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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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12 5 81 60,000 2 4,000
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20 13 53 37,000 1 9,720
21 14 58 40,000 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.30 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. 2012

Koichi Ito

The chief director
The Ito Foundation

Hoiihi Ao
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Prevention against zinc deficiency by the use of meat component (s)

increasing zinc absorption in the intestinal epithelial cells

£ SR N
(RERR R 2 B R e )

Taiho Kambe

(Graduate School of Biostudies, Kyoto University)

Zinc deficiency is world-wide health problem and recent reports have estimates that more
than 25% of the world population is at risk of zinc deficiency. Hence a strategy enabling
efficient zinc absorption is of importance. In the intestinal epithelial cells, the zinc transporter
ZI1P4 (SLC39A4) plays an essential function for zinc absorption. ZIP4 gene is mutated in
humans with the rare, autosomal recessive genetic disease acrodermatitis enteropathica, which
is known as the only severe zinc deficiency. Exogenous expression of ZIP4 results in increases
of zinc contents in the cells, suggesting that a food factor increasing ZIP4 expression should be
a potential enhancer of zinc absorption in the intestinal epithelial cells. In this study, we
examined the efficacy of meat component(s) to increase ZIP4 expression by the use of the
rapid screening system using mouse Hepa cells. We prepared over 50 extracts from various
meats (beef, pork, chicken) using an aqueous acid or alkaline solution, methanol or ethyl
acetate, and examined their effects on ZIP4 expression. However, we did not find the significant
activity of increasing ZIP4 expression in any meat(s) extracts. We will continue to screen
more extracts after re-examining extraction methods.

Meanwhile, we established a novel system to judge the activity of meat component(s) on
expression of human ZIP4 using MDCK FLp-InTMT-Rex cells. The MDCK cells are the first
ones, in which we can investigate the efficacy of food component(s) on expression of human
ZIP4 because it has been difficult to establish the cells stably expressing human ZIP4. After
finding the meat extracts in the rapid screening system using Hepa cells, we will evaluate their

efficacies using the MDCK system.
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Zinc adequate

| Apical membrane|

PN

lysosomes

Zinc deficiency

| Basal membrane \

K1 Cartoon of the regulation of ZIP4 expression by zinc status in the
enterocytes. Left: when zinc is adequate, ZIP4 protein is not detected on
the apical membrane but is degraded in the lysosomes. Right: when zinc

becomes deficient, ZIP4 protein accumulates on the apical membrane.
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M2 Screening of the efficacy of meat component (s) to increase ZIP4 expression.
Mouse Hepa cells were cultured in the presence of the extracts prepared from
meat (beef, pork, chicken) components for 24 h. ZnA; zinc adequate, ZnD; zinc
deficient, Soy: soybean extracts. Total cellular proteins (20 ug) prepared from
Hepa cells cultured in the indicated conditions were subjected to immunoblot

ZIP4

analysis.
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K3  Establishment of MDCK cells expressing human ZIP4 to evaluate the activity of meat component (s) on the
expression of human ZIP4. A, MDCK FLp-InTMT-Rex cells stably expressing human ZIP4-HA were established.
ZIP4 expression is under control of a tetracycline-inducible promoter, and therefore the MDCK cells increase
human ZIP4 expression when cultured in the presence of doxycycline (dox). B, Expression of human ZIP4 is
regulated by zinc status. The MDCK cells (clone No. 1 in A) cells were cultured in medium containing dox for 24 h
to induce human ZIP4 expression, and then the cells were cultured in the presence of the indicated concentrations
of ZnSO4 without dox for 24 or 48 h. Expression level of human ZIP4 decreases in the presence of higher zinc

concentrations.
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Functional components sourced from bovine, porcine and poultry :

Comparative study on bioactive peptides. III

AN U S /N VN Ei NI R I
(BT K7 B3

Michio Muguruma,Daiki Kubota and Satoshi Kawahara

(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. The year before last, we
examined the antihypertensive effects by determining the ICs value of the three mentioned
species. Last year, we evaluated the antioxidative activities of hydrolysates of biceps femoris
muscles from beef, pork and chicken.

In the current study, the muscles hydrolyzed with pepsin, trypsin and pancreatin, 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 high antioxidant activity 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 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. The results showed that the meat
hydrolysate was composed with moderate amount of hydrophobic amino acids which might
contribute to the high antioxidant activity. The fraction with molecular weight lower than 1
kDa exhibited the high antioxidative activity.

We conclude that meat in the three species contain peptides that may serve several
purposes. Based on its remarkable ACE inhibitory activity and 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 nutraceutical compounds.
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HERE MO BRI oBICER L7
A, CHEREPEPRFEIC R o 2 EZRO—D &
bEZRObNbL, =), HRAANDFA 7AZ A VD
ZALIZHER G, AEEEBROEZESHEMLTEY,
EROEREANDOBEMIHmO TR RoTWnh, &
WIZRER Y v Hae BEICa A, T, $f£F
5 b & o TIE R TER 2 & ORI RENE 12D
WCOZEEIHED SN TnWD Y, Lal, &K
FA OB & SN L BRGE L 222813 £
DG s TR,

Z 2T, WAEEEEPEOLCHEKHO 2 ~ 347
oL 0EE, MIERBEOERE &% e
b o T B FIMLEAE D TP BT § S LA % 1
EBERIC K D MR L T L 72RTF FREWO T
YEFT Y EREER (ACE) OFIZL S
ESIE F B Rh R D W TG L 722 Z O
B, HROTH, KRB LOERE VT, Zh
S EMEE, FEBEORTY VBIUOMN) T
YT B LA, KA, TROIRIZACERR
EWVEAHIINT 2 2 LARED Sz,

