.
R
e
P
S——

o

T

e
e~

TR
I i

Es EE
it 25
w g

S

whs

s
X
o
2N
AN

T

i
It mww

il

e e o

e e
e

i

|33

muﬂmm fattd o | |

__ i N. W
il w_
[ ﬁm A
__i__.,_. B

range “mﬁ

i,
44 Edvm
sz .,“.”__._w_@_w

e

HE wmw













P19

BRIZHT 5
BB 2 A R

BMEZEA

RS EEE

=i
E]

vOL 26






ll

[rEERL S M) BB

A, BHERE=1E, BA3FEERMLEZEIEL CLURETAREDK 1T
DERMLAORERTIHEREL TS IATHY T,

COM, WHATEPGIZHANSL -V —t— TV TEBRMAAHEER, HHEA
HAERMIHEABEER, MR T, NINA=F - NN —F—FEHHEESDE
HefHbeTnzZ %, ERAROBZRAEZHD I T TN TERLEIAT
HYET,

Z 9 L7z CTHRFISHE, Er6 TR _SmMEEZTEL VI FIZH T 55
BWLZDOTHY 38, XHEICBLAHBFOBZRLFZRYEY, ERLRTA
HWINTERDT S RKICBWEZHL, 200FMEREHL T L7

8113, BERNITEAOREERIOEERY) TH Y,

$213, ARAMTIEOEFMMEDOLETH) £7,

HEIERSBMLLCED Y OOH P TERNMIERZ S HITKRECHEEZI TSI
i, LW —F—DBEFET LI tidGHmzIbITA, T/, ERMIE
IZoWTiE, ThETHHABMBEOBEMMAREITbhTEELAZb00, wih
DRENFMTHSLE-oTOBE TR, RFEFIIBIT HEBIMFEDOAS RN
FMROBEAOEWNMITEDHEEZELELBENEH Y, ZOHKRELITHET L4
BhRHbLEEZIZLEZIATHY T,

Db X9 EARWE 2z 0T ISR, ERBERAKRSEORE 2T 5 L3k,
BN R CERMNTICET 2 BB PRI ZITV, H5VIEIRT 5720
DM DFRLZRETLHDOTHY £7,

BEFI564F 6 H

pomen O M =

© The Ito Foundation



Philosophy Behind the Establishment of
the Ito Foundation

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

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

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

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

Denzo Ito, Founder
June 1981
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Dear Sir -

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

You will find out philosophy behind the establishment of The Ito Founda-
tion described by Mr. Denzo Ito, in the research report of The Ito Foundation,
Vol.26 enclosed here. We appreciate any interest you may have in our research
efforts.

Sincerely yours,
Dec. 2008

Kenichi Ito

The chief director
The Ito Foundation

Ferhi B
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Effects of Oral Administration of Porcine Cartilage Collagen

on Growing Mouse Bone Formation
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Shigeharu Fukunaga and *Takeshi Sekiguchi

(Graduate School of Agriculture, Hokkaido University and *Ito Life Sciencs Inc.)

We investigated the effect of dietary cartilage derived collagen to mouse bone
formation. Mouse were divided into two groups and one was control group that given
basal diet (AIN-93G). Experimental group was given cartilage derived collagen
containing diet in which 50% protein (as nitrogen content base)replaced by that collagen.
From 3 to 19 weeks old, mice were killed biweekly and morphology, physical property
and composition of femora were analyzed. Morphologically, there was no difference
between two groups, but bone strength was tend to higher in experimental group than
control. Although there were no differences in water, protein and calcium content of
femora between two groups, collagen content and proportion of collagen in total protein
were higher in experimental group than control. These results suggest that oral
administration of cartilage collagen increase collagen synthesis and accumulation in bone,
then increase bone strength than those of control. In addition, cartilage collagen have a

possibility as a functional food stuff.
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Fig.1 Age-related changes in bone (O, @) and femur (], l) weight of growing mouse (mean
+ SD). Control group (@, M) and experimental group (O, []).
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Fig.2 Age-related change in bone strength of growing mouse (mean = SD). control group (m

and experimental group ([J).
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femur. C : control group, Ex : experimental group.
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Fig.4 Age-related changes in collagen content (O, @) and proportion of collagen in total
protein ([, M) of mouse femur (mean=SD). Control group (@, ) and experimental
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Mechanistic Study on Improvements of Cognitive Function

by Meat Products: Effect of Zinc
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Katsuhiko Yokoi and Yumi Suzuki

(Seitoku University Graduate School)

Iron and zinc deficiencies are leading global nutritional problems that might affect
neuropsychological performance. The depressed student learning performance assessed
by OECD gave a strong impact to our society. In the previous study, we found
significant improving effects of meat products on cognitive function in young women.
We tested the hypothesis that zinc, which is rich in meat products, is beneficial for
cognitive function in humans. To investigate a mechanism of beneficial effect of meat
products on cognition, a double-blind randomized controlled trial of zinc supplementa-
tion was performed. Subjects were 36 women aged 18 to 28. The intervention consisted
of 12 weeks supplementation of multiple vitamins alone (MV) or MV plus 6 mg zinc as
zinc gluconate (MV+Zn). Cognitive performances were measured using Kyoto
University NX15- Intelligence Test (NX15-) before and after interventions. Consumption
of MV + Zn significantly improved verbal intelligence including complex verbal reasoning
and prose memory and recall. The findings suggest that zinc is beneficial for improving
cognitive performance of women and that a part of promotive effects of meat products is
attributable to bioavailable zinc contained in the products. Further investigation is
meeded to determine the feasibility of improving cognitive function by meat products in
the society.
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Table 1 Composition of Supplements

Ingredient

Multiple vitamin

Multiple vitamin + Zinc

(MV) (MV +Zn)

Zinc gluconate, Zn mg/capsule 0 6

Vitamin A, IU/capsule 900 900
Vitamin D, IU/capsule 50 50
Vitamin B, mg/capsule 0.4 1.4
Vitamin Bs, mg/capsule 0.6 0.6
Vitamin B., mg/capsule 0.5 0.5
Niacin, mg/capsule 6.5 6.5
Folic acid, zg/capsule 100 100
Vitamin By, #g/capsule 12 12

(MV+Zn) (ZHAERIZEHI D A7z DIFIORTH
I ZOOBMRAEZ ML - HBE &3~ b
O — V184, High T A v NS TH - 72

2.2 HHIHAL

WeERADSIENIS G, FT VAL N2 525
B, %EC:%?&@’F&E%%E&L?& LRIk
BRICERIM L, NEZ OV Vs, PRk
(MCV), MGk, M7 =) F e, iM%

SR BE S 2 E L 72

2.3 Y7 Xy bOEI

Iy hO—VEEZE, I Ty X b
(multiple vitamins;MV), Higr+ 71 2 > MEIC
(&, EIH T AL (Zn+MV) 2527 &
B, #7U A MIEEFREL L, ZEHERE
MM L7, £72, THIZ 1 A eV R %R
EETHENS L, ¥ ba—)ViE, Y7

VIHELDICE Y IV RZOEEERD
Table LZR$ L)1, #G5 LAY TU AL MiE
FTRTCHEEE Y I VEFRTOEATVS, 4B,
W70 2 M, £y I MR o
aVEEMSE L CHisix tHERE TOomge H AT

Whb,
2.4 HfgpeA
T A N RIS, 128 B PRI

PRRRAS & 20t L 7oe BREHZEIEIE LRI L, Haiik
e UHEEZME L.
2.5 LHBREOHNE

OB AR & LT BT RURNX5- 1 AE AR AT
(Kyoto University New NX15- Intelligence Test,
R E R, i) ZFERL, MRefREos
5K T H DR R %Z 15720 NX15- O T A7
WHHE, 10 HUBCEE
nym), 2. E &

overlapping boards),

(Verbal synonym/ anto-
# (Spatial relationship with
3 A (Mathematics),
4 <My 2 A (Complex verbal reasoning with
word matrix), 5 X ¥ 52 i (Sentence comple-
tion), 6: H 4 &t (Prose memory and recall), 7:
P10 /¥ > (Spatial reasoning by folded paper
punching), 8:45 5%t (Mathematical reasoning
9 I 5 H
(Geometry with figure division), 10 : L 32 &

L VY47 T4 (Spatial

with arithmetic sign exchange),

(Sentence assembly), 11
reasoning using sociogram), 12:H.iE52H (Word
completion) T 5,

2.6 MEAEMLEE

7= Z I TRCOEYE + B RATRL, &
B BE ORI O 7L, Paired t test THIE
L7zo fabisR 1 e AR E L7

3. BREEER

WebrE OFFEIE Table 21278 L 720 4R, S,
RE, BMUZHEW O#IE o720 72, Table
IR &I, MiFsk, ~EZ7/BY Y, MCV,
Mg 7 =) F VIREICREIC X AHRIGERD 5N
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Table 2 Characteristics of Subjects

Ingredient MYV alone MYV + Zinc
n 18 18
Age, years 19411 199=x21
Stature, cm 157.3+4.8 1586+54
Body weight, kg 56.4+89 553+7.8
BMI, kg/m’ 228+36 218+27

Data are Mean = SD.

Zero 7o, MBS EL IS 7)) A~ b D
Pe 5T & o THINS 26258 - 72 (Fig.lo
HighH 7 1) A~ MRETIE, FOANX15- ARk A
D % F A7 36 B Tpaired t 2 % 17 o 72 45 58,
4 <My 27 A (Complex verbal reasoning with
word matrix) & 6 : H# R0 (Prose memory and
recall) 2SEHIZLE L7z (Table4), —J5, 10:
HLCHERL (Sentence assembly) (&, MVHLARTIX

1.2 ¢

8

09 r

0.7

Plasma Zn, pg/mL

0.6

0.5
MV alone

AREBZMENROLNZH DD, MV+ZnTIEZ
DRRILIFED SN Do 72

By i S T 2 0L FT7EHE TH S
Sandstead & Penland 5 2317 - 720F 72 Tl HEHH
TI XY bOEED, FEARAF T IRT AY
71 N W E D33 Eattention R # i 1 reasoning
B2 SRORETIX, HET7) 2
¥ OB & o TMHEH SRS F A3 2 5D
D, FRICXED HELEIFREICHEL T,
M ERR G v CTfTo 25T, €—7
Uy —F—WHOXEREIME L2225, ST
AV MR Y PO VEETIE, CEREEEE
9, AR ORMEBEYEERN T L L CHigs HE
BB EE R L TWwAL I EAURBRE N, B
BACKETIT o 72028 TR ER OBED Sk - HH

O Before

After

MV+Zinc

Fig.1 Effect of supplements containing multiple vitamins alone (MV alone) or multipe vitamins plus zinc

(MV +Zinc) on plasma zinc concentration

Table 3 Blood chemistry before and after supplementation

MYV alone (n=18)

MV +Zinc (n=18)

Ingredient

Before After Before After
Serum Fe, zg/dL 852+51.6 889+409 1063*+374 814+60.7
Hemoglobin, g/dL 133x13 129=%14 13409 132=10
MCV, fL 933+82 925+98 94665 932%73
Serum ferritin, ng/mL  34.8+259 285+295 386+21.7 39.2+269

Data are Mean = SD.

© The Ito Foundation
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Table 4 Subtests of Kyoto University New NXI15-Intelligence Test before and after

supplementation®

MYV alone (n=18)

MV +Zinc (n=18)

No.
Before After Before After
1 Verbal synonym/antonym 6.7+2.1 83+24 62+28 82+23
2 Spatial relationships 49+1.0 54+15 54+19 62+25
3 Mathematics 26+1.1 27+13 18+1.2 2.2+ 1.0
4  Complex verbal reasoning 56+12 6.0x22 44+10 55+12"
5 Sentence completion 10630 129%3.0 10.1+31 108*3.3
6  Prose memory and recall 6721 78+13 64x25 83+1.1"
7  Spatial reasoning 53+15 57x20 51+1.0 6.0+14
8  Mathematical reasoning 57+16 59+17 54+15 56%1.2
9  Geometry 4625 6:3£3.2 44+28 56*4.1
10  Sentence assembly 41x13 52%10* 45+08 49+13
11  Spatial reasoning using sociogran 41£16 42+13 44+16 46%1.2
12 Word completion 165+48 19.2%53 147+59 183%6.1

Data are Mean = SD. *Significantly different from values before supplementation (P<0.01) .
*Developed by Laboratory of Educational Psychology, Faculty of Literature, Kyoto

University

KERBOETIZEIG-TENY, RPEIIET
% FARIL L FRARE DBIGR 2 MRET 5 5 L EMED D
%o

4. 2

Heh & $kDRZIE, & b OMFLLE B RE %
KT &5 RSV, SRS BB 20 AR
HETH 5. OECDOFAETH S MR o724
A AEOFENET IR A OHKFITH L TRER
e % 5 2 720 WIEOMETIE, AREGOHE
BECKEOBIEEZ YT 5 & 2mRed Lk
REMG, BREMBICEETH L MHOMIULE
HBBWE AN TH 5 EIRHERE Lz, BN
RDBARERERA = AL R PHLNICT L7120,
Rt 7)) 2 ¥ b & vz EE WA LI
RERA FEE L7z BBRE L, 365 D187 522/%D
T TH 5B, SAAFIRZBB O VFTVE Y I~
(MV) Hflidh 2\ ik 7 v a v Egfish e LT 6mg
DOHEHEMVEELY T A Y FOERTH S,
I A2 HORNX15- Sl RE MR AT 2 F v CRAANRE
A L7ze MV & HiSR o A RFEEU, SREMEm
RETRMAEEE, bbby 7 AL HER

BrAEICNESE, SNOSDMENS, T
OEPUILHORAEZHET LI L, 5N,
BEWNEGHOYEMNRT, EREBCEINLFH
RROBENHERTH HFREHWITE B Z & HRIE
ENFze FEAEITBUY 5 EWIEIUC X % 32A15
HBOFNEZET L7200, 5% HEILE
Thbo

X @k

1) SCEREFEE. PISA (OECDAESE D38 51 5% i 4r)
20004EF AL - 20034E AL - 20064E 34 (PDF) ; IEA
[EIWE 5L - BIRMCE A 20004E 74 - 20034F 3R Ar.
http://www.mext.go.jp/b_menu/toukei/main_b8.
htm accessed on 4 /16/2007.

