTIA, LCADS X UO'PPAR a ®mRNA
I T THEEZTRDL -0121F, (+)-fraction
DM 6 BB AET L EEz bz,
Faoflif o E528ii -~ (+)-fraction® 7 )V il #
Y — 27 W5 o, CPTIA, LCADB L O
PPAR @ ® mRNA & % B B 2N & & 7228,
CPT1A B X O'PPAR a \ZX 4 2 % H120.8mg/ml
D EDORETHED LN DIZH LT, LCADIZH
T HRFEIE32me/mITHD TRDLNL Z LA
o2 o7 (Fig.2)e SNOHDORENS,
CPTIAB X U'PPAR a ®mRNA&®E Z 5L & 31
X, XD RRET, (+) Afraction®JFAENEIC B
BRI ERERfLARAER) R &2 G C & 5 2 L AR
ENsze Choibid, =&Y HKRF v KEELF 2
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Fig. 2

DREEIFMNBIZ BT 2 pERALIRERRIZB T S
ECxff12023mg/mITH % LML TWBHY, £
g, (+)-fraction® pERILAEHERI R iZ, =F >
B ARF v KEET ¥ 2 DZNICH YT 5 HeM: b
HoHEHMENT,

(+)-fraction® 7 Vg Y — 7 W4y %, HMHA
Fhruax 7T 74— %Ol L7245
DI OWRMAS, Ky %H?%HH’@@CPTIA
LCAD® & U'PPAR ¢ ®mRNA =12 1T 3 2
omfﬁ&tﬁ%,7wﬁmﬁ7A7D7F77
74 =105~ 110 Ry 2 A 7 A7 ax
N7 4 =TS LTSN
385 ~4.25 M 43 7%, LCADB X U'PPAR a D
MRNARZ A EICHEME &5 2 LA L I
o7z (Fig.3)o F72, LC/MS% W CTHMT L
TRER, ZOMASOFELRYED ST #13129T
BHHZEDBHLEDII R 572,

AHFFIC BV T, (+)-fractionld Faofi il 2 3
WTCPPAR a DR #ERT TH HCPTIA, LCAD
B L U'PPAR a D# T OmRNA = & i & 4 72
A, ZOSFEESTH D5 FEI20OWH % &t

4%, LCAD®B & UFPPAR a ®mRNA & % B4

Effects of (+)-fraction on the mRNA levels of CPT1A, LCAD, and PPAR a in Fao cells.

150

—_
=3
S

LCAD/ 3-actin
(% of control)

7]
S

O 0 mg/ml

(1 0.2 mg/ml
(1 0.8 mg/ml
B 3.2 mg/ml

*, P<0.05

B85 00, CPTIAOMRNARIZIZEEZ K
F&hd otz 2D XD 7%, PPAR a DEMWNMEIE
TFORBALEHPLT L EHEH L 2w v ) iR
&, in vivoB X Vin vitro® W5 FIZB W TH
BENTWD, BIZIE, 48K XE2T v b
DB T, PPAR a DmRNA®RIZA & I2H
M3 2 BACOOMRNAR IZEL L 2wz &,
T/ 747 T— MekaG5ENT v b OIS
BT, ACOOmRNARIIA EICHWINT % 28
CPTIAOmMRNARIIZ/L LRI &, BXU,
Faofifalc BT, ) —VEEIZ X Y PPARa @
ER ST THhhHY M7 asP450A 1, ACOB
X O'CPTIA ®mRNA &3 A ZI\2¥In$ % 2%,
PPAR @ ®mRNARIIZAL L2\ 2 & & 25l S
NTWb, ThoDZ EP5, PPAR a DERE
fEF DB, PPARa X > T LM EREH S
5500, FOMOFELDLEMIZE > THHES
ZIFB LEZ LN

Lrlnl, T lZAHIC ainémﬁlﬂ(ﬁlﬂ%@@ﬁ%
BaEE L. 72, , F4lx (+)-fraction®
7Wﬁﬂﬁ7A7n7b7774~@ 7 ] ik 45
A, BIIBWTIIAMEEREZATLI L2 M
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Fig. 3 Effects of the HPLC fraction of (+) -fraction on the mRNA levels of CPT1A, LCAD, and PPARa in Fao cells.

*, P <005

L T\ 5% (data not shown), ZMigL, 5#I
Al ] 5g & A7z Ui R - o Prilim B £ OV Hk
HEOWAE % in vivo5eth T CTHERT 2 LENR D
bEEZ NI,

4. 2 0

AWFFETIE, FRTPOPUEN, AR T %
FEST 5 HWT, ROy 7 — V50
A F V3SR IR W 5 [(+)-fraction] D7)V
U Y — 7 W52, BRI B (R D 53
WCRIETHEZY LN T L7200, R
% 72in vitrod AR R M EE L, HUIE R 1
MW E ZEE L72. ZOME, Faoflloksze
WD (+)-fraction DML, @A 6 R £ 12
1ZCPT1A, LCAD B X U'PPAR a ®mRNA & %
HEICHEM S 228, 24K %121
CPTIAB X U'LCAD®mRNA & %= A Z 2N &
725 D?, PPAR a DmRNARIZIZHE L KT
Shhoize Fhg, (+)fraction®FINAT,
Faoiila iz 813 5CPT1A, LCADXB £ U'PPAR «
OmMRNAEIZ AT T B LD 720121, (+)
fractionDFEM 6 R HALF L wEEZ bR

720 72, Faoflif i~ (+)-fraction®
winix, CPTIA, LCAD B & 'PPAR a ®
mRNAZ % A BN S 8722%, CPTIAB LU
PPAR a I2xF9 % %1 % 1208mg/mILL kD )E T
BooNh7zdb oo, LCADICK T 2 #HF 1%,
0.8mg/mlTIERD LNT, 32mg/mlITHID THE
OHENDEZENHLNII R -T2, BT, Fx
(+)-fraction® r IIViIEB Y — 7 W4 %, S 51250
WASLza< N7 T 74 —% TG L7z

575, LCADB X U'PPAR ¢ DmRNA®EZ A

SIS M5 AL, LC/MS% v,
%@@ﬁ@ﬂi%&%’gw ‘3’*5@129(&)7@ &
’5:/T L7ze TNHORRESS DD, A

ZEENAPURER T O— OTZ:F)Z)TAB'@&#TH’“
éﬂf:o Si51%, AREBIZBWTHE S NHT
DY B X EFIEAEDOWEH & in vivof T
THERET ALEBH S LEZ b,
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Studies on the improvement of mental function by edible meat

B oK R M oK
UM R AR 4 b B 92 )

Mao Nagasawa and Mitsuhiro Furuse

(Faculty of Agriculture, Kyushu University)

Several studies have shown a relationship between depression and animal protein intake.

To evaluate whether animal protein intake has an antidepressant-like effect and potentiates

acute antidepressant effects, three levels of dietary chicken protein were used as the

representative animal protein with imipramine used as the antidepressant. In addition, the

effects of dietary chicken protein on brain metabolism were evaluated. After a4-week feeding

trial, a forced swimming test (FST) was conducted. FST was not influenced by both imipramine

and dietary protein levels. However, characteristic effects of imipramine treatment on brain

monoamine metabolism were observed in the cerebral cortex and hypothalamus. In addition,

dietary protein significantly increased taurine and L-ornithine levels even though these amino

acids were not contained in the diets.

In conclusion, the metabolism of several amino acids in the plasma and brain were altered

by dietary chicken protein.

1.B ®
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Tablel The composition (g/kg) of experimental diets with different chicken protein levels
Chicken protein level

Low Medium High
Chicken protein 100 200 300
Corn starch 500.486 400.486 300.486
a Corn starch 132 132 132
Sucrose 100 100 100
Soybean oil 70 70 70
Cellulose powder 50 50 50
Mineral mix 35 35 35
Vitamin mix 10 10 10
Choline hydrogen tartrate 25 25 25
Tert-butylhydroquinone 0.014 0.014 0.014

Amino acid composition (g/kg) of chicken protein: L-aspartate 98, L-threonine 47, L-serine 42, L-glutamate 160, L-proline 36,
glycine 44, L-alanine 59, L-valine 50, L-cysteine 2.4, L-methionine 30, L-isoleucine 48, L-leucine 83, L-tyrosine 36,
L-phenylalanine 41, L-histidine 30, L-lysine 85, L-arginine 64 and L-tryptophan10.9.

NTBDOT I BB OFEES LS IZH b, Kl
DT IRV - BIRFIRAED ShTw
BN, F NI EEBNT AT I ROELKE
L CORMBOMEEIIRIZIC R IN TV RD -7,
Z T, BHAEEOMIIEATRIC B VT &~ o8
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BENDOBEEZE ) 7 I URBICEH L THRERL
W, FORR, FRA Y LSy BRI XD &K
Ao/ VA7) (NE) ORHHEAE <
BRBHIENWHH L7 72, FRF Y7 E T,
15 & K Bz B O NEOAC# Il gz A5 < 7z
BURTETIZtr b= (5-HT) AH WA
—Folze BRE V57 3 OMKGRIC X
57 3 BABICKERE D 2ho7zZ & h
5, WMo/ 7 I REHIENT S 237 ED
T3/ BHROATEIFHHTE LW LWL
Lol

RAEFENL, A S ¥ 737 B TNEDOR B s
BNLZEIEH L ) 2FE0EEY T

WCBT2E/ 7 I VO AR ZHHIT S 2

LT, VFTAMBTOE ) 7 I vEREHEINE
HHMHEEFo, BAY 7 EEIUZL > TE
T IVD—DOTHALINEDHPENLZ L L
P19 OB X ORBRHSH L NI NE, ERE
WATH ORI L CH T X 2 WS 5 L%
X120 KWFFETIE, BEBASY v 87 BHoKiEx:
i (10%), # (20%) %5 OCHE (30%) @ 3
KL L, Pi)2oETHHMITT IV HGOH
X o T RO IRDE /) TIVET I
BB ED L ITEEEZ T IO THS
C9sZExHBE L7,

2. /7 &

33E#DF AICR~ 7 A (Japan SLC) %, 23

+17TC, 12L : 12DBEEF Tl r— o 4720 28
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HH#OKT T 1 EBEIME L 72,

FEEREIRNT, AINOSMAZIL#EL L, ¥ V%0 H
BRELTHEAL VITRDY, BAY Y37 H%E
10, 20B X U30%EA L7zs FEA S 237 BT
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Table2 Effects of dietary chicken protein levels and acute imipramine treatment on monoamine concentrations of the

cerebral cortex and hypothalamus in mice

Chicken protein

level Low (10%) Medium (20%) High (30%) P
Imipramine
. . Food x
(mgk/ég)ml/ 0 30 0 30 0 30 Food Imipramine Imipramine
Cerebral cortex
SHIAA  163+5  146=4 16110 1476  162+7  157=7 NS p <005 NS
DOPAC/DA  044+006 039+004 044005 043004 048+006 032+003 NS p <005 NS
HVA/DA 0342003 031003 035+003 033+003 047£006 029001 NS p <001 NS
SHIAAZ 106+006 083+007 098005 086+005 107007 085+006 NS p <0.0005 NS
Hypothalamus
SHIAA  675£27  479+37 71165  628+93 68750 63480 NS p <005 NS
5HT 195517 244+28  215+24 25216  232%26 25717 NS p <005 NS
SHIAAT 336+04 211+03 313045 2534047 291044 2434031 NS p <005 NS

The number of samples used for analysis was 12. The values for5-HIAA and5-HT are expressed as mean =+

S.EM. in pg/mg wet

tissue, and the values for DOPAC/DA, HVA/DA and5-HIAA/5-HT are expressed as mean+ SEM. NS: Not significant.