S HITHEEREY, HAADIERE (2% D,
Z DOEMAHE N T B DA FEIE [ b ] F- o T
b, JFICEMEEEE R (ROS : Reactive Oxygen
Species) & IAEN 2 EHEOEHZEROSEIHET %
HEJ) % 5Bl 2 DURRA LIS TR\ S 3§ K1l AR
SRR T F Ko E % DPPH (1,1-Diphenyl-2-
Picrylhydrazyl) # & ORAC (Oxygen Radical
Absorbance Capacity) 12 & 0 MG L 72"

DPPHIEIC CIRAE L7245 R, SHERM Ty
N7 EELOng/mITB L F40 M b gy o
ALY R OPIERALIEEZ R Lz T72, BREEHR
53 FE 0 O S TN BE AR AR W S DU AL G P B L
zo B OEEICAHEETRD SN o7z,
BERI OB E D 51 )V 7 ¥ 2 ZIEBARE 06

LRES, V¥ FF v IZDPPHO KA SRR
TERVIZ RN LPILIETEZ R L7z, Thid
TN FA VB BOS D S PRI &
HLTWAITHE EEZ LN, T-AERNR
TFRBHN T XD BECIEEEZ R L7 B
LLTIE, BRIZEHSNGMA LXRTF FITX
LHFRETH 5 LW S iz,

—7%, ORACIEEIZTHE Lo R, #Rapdt
CIEF ISR VIR LIEE 2 A3 5 2 L SRR &
Nz HEERBTENSOMEICHAEEIIRD S
N o7zh, FIREDO AN I 2 v &Pl L -l
MO NT, SO X ) ITHAMIIEMEAH & g L 72
R CTREMERNMICEESIIRDOON L7z
A, ERZERET A7 I JERICEH L, ORACHE:
2 X B IRRALIEE ORI L E WA &, FRB X
OIRIA & A TIIPTRRILIE O R 2SR 2 b 2 &
WHOLNZ e 572 JRICHEERT I ) BITEWE
TG 2 R T Cys, MVKRMGEEE RS
TrpTH 5 Z EDREEI NI,

Z ZTAEEDOETIE, BEROXTF Fai
W57 I /BT F FOMMEICER LS
T VA WHFER OB E L 2R TF FO5M4
AL 720 T4 b HDPPHEEDL X ONORACH: %
v, 73 BERBALEER T D W THH
L7z T2 ReRkc, ARY VX278
BRI D & D X TF FREWIZBVWT LI
FALIE AT OHEE DS RETH 5 D il L7z
XHICANZEBRT AT I VeSO L, oHks
RBEICT I VBERAELTCEAMKT 3/ BRE
WaERME L, ChOoBRKT IV BREED LR
WARTF FREWOVRILEE: 2L+ 5 2 &
T, T X AU A S IR LIETERE e O g 3]
BETHLOPREL, 73/ BEEOSPRRILIEYE
WP OB ENIET B E G- 2 T 0T
L7ce TNHT I JBAKZ T TRART T D
WD S VA NVHEERSICERYED L L EZ ON
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52 LD, KRIEEOWIFETIIBUKYED % FIH
L TIRBAKPER T F FIRAEW B X O EBoK <7
F FREWZREL, ~TF Fomik s b
PEE OBRICOWT S ET &I 720
COXIIIARMROEME, EDLHI BT I
WBax G/ L72XTF RN, HHVIEEDL ) %ir
K EDORTF RHPROSOHEHER D0 %
MoENCTHI LD, BRY V87 BRERS
R OPEALIG R OHEE 2TV, XTF F2s
PR LIS VE %2 8B 5 7200 1S B 20 5 % TR
L, BRI FICEHBKL T 2 & Th b,

2. /7 &

2.1 FEERMEL

TROEREOSMEN (W - KW - HBA
WINS EERW) ZRSHEBRME L LTH
W7z,

2.2 BWY 287 BEEFHY (MPs : Meat

Peptides) D

BWHK S 87 B 7 F FOHBIILT
DEBYTH 5,

HHRELW O I ¥ F K50 g 1A /K100ml % 70
LT7—F7u+tvH%— (Panasonic MK-K48)
RT3, 2lAEYF A AL THHELL
720 T0C T30 A v F 2= &, TOKRE
YV h— b+ ZHCICpHLIZHHEE L, R R
~T Yy (1 110000) (FIOGHESEE T3 kR t)
2001 g iR L THAEL 2 23537C T2 KA >~
F a2 ~X— kL7, NaOH%Z I\ TpH6.8IZ %k 1L,
1045 s U721, B OlE£240C TR &
iz, EHICMY FY Y (FBEMIE T ERAE
) BIOXry v Fry (Hath) 2Z2heh
00l gimmML, FOHIEL %2°537C T 2 R A
V¥ aNR— b L7z, BICI05 WED Lk %
BN 28y BREFR Y (MPs) & L7z,

2.3 U2 EOER

FEE RO RN F » 87 B o % & 13 Biuret
BV E D To 7z Thibh, ¥ U8y BRI
L, 4455 OBiuretilE & il 2 TH i T30 H
RO & & 720 ROb W & B # UV-VIS
Spectrophotometer 2450817336 RT (RIGEE -
540nm) ([ZTHEL7z0 T2 TH LT T
FIZOWTIZUVIEEY 28 L, WEE1T- 72,
Thbb sy X7 HEWRD215nm O WOGE 2> 5
225nm TOWNEZ 2 L&, 144F5 L72R 0%k
iz s X7 B S Lz, WX ik MU
SOGEERT 2 L 72,

2.4 T3 EEGH

(1) #EdET I BRI O HR R

AT 3 BRIRAWAN IR CROGAtsSE T3/
Aath), BT I BIRGWBAE (RO T
EMREH), 1.26mM7 2285 F Vi, 25mM
TV I VW, 25mM MY 7 b7 7 VSR
ZFN1mlziRAL, 02M 2 = MR (pH2.2)
Tem%25mle L7z,