2) Halas ES, Eberhardt MJ, Diers MA, Sandstead
HH. Learning and memory impairment in adult rats
due to severe zinc deficiency during lactation.
Physiol. Behav. 30:371-81, 1983.

3) Yokoi K, Suzuki Y, Konomi A and Esashi T. A
preliminary report . effect of supplemental beef
product on cognitive performance in premenopausal
women. FASEB J. 19 © A457, 2005.

4) MHWE, AW, LIRS RRERICLS
FRAIRECEE, K154 AN B9 A B BIF 78 AN AT
R, PHERC &M 22 1 260-263, 2004.

5) MHETEE, FARHSE, TLIRREAE. SARGMICX 2
RANFEUEE, T R64E B AR B 3 2 B IR R AR AT
AR, PUREC AW, 23 1 263-268, 2005
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6) KHTEE, SARHISE, TIRKEE. AREMICI2
RHIBECL H, SERCITAE EE A IS S B B BOE gE A A
REEHES, MRS, 24 1 266-270, 2006.

7) BOIETERE, SRS, AWELGIC X B MG
AHZ ALY A ERORE, FRISHEERRICH
5% BRI e AR A A R, URRL SR, 25012
16, 2007.

8) Sandstead HH, Penland ]G, Alcock NW, Dayal
HH, Chen XC, Li JS, Zhao F, Yang ]J]. Effects of
repletion with zinc and other micronutrients on
neuropsychologic performance and growth of
Chinese children. Am. J. Clin. Nutr. 68 : 470S-475S,

1998.

9) Penland JG, Sandstead HH, Alcock NW, Dayal
HH, Chen XC, Li JS, Zhao F, Yang JJ. A preliminary
report . effects of zinc and micronutrient repletion on
growth and neuropsychological function of urban
Chinese children. J. Am. Coll. Nutr. 16 : 268-272, 1997.

10) Yokoi K, Sandstead HH, Egger NG, Alcock NW,
Sadagopa Ramanujam, VM, Dayal HH, Penland JG.
Association between zinc pool sizes and iron stores
in premenopausal women without anaemia. Br ]
Nutr 98, 1214-1223, 2007.
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Development for Functional Meat with an Ability to Prevent Arteriosclerosis

bR

AH FIA - TR fi - BRI &
(R K2R 5 B S 2 6

Hiroshi Kamisoyama, Kazuhisa Honda, Tohru Motoki and Shin Hasegawa

(Graduate School of Agricultural Science, Kobe University)

To develop a functional meat with an ability to prevent arteriosclerosis, the effects of
beef ethanolic extract-derived fractions (anion exchanger-binding, cation exchanger-
binding and ion exchanger-non-binding fraction) on body weight, liver weight, muscle
weight, abdominal adipose tissue weight and hepatic triglyceride content in rat were
determined. All fractions did not influence body weight, feed intake, feed efficiency,
muscle weight and hepatic triglyceride content in rats. Cation exchanger-binding fraction
significantly increased liver weight and significantly decreased abdominal adipose tissue
weight. These results suggest that one of the beef ethanolic extract-derived fraction,
cation exchanger- binding fraction, contains anti-obesity factors.

1.BE ®
Ei bt &2 WR O0H HEPE T, Mk
WFRIZ B W TR AR 14 2 B 0 i e 1

KABFELR N EnD, IREAHEZRER D HH
TBHIEPHENBERREL ZoTwbH, TIT,
JEA S BE ORAICIAIUL, AHEERSLEL R
LEBOTER O L L ChImERR, REB
LOWRIEL DY, ThSDOEKICHTLEEE
%D PR ERHLNE LTV L I ERD,
CHhoEELG ST ER L STV 2R
YT A LD, LROMEERRT L7200
WO THMFRERVES, ZOBIRMEILE ]
SERIMRIRWNRPIFE LT, BILE, FRFESL X
OEIRIAEASD 1, 15 OFRIFITHE T HIEIELG
DI NEISREINFLZEBILLHONT

Wa, TOXH) R EnL, REIIBWTI,
PAIREG ) 750 PRS00 L v IOLHE, A 8 & VIR
DHNOMNLZ O IR, $4bb, 2K
Vw7 Yy Fa—AOYEN D THEEZHE L
HooH5bY,
=T, HEE S, MicoRSESTDOPT

Wi KT DOMZICE T 5 —doffse EFZEmE ")
W&o T, BIRFREGSIIKRE S V80 HEe b v
CH) P ER 2”325, FRICEEN LM
MORGFmy (ZVvT7F=r, hAV=Fv, 7
VTFr, AVMI Y YBIUT YR V) OKE
EPEEIE 2R E o7z Lh b, FRFIC
FHt; OB K F-AHELET B W REIE A O T
WZ & mRg L7,

ZI T, KWFETIX, BIRWILFRiEEET S
AR ORI REEWNIZ, FROTY ) —
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Table 1 Composition of experimental diets

(g/100g diet)

Control (+) fraction (=) fraction (+/=) fraction

Casein 20.99 20.98 20.98 20.96
Cation fraction"’ - 0.57 - -

Anion fraction®’ = = 1.10 =

Non-binding fraction®’ = - - 1.24
DL-Methionine 0.31 0.30 0.30 0.30
L-Arginine 097 0.97 0.96 0.94
Glycine 0.36 0.36 0.35 0.35
Glucose 53.1 52.6 52.1 52.0
Soyberan oil 2 2 2 )

Cellulose 14.5 14.5 14.5 14.5
Vitamin mixture*’ 15 15 15 15

Mineral mixture®’ 6.05 6.05 6.05 6.05
Choline-HCI 0.20 0.20 0.20 0.20
BHT 0.012 0.012 0.012 0.012

" Cation exchaner-binding fraction

Anion exchaner-binding fraction
' Ton exchanger-non-binding fraction

mg per kg diet . thiamine-HCI 6.0 ; riboflavin 9.0 ; niacin 50.0 ; Ca-D-pantothenate 20.0 ; pyridoxine-HCl

8.0 ; biotin 0.3 ; folic acid 2.0 ; menadione sodium bisulfite 2.0 ; inositol 1,000 ; vitamin B, 20xg ; vitamin
A palmitate 25.000USP units ; vitamin D; 1.200 ICU ; d-e-tocopheryl acetate 17.6 1U.

g per kg diet : CaCO; 19.1 ; Ca(H.PO.)."
ZHCOx 0.18 ; CUSOx SHJO 051 5 MHSO|

WS % 4 F s a<x b7 4 —%H
WCHIGE L2l 5% T v MG LT, KRE,

fRHENCE, FPIES, FRER, PRI
HEBLIOWEMN) 7)) FERIIRITTE

o EOAR

2. MEBLVTE

5 J8EsDSprague-DawleyF v + (HAF v —)
A YN— (BR) HExR, ATVVABSEr—Y
(KN-615, B H®IERT) ICIAEL, Zim25+ 2T,
Wil 2 @ 45~14 : 45, fiktds X OUKIGHHERD
ST TT7 AT Lze I ONEIS R A L i IR
fil B (MF, CP18.0%, ME 295kcal/100g, #+ ' =
YHOVEERETE (W) 25 Lz, FRLY ) —
Vo S % BB A4 A v R B E (DEAE
Sephacel) 3 W X By 4+ ¥z ## IF (CM
Sepharose CL-6B) & I\ T, &4 F > 233k g
AW, BA 4 SR NR S 55 5 X OIS
W5 ZFE L7z, 8 Hi%, SXOPHEKENFEFL

2 H.0 21.15 ; K.HPO. 11.2 ; NaCl 6.0 ; MgCO; 2.08 ; FeSO, 0.2 ;
-H.0 0.51 ; KI0.04 ; NaMoO,-2H.0 0.0025

(BB EHITTIX8HEHTD, 4 XIZHIT7z. BA

A VSRR WG W53, B A A > 2SR A T

ﬁﬁi@#%%@ﬁ%ﬁ%tt,ﬁ€4y%%~
Dy 3y R ET HRBREE (CP18.0%, ME
285kcal/100g, Table 1) #21H [H#55-7%, WiiH
ER U7 T/, I, W (CEFREIPH, H55 K
BLUOBGHE) EHHES X0 7 AfzhEtL,
TNZhERZWER, FRZEREERETHEL,
ST 2 F T-80CCTHRAFEL 720 Y &7
)t FE®IE, Folchd D) & 2 1FEAD S
ORMEEMMEE, PS54 FE-F A b
73— (FEHE MRS CTHELR. &
LNTAERITOV TR L VT L, %
X P-4 i O 4 B A=A E 1 d Student sD t-test 12
X o TITo 72 (StatView, SAS Institute, 1998) o

3. BRHLUEBE

Ty MADERNDO Iy ) — U3 H 550 #1145 1]
Wi (B A A > 2 Hhs g W 5 T B A 4 v &
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400 -

300
%
£ 200 f
3
o
s3]

100

0 i :
Control  (+) fraction (=) fraction (+/-)

fraction

Fig.1 Effects of fractions of beef ethanolic extract on
body wieight of rat

12 ¢
*

IC) =
£ 9t {
=y
(3
E
2 6
i |

3+

0

(+) fraction (=) fraction (+/-)
fraction

Control

*, significant with respect to control group (p < 0.05)

Fig.3 Effects of fractions of beef ethanolic extract on
liver weight of rat

12

9-+ *

Adipose tissue weight (g)
[=>)
T

Control (+) fraction () fraction (+/-)

fraction

*, significant with respect to control group (p < 0.05)
Fig.5 Effects of fractions of beef ethanolic extract on
adipose tissue weight of rat

W IR 9 3 & OSFERAE i 5)) DFe5-25, AR,
FEHEICE, FIRER, HNER, WNERTEE
EERBIOHBE ) 7)) FERICRITTEE
w7z,

ZOFER, FEB X OFEHENEIZOW T,
AT 7G5 12 & B BIERRO b h o7z
(Fig.1, 2)o WFEERE IR A A > 2 Haks IR IR i
DOREICE D EE (p<0.05) ML (Fig.
3) 75, FREEIZOWTIE, HI45 W 5512

500
_ s — BE =F=
2 400
3
S 300 f
g
3
o 200
3
k=
= 100
i
0 i i i .
Control (+) fraction (-) fraction (+/-)
fraction

Fig.2 Effects of fractions of beef ethanolic extract on
feed intake of rat

0.8
& o6t
£
o0
H
s 04t
[3]
g
=
0.2 |
0.0

Control  (+) fraction (-) fraction (+/-)

fraction

Fig.4 Effects of fractions of beef ethanolic extract on

muscle weight of rat

600

200

Hepatic TG (mg/liver)

Control  (+) fraction (-) fraction (+/-)

fraction

Fig.6 Effects of fractions of beef ethanolic extract on
hepatic TG content of rat

I HwBIROON oz (Figd)o /2, W
NEARBE AR T 3, B A o o 2SI R 1l 54
GIZE 0 EE (p<0.05) 2P L7z (Figd). I
i bV 7)) RERIZDWTIE, M55
RIS B2EBEIRDO LN, o7z (Figb)o
INLOHRDIS, FROTS 7 — Vil 5
DA A > 2 N 1 3 2 HUIL s K - 25418
LTW5ZEATREI NI,

G, ZOPIETKT 58 - R L CEofb
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FHHEERFREL, 0 LD XBIEEER
ST H720E, £9, SRS — Vbt
T 53 DB A A > 28 4ks B WA 1 43 & HPLCA§ % H
WCHIZHINL ST A2 LERHLEEZLND
7%, ZO5HE - BHROBRBIIBVWTHELALED
TEELOWEGNS, T v MIB 5 PEENE
R RY & SRR HUIR G R T % dn vivo 5ot T C
WY 5 2 L3 TR & REEEDPE, BEN
TlriEwetEZzbhb, Thilt, FRTY /) —N
Tl 53 DB A A > SR WA W 3 HE 5 1S & B
MR ERIHERE L o2, ZoHL2
ICENRERE (B2, TS 3B B IRDIREER L
T3tE) % TCIZin vitroDIRFER (Bl ZIX, B
% v CHRI MR RRALEE R O BIZ TR BN ER)
RB% WEHT AT, AR OB
TFEEAZE, EVCIIEEEERZHET LI LM
CRLHEEZ LRIz,

4. 82 0

AWF7EIE, BIRMALTFIiE% A9 2 MaerE A
DORFEEZR#EHNE LT, FROIY / — Vi
18] 53 D3 53 1] 18] 43 D HUE T E S DWW T B 2012
T 5K, M gy (B A A o s R W
5, B A A v SR IR A W53 B X O IR A Il
5) OFGGAMKE, SEHEIGE, IFERER, B
o, PWEMRDHER S KO ) 7)Y

FERICRIZTTREBIZOVWTHNR, ZOME,
7 bANDGA T AR R W5 D513,
WIEIRI AR E R 2 A BICHP S22, ThHo
MRS, FROI L — )V HH 55 o H 55 1
3T BB A A > SRR 1] 45 rP A g R
FHFIET B REMEATE W Z L AVRIE S /e,

X

1) Després, J.P. and Lemieux, I. : Abdominal obesity
and metabolic syndrome, Nature, 444, 881-887, 2006.