BT I BEHLE % Table 1 1283, 215 Ofi
K& Vv C28 H M o fil 22 il & S0t L 720
Murakami and Furuse? @ J7 {12 L7253y,
fRRB2THE A —T > 7 4 — )V Fillk, 28H
FACHRHIAK KRB Z 3 _XTO> 7 R LTIHRL
7o MREIKKGREICE LT, Zhehofikz 5.
AT AR 2RI, 1TREICIEIRIRE LT
AERAEEAKRE, ) TSN ) 2 TH DA
3793V (30mg/10ml/kg) % i&lKikRERD
1 RERIRTC I He 5 L7z AR T 1%, ZEMENL
Fzaffve, 2RER) Lz, 2otk KEE
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—80C THAF L7z I ML 72EDE S 73X ¥
(NE, F=»%3 ¥ (DA) BXU'5-HT) 6
WCZEORBEY (3-2A MFT-4- 01 FrFy
Jrx=)VxFLryrYa—) (MHPG), Yk F
O ¥ 7 = = )VEEEE (DOPAC), FwE/NZ
B (HVA) BXU'5-v Fafxi 4 v F—VEERE
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WY X ERIREE, Pico-Tag7 I/ WErhrisE =
AwTillg L7z 79 => (Ala), TV¥=r
(Arg), 7 AT X (Asn), T ANRT X Vi
(Asp), ZV% 3~ (Gln), Z V% 3 Yl (Glu),
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Z OFEEIT [TUNKRFERFR R AR, KF
Ve AR & DR BR BRI L ORI BT 2 B
Brfast), (@)Y o5 K OV FICB§ % B
CPBI4EI2H 22 H — SO 551057 ), [ 928k
By o 28 K VPR SR IS B3 5 FEHE | (CERR 1448
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Table3 Effects of dietary chicken protein levels and acute imipramine treatment on plasma amino acid concentrations

in mice
Chicken protein Low (10%) Medium (20%) High (30%) P
[mipramine 0 30 0 30 0 30 Food  Imipramine | L004%
(mg/10ml/kg) Imipramine

L-Aspartate 171+29  251+80 161+19 150+27 525+104 235+16* p<0005 NS p <005
L-Serine 746+14 54670 581+87 40569 877+145 458=65 NS p <0005 NS
L-Asparagine 23546 147+22 182%34 127+21 200%52 15319 NS p <0005 NS
Glycine 85+13 579 9613 62+10 134£20 817  p<005  p <000l NS
L-Glutamine 386+68 37543  349+52  210+36 35854  235+30 NS p <005 NS
Taurine 353+76  327%53  412+57  265+42 578139  506+53  p <005 NS NS
L-Threonine 1U7+25  78+10 99311 68615 12924  76%15 NS p <001 NS
L-Alanine 307+53 26528 25730  156+24 32155  195+27 NS p <001 NS
L-Arginine 101£20 527 48+5 1856 16658  44+12 NS p <005 NS
L-Proline 78114 60£83 707+10 42282 105%20  491=86 NS p <0005 NS
L-Tyrosine 536+113 3346  425+78 32284 761+156 333=62 NS p <0005 NS
L-Valine 15625  133+16 16119  120+22  258=48  163+23 p<005  p<005 NS
L-Methionine 3987  258+33 42544 320%62 705163 375%64 p<005  p<00l NS
L-Isoleucine 54397 40061 570+73 3998  103+22 57388 p<00l  p<00l NS
L-Leucine 93+14  76+11 9511  67+12  179£34  92+12  P<0005 p <0005 NS
L-Phenylalanine 475+8  305+38 53365 355%72 756%135 465%57 p<005  p<0005 NS
L-Tryptophan  160+34 124=16 199=28 13131 314£70 15930 NS p <005 NS
L-Ornithine 223+41 162+22 188+20 13526 4L1+88 19425 p<005  p<00l NS
L-Lysine 148+29  100+15 13615  84+18 24250 111*18  p<005  p <0005 NS

The number of samples for analysis was 12. All results are expressed mean + SEM. in x4 mol/l plasma .
NS: Not significant.

p<0.05 compared to each the saline group.
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Table4 Effects of dietary chicken protein levels and acute imipramine treatment on amino acid concentrations of the

cerebral cortex in mice

Chicken protein

level Low (10%) Medium (20%) High (30%) P
[mipramine 0 30 0 30 0 30 Food  Imipramine ; F00d%
(mg/10ml/kg) Imipramine
L-Aspartate 2784 +182 2483+233 2576+169 2124+107 2898+201 2838+116 p <0.05 NSP NS
L-Glutamate 9438+689 6926712 9143552 6942+412 9447+659 8954+ 309 NS p <0.001 NS
L-Serine 933+70 825+ 64 862+ 58 687 =38 94574 907 =35 p <0.05 p <0.05 NS
L-Asparagine 979+62  764=72 942+63 71.7+49 967%62 929%53 NS p <0.005 NS
Taurine 7555+505 6714607 7328+456 6896+462 8105+530 8471361 p <0.05 NS NS
L-Histidine 55741 439%45 508+58 416+37 512+37 478=%29 NS p <0.05 NS
L-Threonine 365+ 30 291+17 369+18 307 +22 343+25 354+14 NS p <0.05 NS
L-Alanine 804 £ 62 680 + 65 789+42 598 +48 811+64 753+28 NS p <001 NS
L-Arginine 124+10 93+8 104=11 87+5 118+8 107+9 NS p <0.01 NS
L-Proline 66052 547+52  629+52 497+27 685+41 640=*4 NS p <0.05 NS
L-Tyrosine 704+56  581%83 67.7+65 562+73 629+52 65+6.4 NS p <0.05 NS
L-Valine 93180 742+90 948+64 753+61 994%65 902=*6.2 NS p <001 NS
L-Isoleucine 328+5 29015 337+23 302+19 402+4 39.0£26 p <0.05 NS NS
L-Leucine 88.7+6 74467 78359 705+43 960+57 90158 p <0.01 NS NS
L-Phenylalanine 459+27  365+29 445%41 3827 479%+29  428+33 NS p <0.01 NS
L-Tryptophan 12712  118+08 15+16 116+11 119+16 151=+11 NS NS p <0.05
L-Lysine 197+17 152+14 206+15 15311 220+17 183+9 NS p <0.0005 NS

The number of samples for analysis was 12. All results are expressed mean = S.E.M. in u mol/g wet tissue.
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Skeletal Muscle Hypertrophic Effect of Meat-derived ACE Inhibitory Peptides and
Its Mechanism
N ® FR

Be #-R B B — KB &

=

UHR R B A 7E )

Yoshihide Ikeuchi, Xiao-Lin Zhu, Ryuichi Tatsumi, Wataru Mizunoya

(Department of Bioscience and Biotechnology Graduate School of Agriculture, Kyushu Un

Main aim of this experiment is to investigate whether angiotensin-converting enzyme
(ACE) inhibitory dipeptide (Ile-Tyr (IY)) that is expected to be useful as antihypertensive
drug has competence to give rise to muscle hypertrophy. Mouse skeletal muscle C2C12
myoblast cells treated with 10~100 z M dipeptide (IY) showed an increase in expression level
of myogenin, molecular marker of early differentiation, and a decrease with 500~1000 4 M.
Expression level of myosin heavy chain, molecular maker of late differentiation, showed a
concentration-dependent increase. Addition of IY (10~1000 x M) to the culture media also
increased the diameter of C2C12 myotubues by up to 35%. The present results demonstrated

that IY has muscle hypertrophic effect similar to that of drug captopril (3-mercapto-2-

iversity)

methypropanoy-L-prolin).

1.B ®
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e SN, EHENTWASEY, ACEZX[HE
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ENG, IS OEEEN TS FAACEM &
A ERBRICERBRRER2A T2 L TFHES L
54, 2 THAIL, BEWNHRACEEEHERY
F FOBHMKIER & DERBF D W TR
52 L7z AWFETE, TvI4AT vy &
#fEFE (ACE) HERTF FELTELLABN
TV IRTF K (Ile-Try (IY)) > &< AH%
774 MRIZHRT 2 52l RC2C12D 852
WiswmmL 72, sfewil~—s—& L7
myogenin D FE I w, LB ~—H - L7
Myosin Heavy Chain (MyHC) O FHEB I O
e (Hhagfmie) EEEZNE L, ACEHEN
AR T LN AR B 7 T Al

2. /B &

2.1 Mk

< T A E A& R 5 3T Ak C2C12 % Cell
matrixiC& Va3 —rra—prL724RT L —
MIZHEME L 72, AA-mix & gentamicin % i &
1%, 05% 7ML 7210%FBS-Dulbecco's Modified
Eagle Media (DMEM, Invitrogen) (ImL/well)
BIAFHE Lizo B IRREf£ 2405 H 12—
B, FDOHITASKE M EIC5CH L 72, subconfluent
W27 o 72 W 5T 2 % HS-DMEM (500L/well) 12
Bz, bEFE L (GHLFEEN). 5biFE
P62 5 3 HIETIIITETOMBLHE B L
7o TR I & L7z,

2.2 Yz ARYrvITOAYTA VT

ALTEERIAIEIC, 2 %HS-DMEM % FE AR
(2 %HS, 1 %AA-mix, 05 % gentamicin in
DMEM, 3ml/well) & L7:24X» 7L — 1+ (3
+ > ) IZACERH % #l captopril (D-3-mercapto-
2-methylpropanoyl-proline, IC50 : 20nM) B X OF
ACEMIE Y ~7F F (Ile-Try, IC50:231uM))
%10~1000 uMRmIN L 720 BiZ7205 1R, HE%
M L7 7L — b OB #HE % ET, ImPBST2ME
e L 72, 1000 uM P captopril ¥ 72131Y 2 & &
Rl 2 %ML C37TCTI5 A v F2xX—=FL

720 ZOHBTL— FERIKEIZEE, WPBST2H
VEo 7z S HISHIIEEM (0.1%Nonidet P-40,
50mM Tris (pH7.6), 250mM NaCl, 5mM
EDTA, 2 % protease inhibitor cocktail, 1 %
phosphatase inhibitor cocktail (Nacalai Tesque))
MA, SaMRE 5 Lz JEEBHMEE CHERL
LRLEE LHMBIRZ R b FEFTERY b
F v 7T 2 VOK % - T2 MER 0 328
L7z 5 5 N7 MIEis i % 7 2 — 712 L 72,
MR AR L 2 x> TNy 77— (50mM
Tris (pH6.8), 2%SDS, 5%2-Mercaptoethanol,
0.02 % Bromophenol blue (BPB), 40 % glycerol)
1 1 TRAER, WP T3 HHERL,
SDS-PAGE (12%gel) I CHEL72% 80
Z, otk ru—RARICES L7z, mERHEY
anti- a tubulin (PIFPEEHE), anti-myogenind 4 \»
Fanti-MyHC, B & OEFF b2 kifk &~
T XY —PERTEY TR L2, ECLM
AR & W CRIERUNME Z XHR 7 4 VA2
L7z

2.3 HEHEEOWUE

SHALREEBIARELS, 2 %HS-DMEM % JL AR E: Hi
(2 %HS, 1 %AA-mix, 05 % gentamicin in
DMEM, 3ml/well) & L7224k 7L — b+ (3
v ) (2 ACEF % #] captopril ((IC50 : 20nM)
BELUACEHEY RXTF F (LHe-Try, IC50:2.31
uM)) %10~1000 uMRIN L 720 FrFe7205 1] 1%,
%7 2 )V CTEAEZS W A A0 2 & BE oY
L, Image] (NIH) I THEDK D KWVERH %
HEE LTEHIL, 2oV l%E Ty = Vo lE
L L7

3. BREEBE

ACEMZE#] (0 ~1000 uM captopril  7213IY)
% o L LB ERT H T IR C2C120 53 L %
A BME LCh S 720212, myogenin, MyHC
DEBLNVETIAY v Tuy T4 7712k
#~7- (Fig. 1A). Fig. 1BiZ, myogenin®B £ O
MHC® %78 v K05 JE % Image ] (NIHA X —3
V7 N TEHUL, Zh 2NN o tubulin
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Fig. 1
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66.2 =
- rm—a-tubulin(SSkD)
45—
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3= -
21.5= -
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(B)
9
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c > 75
= 35 Qo
2 2
2 30 3
3
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Effect of ACE inhibitors (captopril and dipeptide (IY)) on the myogenic differentiation in C2C12 cells.
C2C12 cells (1x105 cells/well for captopril and 1x 106 cells/well for IY)
were cultured in either differentiation medium (DM) alone (depicted as“0”) or with various concentrations of

ACE inhibitors. Each DM was changed at day 1 after induction of differentiation, and cell lysates and

conditioned medium were harvested at day 3. Western blot analysis of cell lysates was performed to determine

myogenin and MyHC expression levels.
(A) Representative blots pattern was shown.