7 TV WERREIE02M 7 = v KR (R
Jehtisk T3pkal44) 200mlic02M 7 = v =
MU A TORENY (RIDGHEEE TR a4) 3
mlzinz, pH22% L7z,

(2) EEEET I BROHT

HHMPSIEELZ 3 % 2V kH 0 F Ui (1%
MR TR M) 2N, wEE T 1 R FHE
LT U7 8%tk $272, ZD%, 3000rpm
TI55r W@ L MEE 1T > 720 Ei5 %2045 um+t )V
O—AT7 YT —F ATV T4V Y (7 NV
T4y ZHE) THBRUGHREIE Lz, ThE
EHB) T I BRAHRE (JIC500, HAREFHRX
2t THM L7z,

(38) WK% T 3 WRITAT (MPs D K 55 1%

Lo THRONET I BOGHT)
R.J. Simpson 5 D FHFEPIZHEL, 4 MRA ¥ VR
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Wk YRR R 2T > 720 80% T8 /7 — )V Clil
H SN 7-MPs%& & Lifitk (CVE-200, Hut LR
etk att) ORI L7z, OB KR Ong
ZARBAEICRL, AMA Y Y AVEKVEE DG
M TEMRAAME) 1mlzmMA, 272K
L—%— (WP-15, ¥~ MRFEHRAaH) BL O
A ISR E (MUS10, Bt R pk &
) ZHW, HEBRENZEZRIRBICL, #HiF L7
v—hr7ovy2 (DTU-1C, #4757 v 27 #RE
) & v, 110C T24RERIINK 53 %2 47>, 35M
NaOH 1 mlZ &0, HFL, 02M 727 T ik
W (pH22) 8mlzxz, Y7 e Lz, 045
umEIVE—=ZAT7 T = AV TL VT AN —
WCTAML, STk E Lze Shae e BT 3
J BEGIHTRE T AT L 720
4) MY)TE77 ¥ (Trp) OE=R
MXK. Gaitonde & D/ #: I2HEvy, HFEAK O
Trp& Az E Lz, BREICMPs (XTF F
WIE20mg/ml) (BEFRALFEHE, 045 umt b — 2
TEF— AVTLYTA NI —THHELDL
®) 05ml, KA (= F1) »250mglc (FE
B :06MY =3 2) #HRIOmIZMZ7zd
D) FEAEB (= F1) »250mglc (F
M i =3 2) BWI0mlZmA7zd D)
05mlz iz, 10MEHRL, SHI23moT¥y
J—=VEMA, GHL. 5EEERNCTREA
&L EmE385nm, AEE B & & &AW 1X390nm
TWOLEE & JllE L7z,
LBTrpa = (uM) ITKROXTHEH L2,
Trp&fiw (uM)=(Eb—16Ea) 395+Ea
Ea : i3 A Z W CllE L 72O EE ol
Eb : f3EB % FvClllE L 72 WotE o fi
2.5 EWHKT I BREEY (FREMPs) ©
EE
MPs®tE#ET I 7 WAt B & VAR 7 3
S X VRIS N7 — 5 2 IICRRT

I HRREY (FRESMPs) &L 72,

HEHET I BT T — & I LA, 200
HOL-TI/BBIOAINV v (Car), T~
£ v (Ans) OBEX100% & LTRAL, &
BIZIX80% =¥ 7 — v E Tz F 2K % T
I VWA T =8 BRI LYA, 20O L -
7 REE100% & LTHRA L, EEIZIE80%
R i AV A

2.6 DPPHT ¥ IIViHFETEO M2

DPPHZ ¥ A VigEiEHE oM €k, DPPHSHE
WRBICHE LTI 72" Tbb, 400 uM
DPPH, MES (2-morpholino-etanesulphonic acid)
buffer, 20% % / — V& F&ETOMZ, RiK%z
TR L 720 IR Z09mIZEL, 80% L5/ — b
20 ule I E60ulinz, 205 RS S8
720 D%, BT NEMAZZNNHE D736
BERHZ THOLEES20nm THIE L 720 £72, 7
VoK HIZ, 02mM Trolox (Sigmatt) Z1filio
TEELLTHEL, RESI»LT Y TLO
Trolox#l 24 % i L 72 MES Buffer i MES %
KR L, NaOHTpH6 ICHE L7z 0
L7z

2.7 ORACH:Z & 2 HUBRALIG M 5E

(M) FEATEERE JLIH P AR SERT 78 ~ & — D ¥k
HEDEWLECHRLTWMELALYY, §4bb
96wellv 4 707 L — MiZ8l6nM7 VA L & A
Y&200ul, ¥ TN20ulEBML, <4707
L' — bV —%— (TECAN GENios Multifunction
FluorescenceVirginia, USA) 2 T37C Tl ¥
F485nm, LI R520nmIC BT B HOGREEE %
% L720 10531%200mM AAPH75 ulZ3mL, [
ST 25 MR T45mlE L7z, % 72ORACHH
13 Net AUC(Area Under Curve) = AUC sample-
AUC blank % FWV TR L 720 M rERIC 1%
Trolox (125, 250, 500, 1000 xM) Z=fliH L7z,

2.8 XRT7F FREWONA A F 212 X %551
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Bk ax M 757 4— (HPLC) 124D
5 Ci-AR-T (4.6x250mm) (FH T4 727 ZA#kK
&4t) O A T 2T, IKAMPsZ ik
BEWIZHDOWTHE L7, BEERIZIZ01% TFA
AT M= MY VERE Iz, ST ERE
WxBAZEE (DGU-14A, Btk 1@L, LC-
10ADRW AR >~ 7% H v, #i#05ml/min, A
w100 u I TIT - 720 XTF FOBKHIZIE, a3~
Yo —% =Tl s 7zMit# (SPD-10AVP,
Bivtt) v, Bl REIZ215nm T - 72,

2.9 %7527 varorvsmsiitks o

<~ NT T4 =2 X BT R DG

WA A 7 B THWM L7247 77 ¥ a0yt
4 Ai % TSKgelG2000SWXL (7.8 mm ILD. x 30 cm )
(Y —#%REt) X vsrEH 5L E2HCTH
L7z, EEERICIZ01% TFAEAF45% 7 € b =
MVOVIER = vy, 0.8 ml/min, EARE20 ul
TiT o720