2) R EIAFERYy I FO—LDEHRED
WrJk#E, Adiposcience, 2,11-15, 2005.

3) Honda, K., Kamisoyama, H., Kato, H. Furuya, N.,
Ishiwata, H., Motoki, T., Saito, N. and Hasegawa, S. :
Comparative effect of isolated soybean protein and
casein on body fat deposition in chicks, The Journal
of Poultry Science, 37, 366-373, 2000.

4) Honda, K., Suzuki, M., Kamisoyama, H., Kato, H.,
Iba, S, Motoki, T., Kano, K., Yagi, K., Sugahara, K.
and Hasegawa, S. . Effects of dietary de-fatted beef
and its fractions on plasma and hepatic triglyceride
contents in chicks. The Journal of Poultry Science,
37, 245-250, 2000.

5) RWIIME, s, DHERN, Tk i &R
J8 53 O FIACH TG K 12 F T3 38, FRil4E
JE LTI B9 B B SCIF 28 7 A SR R A, 18, 178-
182, 2007

6) b, AREHMA, K fi, BHIVE Bk
WAL THiiE % A3 2 RN OIS, FR1SERE
SN BT 5 By OE 28 98 A R R R, 25, 7411,
2007

7) TFolch J, Lees M. and Sloane-Stanley G.A.: A
simple method for the isolation and purification of
total lipids from animal tissues, J. Biol. Chem., 226,
497-509, 1957.
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Effect of L-carnitine Intake on Cancerous Cachexia

fak fEwm - EH A - TR &
(TR G L8, “BHiE T 4 749 4 =0 ABk &)

Kenji Fukunaga, Munehiro Yoshida and *Takeshi Sekiguchi

(Faculty of Chemistry, Materials and Bioengineering, Kansai University and
*Tto Life Sciences Inc.)

In our previous study, we demonstrated that L-carnitine (LC) could play an
important role in inhibiting the incidence of aberrant crypt foci in the colon of mice with
immune activation or an increase in antineoplastic cytokines. These observations indicate
for the first time that LC suppresses the initial stage of colon tumorigenesis. However,
cachexia involves progressive loss of adipose tissue and skeletal muscle mass and is
common in a number of end-stage diseases. Cachexia causes weakness and immobility,
reduces the quality of life (QOL) of the patient, and eventually results in death. Most of
patients with cancer easily develop a tendency to consume a vegetable diet based on
incorrect dietary information and the intake of meat often decreases. In the present
study, therefore we used a mouse experimental model of the cachectic state to
demonstrate improvement of the physiological and immune status following
administration of LC. The experimental groups designed for sp 2 tumor bearing BALB/c
nu/nu mice were administered LC ; 0 (control), 0.05% , 0.25% and 1.00%. When sp 2
tumor-bearing mice were administered LC, improvements of the immune status
demonstrated by an increased Th1/Th2 ratio and inhibition of tumor enhancement
were confirmed. LC administration facilitates energy production smoothly by promoting
lipid metabolism in the liver mitochondria in the cachectic state, and the immune system
is promoted. Furthermore, it is thought that tumor growth is inhibited in a dose-
dependent manner and dietary LC has been shown to be effective in preventing
progressive weight loss in cachexia. Therefore, it is thought that the LC intake by
patients with cancer has a tumor inhibitory effect as well as promoting physical strength
maintenance and immune activity. To improve QOL of the patient, particularly those
with terminal cancer, promoting LC intake is expected to the increase of the effect of
treatment and intake of LC should be added as one of the supplemental treatment choices.

< M)y 2 ANERT A EEETHIEND,
PR B ST b Y LCIE, —#%I
LAnv=F> (LC) &, KANTEARENSIZ L L DICERGRINIEGIET LI LR
», HFRERICEEICETN, EAROIRENRBIC 5, AICL AR TEENS, LML, —HAT
ME54seFadxv7I VBTHL, LCIE, i LCEEEICEAT 5% W ORIUIFR NG =
Wilg% I bay FY 7L Y AL fThNs HERTL2ZETbHDY, #fkE, BHREO L

1.B ®
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M, FRERE T LHEACH D720, LCOAR  OfFFHIAIN-93GZHEAL L, REEZ 2— U
RLEZOND, 72, BRETIE, BHE»S ELTIRESRIODICHE L THAE L, LCR
ZOT ot BEISCENT LI LEHLL, 2 ffRE, ZhIToOBYEROREDS { TR
R v 7y Fu—s0Wifl, RECKHER - PEEEL01-05% (w/w) OHPITHLZ L%
HEOBR2H S, FRAOBENILLAEETHL, ZBHIILT, 005 0258X010% (w/w) &7
DENZ BT M CERE A THDS L, BENITHE L, w7 Z1100E % BEFLIE 2 &
BV AR OF) 25 1A %o TR DL E2s dHHEBE AR (AIN93G) T 6 HEAICET A F T
FEl L, WAE1005 AL EAT L TWwa, Bk BIMEETE L, 6 BEEGE: i T ME AR E D05 x
THEFHETE C AONIMOTIERRN DI H, H  FEREFEEZOMEZRERE L. Y 204
b OIRIEBIGEDH 5. RIHENEEE  SP2 <2 AFREME (2 x10°/01mlI/@E) %
Rt JEFRA, BMEBRERICBOTLRE v ARSI LCEE A B L7 IEIEBHiS
DfEBEEIFHmEL LML ATVWSEY, LCk 7 HE@IE T, BAEMRAS~ Y ZICEE L Tw
BEEN L7256, BHSFERNICZAVE—E 22 L RMRL, BEER H&% FATHE
Afibh, Al (WAT) 25849 %. L, &3i124mmbl ka5 MEAE600C % @ L7z,
ZOFER, WATH LW SN LMIRERITIER &R0 L, EELDIC3BECHE L, Rk
THHA M AL ORELEZIEIT ST, W FPEHGRTRIAA28 0 F TR E, B EROLLE
HRNAER S5 2 LA FRING, —F, WEE &L, /2, WEINHERZ D TFToORIH ST
FEOKRIMI BT, MEEREE JiEhsk HHLA,
Bk, FLAAETROE (QOL) 2METT5C JEHF AP (%) =100 (1 -L/C)
EDVHIONT WD, MEZEDEIZ, BEolefFi L LV =F VNP &
POFREMEEICE S, LIELITEROEREZ  C: MR EYEEER
Wos 5 2 AR LND, LFEIHEARARIE 2 2.1 A LR oWl E
Z LY, FWEAFRR DBERIERLENETIZ, K — MR R RAEIRE TR T 5720, BEIRFICT
WTOLCARDPEZ bNE, LCOMIMIZL T, 17k SHRIM L, 2500rpm, 4C, 20min Tl
EREAWET LI LATENE, QOLO L, SHEL, MG ER7z. MiFEEBSEHIEEL,
MDD LEEZOND, I TRIETIE, #5328 (Pro), #3 LV AFu—)V (Chol),
EHUERBIZ BT ALCORFIREE, RERE~  $SHWIEN (TG), ~EZoE > (Hb) Z2E&E L7,
DO VT YT A% EBREPIH, FHli% 2.2 TN AR B SR SRS 1 o P
115720 HERIRTEIZ BT 2 MRl a2 L &1k ¥ 5
ZEDVHONTVAEZ LS, DTIRTIFHIC
BB IREAH B EREREEZWE Lz, Av=
AWIFETIE, 7 AEMBEBMLTERN  F Y2V I P VCALN S Y2725 —F 1
2B BB RCRE AR L7z <7 R, (CPTI) ", \ZRHMEIEET > VCoAZ I b
FEARL R Al 1% D BI%E A% % %2 BALB/c nu/nu~ 77 KU 7HICH%T 270 OfREB IR T, T
Ax Wz, v ACEHAMREE (SP2) 28 VALZF U S5CoAND T VIV & fili§
R L CHARIMI O BMEUIREICHFE Lz, 0HIRBE 5. IRDIEE A EEE (FAS) VI IEIEE O &% 12 1

2.7 &
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Fig.1 Effect of L-carnitine administration on the body weight of myeloma sp2 bearing Balb/c/nu/nu mice.
Data are means = SD. Asterisks indicate significant difference as compared to control *p<0.05.

5B HEBEEHETH 5o LCHETFIZ X o THRIE
WA DTSN L DT, HSHIGEHEA A5 fg
Pe3d 572D WEL7ze 7 IWCoAT R Fa s
F—+ (ACD) " 1&AMLIC BT 2 R BE RS % ©
Hbo LCHEFIZE o TI by KUY 7WIZIRI
MRk 2T h N, ACDIEMEDS Lo Tw 2 ]k
W3d 572 DRE L7z

2.3 WEETA b AL v oWE

T A MAA I, V) USERE ) EA NS
Ty R ET, MBloLe Ty —I/EHT
5 Z L& o THB ORI Mk, TR M= A
TEET A I LS REIREE M 5 BE RN
TThb, AWFIETIE, MIEHETFA b ALk
L CTNF-a, IFN-yB X CIL-4% il 2 F v
I (EndogenInc, Woburn, MA, USA) % v T
ELISAEIZTHIE L7zo

< 7 A O R % Hanksil Ok H A A 34
#K, KR TifE L, Mlaipdem e L 2, 1w
Ml 2 3.0 X 10"/ miZ 7 % & 9 1210% FCS% &
GRPMI 164085 # Tl #E L 720 & o MR % 3t
ZI67CEEEE T L — b (n=3) 124, 37C @CO.
4 Y FaR—FNIZT2MEHBEE L, BB ORE
iR A ML VgL

2.4 #EEHLH

FONIT— 51, FHHEEFETRLL,
AEAER, tHEICE-T
Al Lp<005LLF 2 A REAEDH Y & Lize §XC
DiEH 1L Statview5.012 & - TT - 726

3. BRBLUEE

HFEIRE D~ 7 2 FF W IC BT 2R EDE
1t ZFig. 11278 L 720 14 H DLBELCL00%EE 2 o &
EHREOWA AR S NIz LCIENEIHEANE % e
THERE AT 55, T LARMICIRIIREEZ
TAEL, & 7 BOFLEMHIL TV 5E I AT
ERbNb, T, LCHEHREIC BT 5 IEE A
13 Control#E IR L THEFHINH S LT 7z (Fig.2)o
& < IZLCLO0%HE iZControlfE (23 L T il 5 Bl 4
14H DR E D S F B 2 Bl 25 & 5 iz,
LCO0.05%H#3 & ULCO.25% i3 A e 213 A b
ZWH oo, HEiEHH S hTwz (Figd). &5
2, RIS BT 2 B8 % B v 72 R E1XLC0.5%
T, LCLO0%ME THE & Ao bz (Figd)o
FHIRENY A B OB LY, FL v
O, KNV VKTT L, TOL) %E
FOILHEIREICDH 2 & S IIRIIRBER RO D 5
LCAHZATH &, & BT & JEEH i A3 Tk
LD $ 5 & F 272708, EBRIESEChEL
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Fig.2 Effect of L-carnitine administration on the tumor volume of myeloma sp2 bearing Balb/c/nu/nu mice.
Data are means = SD. Asterisks indicate significant difference as compared to control *»<0.05.
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Fig.3 Effect of L-carnitine administration on the tumor inhibition ratio of myeloma sp2 bearing Balb/c/nu/nu
mice.

MR U B 2 I L T \wize X— K~ A Table WX F & O/, MY ~ /37 BIZLCAHTHE
(BALB/c nu/nu) iZMlizsiz & A L7 <, LCKEE 128 W TH BEISRAME 23D 5 h 7z, M
TGRSR BEST % L 13E 2 v, Ko T, LC ChofEidm¥ &5 L HIRMEILD R & 72 % 75,
KR X o THIRI OBRBEAS B IS 2 ), & LA Cholld k4 A FEkRE 2 I35 A7 0 4 ok
FAE B A OBHIH 5 VIIHEEMET I VBROWE  VEYOHEMETH D, KERISRA ML AT
BEPH L T2 TREVRPEER bo THWBN % EITEL, ChobaliE s &,

OXICMIFR S B L OANEZ 0¥ VHbIEIL  MEPMEICAD, EROKTAALNS, &
RIZTLCHREEO B LM L. To&EE #HRTE, LCGHENI X o TIEW 2 E R S h,
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Fig.4 Effect of L-carnitine administration on the tumor removal body weight of myeloma sp2 bearing

Balb/c/nu/nu mice.

Data are means = SD. Asterisks indicate significant difference as compared to control *p<0.05.

Table 1 Effect of L-carnitine administration on the serum constituent
and Hb content of myeloma sp2 bearing Balb/c/nu/nu mice.

Serum constituent and Hb content (mg/dl)

Pro TG Hb
Control 404 +041 744977 5257108  12.04*+1.28
0.05% 451+050*  750%12.02 50.83+228 1221*164
0.25% 481+0.38"  79.2+1251  4569+19.31 14.01+193
1.00% 519+021%  91.3%11.86" 3460x20.15 1662*191"

Data are means=SD. Asterisks indicate signficant difference as

compared to control *p<<0.05.