(B) Expression levels of myogenin and MyHC were expressed as relative values to a -tubulin expression.
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x40

Control

100uM

1000 uM

—

e

Myotube size

Myotube diameter (relative unit)

0 10 100 500
IY concentration (¢ M)

Fig.2 Effect of ACE inhibitors (captopril and dipeptide (IY)) on C2C12 myotube diameter.
(A) Morphological observation: morphological analyses of both non-treated (upper) and ACE
inhibitor-treated myotubes were performed at day 3 after induction of differentiation.
(B) Myotube diameter: the results were expressed as relative values to CNT (non-treated)
group. Diameters were measured with the thick of 10 large myotubes per well.

T BHTELLEDDTH S, B, KERT
IXcaptoprilz K74 7ary bu— & LTHW
72

i AL o < — 51 — T3 % myogenin D FEH
L XV iZcaptopril, IY#RMIX & H 100 uM F TH
L7245, 500, 1000 uM Tl L7z ACERH
EHOWREDFH NI EHEIMEE S N, HEBK
DEF 5720 Tmyogenin DB ENWZ Sz
b EHEN E N7z captopriliiNIX OMyHCHH
L XOVIE500 M F TN L7248, 1000 uM Tl
MRMX LD KD 5720 TNUE, captoprildfll
fadtEERNT 2 b Bbh s (EE, HEo
BRI ESBEIN), —TF, IYOMyHCH
Bl L ~X)ViZcaptopril® X 9 121000 uM TR F 9 %
Z ol Morib ZACEZ MBS X &
52L& oT, Wik —7A—& L72MyHCD
FBL T 235580 51, ACEMHZEHA (captopril 72
&) O TACERE AT S &2 & fiZFfil
DFALPMRE SN D L LT B DT, S0
T IEZORRELZHTLIHDOTH -2,
captopril® ACERHE X IY IS I R10065 12 &
WS, SHOFEBTIZACEMEREOR S &

JERAERIZ IS I 2 FHEE SRR S M Ao 720
Fig. 2A L 2BIXIY 2@ L =W file & 2o
BEAEOFHIRREE ZNZFIR LT\, Fig 2A
DEFE,P LD LI, IVXRTF FIYORM
S 2 S E O K 2 FE L 720 F5121000 uM
DT, HE D& D K5 OBEEDFHMHEIE
RO A & R TL3BMETH - 720
FRHOEK - {4 (JVEFY V7)) 12, M
BRIl TH 5 AR K TH S Z EDH S
NTw5Y, HEMBOMER S LEHEX - 75
EoBEERBRETHY, ZITIEHEAADZ L
DOHRFHBHEGTEIEPHLNMIEN TS,
£, BmWMEICACEME#] (captoprilZe &) O E
G2 X ), HEROMNDB X OHFAH
S22 L% OEKRETHER ST
57, 4lldrug captopril & (38 7% ), ACERHZ
WEERFOVRTF FTHHIYDHIEKIER %
FOZ PR LOTHLN IR -722 06, &
i (BRW) HEROACEMERTF FH RO
MREFEEZFEOZ LRI NL, BiIEK L IX
W HERACEEXZ7F F (H 2 I1FIKW (IC50 :
021 uM), LKP (IC50:32uM), MNP (IC50:

© The Ito Foundation



18 TN BE S % B e 72 i A0 pl A s

66.6uM) *7 12D\ T A [l [F] Ak 0 FE IR & Mk
ThHb, £z, TOFELWEHBER I E 24T
HHZENS, SHRITACEGEM 2 N AL E)
S, oA FEN R E 2 RS HEN T
(MyoD, Myf5, myogenin, MRF4) B X URl&
WCHEERMEEAS N T (adintegrin, VCAM-1)
D3I, MW 7 F VREZRFERKL/28 L O
Akt YEALL RIVIZOWTHRS, 2512, B
MANO G X B AMFRICB T 5 ACEER T F
FOBHEKRVER ZBGES 5 T ETD 5o

4. E 8

AWFZE TIEACEMEG % F50 IR TF Flle-
Try (IY) OFHEKFFEICONT, ¥ AHED
MR C2C12% H v Tl L7z 10~100uM
IY OB Hh~ D 7ML 73675 35 72105 [ £ o 7 /il B
Dmyogenin DB L NV & Wi & w7225, 500~
1000 uM TIEM LT L7zo — T MyHCOFEBL L
NOVIEREARAT (10~1000 M) (2L 72,
%72, 1000 uM IY @O0 C /5 O B A X B
XICHARLBBHML 720 SNSDFERLL,
T IR &) R 254 58 & LT v 5 ACE [ % #l
captopril & [k, IY T X7 F FIZH #iFMEo
b EAET BV & Al 2 K5 21 23
HZENPHLRIT R o7,

X W
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The study of maintenance and improvement for brain function with creatine

IS S

B
=N

UNNRE B W
OSIAHIE R > 5 —, 2RI

Naoki Onizawa!, Hiroko Toyoda? and Atsushi Toyoda

(!Ibaraki prefectural livestock research center, College of Agriculture, Ibaraki University,

B l.2.3

7
SRR TRE A R 7ER)

1.2.3

3United Graduate School of Agricultural Science, Tokyo University of Agriculture and Technology)

Creatine is a nitrogenous organic acid that occurs naturally in vertebrates and helps to
supply energy to muscle. Creatine is synthesized from the three amino acids: glycine,
L-arginine and S-adenosylmethionine, and used widely for the energy supplements for the
athletes. Effects of oral administration of creatine on the peripheral tissues have been widely
investigated, while the studies of its function in the brain and the animal behaviors have been
limited. We have investigated the functions of creatine in the brain. Creatine activates
mitochondria in the spines of hippocampal neurons and changes the morphology and function
of hippocampal synaptic junctions. Recently, it was reported that chronic selective-serotonin
reuptake inhibitor (SSRI) reverses the maturation of hippocampal neurons and changes
synaptic transmission in hippocampus. Thus, we observed whether creatine rescues the SSRI-
induced immature hippocampus. Chronic SSRI (fluoxetine) reduced the expression of mature
neuron marker calbindin in hippocampus, and chronic creatine administration with SSRI

rescued the reduction of calbindin. However, calretinin expression was not changed with

chronic fluoxetine administration.

1. B i

JVLTFUVRERIIESEENTEY, 7YY
Y, TIWEX=V, SSTTF/VNVAFF=UHA
WENLIWEHTH A, 7L TFVEEREINT0
5, MRNTZLTFrFF—XI2kh ) VEL
ENZVLT7F Y YERICRYD, ATPOHEAKIC
ME595, 2hwz, HEERFIEIT7+—< A
HMEDDIcs LT Fre 7Y 2y e LT
HLTWwb, F72, B2 LT7F VBT
C LT, REST ORREAHE S Tw b Y,

BRIIBITE 2 LT F v oOfEHR IOV EDE L
TGABAZHRD S 5032, 7 LT F ¥ HGABA
ZHEEZTLT 52 LICX VPR B L ARYIAR
TR 2R T IREE A RIBE S T3, 512,
ZULT7FYORIEIUCLY, 7L T7F 2 OlA
BRI B L, EERE OB IC B G-3 W Re S
Hbo

ML, 2L 7F o ARERERZSILL
ZDANZALDMREEIT> TV D, HETH
3, R THICB A2 —uRTFF FYRL L
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FOFEBERE &, KM@ r DL TF R 7L
) YR EORF-OREMBBUR TR TG S, 1T
FoHM SN TG, — KT, FLFT U7
V) K DALRRATEY R 9 ORRATE) IR S B
ZEAVREN, BERTF N LR EOME)
RSN TWDE Y, BIkE, PFR204E B, 214F
EOBEMHBMKIZE > T, 2 L7 F Y BBIKRTH
BEEPRO=Z 2 -0 v E2IFE LT BL
7 VT F VB ERERTF FTHEFLF TV
BT S EfH A 2 L7 & L
L7ce 7L T7F v OEEREFERIZA VXS VR
EAIXHREE THRBE L TV B REMEARIE S L7z,
7, ZLT7FrICRiEBEERROR 2 -1 v
DY FTARRERET DIEH DY, 7 LT F
VEBRGLmE S -0 v TR Y ST AR
m¥s% ZEBMoENTN S,
HEEOHATIE, 2L Ebertayx b
ADHINZ X 5T, 9 2% & O iiE Rt hE
FEERBOBZEHIWIML TS, ThHDBRE
TiL, BIRIED B 2 A D370 7D R I 25
Wich726 2 eh% <, F-RIEHICET 25
(AR D) 2780, BCEEOH) b 7% S
NTW5 I, BEL T EIND X HITHD,
BIfE O L v SN b PL9) DHESSRI GEIRMY
o b= CHIDAABRESE) LT, EIoEE
F72RER D) A7 3 EH NS K912k >Tw
%o F728i, SSRIOEMMEZLGI2LD, v
A= 2 —a Y L L, TEPERET L
GHRFEREINSSY, CoRR=2—T DTS
T AR IIELAEI SO BRIy, EEE
DY F T AMEEPHHI S NG, Tz, SSRI
DEIWEH & D H 2D TE W H LI SN T
Wh, BliZhiih/zE By, 72V T7F IS
VFTAFOI VA R 7T REEEEET, R
NA VOREEEZ, VF T AMEE RS S
YWD 5. ZD72%, SSRIEMR S ToiE

FTANEANZ L B Y F T AMEEORE R 7 L
TFIVBLAF2—TEXDLOTIELWIEE 2T,

2. 7 &

2.1 FEEREY

8 JHEHCS7TBL/6J M~ 7 A (F ¥ — IV X /3—)
% 1AM RERME (59 =¥ % VEERT.3E)
TTMEE L. PREEOR» S~ 2 2|
M — L, B L7z, KE RN A b
WL, #Eig23C, 128MoWES 4 2 v (H
B :07:00~19:00) OBEETCTHE L, v
2R IR (GERKO M), SSRIEG#E (7 )V
FEFrOHK), SSRI+ 2 LT F V%58 (7
TXFEFUvBLTZVLTF V) O3IBTICHT, £
NENILTOT Y FAIZHY BT, 7VEF
tF ik, 1HH202mg/kgkEE %25 L9
BRI L, BITENS e, 7VvEF &5
YR, < ADEREIZIE D TEBIN/ER
L7z DZ MWz, 2 LT F VIZEREKIZT % &
b EXH)EM LIz, B, SSRIOWEKRIC X %k
KA EMET B720, TRTOUWIEEDOIKE
1202%12 B XA A7 — AR BM LIz, 7
VEFEF U BLO T LT F 5 %280 AT
RIS, R BTV TR ToT, BB, E
BRIZ R TR R ERB Y Z B SHHNC
o Tiro 72,

2.2 MALAR O BRIL

WEMIMK T, Y F VT —F I XD FRE
L, SHEBLFIIC X D & L-121C, EHICelB
KON, EWE, EIEF, W PRI L i 2
U720 AW RIERIMRAL F 0 AT 1B L 72
2.3 RIEAREACF I EAT

ERE RIS, HHIZ4%/3FHRVAT VTR
FIZCTRE L7z, BER, 20% A 7 10— A
THEEL, @l LA, 2UF RSy (F4%)
EHVTIES20umOY /2 EK L, Hihrve v
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Table 1  Effect of oral SSRI and/or creatine administration on tissue weight in mice.
Test group
Control SSRI SSRI+ Creatine
Body Weight (g) 28.7+09 289+20 30.1+23
Whole Brain (mg) 4376+134 4489+5.3 4372+35
Liver (g) 1.45+0.08 147+0.08 1.51+0.13
Kidney (mg) 296.2+325 3049+144 303.3+13.3
Adrenalgrand (mg) 9319 6.6+1.7 170+165
Spleen (mg) 66.7+6.7 65.6+87 67.7+79

Values are means + SEM for 3 animals in each group.

Control

Calbindin

Calrenitin

DAPI

SSRI+Cre

Fig.1 Chronic fluoxetine down-regulates marker calbindin for mature granule cells. (Scale bar, 300 x m.)