3. BREEE

T3, MPsIZ&END 7 3 7 WEHPURRILIGTERE
FOPEIZENTZT B E G2 TV DONFHEL
720 TbHOBMPsOT I BBGH 247\, HHT G
RICEOWTT I VBREREGL, BRKT I VR
BAYW (FHEEMPs) 28 L7z, 522 hsd
THEMPs D HUIRALIEE % 37l L 72,

MHIicBWTHEB L KA MPsiX F 12 His, 3
MIMPsid 12 TrpH R O PR LG % 535 % )
REME 2GR 721 2 2 CTHIALIE o Pl 12 v
7-MPsOHEHET I 7 BB X O'MPs % K55 % L
THELDT7 I /B (ng/100g) %541 L7z H
HAMTEART I/ BOEVHRER SNz, Bl
T X BRHTIZB W THRICK & 238\ 13 His B &
UHisZHiRTF FThEAIN ) v, TrY
VERETHoT, His, V)T y, Tk
Y OFEFRIZFA, KA, BAMPsOIHIZZhE

Table]l The amounts of antioxidant amino acids in

hydrolysates of beef, pork and chicken.
Unit (mg/100g)

Antioxidant amino Beef Pork

acids Chicken
Cys 0.72 0.29 0.36
Met 743 4.63 5.33
Tyr 913 540 5.82
His 17.16 12.86 6.92
Trp 1.84 1.30 2.04

126031, 27742, 17234mg/100g THH, I
FTOWMEY OLBYEBLICKRIZE AN ¥
YUEEICETN, BRIZET ) Y PEEC
HENTVI, EHIETrpld b T NITERMPsAS
EBLIUOKEAMPsE DL EENTW, T/
MAKGIZ X > THEULT I ) W% G L7 iR
THFWMPsiZfio A & g L THis&r & 23K
{, Trp% % { GLEmD D - 72 (Table 1 ). MK.
Gaitonde 5 D HFETEWH O TrpEm 2= AL L7z
BRSO FEELRETIRONE» 72285, ThETO
b —H L CER MO RR L L CTrpz
ZLEH LTRSS Z & 2R L7,

MMIZBNT, 73 BoOIERILF
ORACHEIZTINT S 5 &, PUERALIIICIZE Tt 5
(ET) M kFEMYG (HAT) BIZKE L HHS
NoHZEZRLEZY, ETRIE XS 2 TlECys, 7
V¥FXy, tEEYZADLHICDPPHT T H
VRS, —ERH 7 Vvt L e s Y05
1% %100%KHE L, & 5K A 5 28I E DMK
TRy =V 2HOWEDI L EE ). HAT
W& 3His, Met, Tyr, Trp, #INV /¥ 0%
L, BREWIZ7IVF LA U5 EShTn ]
NG =V ZHOMEDZ L TH b,

WESE FE OB ZE TS L 72 X 912, TrpldHAT
WHICRDEELT7 I VBTHY, METHKRE
i ER RS I EAURIEE NI, MPsO 7 3
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Fig.1 DPPH radical scavending activity of beef, pork, chicken and amino acids mixtures reconstituted
according to the analyzed data. B:Beef; P: Pork, C:Chicken, FAA: meat like amino acids mixtures
reconstituted according to the data based on free amino acids, HAA: meat like amino acids mixtures
reconstituted according to the data based on total amino acids. TE: Trolox Equivalent.

JEEGHERE b ICHIsH RSP %<, Trpai
WENWZ EAIRENTZ EH S, BAMPsIETrp
DR RE VT 7HIBRALIETE 2 7R L 72 g
BEz LNz,
COEHIIMPsD & ) BT F FiRREHOH
BALIE AT ORB I KR TF FoT7 I VB
HMIKDSEZETH D WEEMEADH 5, 2 2 THHEMPs
DHEMET I B L OMAKGIRT 3 7 W% 5T
L, SHICFOMRICESWTHEET I VB2 R
AL, MPs%FRER L7z KIS, 2o &R
BEMPsAETIH TS & CHATIH WS OBt
YRR 2R3 O L7z,
DPPHEZEZ H 7236, FHERMPsE#ET 3/
BRRAW (LT “FAA” &3 (BFAA, PFAA,
CFAAZZRZNA - K - BAMT I/ BIRG
Y1) 1EBFAADE IR O % R L 72 DAY,
ETIHEEEIRB SN2 h o7 (Fig. 1), T7-0
B MPsIIK G # T X 7 BBRAEW (LLTF “HAA”
L (BHAA, PHAA, CHAAZZhZh4: -

WK - BARRT X BRIREY)) 1210~25uM TED
WWEER LD, Zhidd EoMPsk b bW
WTH o7z FAA" PETHERZ RS o7z
HpE LT “FAA” 13 "HAA” L HBL Tik
NHETHEMZ RS CysOERB D o/l b
("FAAIZIZB X Z005%, “‘HAA" ZiEB X *
02%DCysHEEFNT W) BEZ SNz, 72
MPs®J 2% “HAA" XD bHVETHEZ I L
72 HIE R T T VA O SRR K 505
P, FoRTF FEEIC X 2 HERREAME 720
REVEDSE 2 S iz,

EHIC HAA" OETIHEACysZZ T ICHK T
LD 5700 RET A DICCysiB, 74
H HBHAA, PHAA, CHAA @ -3 Cysilk &
(0.0215mg/ml) # B L, ETHHVE% 384 L 720
F=FZIZITRLTW AW, ZOERIE “HAA”
LD HEOETHEN: (BXZ80uM TE) /KL
720 $6o T “HAA” OETIHMEA Cysisi & 0 4%
WEERRLZ2BHIZ 7 IV BROBSERIEI 2R
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*p<0.01
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Fig.2 Oxygen radical absorbance capacity (ORAC) of beef, pork, chicken and amino acids mixtures
reconstituted according to the analyzed data. B:Beef; P: Pork, C:Chicken, FAA: meat like amino acids
mixtures reconstituted according to the data based on free amino acids, HAA: meat like amino acids
mixtures reconstituted according to the data based on total amino acids. TE: Trolox Equivalent.