RIEN R, BEHEMHICEEL WL EEZS
s,

B SR B & - C, IR IE & 7
BT DS TV 5D, MIE TGN E DK 4,
HRELZEZIALNZ VD OOLCKHHEIZHE L
TWABEICH o720 2F D, LCHREFICE 5T
BB A M IR R AR R IR S h, =4
VE—EEEZMBICL TS EEZ BN,

HbidARMERICE Fh, MARCHBEL IG5

YR ETH D, SHOKR, LCHEHICH
WTHbIEA I 2 hTB b, & < IZLCL00%
HECBVWTIEFEEI RO LN, 25D, LC
FEERE I B CHLRIC R R AR 2T IS - T v
TeEkEZOND,

TR 3305 2 i R ARl A e S P L R T8
LCHEE DB DV THET L 745 % Table 212
w7z BRIFERIZHEARTIZI by FUTHICA
DAL EDPARETHY, LCEHAETIHI L
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Table 2 Effect of L-carnitine administration on the lipid
metabolism-related enzyme activity of
myeloma sp2 bearing Balb/c/nu/nu mice.

enzyme activity (nmol/min/mg protein)

CPTI FAS ACD
Control 1.34=0.66 4.00£0.63 3.03x0.94
0.05% 1.55+0.49 4.07£0.62 311+1.13
0.25% 2.03+0.56 4.30%0.71 440+171
1.00% 253£096°  4.04%0.70 6.92+249"

Data are means=SD. Asterisks indicate signficant
difference as compared to control *»<0.05.

2k o TENDREC R 5. CPTIIX, MElifR%E
Iy P TNICERT 5720 0EERFRT
Hb, CPTIHIEMIZLCHAFEICHAIL TR L,
LCLOO%EEIC BT A EENA DN, T,
MR A R EE S BEE Th HAFASIEEIZ T
TOHMIZBWTHBREZIAON o2, £
LT, p b dB i3 Cd 5 ACDIHHIZLC
AR HA L TR L, LCLOO%REICB W TIZA
BENAONT, DEX Y, LCHREFIZL > TH
BT BIRERBITNHEL TVWEEEZ LN,
LCHEIC & o T, OB ERE D Ldto 727
O, MHAEDOTGHED TA-72EZ LM%,
X512, BICBWTEERB S %23 5 W
4 A4 v EROPER S % Table 31278 L7z,
HA AL UL, V) UNERE ) EA SNBSS
FES V78T, MliboL Ty —IEHT
BT LIk o THIRROHIER ML, THERF =V R
BRI D, Tz, ~NVS— THITBIZHURERIEIC

FLTIERCRGL, FFICHREDTA M A A
VEREETHIENTED, A ML Y OREE
INF— AV S—T1 (Thl) &A= T2
(Th2) ICHHTHIEHNTE, BRELRERS%
HlH LT 5" ThIMNEIX 55 RS % 35 %
IFN-y, TNF-a%z EOH% 4 b A4 ¥ ZEAET 5o

st L, Th2ife Bl LC X 2 HipE 4 )
WIS BHA NI A VILAREZEAET D, Z
DZOOMBERMIELET HH A4 M H A 2 OEn
LT, RERSICBVWTRLZ2BEZAEL,
MHED/NT 2 212 X0 BEGBE <0 oo 5 B % il
HMLTW2Y, ABFZETIETh1 Mlan 5 A &
NAHIFN-y B X O'TNF-e# JEE IR 0= E L,

Th27 & FEA & 1 HIL-413 ThA e % 7 & Th2s
RGHED NG v ADFEEE Lo H4 A4 VMl
FIEODENRELSFREIHERTE o727,
LCHEEEEIC B W CIFN-7 I a2 & v, 1.4
FRAVBEMICH o720 2F ), LCHREICE-T
ThIM I EEPE E, EEHAGICERKL /20T
FhenwheEZ 5,

4. 8 8

¥ AR E T VICLCHER L 254, Bk
HoyE, EEMHAHRETE 72, LCHREILE
WHIRBICBVWTOHEI b2 N 7IZBITS
REAHZIET A LICL o T RAVF—ELE
IS, RENZED, BEHHLTwEE

Table 3 Effect of L-carnitine administration on the lienal cytokine of myeloma

sp2 bearing Balb/c/nu/nu mice.

cytokine contents (pg/mi)

TNF-« IFN-y 1L-4
Control 36.99 +=15.20 426.80 = 205.59 52.57+10.80
0.05% 53.77+19.27 384.92+181.04 50.83+22.80
0.25% 48.13+17.96 616.75 = 253.62 45.69+19.31
1.00% 32441543 660.07 = 260.23 34.60 +20.15

Data are means=SD. Asterisks indicate signficant difference as compared to

control *»<<0.05.
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Skeletal Muscle Hypertrophic Factors Present in the Beef Extract
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S 4 7% 4 = v ARk &)

Wataru Mizunoya, Kento Baba, Ryuichi Tatsumi, Yoshihide Ikeuchi and

*Takeshi Sekiguchi

(Faculty of Agriculture, Kyushu University and *Ito Life Sciences Inc.)

We had previously reported that 6% beef extract supplement to rats for four weeks

increased muscle mass. The goal of this research was to elucidate the hypertrophic
component present in beef extract and its mechanism. We studied the direct effects of
beef extract to the cultured mouse skeletal muscle C2C12 cells in each stage of cell
proliferation, differentiation and myotube growth. Treatment of undifferentiated C2C12
myoblast cells with 107 to 1% of beef extract induced a significant increase in cell
number. For differentiation assay, C2C12 myoblast cells treated with 107" to 1% of beef
extract in differentiation medium showed a significant decrease in creatine kinase
activity. Then, treatment of differentiated C2C12 myotubes with beef extract induced a
significant increase in myotube diameter and protein synthesis measured by [*H] leucine
incorporation. Finally, we showed by western blotting that beef extract did not increase
Akt phosphorylation level in myotubes, indicating that beef extract might increase
myotube growth via other signaling pathways. Therefore, our present results revealed
that there is (are) some skeletal muscle hypertrophic factor(s) in beef extract and it

stimulates myoblast cell proliferation and myotube growth in vivo.

1. B

T, e OEBKEL XA b ERR
s b, BHMIE, EE ML —= Ik D
BRMICERL, #-& ) REHERE EORE
;& D HERPICEMT S ML > THHEH
RIS 5 MERICHE D FHZEH - AT
ISV ax=T (ARESE) &I, W
NARZTAETT B ET, EHERLFIOMERKR
AL, #RE L THEEDOQOLKTIZD %A
bo Heo T, WRIIEEEDOH I OMKT & Bk

(FNaR=7 %K) T2V EELREL 2o
TWwb, &5, BRMHIIHHZIET HHM8T
& % & [RGB R R IR & L D JA A TH 23 2 M
WTbH D, TAELEFHEETHINL T2 i -
ETEEER - AR v 7 vy Fa—oakzEDfR
WEHEERBO T E 5T, BRHROMS -
BIMEIER ICERERREE 2> T,
ISR D W ZEMRT D &0, Bt -
BRI ORGREERE X, W IS
NTwiwv, ThITnEI s, HRKEZFHES
LI M L == 7, FRCL IR v AEE)
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B9 % w7 23

PRLENTH DL EELNT WA, Elj & D
DIEAHZRED L VDY, WODDKRIVE Y, K
BRFPHBRICEEG L TWD I D50 oTw

Bo 5T MEATEA BV RBEEAVE VY,
A Y20 YHRRERT (IGF)-1° A5 EOMEIH T,

RAFAZF T PAORFHNTE LTI LHMS
NTwb, TRHOETIE, HRBRESIZEY
HELRHCTELI LI >T0AS, LaL%
Mo, £ OYf, MOlEHE~ORIER CERE)
w3 Eﬂfr ENDo A DMHERICT 5 AW
0%@%&<%%%®%k%%%?é:&uﬂw
THb )Mo

EAIINE TS, FAMBKEERSTH S
FHRHZFR (AVv=vF5, HEIAL 71>
A) EMKEEHIZ 6 BEAL, T v b4
FRER L 7o R, B R B R AT IR0 LA RIS
WMmsaZxBELMILEY, ZoRRIE,
WL F ZIZHEKREFAEEFN TS T & 2R
LTWb, ZZTAIZETIE, FRZF2DMME
KA A AR B 12
SR Mk OREE - 2 LEEE, ERBWBIE S X
Oy N7 HOERBE»HFHiTA2Z L2 HIY &
L7zo BARBIZ I 3Mark (C2Cl2) DRFFER
IR A &bk 4 IR TN L7282, Sh3
NaD UL, AL EE, LB OHEOEEE
WES B L& DI, HAERMET XVvEhizT
I BOHEMEANORGARED S 7 87 B A
iR A

2. MHBLVHE

2.1 FEEHE

(1) Kraefiie

< 7 AR F MM RC2C12% EBRIC W 72,
¥fFZas—rrya—-1r L7 —1r2HWT,
COA v FarR—=F—NTI7C, 5% CO.DEMHT
TIT o 72,

EHLCEL-02%,

(2) MiKE7 vt A R

Fwmsah o ARE RS PR FR) &L
ThNV=yF5{FETA 794 =0 2L ) fith)
RV BT vRADORY T4 Ty ba—n
LT R3I- A ¥R UHREERT (IGF)-1
(Sigma) % W7z,

(3) ¥ b

Dulbecco’s Modified Eagle Media (DMEM,
Invitrogen) ZNaHCO; (3.7 g/l) % Ml Z 7=
DMEMIZAA-mix &7~ %~ A ¥~ (Gibco) %
W £1.0%, 05% TR L 720 FEBRIC
DMEMIZ, 7 ¥ (FBS, BioSource Inter-
7 < IiiE (HS, Sigma), i X%
Knock-Out serum replacement (KSR, Invitrogen)
ZWML 720

(4) wxA¥r7uvysq vy HRE

1 KRBk
Sigma),

national),

I%, rabbit anti-phospho-Akt (pSer®”,
mouse monoclonal anti-Akt (Sigma),
2 KPR € F ~{bgoat anti-rabbit IgG  (Vec-
tor, BA-1000), rabbit anti-mouse IgG (Vector,
BA-2000) % I v 7z B i I IZVECTASTAIN
Elite ABC kit (Vector), ECL Western Blotting
Detection Reagents (GE Healthcare) % 27z,

2.2 M7 vEA

(1) HifassE7 v A4

967¢ 7" L — MZC2C12% 3000 cells/well THEX,
10% FBS-DMEM T24 34 L 7' L — M ITH
H I, FDOH%, 01% KSR-DMEM % 455 H

L, FAZFA%107°- 1 %ML 7=, 372
e[, DMEM & Cell Counting Kit-8 (Dojindo,
CCK8) #9 ! 1 ITRALZREEZLY =)L 100
pTOWML, 4 ¥ F 2= —PT 2 KRS
€72, 20k, 7L — MY — ¥ —12T450 nmD
WSR2 L, Ml sl L7z,

(2) MEFET v vA

4R 7TV — M2 C2C122 k&, ¥ 7ar 7L
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v MZ7% % F T10%FBS-DMEM THijH S €72,
2 %HS-DMEM % JeA & LFATF A %10°°
- 1 %ML 72, B5A272E %, M-PER (Pierce)
Z7asr7—EAL ey = TIVEKRAT 7
y—¥ A4 ¥ #—7275) (Nacalai Tesque)
21000 20 1 TIZMIE% & L7z (100 wl/well) o
MEibEo AU F v FCKIC X 2E &,
BCAHEILE o TRDF YR HREDPS, 7
L7 v ¥+ —Eiltk% unit/mg protein TH I
L7z

(3) M ERENE

247 L— M C2C12% % &, HiB X6 H
BosbFEa T, HEZERSE2R, 2%
HS-DMEM % &AL LFRW = F A %210°
— 1 %ML 7z RERET2WRER#R, %7 = )b THEAE
B HE10KR 2 B G L, Image ] (NIH)
WCTHEORDRVEMZEEE LCRHIIL, £
DFEE 7 = VORWEME Lz,

(4) %55 w87 qamaelE

24X 7L — MIC2C12% &, WiB L6 H
BoMEFEE TV, HEEZERSE-%, PH]
leucine # 2 xCi/ml& T DMEM % JE AR 1 & L2F
AIFA%107"— 1 %W L 720 Bie24 5 2
%5 % TCAB TR IEMEM % brktk, M
W (0.3 N NaOH, 1% SDS) 250 plZ/m A,
305 MR & 5 L7zo Ml b o st 2,
WiEY v FL—Yarhyry—ICTHEL
CHEBCAEICTHE LAy v o8y Lk
IZHiIE L, [*H] leucine HA R (dpm/mg protein)
EML, & EAENROREE Lz,

2.3 XA TUvTA T

24K 7L — MIC2C12% 4k E, Wb LU 6 H
MoOSILFEEETo/z. Z0OH, FRHIFAZ
107 2% L 72 2 %9HS-DMEM T 1543 M55 26 1%,
Wilavsfiie (M-PER, a5 7—¥Af ety —
ATV, KAT7I¥—E¥Af sy —hr TN

100 2 @ 1 TRA) 250 pllZ THIML % 8% L 72,
MR E 2 Xy TNy 77—=%1 11T
AR, Widh T3 L, SDS-PAGEIZT
SHELZ-y YR BE, = huto— AEICEHR
B L7z, 15 E % anti-phospho-Aktd 4 \»iZanti-
Akt, BIUOPEFF L2 RIUEERNV I F ¥
¥ —ERR T E Y T L 7-1%, ECLEtHIAZE
& TRIERUMEER XHR 7 4 VAT L7z,
2.4 MEEHLH

SHHRIX & B X D f FAEME (M5 %) 12
13Student’s t-test® I\ 7zo fHIZ 3-4 7 = VD
P E £ BEHERE TR L 72

3. MREEE

3.1 M7 vtA

(1) HifayssET v &4
FRIXFZA%107°— 1 %D UEEE TEM L 72 0L
XCld, HERMOMIEX &L T, Miifof
BREMAA SN (Fig. 1), 2O &5
AT A M O34 5H 2 e % A3 6
INLTEPREINI,

(2) MLFET v A
HESMEDIRETH B2 LT F ¥ FF— Btk
FHEATF A0~ 1 %OWRETHRML 7208
X CHERMO X RIX & ik L CAHEICEK T L
(Fig. 2)o 1o C, MiREDFALFZIIHED
GALEHET B Z D50 o T,

(3) MEEeE

A O A &2 TR T L7246 5, 2k
WIF ZA%10 = 10*% DHEE THRM L 720X
T, HERMOXMEX LIEL T, HEEEROAR
2 A Hnz (Fig. 3).