T UHik (Sigma) BXUH A VL F = Uik
(Swant) % HwWTHEGM %17, DAPLIZX D
K LbGett 2 47 5 720

3. BREEE

3.1 SSRIBLUZ7 L 7F Y2 & Bl
ZAL

SSRIB L U7 L 7 F > 228 HIH#E I 1#% 5- S & 72

BRZ, fREs JOvAazhy, FIE, EOBE, ORUER PR

FEICIIHEELRZLER SN o7z (Table1 ).

v b TIZSSRID @RI & ) REZE(LD R 5

NLEILEDRHLEMOLNTVEY, ¥TATO
SSRIEHEH G- TZED X9 REIE R SN AR5
72

3.2 ANWEYIUYBLOANVLFZ VORI
SSRIBL U7 L7 F vy #GI2L A~ Rk
DR [T SR e Feg 12 80 & Al o R b &
EMBRF T EIC L )BT 21T o720 T O
B, SSRIDMEPERE G2 & O i 5 vk bR Il i 2
HRTHRETZINVE Y Y Y ORBIMICT L7
D, PEX— A —THB ANV F = OFEBITH
FRBAR RSN h o7 (Fig. 1), SSRIB X
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SSRIC & A EIWERIC X 0 BRDS L & E 2 5o

4. 8 B

SSRID I & 1) e 15 i AR ] R fg 12 35
VB MR OGS, BT DFIC K B EIVER
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AISSRIDEMEF D V) A 7 WA B 55 % 2% B
Ft U720 SSRIOHGIZ X 0, i K i K 1] Sk 4
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Effects of liver-extract with/without combined intake of other food ingredients

on lipid absorption in mice

K o#E — R/

W

Z

ORRUHEE R R EE )

Kazunaga Yazawa and Tomoyuki Koyama

(Tokyo University of Marine Science and Technology)

In our previous study, the extract of porcine liver “Liver Hi" showed inhibitory activity
against pancreatic lipase in vitro, but did not suppress elevation of plasma triglyceride (TG)
level in TG-loaded mice. In the present study, we investigated if combination with existing food
ingredients increased inhibitory effects of Liver Hi on lipid absorption in vivo. Lipase inhibitory
activity test in vitro had selected four kinds of food ingredient, i.e., hem iron, extracted taurine,
turmeric extract, and L-ornithine hydrochloride (ornithine) for combination with Liver Hi.
Among them, only ornithine with Liver Hi (2,000 mg/kg) inhibited TG absorption in vivo. Liver
Hi (2,000 mg/kg) with ornithine showed dose-dependent inhibitory effects at 0 ~ 2,000mg/kg
in TG-loaded mice. Further investigation with varying combination ratio showed that Liver Hi
at 2,000 mg/kg with ornithine at 2,000 mg/kg inhibited the absorption of TG in mice
significantly. The optimal food ingredients and the optimal ratio for combinations requires
more detailed study, but series of our experiments revealed that inhibitory effects of Liver Hi
on triglyceride absorption may be enhanced the result is obtained by combining other foods.
The future experiments to elucidate optimum conditions such as the type of materials and

mixing ratio will allow that the usage of Liver Hi as a functional food.

FEHOLIIINTTOMEICBNT, mIREE
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HLTZOAIEEREE ML A, invitroik
Brcy 8= YHEEH RS, <~ ZMRI%
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HLT, —BWREFAOENES EHMAGDE S
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@% vy r Ghilw)
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@L-HNV=F
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@A77y
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“licorice extract A”

“stevia extract”

2.2 B S — LHHEE R
C ORI ) 78— X v ;S (DST 7 —~< /A4
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2.3 MIZYEY T (TG) fafAE

(1) 1 —=Jiaddy~> A (7 Hfis, HYE) %
48O OANT, 1AMFMEE L7,
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Fig.1 Effects of Liver Hi alone (A) and Liver Hi with other food ingredients (B) on lipase activity in vitro
(D hem iron, @ taurine (extract), @ anserine-containing salmon extract, 4 L-carnitine, & L-ornithine
hydrochloride, (® Beni-Koji powder, (@) turmeric extract, licorice extract A, (© stevia extract, licorice

extract B. Lipase activities of control (without samples) group are defined to be 100%.
p <0.01 vs control.

mean=SE. (n=3). *: p<0005 *:

Tz VTL—MIELZ.

(6) IMHTGHEIX, b)Y+ FE-7A MY
I— (ADGHEEE M att) 2 v Cille
L7z

(7) TGOWILEZ, &5 Witk F Tl
O TGIREDORRREZALIIRRE, 72 13RI
HOREL ST 5 R T 5RO 72
Area under curve (AUCHH) 12 & 0 M0 L
720

Data are expressed as

3. BREEE

FERL 0 ) 8= BRI T
LN—HiDin vitrolZ B 5 ) 78— B RLE
HOFMIOWTHRFLAZEZ A, a¥ bua—n
(100%) & iR LA BT ) 28— B As R A
SEL MREMARL TR WD, LN—
Hi 4,000ug/mlTix885+08%, 8000ug/mlT i
813x32%THVY, K¥YT74 73y bu—LoD
v—u A MEY (100ug/ml) TiE61.6+0.7%
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Fig.2 Effects of Liver Hi on time-course change in plasma (A) and total absorbed amounts (B) of TG in triglyceride-

loaded mice.

The total absorbed amounts in Panel A are expressed as area under curve (AUC value) for 8 h of Panel B. Data

are expressed as mean=SE. (n=8). *:

Th o7z,

S 72 B FEM 10RO W T, 2,000mg
/mlDPEFET ) 28— B HE G 2 R R R,
Fig. 1 AITRL72EBHYOANLE, QLA NV=F
v, @ a s R HEEE 2 R L7z,
T/, LN—Hik ThoEaFEMEZ O L2k
(Fig. 1 B), L/S—Hin ) /S—EEEHEZ & <
WCHESR L2 BZMIE R SN o7y, @5 v
(), G-t nv=F>r, @O a rHwcs
WC, HBRMHEEES RN TWiz, 2Thb o
WREZTT, A&k ¥V, 1 V=F 7,
73 YR O 4 D OFMITOWT, TRE I
HVER Z i35 2 & & L7z,

FEE2 1 < AZBT B TCOWNE T KT T
R

MY Z)EY R (TG ALY AICE
WC, LN—HIDRRWINHIVEH % fER2 L 724
B, 2000mg/kgD 57T, M TGRFRZLD

p <0.05 vs control (DW).

Zib%RL (Fig.2A), 2> bu—i (DW) IZ
s U CHRE WX O F5EE & 7 5 AUCHHE O i BEARAF
7 FEE I 2R L7z (Fig. 2 B)o &KIZ, 20
< ATGHAMRERIC BT 5 AUCHZIRIE L LT
LN—HIBEMOY & Lo EmFBEM 2 0HH &
el B L 72,

~ 7 ATGA M ABKICE W TL /N —H
(2000mg/kg) &~ 2agk (500mg/kg, Fig.3 A)
Z ) v (500mg/kg, Fig.3B), wa ity
(500mg/kg, Fig.3 D), owWEFhrZFH L 72
WATIE, MUY ) NOWINBLE IR
ENhholze —HT, -+ NV=F (500mg/
kg) % BEH S22 HA1213) N —Hio fi B W
PEIE R A iR S B oS HERR S vz (Fig. 3
C)o #2°T, L V—Hi2000mg/kgllL-+ V=5
COMHERETLERELEZA, LAV F Y
2,000mg/kg% B S H 2B A2, AESIEEW
PHEIE AR s e (Fig.4)o L-A NV =F ~
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Fig.3 Effects of Liver Hi with other food ingredients on total absorbed amounts of TG in triglyceride-loaded mice.
Mice were treated Liver Hi (2,000mg/kg) with heme iron (A), extracted taurine (B), L-ornithine hydrochloride
(C), or turmeric extract (D) per orally (500mg/kg each). The total absorbed amounts were caluculated form
time-course data of plasma TG for 8 h. The effect of each food ingredients alone were shown for comparison

with combined effects with Liver Hi.

DUEFEARAF R OWIRAIH ST B 2 &
NG, LAV F HATH LoN—HilU & AR
BEORREOWNEHIER 2 AT 5 2 LRI
720 TNE TOWZEIZBWT L AN—HiIHME 5T
ERE S T 2 i B W 2 3 5 & ) &
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WmIh7zbotEZzohb, X OVENLIER
ERT2OIIE, BT 2 EMEM R L ORA
IZDOWTIE, BhaMidsLEs 5,

4. B 8

7 ¥ I TH B LS—Hil, ki 5-12
Ve rOMAERY 7)Y FLARLVEEKTF S
LHEPMONTWDY, F7z, WEEEOARB) AT
ZEIZ BT LN—HIZ ) 23— ¥ B A3 32
ENTZH, =7 RTBU B IR EWIIHIE R A
BLREALZRE LW EHIIREINST, T OKE
ZZFT, LN—HUCBEHF O & FEM & O AE
bEDLI LI TEDEMPMBRT S5 ED
2, 7 5 ONS, AR T O BRI HIE I % iR
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Fig.4 Effects of Liver Hi with ornithin on total absorbed amounts of TG in trigliceride-loaded mice.
Mice were treated Liver Hi (2,000mg/kg) with L-ornithine hydrocholoride (ornithine: 0, 500, 1,000, and 2,000mg/
kg) per orally. The total absorbed amounts were caluculated form time-course data of plasma TG for 8 h.

* . p <001 vs control (DW).
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Functional Components Sourced from Bovine, Porcine and Poultry :

Comparative Study on Bioactive Peptides. 1

A PR OKR - R BN HE=1H5

(BT IR S J 50)

Daiki Kubota, Satoshi Kawahara and Michio Muguruma

(Faculty of Agriculture, University of Miyazaki)

This research aimed to compare the biological and functional properties as well as
physiological effects of beef, pork and chicken protein hydrolysates. Last year, we examined
the antihypertensive effects by determining the ICs value of the three mentioned species. This
year, we aimed to check the antioxidative properties.

In the current study, we evaluated the antioxidative activity of hydrolysates of biceps
femoris muscles from beef, pork and chicken. All the muscles separately hydrolyzed with
pepsin and trypsin and then determined their antioxidative efficiency. The antioxidative
activity of the hydrolysates was determined by the DPPH radical scavenging assay and the
ORAC antioxidant assay. Meat hydrolysates showed the antioxidant activity (40uM Trolox
equivalents (TE) /mg protein) by the DPPH radical scavenging assay. Meat hydrolysates also
showed the high antioxidant activity (750uM TE/mg protein) by the ORAC antioxidant assay.
Antioxidative activitiy increased with increasing meat hydrolysates concentrations. No
significant differences in various edible meat peptides were detected by the DPPH radical
scavenging assay and the ORAC antioxidant assay. However, there are differences in the other
factors for giving the antioxidative activity including amino acid sequence of those
hydrolysates. For instance, Cys shows strong antioxidant activity that is considered to be
specific for electron transfer reaction. On the other hand, though Trp also has also been
showing a strong activity, as it indicates only for transferring atom of hydrogen during its
reactions. Beef and pork peptides may show antioxidant activity in specific manner that are
influenced by His and Trp. Antioxidant activity of chicken peptides are small and far from
other meat peptides especially when compared to beef and pork. In ORAC evaluation, Trp
pattern similar to Trp in chicken one, in which we hypothesize that Trp may be very
important amino acid that determine whether peptides is effective as antioxidative or not.