T2 DT 37 BRI T OB R % EIHkS
LD EZ bz, oF ) "HAA” H9RL
TZETHEEDO KE /M ECysHE TH 5 LR S h
72

F72ORACHEZ w736 (Fig.2), "FAA™
BLO "HAA" IMPs& b b HEICHVIGTE%
AL, OB WIEIC “FAA", “HAA",
MPsk 72 o720 & HICHIRRILIEE ORI AL %2
AT HE FAA” BX U "HAA™ 13 F12His
FAROPURALIGME % 7R L 72wl e PEATE » &3 S
Nizo TNIEHBRILT I 7D %, Hishs
RLELGEINTVWAEZEIGER T EEZ BN
5o FEEMPsiE b & OMPs & 36, L 72 HisH %
O, 2 F ) EOWHATHEREZ R L. L L
BBLHIZT I VBERALZZTTIEIARRD
MPs& [/ Uitk 2 /R 2 L3 o 72 72451
“HAA" 13 "FAA" ofiREeET5L, XD
MPsIZ 3T WHBRALITE 2 7R L 720

X 5 ZMPs & T MPs O JrlE L i 1 % Heik
$ 2% EDPPHT ¥V H VIZIENRTF FikEE
AAPHHI SRRV A F T VT T A NVOHEIZIZT
IV EBBOREDNT T H N OW AR R BEINCH
% 2 AR N7z DPPHT 2% )WIZid 1 FiiE,
AAPHHIR DO RNV A F 20V T5 T A WITIE 5 FliFH
DT I BTV ANHEEIZHGT L0, 2O
O 38\ DI TR B MPs O £ 8 FLER R BT 5 LR
LIETEDZTH R W EE 2 bz,

VD EDFER D HRTF FIRGWO T I 7 WAL
PRI O U E ISR & B2 5 2 T
52 EDHERRTE e EMKGIRT X ) BT
38 28y BRI OHURALTE TER T D HEE
WCHHTE L 0METhrEEZ LN, LAL
BHOHT I BHEZT AT T FOPiRILiEE
WEZRETHENTIE RV, DLT I/ BBHK
72T DPURRALTE TR O E IS ST A D% 5,
CysZ K EZERVHRYETIHEZHB L v
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Fig.3 DPPH radical scavending activity of pork, fraction 1 and
fraction2. Fl:fraction 1; F2: fraction 2, TE: Trolox Equivalent.

EZAONDNLTH b,

Bift, DPPH#: & Hl v THk4 ZETIEME A2 A §
LY T T PO HEE - R I TWw 5D, Bz
X ¥ A YHEDLeu-Val-Tyr-Pro, Pro-lle-His,
Pro-Val-Leu, Tyr-Phe-Tyr-Pro-Glu-Leu®, ~ 7
a2 {1 i 3k @ Pro-Ser-His-Asp-Ala-His-Pro-Glu,
Pro-Lys-Ala-Val-His-Glu, Pro-Ala-Gly-Tyr, Val-
Asp-Tyr-Pro”, ZEPHEEIN TS, 2D X
JWCETHEWRBICER 27 I JBTHLLEER
LNLCysGAHDONTF Fidb T hIEshTn
e TNOHHIILRTF FOT I 7 BRELYIOFF
BUI N HKuICVal, Leu, ProZ EOBKMET I/
BxAL, CEIMlIPro, Glux AL TWwW5AbD
BE W, DF ) XTF FHPETHEEZRTEH
LAHERNO—2 L LTRTF FomMEIEG LT
WD REVED S B o FEICDPPH T ¥ A WAL BEKYE
DITIHANTHY, WEIETF FEDPPHT ¥
NV EDBAEICEHES L Tna0d Lhan?,

— HORACHE TH# S 7L< 7 F Fidd
F O HE SN TV RS, NEGA Trp-Tyr Thi
FLRTF FPEEERINTEY, FHFETR
L72& BYORACETEHWIEMEZ/RT TrpR Tyr
EELARTF FUEBVHATIEM 2 R 3 1 REMEAS

B, B2 XA AT —% Y87 HkDTrp-
Tyr-Ser-Leu-Ala-Met-Ala-Ala-Ser-Asp-Ile , Trp-
Tyr-Ser, Trp-Tyr-Ser-Leu, Trp-Tyr-Ser-Leu-
Ala® 7  EAHEE E N T 5,

WRIZ, XTF FHHRALEEZ B 572012
HELERTHHLEZOLNLXTF FOMgEE
TV ANVEEIEE DRIFRIZOWTIRA L 720 B
PRI TF FOPIRAILE M 2 FEB T 2 72D H
GURZTHBEZEIIRBEEINT £ TRTFF
LT TANEDOMEERICHEG T 2m%EICEH
L. 7T okt & SiRbiE s & ORIz w
THAL L7z PURILME & 7 ¥ v EDJUBIZIX
BEDS G- LT B TREMED Ve LA LRATS
N7 F N ok & BURILEE & OBREIEL 72
BHEIZEAE R\, 2T T, HPLC% H v TBiK
KON T 527 a1 BEOBAKOENT S
7Y av20XTF FREMERRLTET 77
v a v OB EZ WE L7z,

DPPH#EZ JHW7:-4i4 (Fig.3), ¥ 7V %60
UM U8R 7 5 27 3 3 Y ICIEEOA
IR ONG o728, 200ulimims bE75 2
Yarlid2tHERLTHERICEWEEZRL
7oo ERRAMPsIZEDZ 7727 a v 1BLD
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Fig.4 ORAC activity of pork, fraction 1 and fraction 2. Fl:fraction 1;
F2: fraction 2, TE: Trolox Equivalent.
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Fig.5 Fluorescence decay curves of fluoresein induced by AAPH in the

presence of Fraction 1 and fraction 2. REU: relative fluoresence unit;
AAPH : 2.2-Azobis (2-amidinopropane) dihydrochloride.