(4) W%y v 87 BaKEElE

[*H] leucine BUAE SR L72HED 7 ¥ 8
7BEAERRER, FRIFAEZ107°-107%DHE
TR L 72 B X T, SEAMox X & g L <,
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Fig. 1 Effect of beef extract on proliferation in C2C12 myoblasts. Cells were incubated in the presence or

absence of beef extract (107°=1%) or 30 ng/ml R3-insulin-like growth factor (IGF)-1 for 72 h. The
proliferation of C2C12 cells was analyzed with Cell Counting Kit-8 (Dojindo). Values are means + SE for
4 wells of each treatment. *P< 0.05, **P<0.01 vs. CNT (control) group.
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Fig. 2 Effect of beef extract on creatine kinase (CK)

activity, a differentiation marker, in C2C12 cells.
Sub-confluent myoblast cells were incubated in
the presence or absence of beef extract (10™°— 1
%) or 30 ng/ml R 3-insulin-like growth factor
(IGF)- 1 for 72 h. CK activity was analyzed with
Cica Liquid CK kit (Kanto Chemical). Values are
means * SE for 3 wells of each treatment.

“P<0.05, **P<0.01 vs. CNT (control) group.
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Fig. 3 Effect of beef extract on C2C12 myotube diameter.

Myotubes were incubated in the presence or
absence of beef extract (107°—1%) or 30 ng/ml R3-
insulin-like growth factor (IGF)-1 for 72 h.
Diameters were measured with the thick of 10
large myotubes per well. Values are means=SE
for 3 wells of each treatment. *P<0.05,

**P<0.01 vs. CNT (control) group.

BRICHM L2 —H, 1%BMX TI3AE I
TLTW/z (Fig. 4). #- T, FRTF ADMHE
Dy N7 EEHRREEREZRET AL, BLD

1%L FOEETCIE Y v EER A ET L 2
EATREBE Nz TMEEREOMINE Y V82
BHEROBIMIER T 5 Z LRSIz,
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Fig. 4 Effect of beef extract on ["H] leucine incorporation
into C2C12 myotubes. Myotubes were incubated
in the presence or absence of beef extract (107" —
1%) or 30 ng/ml R3-insulin-like growth factor
(IGF)-1 for 24 h in the medium including 2 xCi/m!
[*H] leucine. The protein synthesis level was
determined by measuring radioactivity
incorporation into the cell proteins (dpm/mg
protein). Values are means = SE for 3 wells of
each treatment. *P<0.05 **P<0.01 vs. CNT
(control) group.

3.2 FAZFANKAO) VEILLRXVITK

i@—ﬂ"’ﬂl!

Fig. 5/, "V A¥ >y 7uv 74 72X % p-
Akt, AKtOXY K% F 2 b7 T AR L 724G
BERL BYTF 473 ba—VTdhBHIGE-
1 & INX T p-Akt L XV ASK B X & #5175
WKEML T2 03 L, FRIF 2 %2107%%
MUK TIESRIX EF LNV TH o 72,

PLED#EREDPS, FRITF 2IEHFME O
FHARTESE ] & W OMKAEH (EEDBINER)
BXUOHED Y v BEBRMREERZH 5 2 &

PSR oz HEDY V87 BAARENE

A BIZE I N/2107° - 10 %R ETIX, HEDOD
feicx LIREM ZERH R A SN o722 &b,

B IAER B X 08 v 7 BABRAEEEIE
JEPH O BAZHILOBAIZ L 2 b O TIE v EHES

P-Akt S oo il o ww Ao
Akt e S QD e . w—
Tublin ®wws o P oo e oo

ol

Relative p-Akt/Akt level
w

2
1
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Fig. 5 Western blot analysis showing the effect of beef
extract on Akt phosphorylation level. Myotubes
were incubated in the presence or absence of beef
extract (107%%) or 30 ng/ml R3-insulin-like growth
factor (IGF)-1 and/or 10 M LY 294002 (LY) for 15
min. Data were quantitated by densitometry. The
signal of p-Akt was normalized by total Akt level.
LY is a specific inhibitor of PI3K activity.

ENlzo TNHLDOFREEETD L, FRNIZFX
BRI X % 7 v MEKHEEORMZ, MR
DIFHIRAENE B X O & » 78 7 BA 1
WERLEEZEZON. 2% 0, B3z
B, EbE R oM Z, B
DIERIIBEAF D — AR —ARDME R Z FIR L,
IS DB RIEHDS, RENEERTH B4
KOBRKZFE L2 HAITEZTND
:nifmﬁnf,ivb&WKﬁwf%EE
OWMABRINZ LMD, TAEIHECBY
25 N HABRENL YV EETHLLEEZ,
FRIF AL D5 VN7 HERESES ED L 9
BRBENALTES> TWBE DL KE L7 IGF-
1RA RV REDYTFIVREKTH S
PI3K/AktEEEIZOWT, FAZF2AOHEZ N
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R7=E A, AktD) Y EBALIZRIRIX & 2257 v
WG ol o T, BRI F AL
PI3K/Akt#E s DAL DRERE TR & >~ 787 B O
ARAE L& EZ Sz, S IZERKL/ 28D
M52 FETH 5o

— /T 1 %REDFR T F AIEHE L E
e, % 87 BEBMERR AL NIz, o
T, FHZFZITEEMHIERORLER T & HE
HTFOWMEFAEThTnwbrEEZ SN, 72771,
CNSHEERPBE I NIRRT F AR
1 %RELFEFICRBETH 72220, FR
IHFZAZXREOENT R0 %, EERICBI) 508
i, ZITMETELOTRRVREEZ TV,
FRNIFRAEETNDHERHETIE, BEFT
WIS TIE Ve FRBEERIERGHETH 272
B, HIZEETNLIEERTIIZOBEMMEL LT
BIF N5 EEMHAELET HREMN 2K
F & LTEIGF-128 e Twad, L Lads
REBOKENIGF-LICL 55D TE LW L2
RIAERDPVLONELNTV S, 5, H51LiF
M7 v 4128V TIGF-LUd b 2 425 L 7227,
PR F AL L o7 (Fig. 2). T 72,
IGF-1iZAktD ) Y AL ZFEE L 7225, AT F
ZZFHE L h o7z (Fig. 5)o SHITFATF A
R ICIGE-1o AR ZRmmML T, FRT
FADOHERKIEHIEESN 2N LAFK 4D
INETOERPOLWL LR TWD, HIIE,
SEET I VRO a A Y Iy VoS8T AR
VERDH 5 ZEDRHLMIIENDDOH L, £ZT
PRI FARICETNLERED £ > v RE % RAT
L7zo TORERSY 87 BEWAREER R S
AT F 21072%I213a 4 ¥ U H25 pMEEh
Tz, ZOEEIEZ, ZhITOHRETREND
a4y OERBEEEL-20mM ™ X ) #50—
1000f5 K, $E5 T, AWFZEDMFERIZT AL ¥ 0D

EHTIdweEEZ 5N, D EDEL2S, W
I 2RO RKHTFrEENTWE ET
mahni,

4.2 0

AWFFE TR M O B5E - 5k - D A
F—UTEIFALF ZADEEERE L. FH
T A DURMNG X0 B 5 o0 5 2 i TR s A3 ke
#IN7z, Lo L, SMEFENIN BV THEN
DRI S N hr o 720 — T, FHEE LS
BIFD 5 37 BEWREDEEM, B X OHEBERE
HBHEML7ze NS OFRIL, FRTFAIIEH
ANV BB VR 3 % 9 2 Ml B s Al A R 1 35
XUOWE S 37 HERRERTFPAEEI TS
ZERRLTWV D,

Xk
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Screening of Prionase-inhibitor and its Application to Sausage Manufacture

mo#E = - [ # 1k W
(REJR R K2 B )

Tatsuzo Oka and Masaaki Okabe

(Faculty of Agriculture, Kagoshima University)

Prionase-inhibiting protein was isolated from garlic. N-terminal amino acid residues
of this protein was GNILMNDEGLYAGQSL, which showed the similarity to the lectin.
The molecular weight and N-terminal amino acid residues of the lectin isolated from
garlic was same with those of the inhibitor. The lectin cross-reacted with antibody
against the inhibitor and the lectin inhibited the activity of Prionase. These results

suggest that the Prionase-inhibitor is lectin.

1. B B

HHEN BV CHlERRAE (BSE) ICREL L
EAEE204E 1 H F CICHBHERR SN TH D,
BSEZ X U@ & T 57V F VIREIERT OB
X OEH - FHIEORBIZEERETH L. —77,
Fxid, 7o MIFIES S EICEEICRFE S
THB ey Ny e FUEHRITTRAEL, Z
N%PSPE &t 72", PSPOLRME X 2 D
any) vy 7 AL 6HDBY— SR Y, BET)
F NI EEaN) v I ABLIURY— D
Bl % & o msd CTHPL L 7o iR 2 R L7z
% 72, Proteinase K RELIZH 3 ZMPED 8BH 7Y
F vy N HEABOMEERLIZERD,
PSPIZEETVF 7 VNI EDETFNVERD
BHEDOEMIIE o7z, PSPEEEE L TRE
TN IR T ARG T DEEHRE AT ) —=
YT LTRER, HAMORMME S WY A EEE

(FTVAF—B)BRET) X V5 287 %5k
TAHIEEHLMILY,

—F, V=t —TVORIEIRRr—I 7L LT
ERSAER SN S, EU TIREBRMICBSEAE
NERLEFDLZEFHERINTHE Y, IICHA
FRCBSERBEDVHR I NS, BOREITHE
B e 5252 125 5Y, AIgeTlE, M
T F—EOUEEZHLONITHE LB,
RERERRr — v v 7ML BRICEAL, KK
=Y TORET); T EH DS OEL
BRATCEe AZ VA C—HEKDRET) F ~
N E BRI ET N =Y 0 72T
FF—ETRET S L, bIFPIHTERE)? SR
WA 8y B EBRIMBRALITICE TEL
TEALIERWHLNII LI, £, 7UFTF—F
BEBORET)F 7 S B L TE B
JTRL, ¥BEas -7 OROHBMN Ly —
UM LT REETH D LWL ISR
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720 WETA—RA LT T CTHMOBERD 1
Eh, V—t—VOREBRIGH I NDY, B
FEOWEESH E D IZHEITH 72728, Lo
BTr—y Y MLz E V) BESHE S I
TWwh, £2T, 7V F—BIIHTLHER %
REGEMEMIVRKR LA, ==k
D7) A F—EHEGEZAET S0 FEK 12
kDa ® % Y 7 PR Wil g iz, ZoOES
Y237 BI3100°C 204 ImER LT b F o fERE
RN THBY, WEHMEZ AT L LWL H
IZE&NTze RIFZETIE, KHES 7 HOWE
DWW THRES L7z,

2. 7 &

2.1 KITFIEPSPORE BB X Ok

WK % 2 F5 3 0.25 M sucrose (50 mM Tris-
HCI buffer pH 7.4, 25 mM KCl, 10 mM MgCl,)
THEFFAX, Ibary Ny 7LEE PMS) %
720 PMSIZ60% #3535 1 % A% IR BE 5 %12 7%
HETMATHEEL, 080,000 % gT105H
L7z oMz BIFIC MY 7 o ofEiR % ik
BRE25%\27% 5 £ 9T, #EOMZ Lo Tikk%
EILL 720 WEBERE T2 b I2X 5T 3 mPEHL
TotRREIR UTzo WM L7200 %2 0. 9% MERR 12 T
L 7z #0.1 M sodium phosphate buffer, pH 7.3\
T—WpENT L7zco BIZENT L72S V87 Bl %
30~50% fit % 43 Wi L 7z L B % 0.1 M sodium
phosphate buffer, pH 7.3lZ & % L 72 #, [ U
bufferT#E M L 720 E A, ¥ ¥ 7V ZCM-
sephadex C-25127 75 4 L, i1 W45 124G 3
PSP b 7zo wefRIZ, f#HN7ZPSPId Y T A
Y 7uy T4 Tl EoTHERLZ. Thbb
& 87 B W5 % SDS-PAGE., 7V ED s %
JExz=botnruo—ABEICEE L, PIPL-PSP
Pufk % T PSP O#eth 2175 72,

2.2 VA F—EORR

K5 Hb 210,000 X g T3045 [ .0 %, L35 250%
BN & - TH M L 720 10,000 X g C15%5 [ 35
L% & N7z B % 25 midDbuffer A (20 mM ace-
tate buffer containing 2 mM calcium acetate,
pH 6.0) T L7, [ Lbuffer T—BuEHT L 72,
ENT%, buffer A TH{L L 72CM-Sephadex C-50
#F 2T T T4 L05 M NaClx & LBl T
W L7z H L7249~ 7 %Sephadex G507 F
LITTIAL, Boh-EsEBREEEL L,

2.3 ==y HT Y& —EHEm > OHIH

BEHLY v/ = v = 7 5% 5 55 00.05%
L-7 22 V¥ Y E&4 50 mM Tris-HCl (pH 7.6)
THREYFA AL, 14,000 g T20% @0 L7z,
FiE%80% WL s L, 14,000 x g T20%5 s
L7z. #5172 B %50 mM Tris-HCL(pH 7.6) 12
PRER L, —MuEHr U727 14,000 X g T207) [ 5
LLTHELN By T e Lice 20 Rk
Z 100C T204 &L L, 14,000 X g "T20%5 fH] 55
LLTEEZR, Zhemsy s Frve L

3. BREZE

3.1 VA F—XHES XX EOEGT 3
J BRI

=Y =7 OM#Y 7V % Native-PAGEIZ &
STHHEEL, BRY ORI E 2Rl BRY N
JEONKmT I /BB AT I By -7 v
P =12 & Y fENT L7245 5%, GNILMNDEGLYAGQ-
SLER L7z BT —F RXR—AI2 L 0 FEfick
L7, WHSRL 7~ LD TR
xR L7z (Table1)o

3.2 TUAF—YHES 7 EOHFER
Wy TV EPURE LTHY, i)+ —
YIES 87 ke ER L7z, SREEWICIE
THEFE v, 2 8B &I 3 EEREERTTo 720
RBEOBEMEL D 1 EBRICRINLZT, HULEE
Bizo TTAZ 7Oy T4 Y TEICL ) RHE
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Table 1 N-terminal amino acid residues of Prionase-inhibitor

and Plants

garlic inhibitor'
neoregelia lectin®
snowdrop lectin*
shallot lectin®
twayblade lectin®
arum lection®
garlic lectin®

10

GNILMNDEGL YAGQSL
DNILYTNDKL SGRQSL
DNILYSGETL STGEFL
RNVLVNNEGL YAGOSL
SNTLGGGERL NSGESL

VGSNYLLSSETL NTDGRL
RNILTNGEGL YAGQSL

*Data are cited from the paper of Yagi et al. (1996).
'Extracted according to the method written in this paper.
‘Extracted by the method of Yagi et al. (1996).

inhibitor

dilution of 50 100
serum

200 400 800 fold

Fig.1 Western blot analysis of Prionase-inhibitor isolated from garlic.