We conclude that meat in the three species contain peptides that may serve several
purposes. Based on its remarkable antioxidative activity, we suggest that the functional
peptides from meat hydrolysates may have potential applications as functional food, which

could be used as sources of natural antioxidants for foods.
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1.B ®

FHHEAMOHEEIIAEHLOMICE L
A, CHREPEDFRFEIC R o 7o—2 DR &
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CCHEER L, FOEOR TR O 2 ~ 3 ik 4
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WREZ A TX A 2 L SORACHEDHH T &
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DPPHE E BB E L EHWT VANV TH S
DPPHZ ¥ V& vy, 520nmIC WIS K % 43
LM ODPPHT ¥ A VASRIL S Tt § 1
BRI L CRE OBRILIEN: %2 37§ % 5T
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ZFITARMIZETIE, F 7B BEILELA
WEEHEL, RV V- bYTFY Y -0
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Fig.1 Dual axis graph shows the value of DPPH radical scavending activity of beef, pork and chicken

hydrolysates. TE, Trolox Equivalent.
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sample-AUC blank % i\ TR L 72. MaifE
21X Trolox (125, 250, 500, 1000uM) % f#
HL7,

2.6 EHET I BRHT

SHTEE 1 g IO LT 35D 3 % ANk
FOVEEEIMZ, WEET 1 REME LTy 23y
Bk 3720 201, 3000rpm T1555 & s
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DDPPHT ¥ A VIHEE M Z /R L7zo TEL X
MORBEILMETH S boay 7 AMHY &
(Trolox Equivalent) OWsTH %, HFLR T
131.0mg/mlig T8 X Z240uM TEZ /R L, B
EIE L hh ol ANV ¥ VITERRED
W LARES, 7y FF Y IZDPPHO%EH
MR T & 2\ T LR e HIALIG PR 2 7R L 72,

COREREMN S oG E—FH LY, Zhid
VA Ak I/ e N U N SOREE TN 2 | WA K e
ALTWSHRTH S, FIoERWNTF K H NV
YR bEWIEEE R LB E LT,
iz DRTF FIZXBMERRTH S LHEH S
72

Fig.2- a ICKFEAWHIK T F F B X OB
WEDOORACEIZ X VME L7k RE R L7, 7
VI vy s vy FF 312058 X 0 1.0mg/ml
B L7z FAERBHRAT T M0,
05, 0758 £ I'10mg/ml %= R ERICHE L 72, D
P2 TN b IR EFHIIHE A BICORACH A L5

1.0

Chicken

Dual axis graph shows the value of oxygen radical absorbance capacity (ORAC) of beef, pork
TE, Trolox Equivalent.

L7z ZHUIORACH:ASDPPHE: & 1) b JEH 12K
OBV R TH L DML LTELLR
5o F {5 ANM CORACIHO A BT 5
Nhholeh, BRNRTF FIFEBEEOA NV ¥
Y EEBLZORACHEZ /R L2 Ebh b, £
72:DPPH: & [FRICORACHETH 7 Vv ¥ F 4 Vi
Mot > 7N X bEeiEtEz R L7z,

W2, ORACH: % MW T10mg/mliz BT 5
AL Fehiak 2 A L 72 (Fig.2-b). bumy
JALTNEYFF HWEE, oF ), —ERE
M7Vt LAt rOnfEz100%MEL, & 5K
BB 2B LI s kb B 8y — & FD
CEWNDbhotze —T, AN Y URARHREN
T FIdE2 i E Ko TNy — v 2F L
TwWiz,

Fig. 3 IZORACTHE 3 X U'DPPH1E > H1 B B £7 %
IRL720 BRANRT T FETIEAHBIRE r =0.9905,
ORACH#E =12.375 x DPPH{E +209.69& 72 v, 3JE
WICHWMHBEBERE R L —H, AV vk
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Fig.2-b

Fluorescence decay curves of fluorescein induced by AAPH in the presence of trolox, calnosine, glutathione

and meat hydrolysates. RFU, relative fluorescence unit; AAPH, 2, 2-Azobis (2-amidinopropane) dihydrochloride.
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Fig.3 Relationship between ORAC activity and DPPH activity. TE, Trolox Equivalent.
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AIFFE % He D 5 M TORACIEIZ RN T F I
LOX10 *mg/mIPL T C b M W iE 72 (13 &R K
Tho & fifil L7z, > TORACHH >DPPH
& 7 A REED IR I E e E R b,

DX ITRTF RO PTG 2 R E R
fif2re ZDBERDO—DIZIEXRTF FEMKT 2T
IVBOMENSEZOND, £TT, RICT I/
B OPBLIEME SO W TR A L7,

3.2 73X BoOYIBLIEE

T2 07 3 7 YO BRI % DPPH
FAZX DB L7, BUE, HURRILT I 7MRE LT
e 2AF Y ¥ (His), YA7A4 ~ (Cys), F1u
v (Tyr) BEFHMBNTWEA, LTI/
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Fig.4-a Effects of antioxidant amino acids on DPPH radical scavending activity. TE, Trolox Equivalent.
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Fig.4-b Effects of antioxidant amino acids on ORAC activity. Vertical value showed the concentration that indicates

500uM TE. TE, Trolox Equivalent.

A ED &9 YR OPURILTGE T2 7R3 23 5
PICENTWA W, Fig. 4-a 2857 1.0mg/
mlTDPPHT ¥ A MHEEWZRBIL 727 3 /&
#RL7ze His, AF+=v (Met), Tyr, hV
7 b7 7 ¥ (Trp) ZORACHZ/RL 720
Fig. 4-a IZH IR L 7245, £N 5 ODPPHIG X
WM CTH > 720 1o THIBE 2B TS5 KRS
X AP LEEZ R L7 3V BRIICysZ T TH -
720 TbHLERHKTF OB IGO0
HIECysBEARICKESALAEND T EDRIES

h7z.

Fig. 4 - b ICORACEICTEHI L 727 3 / BR DL
AL OB R Z R Lz, 5B LT
500uM  twuay 7 AMYBEEZRTEZIDOT I
J BRI (mg/ml) ZMHW/ze 737 BROYiIEE
At731E Trp>Tyr = Cys > HisDHIZE WMl Z 7R L
720 FRWZTrpldfio 7 3 7 e & 1 & IEH 1T
&R L7z $€- CTTrpldfism T b HuBRfbiG kI
RELEH R ZEARBR I NI,

Fig.4- ¢ |37 I / OB FHFinE 2 ORACH:
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Fig.4-¢ Fluorescence decay curves of fluorescein induced by AAPH in the presence of antioxidant amino acids.

RFU, relative fluorescence unit; AAPH, 2, 2-Azobis (2-amidinopropane) dihydrochloride.
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(ET) #, 2. KFEMSG (HAT) BEafHF72,
ETHI 132 2 CTldCys, NV F4 >, tuay
7 2D % 5 ZDPPHT ¥ 4 VilFG D E L, —
ERE 7V LA Y OG5REI00%HEL,
% KR & BWIEEAMN T § %88 — v 2 F§O
WEDZ L%\, HATH & 13His, Met, Tyr,
AN ERTEL, BRMIZZVEL RS ¥
VORI NTOL NN = 2 /HOWEDOZ & TH
bo DI ADT I 7 EERRTF FIZIZEF
HOPEBALEEZF O S EBH S IR o 72 Z
CTT IVBRRTF FOFLZO L) 2 HHIZ
BRARTF FORRILIGEIC D X 9 g8z %
IFLTW 2008 L 7,

3.3 HERWHKRTF FET I BOYIE

AL O B

FHARAHRRTF F L7 3 BoOFiERLENE
OMFEERL7: (Fig.5)e S THEHTREM
X, FAC BRARTF FEBAXTF FOENT
Hbo - RAIZHISISE Wl 2 w72, o F

D 2BDLIELN e —T 2 HEL, Ttk
A VDB R END Y — v ZR L7z F
72 TrpD L =7 L IEHITEB L T
720 Trpldfg Td R E RPRLEEZRT 7 3
JWBTH b o TH - KRAXRTF FixTrpR
His% EORBENRE L, BRIETrpog#Esx £
DFFRWLHRILIITH S Z EARKB S
720 B TKICHisR Trp7s EHUEEILT I/ B
TEERPVLETHLEEZ bR, T THHERN
WKCEDEI LTI /VBAEEENTVDLDH, FFIC
PUEEALT 3 7 BRICTEH LT L 72452 % Table 1
IR L7720 3 CICHEIEH 505, FRB LKA
FIEFICEM LT 3 7 BRMRK EHD. LA LB
WIZFRPERA LR LTANV ), T vk
YOEHEDVRL L HPRETH DY, T2
WRLTIEWEWAET v &) YidAa N ¥ v L
S ODPPHAE B & FORACTE % 7R3 His & A Pk
fELRTF FThbDB, TDEHIZHAIFM 2 7L
WL THsHEHEXL %, bTFhTH LN
Trpa 4 &t LPLERO@EY, bFhik
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Fig.5 Fluorescence decay curves of fluorescein induced by AAPH in the presence of meat peptides, carnosine, histidine
and tryptophan. RFU, relative fluorescence unit ; AAPH, 2, 2-Azobis (2-amidinopropane) dihydrochloride.

Table ]l The amounts of antioxidant amino acids,
carnosine and anserine in beef, pork and chicken.

Unit (mg/100g)

Dotioxidant a0 | Beet Pork | Chicken
His 215 148 474

Cys 0.19 0.21 N.D

Met 3.57 247 423

Tyr 10.79 10.15 12.49

Trp 8.39 7.34 9.17
Carnosine 208.31 243.80 44.26
Anserine 49.85 32.14 123.37

VL EO#R2 G, BRI O BRI
Z Al U 7R, HORSTR PR 2 i L 72721 T
BEEAERNMICAEREIROON o7z, L
L, 7 I 7 RISEH LTz o 72354,
W - KA & A TIEBRILTE RO E 2% 7% %
T EAIRENTz, FRFRIIARTF FOFEALIEE
EEATAEELT I BREISVETRS (ET)
WHMEZ R Cys, BLUOBEWAKEMRYS (HAT)
WERTTrpCTH A I EARE I NI,

— ISR T T FIES ARG BRI X o THURALIE

PEEFILTBY, TOMWHHITBWTIIE L D~
TF I L2 ARG ORENLETH L, £
D7zDH—DOXRTF FLIE, & v 87 G5
DFHRED SR EEBEI IR TE D L E X
SNBY, ftoTH VIS y B S MY O
WG 21T & L IEEERIEL 7o TL %72
%9,
ZFITHRAIEGHL T Ry HEHE SRR T T
R A OPURALIEVEETAfi R BTiR b~ 7 F F o dk
BEMIZEZ 1T > T, BlZIE, X7 F FAhiig
btz BT 2 ERNTH L [ 73 7B B
O [Nkl oL O 0EETHLD0, #
EL T LENRD L, F7-ENbERNOHERL
WEHEANOF G % BRI b L, BREHRA
7F FEOHMBALEERBUER 2 I L T <
VDD %o

11

4. B8 B

A7 TiE, ORACH: & DPPHEEICH N 2D,
BERHERRTF FOPRIL I ZFHE L7z, F72
TF PR 52000 7 I 7 BROPTBRLiEE
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Application of a novel bacterial protease to meat processing

N FHL

(% FSIIBERF3E58)

Hidetomo Kobayashi

(Faculty of Pharmaceutical Sciences, Hiroshima International University)

Several enzymes are widely applied to meat processing. Among them, proteases such as
papain are utilized as a meat tenderizer. Tenderization of meat is an important process that
makes meat easier for the elderly and others to eat. However, the process should be safe and
reliable.

Aeromonas sobria is ubiquitously found in aquatic environments. This organism produces
a variety of biologically active substances. Among them, serine protease (ASP) directly acts on
various kinds of proteinaceous components. We have already cloned the ASP gene and
established a method for purification of ASP. Since bacteria can be easily cultivated, bacterial
proteases are though to be useful and powerful tools in food applications. In this study, we
carried out basic research on the application of ASP to meat processing.