F1: fraction 1; F2: fraction 2.

2ORRILITFENEN212%B L V788% TH
MPs i3 LW BKED HWRTF F 2L HA
TW/zZ EAVHIBH L 72, DPPHIEIZT, MPs& 7
F7vary2 (RMEEOul) Oz KT 5
EIFIEELWZ ERNS, MPsiZEIZT75 73>
2 HR DPURALTEME 2 FEBL L T 2 W REMEAVRIZ
SNz,

—77, ORACE% H\WCH bint: % e L7z
L 25 (Fig.4), 05mg/mlTORTIIZ{T 57
Ya rMTRELREIRONE N5 7225, 1.0mg/

mlD I CIEDPPHE & W L FBRIC 7 5 2
Yarv1ohFBnE)EwiEEER Lz, S 61T
FRALTEE O RERF W2 L 2 AT 2 & (Fig.5),
EHTEn7527vav1 (10mg/ml) ZETEIC
TN — BB LTV DR /RIE S L
Too SNET7 527 Y ay ]l HFRENECETIEE
ERLIESENREZEHN SN, T/275 7
va v 2 (10mg/ml) 27438 L OIKAMPsFHEEC
HisH1k OHATRIBIRALIE R P 2 F L T 5 7]
REVEAVRIR S 7z
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%777 a IS B5XRTF FOGTHA
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WONE G RTF WL AFIE LTz - TRERME
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Bilt, TEBEGOMTTROBEYE LTERKS
N MAKFFED O T I 7 BHUE & 5 T =542
WCHGET L, - FRE1,00080 T O R4 T40.4 % OB
KUPET X 7 Wk % & o 73 12 B AL 1 & 52
B, 100CLL LB TOLRETH D LGS
TWa%, RIFZETH O NRR D 5 =
—F LT

ek EEEE TR EE2L S L TE 72
S oOPBALEE Y (DPPHE) 2 HllE 35 L A4
J = VAR OWEE R D <, RWTK, £L
T OEWIEEZ R L720OH 7 & b ¥ 7% L 0Bk
HEDOENEERETHLEVHWET DD, 512
o> £ 52 3B T D ARBUK PR BT L 7215
DOPEEALITEED T WIS H 5 & v ) BFZehs Rat
ZRMEESNTVD, DEOHENSRTF FE
HHEST Y AV & O RS IEBUK L IR K 2 38
APEAEIG- L, BUKYED RGBT F R85
DANDWEEIERNTH L MHEEIEHNEEZ D
N7z,

—HORIE TR O NTBRELS, FH, KA
BIUOBATHWT, Zho %2 mshis, LRGSR
M) T RN LT F T
5 EHA, KA, FHOMIC ACEB & i A
BN 52 B SNz T2, PUBILETED
HHEATRD SNV S ODOKERNIKFEYIX
EWITERR LIS E 2 R Lze $ 72, A RIKAOH
ACEE R ) % HARFSRE S IUE 7 v b B L OHR
FEHEMER G T v b 2 H O i 592 & 4T o 72

DXRT V2,

RERL, MU EER A Z G L7 HARISIE R
MEZ v M BLCHRSERERKET v MIBWT
MERE FER 273 &4, bl % K~ 5 %
M) %GR8 725 3,

IS DGR REINHIBT 2 &, AEEHE
WO LR %2 BRICHIFTE 20 TIiX
BuhtEzoh, ERSKROMMEL SD5 &
OB LHERTHY, BRNHEBEOIKNIZEBKL
TV ZEPHIREEN S,

4. 8 B

RWFEET I VBB L OER Y v X7 HERS
it (MPs) (2B L CMPsD P LG PEAS e %
T B ELEDIZ, RTF FHIPELTEE % FIL
7O EE R RAEL

DPPHZEB X ORACED T— 67 I/
EPALEERE IS oW TR T 5 &, ETA
1ZCys, HATHIZHis, Met, Tyr, Trp& 7% - 72,
$512CysB L O Trpld s T b\ WP biG % %2
RTZEDND, RTF FOPBLETEESIcEE
BT IBRIEZEEZ LN, WICEWSY Y87 E
B35 0 1) D HURALTE PR TP D HEE & 3 A 72 f
K, MPsOHURILTG R 13X EICHATETH )
FBLOKAMPsIZ AN ) Y v RT vk Vi
EHisHR DO, £ 72FBAMPsIE TrpH kDt
BALIG % S8 L T AT REMEAVRIB X Lz,

ZITEAT I/ WL IIRALIG R & o R
Z NSRS 572012, MPsZ B L 720
KGFET I 7 BT O R %2 B L 72 A L
MPsiz & ) & & OMPsIZEWIEMEZ 7R L, HisH
K DOPURALTEE 2 S B L 72 W k2RI S iz,
DPPH#: & 728565, FRHEMMPsid 3 & DMPs
XD EWIEEZRL, ORACEZ W74,

M MPs1Z b & OMPs & ) BWIETEEZ R L7z &
T I hNEHETELHMILT I/ BROMHED
RubILxZFETHE, FICDPPHT I VD
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BRERADHER (NAFR) I X 2 AR — Y RKEAND
BENZ OV T OWf5E
—SRFFEICRI O BILHC X 5 B MdE Ok AH—
Effect of sports-nutrition-supports by intake of heme-iron on women
athlete.