PSP

Prionase -
inhibitor -
antibody (uL) =

S—
- -+ +
- 0.1 1

Fig.2 Effect of anti-Prionase inhibitor antibody on the activity of Prionase-inhibitor.

y o8y B ORI L7k, IEIZHE S 23
7 e RICEM L (Fig)o. HIZ7 ) 4
F—ERHEE I AT TP QR R 2 RE L7
FEa, PUMFIC L D7) & F — BRLEG M EH]
shiz (Fig.2).

3.3 Lo F U HiMECE AT ) A —EE

C AV A (oL

T A F—YHES V7 HIE, FETY—K
FIZXY LI F o THLMREIREN TV S,
ZI T, Yagietal DFE - T=r =7 LD
W L72Vv o F Y ERAES YR OG5 T EDB
L ONEKUG 7 I 7 BeECAH & i L7 (Fig3). €
OFER, FkOGFRERL, F72, NKmAY]

H RNILTNGEGLYAGQSL & %) ik sd THBL L 72
iy &R L7z (Table o 7Y 4+ F—EHES ~
N7 AHME =y = 7 HkDL 72 F
eHREBEL, =V IHROLIF IS FF—
ViitE %2 HE L2 (Figd, 5. 25 DHEHRIZ,
TVFF—EHEY VNI ENR LI F U THDB T
EERREL TV,

34 ZVZIIIBTIALT)AF—EHESY ¥

237 BFEBUERAL DRERR.

SV DEMRRICBY AT ) A F—FHESY
YR BDOFREMIZOWTHRE L, = =2
DR, ERARHLGES, ERARATES, 2745 MCHEIC
DWTRRET L72#E R, BRSNS R D BiRE O
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1 2

Fig.3 The molecular weight of Prionase-inhibitor and
lectin isolated from garlic.
'Lectin extracted by the method of Yagi et al.
(1996). “Prionase inhibitor.

1 2

Fig.4 Western blot analysis of lectin isolated from garlic.

Anti-Prionase inhibitor antibody was used for

western blot analysis. 'Lectin extracted by the
method of Yagi et al. (1996). *Prionase inhibitor.

T FF—EHRES V7 EWHEET D 2 L2
LRI ENT, 72, HBRPLEICIEDT 2 TH
BERETIFF—EHES V7 BB S,
MWOMBEZODVWTIERHBERALTTH o 72
(Fig.6) o

4. % 0

BT F YRR T ) A F—EOEEEZ
EFTLY NI == LD RVWHL, 20
PEE % WET L7z NoRdm 7 X/ BRECHIIEGNILM-
NDEGLYAGQSLTH» Y, L7 F v &mniF
BRLTze == X)Ly FUEG R,
T FF—VHEY G EWE R IR L7

PSP
1 & IJ
0
Prionase - + + +
inhibitor - - + +2)
Fig.5 Lectin isolated from garlic inhibits the activity of
Prionase.

'Lectin extracted by the method of Yagi ef al.
(1996). “Prionase inhibitor.

inhibitor
root inside outside leaf stem
bulb
Fig.6 Distribution of Prionase-inhibitor in the tissues of
garlic.

B, TR, NEE7 3 7B & ISR TH
AL 7245 R ER LTz T/, TUAF—EHES
YRTERT AYiRE= v = koL s F v
BEGRL, VWOV IF T ) A S —
EoOFEHEHELL ChoDHERIZ, 7L
F—YHES RTEN LI F U THI LRI
BLTWwWb, =v=27HIZBIFA T+ F+—¥H
EY N7 B O R LR, BROSH
B RIICHAET B 2 E WS E N,

X
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wEHZLIC RIT T HBHOREIZ DN T
Effects of Curing Agents on S-nitrosylation and the Amount of Meat Proteins

EE A
(A B2 e )

Jun-ichi Wakamatsu

(Hokkaido University, Research Faculty of Agriculture)

We examined whether the curing agent affects S-nitrosylation of meat protein and
the quantitative change in meat proteins after curing. The degree of S-nitrosylation in
meat proteins was different among proteins. S-nitrosylated proteins were detected in
control and there was no difference between the amount of S-nitrosylated protein in
control and in the other three experimental groups in addition of curing agents. There
tended to be few S-nitrosylated proteins in the nitrite group and high molecular S-
nitrosylated protein were existed in the experimental groups added nitrate (nitrate group;
nitrite & nitrate group). The amounts of fifteen proteins were significantly changed after
curing with different curing agents. Nitrite contributed to the change in the amount of
protein after curing more than nitrate. All fifteen spots in the nitrate & nitrite groups were
changed more than 10% as compared to the control. Since none of the protein spot was
identified, further examination will be needed.

1.8 ®

AARGOMLIIBWT, Baflidfaifods
2T L, RO, MMREROBRIEH, K
V) XAMOEFRMER ESHREEEZALTY
%o FEfAl & L Ch AR M Al R A — B 9 1 A
Eh, HEEPICEAE L -BLEENIA s nY
vo(NL) EREAELT, RERERO= oY
Vit ruvrdEksng (FAE K, B
W5, AR5 2005) . —F, —BLEREZT7)—F
TANTH D LRI, BLRRTEZT5HL,

LICUGHICE G L mehTBY, HET
&, MEOIREHP 077 =YD 7Y
T RBRE, IR 351 B M E R 7

&, —BbERIIERICBIT B EEL AR
AT EPHLNICRoTWE, T72, —BML
BEVI N IEOFF—NELEAELTS = b
oy FF— (SNO) #EHL, ZHS=tay
WML B DR R R BIRB B & LT,
WM, Y7y v rhEICMART 2R
HiThrZedbMoNTWAH,

NSO Ens, EREMIIBWTD K
WCREL—BLERIE, 3470 s
BT TERL, MOLEOWELIBEAETHEEZ
bNde EHI1C, —BILERISREEHMEEH
L, WSOPDERBREZHEET LI LT H
=22 LS HES ST & (Kim, Zamora,
Petrosko and Billiar;2001) >’ 28515 CTw5b, =
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D=, BWETOY v BOSRM R 2D,
FEAOFERPHFICL VR LN SH
%o FEBRDWALIZ KT T KRR, & FRIIIM
H SN —RALEF AR L RITT & v ) |
HBHHDD (Warner, Dunshea, Ponnampalam, and
Cottrell;2005) ', $EHHHIIFEA L —MbE RIS
B3 aWEE—tewv, £/, ¥ 7 HUASD
— byt d, ARRSICZBT 5 EAEO
A GRBEORKREEZ SN0, 3L A EHE
ENTWRV, FEANOMAOMHEHIL, HiE
O ORE R & FRAF MAS A o il 460 1 i
OBE,S, BRMTECBL T I hTwn
B, W7 L —/N— OO 72 DI A IEA
WRTHDEFRTHHEME DD, L Lad
5, TORKRZOWTHREMITIEHH S LT
WL, MEHOMEIC L 2HEEORA S ¥ 8
JEHDERZOWTHAHDEETH L, 512
FIAueryPAo= ba Y bE oRER,
TR O A EMEO R DTN 72315 BURZFTH
L, BREENOFEGHOLEEDFIHO 5%
HX 5205 Lk,

< 2 CTANIFETIE, Biotin-switchi % Hvy TH
% BIEA T LIS = oy fb Lz ¥
YRTBEIIOWTHERET I E, 51T
AN OFES X U2 2EEANC L VIEE L
BA Y ¥ 7 BORMEE BRI T 1
77 LY AT VELKE) (2D-DIGE) (2L DS
MCTTHIEICEY, HEAOMBEICLY, AR
F NI HBED L) B BEEZT TV L OO0
A Ll7,

2. 7 &

G ALK & A5 A AL AR 2 B0 B L 72 W o = A
(=) 28 3cmMAICY D, AIE25% & 5%Mm
A (BA01% DA (FEAX), HANEEN0.01% D A
(HEAEFRIEIX) , 70 & TR FH0.1% B X O s e

0.01% (A & MEAMEEIEIC)) ZMATX CRAL
7oo MBRIZEHEDO A THEHE L7, HEHE X

CRE L7, BFEAEBEIIANTEEUIEL,
4CT4HE (R9o6keR) ik L7z, HWIE LK
WazIvFL, 100mgkT 70y REIFAHF—
WCERDHLY, ImiDH > T IVERRE (30mM MY A,
TMIRFE, 2MF 4 R, 1% CHAPS, 1% NP-
40, 1% DTT) =Mz T, & v % B L 72,
ELLEE (50,000rpm, 30477, 4C) Z4Tw,
o7 B %2D Clean-up kit (GEANV AT T
NAFH ATV R) ZHOTHE Lz %2
Tk Lic,

S tra v ik y v Hombig S
Nitrosyl Protein Detection Assay Kit (Cayman
Chemical) Z HHWTArTo720 SS= ba v vidk%
HRPEEH#E L 721%, DTT20mM, WtEHAEk (77
WV<J 4 FpH3-10, GENVAF TINA FH 4T
YAR) W05%E BB EIHITHMLT, —XKHE
KUK 7L F ¥ A% )V (Immobiline DryStrip
pH3-10 NL, 7cm, GENV AT 7N, FH 4 T~
A) EIPGphorlll (GENIV A TS A F 4 v
A) EHWCHEERBERKB Z 0 L7e (K
101K [, 300VC 4 IR i, 1000VC0.3k Vhrs, 5000V
T 4 kVhrs, 5000V C2.0kVhrs). %% B KED
R, BEHIISDSPHALLEL, 5787 Vv (125%)
TSDS-PAGEZ 70726 T AF YT UV T4V
JEZED = totkro—RAREICEG L, K
V— S§A T VX O R T o720 ZDH
S-= ba ALy Yoy B bEsots: (I
IUVL, FHIATAZ) XD L7

FOROFMELTMEISL DS V87 HORD
AROBITHEOE# 2 KT 1 77 L v v b
TV R IKE) Y (2 D-DIGE) (Tannu and Hemby';
2006) * T47 o 726 2-D Clean-up kit THi¥E L7249
¥ 7V %CyDye Fluor TRk L 720 4> 7TV
LERTOREG LD R NEMERE L LTl L
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Fig.2 Quantitative differentiation of meat protein after curing with the various curing agents

= BRI, —RICHESKIH 7L F v A b
VTOHEERELIKE), 7% 5 CIZSDSTH LA
B HE OV (125%) TSDS-PAGEZ1T->72. €
D%, 1l HIZTyphoon Trio (GENWV AT 7354 A4
P4 A) THEEEME L, DyCyder2DV 7
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Table 1 Relative amount of meat proteins in meat cured with the various curing agents

Relative amount of meat protein

No.

1 way ANOVA

Control Nitrite Nitrate Nitrite & Nitrate
137 1.00£0.08 1.12£0.06 1.02+0.05 1.14%0.07 0.046
138 1.00£0.10 1.10+0.05 0.94+0.03 1.14=0.04 0.013
140 1.00+0.06 0.92 +0.04 0.96 +0.07 1.14£0.09 0.013
249 1.00+0.07 0.94+0.08 1.01£0.11 0.86+0.03 0.043
273 1.00£0.07 1.07 £0.06 0.94+0.02 1.10+0.01 0.044
331 1.00£0.08 0.81+0.03 0.70=0.02 059+0.01 <0.001
342 1.00£0.11 1.03+0.05 1.09+0.07 0.89+0.09 0.032
355 1.00£0.09 1.06+0.11 0.94 +0.04 0.84=0.03 0.011
369 1.00£0.03 1.24+0.05 1.12+0.06 1.11+0.04 <0.001
379 1.00 £0.08 0.76 =0.03 0.93+0.03 0.86=0.03 <0.001
465 1.00+0.04 1.15£0.07 0.94£0.02 0.89=0.04 <0.001
483 1.00£0.15 0.69+0.02 1.00£0.05 0.73+0.06 <0.001
503 1.00 £ 0.06 1.12+0.10 0.97+0.08 0.89+0.10 0.025
526 1.00£0.05 1.70£047 1.13+0.08 1.40+0.33 0.017

Values were shown with means = SD.
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The Correlation between the Texture of Meat Products and the
Physical Properties of Heat-induced Gels of Myofibrillar Protein
¥ OB B — ®o o Ek
(BIRKEREE)

Seiichi Haga and Toshiya Hayashi

(Meijo University, Faculty of Agriculture)

In order to verify whether physical properties of heat-induced gel of the myofibrillar
protein (natural actomyosin : NAM) is reflected by that of model sausage, the physical
properties and microstructure of both samples were examined.