As a result, the following findings were obtained: After treatment of the meat with a
preparation containing ASP, we analyzed the proteins by SDS-PAGE. The SDS-PAGE profiles
revealed that the muscle fiber proteins such as myosin and actin were markedly hydrolyzed
by the action of ASP. In contrast, degradation of the muscle fiber proteins was not observed
when the meat was treated with 0.1 or 1.0 x4 M subtilisin, which is another bacterial serine
protease produced by Bacillus subtilis. This result suggests that ASP may hydrolyze the
muscle fiber proteins more efficiently than subtilisin. We therefore propose that ASP can be
applied to the meat processing as a novel tenderizer at small dosages. However, the results are
not yet sufficient because the sample containing ASP used in this study was a crude
preparation. We must evaluate the proteolytic action using a purified ASP sample. Moreover,
we also need to assess whether ASP actually contributes to tenderization of meat using a

proper measuring instrument. Further research is in progress in our laboratory.

oo TORORAPALIZIZZNS Y Yy H 7z

PB, (LAY 5 AT TDR TS Y

BEROWEHAmE I A 22X hdugsh BUE, ALARLAHO—2 & L TRED RO 71
5o TOHTENOMSIERLZERDO—DOTH TT7—ERLIELIEZHwOR, ZOHMEIZOW
%o FLA DR S I3 AR R G A LR o = | ARAE ThA 7D SEES TV 52 ERORL
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WCHW A YA, 7u 77— YRR R A
MREMR T S5 YNV BEEYWT5Z L TZDOR)
RBLBEEEZ LN TWD,

AR, FEFETHEIRL (, AP TnEHA
DEOHPEE > TV b, TOHTREMAENA
B oM AMEIZE <, SEREITICKS P nE
A O TN LEAM OIS E N TS,
F72, BERORALTAN 1L ZF OWELFI - o1 128
HifFsh, BRMEOALLTAEARNEARDLL D
AN ZDOREZZHILCLERLRBMTHS LEZ
b,

TARHERAPIZELLTVIHMETD S
Aeromonas DFEFR LHiH L) BwTor 7 —+¢
WAL, ZhdSsubtilisinkkt ) 707
T—EThorIlrMELR, £/, ATuT
7 —¥1320~70C, pH4 ~11D 5\ i PTGk
ZHETAHIE, E5(Csubtilisin& IR % 57 3
J BRI 2 LT 52 2W6RICL
7295 Subtlisinix 2N F TER ORI —MHEAYIZ
FHIN TS 7077 —¥ThiA, K7ur
7 —EZw < 2p DO PEIR Tsubtilisin& ) $ #h
727U r T —E¥ThHhArI ENURETESL, 2
T, KW CTlZAeromonasHSEAT HHH 7 a7
7T —E R BERNOPINEHT LI 2 HWIZ, &
MR AMREZDET 5 2 LI L7,

2. /5 &

2.1 & K

FHODWITERMETHAL, EBIVESZ
WO BREHOS g ICBEL2box ke LCfif
ML7.

2.2 KBRHBIOFTIAIF

77 A FREFORMREZLTIC a7 7 —+¥
O JE A 1213 K B W HB101 # (Takara Bio Inc.,
Shiga, Japan) #fiH L7z, 7057 — ¥zt
O7A—=VTIZHWA T T AI FRT ¥ —13,

KEH CHEE SN 5 pSA19CPE v 72,

2.3 WRHIHY O

Tur7—YBEETERBALLKREGRE 70T
T—YEARE LTHEHLZ, —J, 7aTT—
VHEETIHEAKRGRZ 707 7 —CIEEAR L
LT L7, LBERFEIZOT=—%JER L
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H IR S 37C T—MuREE R 28 L7z, BRI
% 100ml LBIARE A L, S 51237CT16
WER 3R 528 U720 0o (8000% g, 1547)
TR A BBtk WARZ20mM ) > Bk i
(pH75) (ZM&E L Ol E HAAHIC X 0 WA % 6
e L7z 0B (18000% g, 3043) X TAE
Ve (WA 7 EEEN5) 2 BRER
Lz T s 7 —ErE I LR E LT
R Lo— R0 7as7 —¥ & LTl
M subtilisin (Sigma, St Louis, MO, USA) % 1uM
b L <IZ01uMOBREEICHE L, KD =D
HL7.

2.4 7ur7—¥HtEoRE

WOMEATLETUT 7T —EOHEIXTVHEA
YR E LHEC L W E L, WY
1220u 1 ®02M V) > BRI (pH75), 20u 1 @
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JICT2HEMENETNIE S 72,

2.6 KiEtksy vz Eofm
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HOBKIZHKIS00u | DKREE S 87 i
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Fig. 1 Proteolytic activity of Aeromonas protease and subtilisin. E. coli HB101 was transformed with the plasmid

including the A. sobria serine protease (ASP) gene or the vector plasmid alone. The crude preparation containing
ASP (ASP+) or not (ASP—) was obtained as described in the method. The proteolytic activities of these

preparations were measured using azocasein.
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T—EiEEERNE L, e T 7T —YEARB X
OEpEAERE, TVHEAL R LT a T
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Fig.2 SDS-PAGE profile of the water-soluble proteins extracted from meat treated with ASP or subtilisin. The water-
soluble proteins were extracted from the meat treated with the crude preparations (ASP+, ASP—) as described
in the method, or subtilisin (Sub). The water-soluble proteins were also extracted from the meat without such
treatment (Control). The proteins (10ug) were separated byl0 % SDS-PAGE. Numbers along the left side refer to
the molecular masses of standard proteins (in kilodaltons). RT means ‘room temperature”.
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Fig.3 SDS-PAGE profile of the muscle fiber proteins extracted from meat treated with ASP or subtilisin. The muscle
fiber proteins were extracted from the meat treated with the crude preparations (ASP +, ASP —) as described
in the method, or subtilisin (Sub). The water-soluble proteins were also extracted from the meat without such
treatment (Control). The proteins (10 4 g) were separated by 8 % SDS-PAGE. Numbers along the left side refer to
the molecular masses of standard proteins (in kilodaltons). Arrows along the right side indicate myosin (200kDa)

and actin (45kDa) bands, respectively. RT means ‘room temperature”.
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Changes in tissue structure and chemical properties of proteins in meat during

fermentation using psychrotrophic lactic acid bacteria

oR OB K R
(IR )

Seiichi Haga and Toshiya Hayashi

(Faculty of Agriculture, Meijo University)

The authors have previously reported that product quality and safety in sausage
production using commercially available pork can be improved by inoculation of psychrotrophic
lactic acid bacteria at the time of the routine curing process.

In the present study, we inoculated two kinds of psychrotrophic lactic acid bacterial
starter culture strains and examined the tissue structure of cured pork during fermentation.
The results showed a constant presence of a large number of lactic acid bacteria on the order
of 10® in the cured pork during 10 days of fermentation. The Lactobacillus sakei No. 4 strain,
part of our laboratory collection, was more effective for decreasing pH compared to the
commercially available Lactobacillus sakeir D-1001. There were also clear differences in muscle
fiber and connective tissue structures, which determine the texture of meat products, between
fermented and non-fermented samples and between strains. Specifically, in addition to
exhibiting the largest decrease in pH, the sample inoculated with the lactic acid bacterial strain
No. 4 showed a three-dimensional network of finer granular denatured proteins between and
within muscle fibers, as well as a loose endomysium structure of collagen fibers due to the
fermentation process. The above results are expected to lead to new a production process for

meat products and may strongly influence preferences, such as texture.
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Fig.1 Changes in psychrotropic lactic acid bacterial counts (A) and pH (B) of cured pork meat at 4C during

fermentation
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Fig.2 Scanning Electoron Micrographs of muscle fiber after ten days
A, non-fermented pork meat ; B.C, Fermented pork meat (Lactbacillus sakei D-1001) ; D.E, Fermented pork
meat (Lactbacillus sakei No.4). A scale bar : A, Band D (50um), C and E (5um)
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Fig.3 Scanning Electoron Micrographs of endomysium in muscle after ten days
A and B, nonfermented pork meat; C and D, Fermented pork meat (Lactbacillus sakei No.4). A scale bar : A

and C 50um),Band D (5um)
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Application of Traditional Fish Processing Techniques to Meat Processing (2)

E Alea H OB -2 K

Hajime Uruma, Toshiko Iwata and Takashi Utagawa

(Department of Biosicence, Fukui Prefectural University)

“Heshiko"is a traditional Japanese fermented fish product made from mackerel. It is made
by gutting mackerel, pickling it in salt from one to two weeks and then letting it ferment in a
barrel packed with rice bran for six to twelve months at room temperature. During this
fermentation period, amino acids and peptides are produced from the mackerel by the reaction
of protein hydrolyzing enzymes. The motivation behind Heshiko production is to preserve the
mackerel and to improve its taste.

In our last study, we took up the challenge of applying the Heshiko production process to
pork and beef to produce new prototypes of ham-like foods, which we named“Heshiko-ham”.
We were able to confirm that pork could be preserved for more than six months without any
rotting and that its amino acids were increased. However, evaluation of the finished products
suggested that their taste was too salty.

In this study, we investigated the salting conditions at the initial stage to reduce this
saltiness, and found that salting for two days is suitable for two kilograms of meat to produce
mildly salty Heshiko-ham. After two days salting, the meat was pickled in rice bran for six to
eight months to complete fermentation.

The fermented meat was evaluated by special chefs, who also gave us suggestions on how
to use the Heshiko-ham. They prepared dishes with the Heshiko-ham for evaluation.

Along with the formation of amino acids, peptides were detected in extracts of the
fermented meat. We examined the effect of the extracts on the angiotensin I converting
enzyme inhibitory activity, which is an index for the blood pressure lowering effect, but this
effect was weak compared with fish extracts.

We also applied the Heshiko production process to wild boar meat to obtain another
prototype ham. We found that the wild boar ham contains a high amount of free amino acids in

the extracts of its fermented meat.
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Vx 7EOREMEERREL T To 720

3. BREEE

3.1 Rk

WM TR L 72 [~NLI A I3EER TR X
HESIFTH - 72720, RO LET
Holze TOMEL, MHOHEFITIERIZL > T
oz, H2kg7uy70R%2H, 3H,
4 HIEH U L 72RO ISR AT L 7o B
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Fig.1 Water soluble amino acids content in fermented pork
After pork was pickled in salt for 2, 3 and 4 days, salted pork was fermented in rice bran

for 6 months.
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Fig.2 Heshiko-ham
After two days salting, pork was pickled in rice bran for six months.
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Fig.3 Dishes with Heshiko-ham
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Fig.4 Water soluble amino acids content in fermented pork and wild boar meet
After 2 days salting, meets were pickled in rice bran for 6 months.
mm  wild boar mmm : pork
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Fig.5 Fermented wild boar meat

After 2 days salting, wild boar meet was pickled in rice bran for 6 months.
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AN A VIS X B B A 0 A S5,
W ITRAR R & BPRTE & D BIHEIZBE§ 2 AifF 7%

Study on the relationship between meat grades, fatty acid composition and eating

quality of Japanese black beef meat by taste panel

woA KR —-M oW o 7T m oX T

(AR B R A IR ERE, * HARK T RF)

Keiichi Suzuki, Shoko Yokota and *Fumiko Iida

(Graduate School of Agricultural Science, Tohoku University *Japan Women's University)

The effect of BMSNo. (4, 7and9) sex (Heifer and Steer) and mono-unsaturated fatty acid
percentage (MUFA, high : 60.09 %, moderate : 56.74 % and low : 5341 %) on the eating
quality of Japanese black cattle was examined. The trained panel of ten people evaluated the
ten items by eight stage evaluation standard about 45 sirloins of beef cattle. The difference of
MUFA was not found between 4, 7 and 9 of BMSNo, and the heifer was higher than that of the
steer in MUFA and C18 : 1. The panel test results revealed that BMSNo. influenced all items
except “desirable taste”, and high BMSNo. was excellent in all items. The effect of sex
influenced the “strength of the flavor” and heifer was superior to the steer. Further, the effect
of MUFA was significant in “fibrous feeling” and “total texture” and high MUFA was evaluated
lower than moderate and low MUFA. However, high MUFA was significantly superior to low
MUFA in “strength of flavor”. Medium MUFA was found excellent in “strength of flavor” by
regression analysis. In addition, medium MUFA was higher than high and low MUFA in

“overall judgment”.
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Table 1 Mean and standard deviation of fatty acids and physical measurement traits.
Traits BMS No. Sex FFA Grade Interaction
4 7 9 Heifer Steer Low Medium High %l\lélg AN %:asfé(
Number of beef 18 18 9 18 27 18 18 9
Cl4:0 253 2.66 2.55 2.56 2.60 2.882 2470 2400 ns
0.54 0.37 048 0.49 045 0.52 0.36 0.35
Cl6:0 26.29 26.46 26.79 25.74P 26.942 28.37% 26.20P 24.80°¢ ns
2.73 1.99 1.60 2.03 2.24 2.00 1.08 1.82
Cl6:1 399 4.06 3.85 4402 372> 3570 3.86P 4552 ns
1.07 0.90 0.79 1.10 0.71 0.69 0.77 1.08
C18:0 12.25 11.60 11.84 11.28 12.32 13112 12.152 1045 ns
2.24 194 1.89 2.22 1.82 15 1.78 192
C18:1 52.67 52.92 52.61 53.892 52.00° 49.85¢ 52.89P 55.542 %
3.68 247 2.19 2.74 2.82 1.96 157 171
Cl18:2 227 2.31 2.37 2.13 242 2.22 243 2.26 ns
0.61 0.73 0.51 0.64 0.61 0.50 0.73 0.67
SFA 41.07 40.72 41.18 39580 41.86% 44.37* 40.83P 37.65¢ ok
413 312 2.73 3.05 341 2.00 211 2.06
MUFA 56.66 56.98 56.46 58.292 55.72b 5341¢ 56.74" 60.092 o
4.22 292 272 317 3.20 1.96 1.95 218
Rupture stress 3098 2706 2450 3365 2445 2726 2773 2941 ns
N/m? > 10° 8.80 546 413 7.16 418 6.74 651 8.34
Rupture energy 8533 7427 80.98 9406° 70,68 8118 7831 80.60 ns
J/m?*>10* 28.16 1641 16.21 23.70 14.97 17.19 20.27 2842