—Trial of the anemia improvement by the observation of the nutrition

consumption—

A SR - B SRR - RN RS - H A
(HAKE SRR, “ILSHA &)

Megumi Matsumoto, Junya Suzuki, Miki Katsumata®, Tsuyoshi Hasegawa®, Tomohiro Noguchi

(Nihon University, College of Human and Sciences, *ILS Inc. )

Athletes frequently undergo anemia due to rigorous training, reducing food intake for
weight control and destruction of erythrocyte by repeated sole impulse. In addition, menses
make it difficult for females to improve anemia. In this study, to investigate effect of
combination with supplementation and nutritional counselling, intervention trial for female
athletes appealing anemia symptoms was performed. Capsules containing heme-iron were used
as supplement (14mg/day of Fe). Nutritional counselling was based on iron status (blood
hemoglobin (Hb), serum ferritin (Fer), soluble transferrin), nutrient status and energy
expenditure (records of food intake, activity logs and training load). Thirty female subjects
(20.2 = 1.3years old, Hb : 124 +0.7mg/dL, Fer : 178 =13.7ng/mL) from the fencing, the running
long jump, the handball and the volleyball players took test capsules every day for 2 months
without nutritional counselling. Subjects whom initial values of Hb and Fer were respectively
above 11.5 mg/dL and 10 ng/mL (n=20) improved their iron status, but not remained
subjects (n=10). Next, these 10 subjects who trained excessively and showed low Hb and Fer
level took test capsules for further 2 months with nutritional counselling. Supplementation of
heme-iron with increasing of food-derived mineral and protein intake by nutritional counselling
significantly increased blood iron levels. Furthermore this combination decreased “negative
moods”, increased “vigor” without constipation. In conclusion, the supplementation of heme-
iron is available for sports anemia of female athletes. Combination with long-term
supplementation of heme-iron and nutritional counselling could enhance effect of improving

sport anemia of the highly-trained athletes.

HIEEREETHY, N7+ —<v VA EHEL KT
XRLERTHH LY, AR—VEIMDOEKDE
FMAERIZ L MEA R — Y OB BT T NLEEY R OB AL > TR 2 oL BRI

1. B i)
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) BFEILOPFHEPENITRTEL NI LI
IreEz6N5Y, 200, HIIEREZ P
F IR ET B0, SR TE A AENE
BRI T & % & 9 ZAEFRE TDI:
0, EIRDSEE LA ERNIC X 2 S H o 3E
WS N T3, LaL, BiEREET 2
ZEDEZNEET A — L OYE, HilkiRk &0
FEROBHHZTTOR—Y 3 Y OMFEO 20,
HEMICEREZHIRL TV, B hREERE
FOLIITH L VER R CHE SN L8E2 EHD
ATHD TEPIFEFICHEL L WHFIIELL, &
HIFEOMPZ T L LM L. T2, 8%
OB LBV EETH b 720, EERIE
RTHCR D ZIHBICHAY S 2 WRF DL
F72, BRI TE, SHIOMEHICLY, MHEHH
RFERTHIENDY, EHHIIK L THmBIZ %
LEDLEZR\, F2TC, BIERD TR REE
DIERDYED 12D121E, RO GHEBEL D D
AHOL W HESHIREES NS,

INFE T MR 7) X P ELT,
FHHERED RO N LS E I, - SR AR
BT OFRLRBOYEEDS, Bk ST +—< v A
KBXIZTHELRARTE L, TOME, ~adk
DI, BEBREZLHEL, PL—=vr0
AR ESE, N7+ AEFRETLHIE
R, EBEEON —Z VX BB A L
AT LWMENDHLIEZWSLNIZLTE
7oo LML, ZOFKIERBOYERFILETIC
o THAENKREL, &SRO REE CH
HTH o720 BIMFEIROY I IZSRDBIE 2 8
MER, KNGS -V EBINESE5 I EREET
HDHN, KN T— V2 BIMESE572DI1213ZD
MDA 5T DBICRIOYED EETH L &
NEZOND, &Iy 87 B OB %
7 NI BEOMRD DI HI BT 2 &
HEFE Lo BIMIERDUER RO T B E

AN DRAEFEIRIAKE (LG LTnE LR
Bashasy,

AHIFETIE, NAFOEIUT X 2 FRKEIRED
YERN R E FORRICE LT T o RER G OE
PR DOFNZEZIZOVWTHLPIZT A LA HBY
&L, BIMERD AR E RS, SREBIRED
RNEGEEAR—Y 7 A1) — PN L% R
WCEILTH B, ZORMOREBICIRG % Bl5
T 5o ZOWZERAEDS, X 0 RRM AT 7
) A Y MO EORFRE T FEOFRED
—Bhe b L®HIET,

2.7 &

2.1 Bl

BB E, NRFAITEFE T B A R — Y 217
) WFRFAETRNCEMIEIRD HREIEIRD D 5
CEEFEMICELEL, MEPONEZOE Al
(Hb) #%134g/dLLLF, 100g/dLELE, 7=V F
VM (Fer) #40ng/mLVLTF, 28ng/mLEL E o
BE~PREAR-VHIMEEZZ 5N, HETE
Bl X BB REEEL 20202+ 13K D
0% & BN L7z, KWBREOBHAMHE IZ L —
K=, AT v FKR=), Ny FR=N, FEL
S - IRBEDY, Mo A T ATy, Kk, T4 7
-7, NMIVbhUT, BB
E1RETH o720 BBHITITHB T ERE LD
N B AFREEFEIZOWTHEFIS T L, FE
ERONLLEORRBICSINL THW 2, &
B, AWFZEIEH AR O AIMGELZE B & D RE
ERCHEmS N,

2.2 K AKE

FRER B LA T O MR X 0, HEE % Hbas
12.0g/dL, Fer?s10ng/mLEL b >20%4 % 5 2 1fiL
V=7, LTO10%4 % HERINLS V— 7125
¥, ENENO T V=TI~ LEH T (LS
B &k, ~Nav v 2H) #HPL L BRI
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700mg (k& LT 7mg), 1HIZAHFL400mg (8%
& LCldmg) % 2 2 H HIRkBEA IR L T 7272
Wiz, 1 HOABIB T, AELATHE)IC
FEBI 22 B RRIEEE T o 728, BRIV —F
DAHTEHOAS NG EHEE, S5I1220 M,
NLGA TNV ZEBPLTHHW, 2612, 28
BILC 1 BE, SRFEMEATV, FTU X2 b EFE
fREZBEA L7z, RBouifte T, miEkmd, A3
IV AS, ARSI E, AR S HCY, OB
7 A N (POMS) %17\, REFIREOLEIRN
R L7,