As the result, it was proven that there was the high correlation between physical
property of sausage and that of protein gel. The differences of micro-structure were
shown by difference of heating temperature. Especially, the model sausage and heat-
induced gel of NAM by retort processing showed the characteristic structure. And then,
it was suggested that values of physical properties of heat-induced gel were decreased by
forming aggregated-type gel. In addition, the microstructure of heat-induced gel of NAM
was digitized by image analysis, and then we tried multiple regression analysis of image
analytic values and physical propery values of heat-induced gels. As a result, it became
clear that breaking energy, rupture elastic modulus and syneresis rate could significantly
estimate from image data of microstructure, and that physical property of protein gel
was controlled by continuity of the filament and minuteness of the gel network.

1.B ®
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Table 1 Changes of physical properties values of the sausage and natural actomyosin by heat treatment

— 65C *1 75C *2 85T *3 95C *4 120C *5
Ave.£SD Ave.=SD Ave.=SD Ave.=SD Ave.=SD
Instantaneous modulus (10°Pa) 270+x032a 270x07l1ab 236%036b 1.82+0.23c 229+0.38 b
Retarded elastic modulus 1 (10°Pa) 1.02+076a 1.00£024a 119+010b 078%0.08c 0.68=0.09 d
Retarded elastic modulus 2 (10°Pa) 1.10£0.15a 1.06+x026a 119+010b  092%0.09 ¢ 087010 d
Coefficient of retarded viscosity I (10°Pa-s) 973+1.03a 943+226a 108+103b 7.62*081c 651077 d
Coefficient of retarded viscosity 2 (10°Pa-s) 133027 ab 124=033ab 140+x024b 1.18%0.22a 1.01+0.26 ¢
Newtonian viscosity (10"Pa-s) 625+06la 660+x164a 751+045b 518%056c 478+045 d
Hardness (10°Pa) 263+023ac 281+014b 264%=0.17ac 273=022c 259019 a
Cohesiveness 0.15+003b 018%0.03ab 016+003b 017007 ab  020+0.09 a
Gumminess (10'Pa) 394+0.80 b 587090 a 410+0.80 b 4.67+221 ab 448+0.87 ab
Cooking loss (%) *6 1.34£0.15a 297+021b 334+024b 972+046c¢ 1392+088 d
Water holding capacity (%) *7 63.8+029a 646%£043b 662+033b 627028 ¢ 59.8+051 ¢
. 65C *1 75C *2 85C *3 95C *4 120C *5
NAM Heatinduced gels Ave.tSD  AvexSD  AvexSD  Ave+SD  AveSD
Instantaneous modulus (10°Pa) 242%x020a 350+030a 376+032a 259*021a 0.80*006b
Retarded elastic modulus 1 (10'Pa) 090+0.09a 1.05+008a 092+007a 072%005a 015001 b
Retarded elastic modulus 2 (10'Pa) 1.38+0.19a 223%*048a 1.78+047a 163x034a 030+0.02b
Coefficient of retarded viscosity I (10'Pa-s) 949+185a 967=1.05ab 826+x108b 541+x084b 153%0.13c¢
Coefficient of retarded viscosity 2 (10‘Pa*s) 1.82+0.39a 510+250a 295+147bc 146%=057 ac  034=0.04 b
Newtonian viscosity (10°Pa-s) 700£050a 657=044a 580+042a 500+£037a 099%058 b
Breaking energy (J/m’) 394%4] a 342+55d 530%57 ¢ 476 £57 b 85*23e
Modulus of breaking elasticity (N/m®) 222*30a 4836+6.0 ¢ 333+42b 316+32b 11.3%£1.3d
Rate of released water (%) *8 509+1.1a 56.4+14 ¢ 59.7+27b 57218 bc  777x16d

There is the significant difference (p<0.05) between different alphabetic characters in the same line.

n; %1 (16), *2 (17), *3 (16), *4 (16), *5 (19),
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WMBRSAEASBLE OIS, $hbb, KT

*6 (10),

#*7 (20), *8 (6)
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120CHn# s vix, 65~95CHZE (1 C/min) T
WP N Insr v &g 5 &, 13IZTRTO
WikA A 2 (p<0.05) KW EZ/RL, ADfEK
O TE L b2 EDBHLERTH 5720
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Table 2 A correlation of the physical properties between sausages and heat-induced gels of NAM

Model sausage

. Retarded  Retarded  Coefficient of  Coefficient of ; . Water
Heat-induced Instantaneous . . Newtonian . . Cooking .
gel of NAM modulus elastic elastic r.etan.ied Fe[aryded] ity Hardness ~ Cohesiveness ~ Gumminess loss holdu?g
modulus I modulus 2 viscosity 1 viscosity 2 capacity

Instantaneous 0.751 0.946 0.945 0.944 0.929 0.883 0401 —0.636 - —0.997 0.956
modulus -

Retarded 0.841 0.883 0.883 0.881 0.867 0.802 0432 —0611 = —-0.995 0974
elastic modulus 1 =

Retarded 0916 0.769 0.759 0.761 0.701 0.719 0.716 = - -0927 0.843
elastic modulus 2 -

Coefficient of 0.801 0.867 0.871 0.868 0.878 0.762 - -0.723 - -0978 0.997
retarded viscosity 1 _

Coefficient of 0916 0.586 0.591 0.587 0.604 0438 = —-0.591 = —0.841 0918
retarded viscosity 2

Newtonian 0.766 0938 0.933 0.933 0.896 0.897 0527 -0514 —-0.987 0.908
viscosity

Breaking energy 0.564 0974 0.967 0.969 0.923 0.981 0.492 -0.467 -0915 0.791

Modulus of 0452 0911 0.899 0.903 0.832 0961 0577 - —-0.806 0.631
breaking elasticity

Rate of -0.853 -0857 —0858  —0855 —-0.849 -0761  —0.394 0.637 0987 —0.984

released water

A coefficient of correlation ; P<0.05 (n = 27)
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A scale bar;5¢4m

Fig.1 Scanning Electron Micrographs of sausage and heat-induced gel of NAM
A and B, The sausage and heat-induced NAM gel were heated at 75C.
C and D, The sausage and heat-induced NAM gel were heated at 120C.

Table 3 A correlation of the image data between sausages and heat-induced gels of NAM

iteml item2 item3

item4 item5 item6 item?7

A correlation

coefficient —0.381 0.513

0.996"

0.919* 0.684 =0.773 0.201

[**], p<0.01 ; [*], p<0.05 (n=5)

iteml ; Ratio of cave area to all processing area,
item2 ; Ratio of total surrounding length of cave territory to all processing area

item3 ; Average area of cave territory

itemd ; Average length of surroundings of cave territory

item5 ; Oval degree of cave territory
itemb6 ; A center of cave territory
item7 ; A form facter of cave territory

HMIFEZ, BEEDGE AT & 0 WA S Pk o
HesE % A 72o Table 3ICAHBMEIC DWW TR LT
A, item 3, 4 IXBWTHERL XVOHE LM
M2 RENTe T2bb, item 3 (ZEAMHIED
FEIERR) B &L O item 4 (ZE IO T JH )
BT B, FigllZR$ X5 %, 22iiHiR
(RHD) OKRE SRFARWAIEL T, WH LD

WINEREE DS B3R 2512565 T, ERIRT/hS 222
I AL % FAAET DG & 7 o TRUBEME & IR
T55DTHole —H, 120CMALIDH; 4
&, BHECKE RERESDSHAT 2HETH S
Z EAUREN, MR N E N DHSstrand-type &
aggregated-typeD 7 VA E TR ENH 2 & T
MM EZEO b D LHEESND, DX I,
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Table 4 Multiple regression analysis between image analytic values and physical properties value obtained from

the heat-induced gels of natural actomyosin.

item1 item2 item4 itemb
Breaking energy (J/m®) 059 (X1) -041 (X2)
Modulus of breaking elasticity (N/m?) 0.77 (X1) 021 (X2)
Rate of released water (%) -0.68 (X1) -0.26 (X2)

Contribution rate (%)

Significant level ~Multiple regression equation

Breaking energy (J/m®) 62.76
Modulus of breaking elasticity (N/m®) 63.41
Rate of released water (%) 81.38

p<0.01 Y=38.20X1-1.02X2 - 1186.61
p<0.01 Y=5.00X1+88.88X2 — 383.76
p<0.01 =-271X1-1.79X2+226.10

The upper table ; Selected items for calculate each physical properties value and the standard partial regression

coefficient.

The lower table ; Calculated contribution rate, significance level and multiple regression equation.
item1 ; Ratio of cave area to all processing area, item2 ; Ratio of total surrounding length of cave territory to all
processing area, item4 ; Average length of surroundings of cave territory, item5 ; Oval degree of cave territory
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Muscle Protein Degradation in Pork Meat Fermented by

Psychrotrophic Lactic Acid Bacteria

ORI - AR MR - NI R - R -
IR B, AR B IR L)

Toshiya Hayashi, Shingo Waguri, *Yukihiko Ogawa and Seiichi Haga

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

We examined muscle protein degradation in cured pork meat that was fermented
using psychrotrophic lactic acid bacteria.

The amount of salt-soluble protein extracted from fermented meat was significantly
lower than that extracted from non-fermented meat. SDS-polyacrylamide gel
electrophoresis pattern of a salt-soluble protein fraction from the fermented meat showed
that the band corresponding to myosin heavy chain and «a -actinin disappeared, and the
intensity of the actin band decreased after 10 days of fermentation. On the other hand,
the peptide content of the fermented meat showed a significant increase after cold
fermentation. Almost no change was detected in the protein distribution and peptide
content in non-fermented meat. Furthermore, it was observed that the extent of myofibril
fragmentation in the meat sample increased on fermenting with psychrotrophic lactic
acid bacteria at cold temperature.

Therefore, it is possible that the protein degradation behavior of the lactic fermented
meat is closely related to myofibril fragmentation.

These results suggested that the lactic fermentation at cold temperature can
contribute to the improvement in functionalities of meat products.

WO MRE (30~37C) &, AhHEREED

HEMEYORIEICHLBEL T 5720, Lh%e

VeSS DEDERALITHE Y, 2tk - FIEMCE ISR ZEAT L LT, KiRMmo
N-fm?, WEELZATLIAMOTFENEG L - FURW A Y — 7 — 2B L OFHT 5 Z Lok
TWwh, ARG, TTREENICOEHN D TEETHL, FE S, 16MEOMEIRM M
CHENAEGNTHL I EITMA, FLERREEEC K AT ARMAEALRFEKEZRAELTBY, €hb
LrEAOEHGERCYWE, SOICRESTN OWAERICOVTER - A{LEMEIRABEL < b
TF FERIHE) BRELEDPRCICHIRETE28 Vv 7 ALBV —F Bk 4 Y LE RS
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y—r—L LTS EERMAEME LTH WD Lactobacillus sakei TH V), HDO¥L XV T
BHABTFONL, LALeds, M aAR 4SBT 22 /ALY, oL s, &
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B/NFALERERAE (4 DLUT OB S % % i R
M) DEEZ IR (%) & Lo

3. BREEE

EHOHRAE LT BRI FLER A & iR
DLb. D-1001122W T, MALDIMSIZ & o Tl
KNI KRY — 27 Uy HBROY RS & 3R
S L2216 EO WD 9 5, Lb. D-1001
&, FR D TEBEDOLD. No3kNos5D 3 1Mk
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WO FLEE A b FEIE H B0 RE PR BN
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Fig.1 Changes in lactic acid bacterial counts (A) and pH (B) during lactic acid fermentation of cured

pork meat at 4C.
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Fig.2 Changes in the extractability of salt-soluble protein from cured meat during lactic acid

fermentation.

The data represent the means = SD of four independent experiments.
Mean value with different superscripts of each day were significantly different

(p<0.05).

cRAKME L o 7o E R R BRRIFE O R B & W 2
Bsd 5 T e, KIRFEEIC X BEEES ~
N7 BOMMED BV IZE DA DEIZDONT
Wit 21T - 720 FLMEW 2 #efl L T 2 WIEREEX
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M ORI M % 8 U CTEDTIEd 5 ASEE IR 12
HHDIZH L, BEXTIE, WTIhoILBEEZ#
Fli L7234 D BEESEICHE - TR T 3 A8 2532

HHMN, FEIZ, FEEI0H B T K pH (4.92) %
R L72Lb. No.3HHUX A3 & I fii 2 7R L 7= (Fig.2).

DX HREICHED BN Y s B E
DEALIZ B G EACOFM % 5 72012, [H
B 5 %SDS- ARV 77V NVT I FFIVELRIKE
(SDS-PAGE) 12t L 7= (Fig.3). FM% i S 22w
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Fig.3 Changes in the SDS-PAGE patterns of salt-soluble protein from cured meat

during lactic acid fermentation.
M ; molecular weight marker
MHC ; myosin heavy chain

DFFN Y FAEIERNIN %8 U CHEIcEg
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72Lb. NoSHEREX 12 BV C, MMk X & ik
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TORTEHWATELVLEDEEZ NS,
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Fig.4 Changes in peptide content of cured meat during lactic acid fermentation.
The data represent the means = SD of four independent experiments.
Mean value with different superscripts of each day were significantly different

(p<0.05).
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Fig.5 Changes in extent of myofibril fragmentation during lactic acid fermentation of

cured pork meat.
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Studies on the Inhibition of Meat Discoloration Based on the Characterization

of Myoglobin Isoforms

Muhammad Mehedi Hasan - i b % - *89i% —3% - B0 &
wE A
(REUREF R B R E A R A0 7E R, T 4 79 4 =¥ Ak &4t)
Muhammad Mehedi Hasan, Shigeru Ikegami, *Kazumi Asaka, *Takeshi Sekiguchi and
Yoshihiro Ochiai

(Graduate School of Agricultural and Life Sciences, The University of Tokyo and *Ito Life Sciences Inc.)