Upper row is mean and lower row is standard deviation

a, b, c: Significant difference between different character of same row at 5%level. ns : not significant, *p<0.05,

: Significant difference at 5 and 1%level

fTo720 72721, BMSNo.9 OMED IV A358412
KM L TWDB 720 Type l OV ZFH LA
HaFHI L, Tukey® HEIZE D ZEMREZIT-
720

3. BREEE

Table 1 12134 — 0 14 ¥ 5 L8M L7220 %
BRI, OB T H 5 BN &
Wl = 4 L F—12>WwT, BMSNo. (4,7,9)
EME (EBEME) B XOE SRR (K,
i, ) RBERE LSRR E R L. &
WAL A 25 BMSNo. ORI i Wi b &
FTId 7% <, BMSNo. & T — Z &5 o g i 40
EREA WS L AR SNz IRITERALR A J2 1
oML, Cl6: 0, Cl6: 1, CI8: 1,
SFA (fafIlRNGEE), MUFA (& AEafifa i)

p<0.01

WOWTHETH Y, MIEE LY £/ Aafifi
iR THAHCL6: 1 £CI8: 1A% holz, 72,

) AEANEROML, h, S TIPS »ITED
RoLN, K H, SORIZIEE S AEARDER
H33.3% 30, FAKHIZ136.68% DFADTRD b7z,
F72, C18: 1 &ESFAB L UMUFAIZDWTIX
BMSNo., 1 & WRlhERA L D2 HAFH A H & &
o728, i, BMSNo4 Tl & 2o
TC18: 1, SFAB XUMUFADENFKE WD,

BMSNo. 7 Tidl & £E#EMIZKE BEDPRD S
N hol2720TH b WML TS 2 0
JEITZD W TBMSNo. S HETH D, No.9 Dy
HNo 4 & NENPELRDLEPVATH S Z
EHIRENTZ Tz, REHMEL Y AEITHITIS
B, R T AV F=DNE LR DLV EHUR
ENize 51T, NRIRRMLEIE 2 0 & WP
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Table 2 Mean and standard deviation of panel test results.

BMS No. FFA Grade Interaction
Panel test item
4 7 9 Heifer Steer Low Medium High 121;41? AN %:asfé(
Number of beef 18 18 9 18 27 18 18 9
Tenderness 5.14¢ 5.67° 6.322 5.49 5.65 5.75 5.74 527 ns
(Before) 071 056 023 062 079 052 068 0.6
Tenderness 5100 565 6.16" 549 556 5.72 5.64 5.24 ns
(After) 066 054 029 061 073 046 060 085
Fibrous feeling 477" 5.092P 5372 5.09 497 5.182 515 472> ns
059 052 022 054 056 053 046 056
Juiciness 5.15P 5.53ab 5522 544 5.33 543 540 5.29 ns
041 0.38 0.20 0.32 045 0.36 031 052
Total texture 516" 5.49% 567 541 5.38 553% 5507 515" ns
053 0.33 0.17 045 045 0.38 0.30 055
Good cattle 499> 544> 5582 528 5.29 53 5.35 521 ns
aroma 053 0.22 0.08 033 051 0.34 0.32 061
Bad cattle 481" 5230 5530 518 5.09 5.14 518 505 ns
052 028 0.28 031 056 043 037 0.62
Strength of 5.28" 5.36% 558" 547 5300 523" 543 5.46° ns
flavor 0.30 0.36 0.16 0.25 0.35 040 031 0.17
Favorable taste 542 549 555 556 542 5.34 555 554 x
037 048 0.15 0.32 042 0.35 040 040
_Overall 5020 5.26% 545 5.25 5.17 5.12 5.28 5.20 *
judgment 041 053 0.20 044 047 045 046 047

Upper row is mean and lower row is standard deviation

a, b, ¢: Significant difference between different character of same row at 5%]level. ns:not significant, *p<0.05, **p<0.01 :

Significant difference at 5 and 1%level

PEIZIZHE LW EDPH LN E o7,

Table 2 (Z1% /% % V7 A b2 J1E§ BMSNo.,
P, 7 REEARDBAKE G ORBEORKEE R
L7:. BMSNo.® &, MaFFLwvw) 8] %
R ATOHEBIHELTED, BMSNo.OEW»
HHLETOEATENDL Z EAVRENT, TEOR)
Rix, [AHKOMS ] THETHY, ML
DENDRERE R o7z, SBIC, T AR
oz, MK THEETHY, £/ 4l
AR O E L DV ERLHRE R o7 &
72, [RAMAEK] TY ) ARG 25
RELL Y HEHEAMR IR E o720 L L, [JA
RO | T/ RafEimgeEs kL » b3
N7ze 512, HFF L) TR & (A3
WZOWT3DODEROKRHENERPAE L 572,
i, Fig. 11ZRL72& 912, BMSNo.4 D2

AT ThFE L) $8R] Rl lMUFAH
TEWDS, METIREDRD S5 {, BMSNo.7
DFHBATIE, MUFARIE [4FF Lwv ) F ik
WZOWTEFHI A E 22> 720 LA L, BMSNo.7 ®
METIX, MUFA®, o, K o#EE% <, FEk
IZBMSNo. 9 » %841k, MUFA, &, @<
BREAGIRONR D572 EDBERTHE, S5
2 TRAEF ] 122w T BMSNo. 4 O FE#VET
13, MUFAH T <, BMSNo. 4 O Itf T,

MUFA R [#EFHG] 29F B IR o722 &
[

Table 3 121ZBMSNo., k& € 7 ASEaARIiEE S
G T RTARIZ L TRDNRITERHLK & 734 v
7 A M OFHiiEE & OMBEEZR L7z, Cl4: 02°
(2], THREMER] LzhezhfaE (<
005) ZIEOHMEERL, HEFEVE [
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1[N 2
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4|4
1|2
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301
23
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301
2 3
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Favorable taste
3 1 2 3 1 2 3 1 2 3

Overall judgment

3231213 |j1}21]3

Panel test results of favorable taste and overall judgment by BMSNo., sex (2

: Heifer, 3 : steer) and fatty acid clasification. (1 : Low, 2 : Medium, 3 : High)

Table 3 Coefficient of correlation between fatty acids percentage and panel test.

. . . . . . Rupture Rupture

Cl4:0 C16:0 CI6:1 CI8:0 CI8:1 Cl§:2  SFA  MUFA “gRECE “TREY
nggfegfee)ss 0.254 0.370* 0050  —0129 —0.260 0056 0197  —0209 —0437** -0.103
Teg}ffetrerr‘)ess 0.273 0.370* 0104 —0151 —0254 0008 0186  —0189  —0411** —0.090
Fibrous feeling 0.170 0.268 0001  —0027 —0220 0037 0180 -0188 —0.259 0.037
Juiciness 0.332* 0130 0225 —0196 —0.098 0048 0012 -0021 -0218 —0071
Total texture 0.305*  0393**  —0003  —0009 -0325* —0069 0289 —0279 —0383* —0.147
Good cattle aroma 0.115 0.128 0086  —0100 —0031 0196 0039  -0003 —0356* —0248
Bad cattle aroma  —0002  —0.008 0058  —0099 0085 -0131 0064 0089 -0271  —0.107
Strength of flavor  —0169  —0.363* 0258 —0192  0370*  —-0070 -0373*  0.389** 0036 0.058
Favorable taste 0003  —0.096 0151  -0064 0128 -0274  —0.100 0.152 0044  —0011
Overall judgment 0.085 0.029 0108  —0019 -0011 -0211 0019 0020 —0296* —0.243

Rupture stress -0161  -0381** 0267 —0193  0397** 0147 -—0383*  0413** 1000 0.816%**

Rupture energy ~ —0.191  —0156 0195 -0190 0270 0236  —0239 0.285 0.816*** 1,000

*p<0.05, **p<001, ***p<0.001
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Total texture
y=- 0.0032x2 +0.3298x — 2.9204

Strength of flavor
¥ =0.0002x* — 0.0517x2 + 3.4896x — 71.644

6.50 =0.0886 R?=0.3213
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Total Judgment
y=—00074x> +0.8489x — 18954

650 R?=0.0555
6.00 * *
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550 & f‘t . -t? .
b f"_ LA
5.00 +* '?' 5 o .
& *
450 # n
1400 - *
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Fig.2 Relation between MUFA and panel test (Total texture, Strength of flavor and total judgment)
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BY, MUFADEL 25 L [RAWARK] 3K
(e EATRIEE Nz, 51T, [HEKROE X ]
DY 5 7% 1B E, MUFAMHREEZ L [JEE
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HE] IOV THMUFARE XD %thizrﬁ@%u
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A, EIRLWERICET 20> TE
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MBI S 72 2R R D IRIEEEALE D W Tt s
8T 2 —% O¥eE? LR, 410085 &
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(403TC &£227C) TIHENFBD LNV, £/
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S LR THED D BAERERTZY,

) AR OE G720 Tld 7z RIIR O
HEE D ARICEET LI ENELOND, Z0
e, AETEREEEZ - €L T 5720
BMSNo.% 4, 7, 9 L EZ# LMoz hZhiZown
T, &/ AESHIRILRE & O &R 3 X525
TSRV T X M EERLZ. EINAEZ, BRI
D, MEH— L7721 T, MUFADEWZITT
FTANET o MEIINT TR, RIFZEHLW
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ANV TAMIHL B ERITL,
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WS ZBRVWTEIRDLNT, MUFAOHIE
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LRWZEDBHLPE R o7 FRZ, [RboRE]
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The effect of dry-aging in the complete grass-fed beef

#r H o AR R R i A AR
(ILHL KBRS S ERHER 7 4 — b W44 T2 Ay 5 — NEB,  * LB 2  3 B BL SR AR )

Ai Orime, Hideki Ogasawara, *Kazuyo Okayama
(Yakumo Experimental Farm Field Science Center Kitasato University, *Department

of Applied Clinical Dietetics Kitasato Junior College of Health and Hygienic Sciences)

Wet-aging (WA) of beef is a widely used and growing method of aging that utilizes
refrigeration and vacuum-sealed packaging. The older alternative to WA is Dry-Aging (DA),
which is performed by hanging meat in a temperature and humidity controlled environment
just above freezing. We produced complete grass-fed beef in the Yakumo Experimental Farm
of Kitasato University. The aging method of grass-fed beef has not been established. The
purpose of this study is to examine the effect of DA in the complete grass-fed beef.

We investigated the pH, moisture, free amino acid content, tissue anatomy using histology,
and sensory evaluation of WA and DA grass-fed beef (dry-aged and wet-aged grass-fed beef)
(M. longissiumus). WA and DA showed similar pH, however, the moisture level in DA was
significantly lower. In histochemical analysis, the DA grass-fed beef showed morphological
change in connective tissue and the diameter of myofibers were smaller than WA grass-fed
beef. The DA grass-fed beef was found to have significantly larger amounts of Tyr, His, Ala,
Val, Gly, Pro and Ser. Relating to this, DA grass-fed beef showed significantly higher levels of
sweetness and MSG-like flavor indicative of higher amounts of free amino acids. Moreover,
Japanese consumers preferred DA grass-fed beef by evaluating tenderness, aroma and flavor.

These results suggest that dry aging is a valid aging method of complete grass-fed beef.