Tt has been believed for a long time that one of the pigment proteins, myoglobin, has
no isoform, but the recent studies on fish myoglobin showed that myoglobin is expressed
not only in muscle but in other non-muscle tissue and that two kinds of isoforms are
present. So far, no report on the presence of myoglobin isoform in higher vertebrates is
available, but it is likely that the observation is true for higher vertebrates. This study
was undertaken to examine the presence of myoglobin isoforms in different parts of beef,
in relation with the discoloration rate during chilled storage. The parameters of color,
namely, L*, a* and b* values were measured during the ice storage of the water-soluble
extract. Generally, the a* value tended to decrease during the storage, while the L* value
gradually increased and finally decreased slightly. The b* value did not show a clear
tendency. The pattern of color change was specific to each part of muscle. The color
change was the fastest for the top side and the slowest for the chunk. SDS-PAGE of the
water-soluble fractions of muscle gave clearly different patterns. In addition, the results
of two-dimensional gel electrophoresis of the same fraction strongly suggested the
presence of myoglobin isoforms, and the ratio of isoforms was considered to be variable
among the different parts. Attempts were made to isolate myoglobin isoforms from beef
by a combination of column chromatography. Two isoforms were considered to possess
different isoelectric points with very similar molecular weight, resulting in complete
separation by ion-exchange chromatography. However, the oxidation rate of these
isoforms hardly differed from each other. Based on the present study, it was suggested
that the discoloration speed of meat is based on the myoglobin content and fat content
rather than the composition of myoglobin isoforms.
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Fig.1 Changes in L*, a* and b* values of the water extract from various parts of beef during ice storage. 1,
topside; 2, leg; 3, rump; 4, chuck; 5, silverside; 6, thick flank; 7, rib; 8, sirloin; 9, tenderloin; 10, thick rib; 11,
flank; 12, brisket; 13, neck. The values measured after 0, 3, 6, 9, 12, 15 and 18 days of ice storage are
shown from left to right sequentially for each part of muscle (1-13).
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Fig.2 SDS-PAGE patterns of the water extracts from different parts of beef. Lane 1, topside; 2, leg; 3,
rump; 4. chuck; 5, silverside; 6, thick flank; 7, rib; 8, sirloin; 9, tenderloin; 10, thick rib; 11, flank; 12,
brisket:; 13, neck. The letter M stands for molecular weight markers. 15% gel. The arrowhead
indicates myoglobin.

Fig.3 Two-dimensional gel electrophoretograms of the water-soluble fraction from each part of beef.

Top lane from left to right: topside, leg, rump, chuck. Middle lane from left to right: silverside,

thick flank, rib, sirloin. Bottom lane from left to right: tenderloin, thick rib, flank, brisket. For the

first dimension, Immobiline Dry Gel Strip (pH 3-11, 11 cm) was used. For the second dimension,

SDS-PAGE using 15% gel was carried out. Only the regions of pl range from 7.0 to 9.5 are shown.

Acidic side on the left. Myoglobin regions are encircled.
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Fig.4 Purification of myoglobin from tenderloin. Upper chromatogram: gel filtration using a Superdex 200
16/60 column equilibrated with Tris-phosphate (pH 7.0) containing 0.1 M NaCl. Lower chromatogram:
anion exchange chromatography using a MonoS 5/50 GL column. Myoglobin fraction obtained by the
gel filteration was subsequently applied to anion-exchange chromatography. The inserted figures are
the SDS-page patterns (15% gel) of the corresponding fractions (fraction numbers are shown on the
top of each lane). The letters M and S stand for marker proteins and the applied sample.
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Survey of Content of Trans-fatty Acids in Meats and Meat Products
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Satoshi Kawahara and Michio Muguruma

(Faculty of Agriculture, University of Miyazaki)

Excess intake of trans-fatty acids increases the risk of cardiovascular disease. Much
attention is drawn to the consumption of frans-fatty acids in the world and Japan, and
regulations or compulsory claims for frans-fatty acids are established in several countries.

This awareness of transfatty acids requires suitable methods for analysis of
commercial foods. However there is not any standard method for determination of trans-
fatty acids in meats and meat products. Therefore this study were carried out to develop
a precise and convenient method using gas chromatography and to determine the
content of trams-fatty acids in meats and meat products by a proposed method. The

results were as follows:

Trans-fatty acids in foodstuffs were successfully separated and determined using a

gas chromatography column, SP-2560, and an internal standard within 70 minutes.

Solid phase extraction using a cartridge column, Discovery Ag-Ion, prior to gas

chromatography improved accuracy in determination of frans-monoenoic acids.

Fats derived from ruminant animals such as bovine and sheep contained higher
levels of trans-fatty acids than those from non-ruminant animals.

However the

contents in animal fats was quite lower than those in hydrogenated oils.

1)
2)
3)
4)
trans-fatty acids.
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Fig.1 Gas Chromatogram of a commercial mixture of fatty acid methyl esters (FAME) on fused capillary
columns coated with (A) Supelcowax 10™ (60 m X 0.32-mm i.d. X 0.25 #m film) and (B) with Supelco
SP-2560™ (100 m % 0.25-mm i.d.* 0.2 gm film).
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Fig.2 Gas chromatogram of fatty acid methyl esters from a margarine sample.
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Fig.3 Gas chromatograms of FAME from a beef fat sample isolated by solid phase extraction
with a Discovery Ag-Ton column. A, saturated fatty acids and ¢rans monoene fraction; B,
cis monoene and trans diene fraction; C, cis/trans polyene fraction ; D, cis polyene fraction.
C23 : 0 was added as a spike FAME. Peak identifications are as in Fig.1.
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Fig.4 Gas chromatogram of FAME from a beef fat sample (A) and its trans (B) and ¢is (C)
18:1 isomer fractions isolated by solid phase extraction. Peak identifications are as in Fig.1.

Table 1 Recovery of trans fatty acid methyl esters in a margarine sample
using Discovery-Ag cartridge.

Amount of spiked/ Recovery (%)

Fatty acid Coefficient of deviation

g 100g™" Means (SD.), n=8
18 @ 1 trans 19.0 99.0 (0.3) 0.342
cis 105 99.1 (0.6) 0.637
18 : 2 trans 20.0 995 (0.8) 0.792
cis 2.14 99.2 (1.0) 1.00

TITv, R TIOmIo7E > 7R =ML
REW (75:25, v/v) THIBTAZLIZLD,
C18: 1 el o ERMARZ EEICHTHT 5 2
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SEOWD TR R L RITST, 205 DA
DHEIZBNTH, I UVAROIVZUEBEBLIY

M) ZUVBROERDVTRETH 572, EHIT, #Y
IRIGEE A F VT ATV ERWEHIZ AN, 7§ 5
ZEIZEY, BB L EREARIETE S
ZEDHL NI 57 (Table 1)s

3.3 HADEMTO T v ARHIBEEENE
AWFZENS THESL L 72T H AR VT, e o
MRERMFICEE END 5~ AR & & il
7€ L 724G R % Table 212783, N Ll & bk L
T, BARAEGO + T v AR &R I IHHE
AR o 720 EHFMEOREREL S, AFHA SEH

© The Ito Foundation



AR - BRREO N7 ¥ AN E A 63

Table 2 Concentrations of trans fatty acids in food samples by the analytical
method established in this study (mg 100 g™').

Total amount of

18 © 1 trarns 18 © 2 trans .
trans fatty acids
Beef
Loin (n=3) 20882 n.d. 208+82
Tallow (n=1) 20.0 n.d. 20.0
Thin skirt (n=1) 148 n.d. 148
Tongue (n=1) 74.7 n.d. 747
Sheep
Shoulder (n=1) 28.1 n.d. 28.1
Pork
Loin (n=3) 462+2.08 n.d. 4.62+2.08
Lard (n=3) 6.41£0.56 n.d. 6.41 +0.56
Chicken
Thigh (n=1) 5.40 n.d. 5.40
Meat products
Sausage (n=2) 7.04+0.17 n.d. 7.04+0.17
Bacon (n=1) 2.36 n.d. 2.36
Milk (n=7) 217+39 n.d. 21,739
Processed cheese 4558 n.d. 455+8
(n=2)
Natural cheese 135+117 n.d. 135+117
(n=5)
Margarine (n=2) 20000 %1410 21500 = 2120 41500 = 3540

Values are expressed as mean * standard deviation.
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Speed and Non-destructive Evaluation Methods for Marbling and Ether Extract of
Meat Regarding with Nutrition and Acceptability

A L IE I (EMEASEEER)
Masakazu Irie (Faculty of Agriculture, University of Miyazaki)

To establish objective, prompt evaluation methods of the marbling score and the
ether extract content for beef and pork, the image analysis methods with cheap picture
devices and software on the market were examined. The images on the 82 beef carcasses
at the two meat markets were obtained with a digital camera. Smoothing process was
done to four muscles by using image analysis software (Image-Pro PLUS), the fat area
was extracted, and the area ratio of fat to muscle and the muscular area were measured
in the image. The whole method that traced around muscle was compared with the spot
method that measured parts in the muscle. The 1-5 places of M. longissimus thoracis, M.
semispinalis dorsi, M. semispinalis capitis and M. trapezius were pulled out to the circle im-
ages. The cuttings of M. longissimus thoracis at 5-6 ribs and 1/2 body length were obtained
from 50 cross-bred pigs. The images for pork were obtained with a scanner. The
marbling score and the content of ether extract for pork were measured. Suitable images
of making to binary for beef and pork was obtained by the image analysis method
(especially, containing smoothing process) with small general-purpose picture devices -
a digital camera or a thin scanner. Correlation coefficients between M. longissimus thoracis
and four muscles were 0.69—0.73 for beef marbling. The correlation coefficients between
the whole method and the spot method were 0.89 —0.97 for beef marbling. The correlation
coefficients between the area ratio of fat to muscle and the ether extract content & the
marbling score for pork were 0.74 and 0.71, respectively, in the whole method. These
results showed that the image analysis method to exert one's ingenuity in processing was
a simple, practicable method of estimating marbling or fat content for meat, that a simple
spot method was able to substitute for the whole method for beef marbling, and that a
simple method with a scanner was a good method of estimating the marbling and fat
content for pork.
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Fig.1 a-d Image analysis of muscle area and marbling for beef cut (a and b, Whole method ; ¢ and d, Spot method). 1
a, Muscle areas surrounded in the green boundary line which was traced semi-automatically by image analysis
method ; 1b, Example of a red-rendered image of cross-section with marbling flecks on Fig.1a ; 1¢, Target area
of image analysis. The areas were selected in 3 and 2.5 centimeters in diameter for M. longissimus thoracis, M.
trapezius, M. semispinalis dorsi and M. semispinalis capitis ; 1 d, Example of a red-rendered image of a cross-section
with marbling flecks on Fig.1c.

Fig.2 a-d. Image analysis of marbling for pork cut (a and b, Whole method ; ¢ and d, Spot method). 2a, Target area
traced semi-automatically by image analysis for M. longissimus thoracic. ; 2b, Target area of image analysis, the
area surrounded by the boundary line which was traced semi-automatically in the M. longissimus thoracic, and an
example of a red-rendered image of a cross-section with marbling flecks ; 2¢, Target area of image analysis, the
area surrounded by three circle of 4 centimeters in diameter which was extracted in the M. longissimus thoracis,
and an example of a red-rendered image of a cross-section with marbling flecks;2d, Target area of image analysis,
the area surrounded by a circle of 5.5 centimeters in diameter which was extracted in the M. longissimus thoracis,
and an example of a red-rendered image of a cross-section with marbling flecks.
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Table 1 Simple correlation coefficients of beef muscle area between M.
longissimus thoracis, M. trapezius, M. semispinalis dorsi, and M.
semispinalis capitis by computer image.

M. longssimus

M. trapezius M. semispinalis

thoracis dorsi
M. trapezius 0.63
M. semispinalis dorsi 0.81 0.58
M. semispinalis capitis 0.72 0.55 0.74

n=_82

Table 2 Simple correlation coefficients of beef fat area ratio between M. longissimus thoracis, M. trapezius, M.
semispinalis dorsi, and M. semispinalis capitis by computer image analysis.

M. longissimus thoracis

M. semispinalis M. semispinalis

M. trapezius

dorsi capitis
whole 5spot 4 spot 3spot whole 3spot whole 2 spot whole
M. longssimus thoracis 5 spot 097
4 spot 0.97 1.00
3spot 096 0.99 0.99
M. trapezius whole  0.70 0.68 0.69 0.67
3spot 074 0.74 0.74 0.73 0.89
M. semispinalis dorsi whole 0.73 0.75 0.76 0.74 0.68 0.66
2spot  0.68 0.69 0.70 0.70 0.65 0.64 093
M. semispinalis capitis  whole  0.69 0.72 0.73 0.72 0.53 0.58 0.74 0.79
1spot 065 0.69 0.70 0.69 0.55 0.57 0.72 0.78 0.93
n=82
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Fig.3 Relationship between ether extract & pork marbling score and fat area ratio calculated with computer
image analysis of M. longissimus thoracis on whole area.
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