Rk D A Z B L C & 7288, Hol TREREGE

1. B g}
A2 ARG FRNOBOIE T > T b, s

TAENZ BT 2 F WO DL T AEWIE
X5y bx—3Y 7 (Wetaging: WA)
BERTH Do I, RETEHZEDTVWS F
54— 7 (Dry-aging : DA) 3 1m% HH
L7cWIZEE L, AR O ZSE CRIIH 21 T
S5, DARBIL 72 FRIZE LS B L 0%
TP e shTcns s BARANIEE

HMEPEEARCAE S NRGFWIL, REMRS
MCHEESNFRERKRLT, %) ) —VER
(Conjugated Linoleic Acid : CLA) 7 & OFEREM:
WANELLEENLT ERMOENTWSY, JLH
KEBREEIIE 7 4 =V R A v Ak v & —
NEHYE OVERYE) T, Bl & HR RS
100% %5 C X 2R PAEEZEERLTBY, 20
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BNV, NERGIZBWTHEL XU — B
BTIAT-> ok BFR (BEL) OFiERBRTIE,
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(o3 ICHL TR A G2zt 35
2, REF OISO & R LT
MEBE ] ISEWIZED SN2V, [FESHHE] 1T
ARGENDY, HBEVELLKREFRNO
(S ] OYHBEPREL B> TWD,

I T, R TIIWAB X UDARLH L 727k
SR RS OBALY B X ORI 1 i
Br, WEHET I WREE, HRERBEZAITV, B
EHUETEF100% CHEPE L 2278 5 2 L5 L 72 9k
FiFEEHLNITHEIEZHWE L

2.7 &

2.1 M K

PR % S RE100% TH#E S 7z H
REMFEORERET, 4B E A, 0 H i
BLOEAREZTable 1 12777, kD 2 KD
REH (B—2AKW) ©HH, —HiIHASHE0
BEOMNEHT, BREOTEZP9EE (Hi:
2C, WE:70%) THRESI 7 (DAK), il
TFE WU, B (B 2T, BE:
80%) THBL S 72 (WAK)o B 1 [X
Lz, LEMHIOHMEL, 5emETH Yy ”
I, R % T - 30C THRAF L 720
2.2 pHBXUKGEHRE

AT RO — A NHGEY D IKE, TR
Al 0 7290 O BALE T~ = 2 7 )V Ver. 2

Table 1 Live body weight and slaughter age of complete

grass-fed Japanese Shorthorn

Live body weight

Individual number Months of Age

(kg)
1 110.2 614
2 1130 625
3 104.5 571
4 67.5 675

(FERTENEH EHAM I 23) O \[ZHE U T TV EAE
WL 72, pHIE 22 &% L pHEF (F il DKK
HM-11P), Koamid® TR0k ait (B
Bt MOC-120H) % HwvCTllE L7z

2.3 MR AT
WABXUDAXOT—ZA 5505 1ecmADHY ~
TVERYGHHEL, FIATARA - TEMAZED
SRR, ARSI AR L A VR L 7o Bl
VIR &7 v g %47 v, o4 B
(OLYMPUS) THIZ Lo 72, 1WH 3 H7r
ALY (IR L, WA o IH 25 % BRI AT Y 7
b TTmage J| Tl L7z,

2.4 WEEET I WO

W7 3 BAOHTICIE T — 2N 0 AR v
720 REWRIET I /VBTHEL VAL TV
(le), @4 ¥ (Lew, V¥~ (Lsy), AF%
=Y Met), 7=z=—N75=> (Phe), ¥ 1
v (Tyr), Av#+=Y (Thr), MV 7+ 77
v (Trp), N ¥ (Val), e A5 ¥ ¥ (His),
TIVX¥=r (Arg), 79=V (Ala), 7 A/
UM (Asp), Z V% I VEE (Glw), 7V v v
(Gly), 7u vy ¥ (Pro), £V ¥ (Ser) ®17fk
2OV T HAZMERE T IIZEAT ISR L, ik
k7o~ s 79 732K D llEShiz,

2.5 ‘ErekER

(1) *RH LR

WNRE Lo EB L UHE, —RHEHEIC
FHEANSHAEHH OB 217, RESNO
DI OLNTWEREHE DR E G L Lize /S0 A b
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AR A PR i A S M A B 043144 (J3E 2
%, w29%), BE26% (Bk14%4, &Kik124),
Pris R AR O£ m39%, 6L L7z, #ids
13201047 H16H, 10H15H, 11HI9H )L
720

(2) FHHEITE

A PR A HEOK S DR A iy A 8 P 2 e A PR R S R
MEIZTHEBE Lz WABLXUDARO 7O v 7
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SORMH L7ze M L 724 PN E20 51 S H
miCiE &, R zE5K (70C) TL00MBEw72
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g L7t — 7 v TR o HUL R EE2352°C
\Z7 B F T L7z, 2Dk, WA THIEZ 345
MIBE &, Wi T 50 ME L7z, #iEfk, 15cm
JEZZA T4 AL, BRI LAZITHS 2 ISHREFC
BiAi U720

(3 7 —1

BEROERM T A ¥F4 27 12# L CTERER
BrEtr o720 AMBICIIRSAOBOML S (1 ¢
WBw—5:P5v), ARTEELL2S (1
W5 D EL) BIOEIE (1 8 8%
=5 :Va—¥—), ARTIIARZHOEFD
(1 :§5»—5 1 5fv), MPELZE L TERESh
FDERERMRL AR (1 §Hv—5 @ 5Ew)
BIUOBA (1 #w—-5 v, B4FE M
(1 :#HF>5 MFFLV) 2E5027HHEZN
L7z, FHMlBRBRIEEOEIT T T o —X F s
% B a—FiA, BEL, 1555 0N
TEHI & 728,

2.6 WEEPLE

pHB X OUK& &, EME7 I 7 RE=, Mk
ZENFRAT CRE S 72X Student's ttestiZ £ D
HEEMEZAIT o 72, BReBROMEHHNT 1L,
SASY 7 b =7 (version302, SASt:) % H
W, Mann-Whitney U-testlZ & ) 5 B AWK E %

110720 fEbiads 1 7213 5 %Ki CHE L AN
b B EHM L7,

3. BREEE

3.1 AL

WAB L ODAMEL S N7z B i o AL A1 e
% Table2 IZ/R L72c WAB X UDAX OpHIL
XTHBELRENPRDODOLON o7 T
Ahnstrom % 3 & U*Oreskovich & O & —3 L
TBD*Y, DAPEIEIZMIIN-Z L ERL
TWwb, —F, KoémTIEDARIIWAKX XD,
AEIZK,» -7 (p<001), Ahnstrom S DDA
MBIBRE R EZFT->TE ST, WABXUDA
B L 72 R R ORGERICERE R ZETRD 5N T
W, KEBRTIIBIEENICBREE L2 e
5, WRMOWENS T — A B L7
WAEz o, $72, REICDARIEE NI
BB RICDARE S N7z & ) WO
BRIOIEL AL ENREINTHEY, L
72055 T, ARRBREX ) DAMELERE TORRE O
HEAEN OB E D ITEET 5 2 LR S
720
Table2 The pH and moisture of complete grass-fed beef

Aging treatment

WA (n=4) DA (n=4)
pH 567+18 568+1.7
Moisture (%) 70401 66.1£02*

Data are expressed as mean+SD (% p <0.01 versus WA)

3.2 LR RAT
BEROREEELICE T v arflvoh, H
MRAE AR < SR S RS AR & BRI 3 5 BB TR
HMe & BEEERRAME ST e s B, TH T
EHGEIC XD AL T 5 L H R TR S
% 892 % %0, RRBCIIHMMEICBIT A5 WA
(Fig.1 Aa) 8 X UDAKX (Fig.1 Ab) THeftufk
OEVIIBIER I N o7z ThiTa—Z2Ers
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Diameter (4 m)

Proportion of myofiber (>50 ¢ m) (%)

WA 65.6x1.7
DA 57.3%2.6 *

87.7£2.4
66.0+5.6 *

Fig. 1 Histochemical analysis of WA and DA grass-fed beef.

A : Azanstained sections of WA (a) and DA (b) grass-fed beef. Scale bars=100 x m.
B : Histomorphometric analysis of WA and DA myofibers. The diameter of myofibers and proportion of
myofiber (>50 u m) were smaller in DA grass-fed beef than those of WA grass-fed beef. Data are expressed as

mean+=SD (* p <0.05 versus WA).

DY T VORPYPH LI TH o722 LD,
DAX T 7 W > Gefty T M ] 1E 20 8 BH |2 557 e
DBIEHHEA TV R VITRRENE R bl —
Ji, MR O AR BV TIEDAX TRAE O
MBI S N b o7z 72, MO
B L OEDSB0um L LSO HAEITB W T
DAX CTHEIZK2 > 72 (Fig.1 B)o EROM 31X
KA MMMOGEEDOF I L > TRBEE 2T 5",
L7255 C, DAL 724 CTldil & ik o i
55bB X WA o Z2pasiio b, FROF
DS E BN E & 5 W REMEARIE S 7z,

3.3 WHET I WA

DARLIR L 7= A ol 7 X/ B & % Table 3
2R L72o DAXIZBWTThr, HisE & MAlald
WA &L TFECH ML (p <001),
Val, Gly, ProB X UfSeriZ BT b A &= I2HEhn
L7 (p<005), X512, HEkE (Lsy+ Thr +

Ser + Gly + Ala+ Pro) 8 X 'R (Ser + Glu +
Ala+Met+ Asp) I2BWTH, DAXTHIEIZH
mL7: (p <005, FHWOBIKN BT 5 HEHET
I BOMBIZ O W TR TR % 2 Bk %
Wkt L 72 i i b e v RIS B 5 e
73 BEEOBNNE, DARX TOKG RO
LB LU OEmA R L2t E 2 bhi,
F7:, DARTIEH GO L2 B s
NS, FEMBOSRIC XY bR I B
O L 72wtk AR Sz, R X R
DOERICIET I/ RTF & —CHEPHEE L, ]
DT I ) RTF & —FHIZKGFELRLTL, FHD
PGB TIIRT I VEBBLUO VY I VBOE
WP v EHEE STV DY, RIFFEICB VT,
BANDHFGORE VT & I VR IR
WCEBEHHFAEL, WABIXUDAR THEZE
FROLN o7, L2Lad5, DARIZE
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3.0 3.0 | 3.0 |
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Fig.2 Sensory evaluation for WA and DA grass-fed beef. Sensory evaluation was performed (n=96).

There is not

significant difference in lean meat color (A), umami (D), juiciness (F) and overall acceptability (G). However, DA

grass-fed beef was preferred by evaluating aroma (B), flavor (C) and tenderness (E). Data are expressed as

mean=SD (* p <0.05 versus WA).

Table3 Effect of DA in free amino acid contents of
complete grass-fed beef (mg/100g)

WA (n=4) DA (n=4)
Ile 136+37 258+10.3
Leu 247+64 448+172
Lsy 170+31 19.0+232
Met 11.0+25 177+ 56
Phe 157+4.1 279+106
Tyr 6.0+59 52+ 40
Thr 128+17 264+ 6.1*
Trp 42+13 70+ 21
Val 168+3.1 326+10.1*
His 82+0.7 145+ 32*
Arg 144+39 188+ 145
Ala 453%09 72.8+9.0"
Asp 6.6+21 140+ 73
Glu 147+6.9 56.3+40.2
Gly 156+39 254+ 51*
Pro 46+0.2 137+ 14
Ser 184+31 326+ 88"
Total 2496 +36.8 454.3+140.1*
Sweet!) 1114+82 1830+ 437"
MSG-like ) 96.0+12.6 1933+ 56.5*

Data are expressed as mean = SD (* P < 0.05 and * P < 0.01
versus DA).

1) Lsy + Thr + Ser + Gly + Ala + Pro and 2’ Ser + Glu + Ala +
Met + Asp

WCRIERET I BRERIIAEREICHmL A e
5, DAREIZFAOEKZ ) b & & % 8k T
HBHZEDBHENE R ST,

3.4 HRERER

WAB X UDARDFHWOMNE (Fig.2A), &
%4 (Fig.2D), %1114 (Fig. 2F), #4734 (Fig2 G)
WCHERAZZR L, &Y (Fig. 2B), K (Fig. 2C).,
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FNBIEE, BFRBINE, BFARREB IV
PR RREBRIME SN TED Y, DARIL
7o BE R AT 7 LI AFE O B WA D) A3
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