2.3 WwHEH
MEHRAE, Mo 7 V73 v (Alb), #
mk# (RBC), Hb, ~~ h 27 U v b (Ht),
MCV, MCH, MCHC, IiiE#k (Fe), ##kHsE
& (TIBC), Afafligh#sang (UIBC) 7V F
¥ (Fer), Hi$h (Zn) \Z2oWTHIE L7z 1R#
Wik A v ¥ — % v Xk (BOIOSPACE, In
Body520) % MW T, RE, KIRI=, &zl
L7z EHEHRAAE L AMOBRE L ARICES
AEREHENOHERA (Rt =7 BV RER
Ver607 K4 >V 7 FFFQgVer35) %MW,
WA oY) —, BokIey, #2878, IRE,
$k, WS EORKER S EIGE, BHH, WHE,
WPIEHH, WEUFEORH R & o R IHEEGE O i %
To7ze RHOBEIY ¥ — PR L, HHEW
ZEMOBEEIRE LT, "BHE0Z6E", "D
T, CHURT, HERT, TRIREOKSOEET,
‘Hotho&" %, P —= U ZhoEEE L
<, BEInT, AT, HEWT, MR %
EOHBAIZOWTZOEROMBIHEE "< %
WL wob s 05 BRI OME )
B TRl L 720 MR THIZ DWW T $k9
DEMOEE A MR T 272012, BREEHE I
720 T 7z, AW TPO ML —= 2 7RI LT,
T ARBEEOBM R LI eI EEHMEL

eHMiR ML == vl GOt e Hig
L72HAR ML —= v 7L, Hiliefimoldnz
HigL7=Mh bL—=rvroznzn 1 Aldo
WA S I X o THA Lz, AIERDOIK
EHGHIREBIZE X IF 5B v}, A7
074 — vk (&1Ep, HARRPOMSHi
) & W CRRM L 7z

2.4 AR
REMAIE, PEEMZ NV —TDI0ZDOA, 1
FHOMNAOK T, 1 E305FET 2 HMIC 1
e, MLEARAE O R & AR AL AR Z LY,
ML—= Y TNER RICREREZ T -7z, BE
1, EFHEIOLHE2010% HHELS, ] & (CFREET
EAER L7z, WIEORBEOWE, & v 737 BB
wmOWI, #5%% AR A OBIY
m, #r=r&2%iGta—v—, HE KEED
IR ORI ruias, MADOATER (e —
NESL, RELEDORESE) R L—=V TN
7, ERR TR ORI EDETITo 72,

2.5 htale
Ron7z7—2139_T, matk#y 7 b
(SAS Institute Japan, JMP 8) % v T3 fH
CEMERGE R B L, KNV —THEK TNV —
7 D Pre & Post D Ml & fii ® L ¥ 1F Tukey-Kramer
DHSDMEZ MM L TR L 720 &7V —7 D
A AT 1% O 0 E B O ZE b1 Student-ti € & 4 H
LCHIRL 7,

3. BREEE

3.1 AR A R

BB 3044 O X 1Z HbA%12.4 = 0.7g/dL,
Fer?%178 £13.7ng/mLT®» o 72o 1 M HDH A
AR O M HRA T, Ao fREOMCVY,
MCH, Hb, TIBC, UIBC, HtfElZ~2gkAh 7k
VEEIT 5 2 LI K o THEBIAIAN SNz
W, ARBEAIE SN D o7 (Table 1),
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Table 1 The concentrations of blood iron status in light anemia group and middle anemia group to oral
feeding heme-iron at Pre and Post.

Light anemia group

Middle anemia group

2st

Middle anemia

group
Pre Post Pre Post Post
Alb, g/dL 4.7=0.06 46+01 4.6+0.06 45%01 47+0.07
RBC, 10*/ uL 4395+46 4530+3.1 4429=155 4514157 4520%15.3
MCV, fL 90.1 +0.9ab 916+0.7a 844+19b 84.9+1.9ab 86.0+1.7ab
MCH, Pg 298+03a 300+02a 270+0.9ab 268+08b 271+0.7ab
MCHC, % 332+0.1 327+02 31.9+04 315+03 31.5+0.3
Ht, 10"/ uL 39.5+0.4ab 415+03a 37.1+06b 375+ 1.1ab 409+ 1.5ab
Reti, %o 11.0+0.5 112+09 83%06 87+06 83%05
Hb g/dL 131+0.1ab 137+01a 116+02¢ 12.1+0.4bc 12.6 +0.3abc
Fe, mg/dL 93.5+9.7bc 1513114 a 492+70c 72.1+12.5bc 1085+ 18.1ab
TIBC, ug/dL 3226+93b 3214+124b 4058+194 a 4095*19.2a 417.1+246 a
UIBC, ug/dL 2106=183b 197.8+169b 356.6+223a 3374+203a 3086+24 a
Fer, ng/mL 314+x19b 419+31a 63+09c 96+29c¢ 11.7+15¢
Zn, ug/dL 899+77 84.5+46 858 +25 824+50 929+22

Values are represented as means+SEM (n=20 or 10). Statistical analyses were performed by one-way analysis of variance. A

p-value<0.05by a Tuhey-Kramer test amongthe five groups was considered to indicate statistical significance. Values for the one-

way ANOVA test are indicatedas significant with differentletters.

RBC, MCHC, Alb, Znldfr AHith CHERZ1L
138> 72, Fe, FerldBEHIMZ V— 7T, 4r
ARl (Pre) &MWL CTAHA# (Post), HEIZHE
MU 7225, AR 27 )V — 7 Tl B a2 54
¥ o7z, PRERIY IV —7OAME L7z, 20
HOA KRBT, MIESA 1 W HDPre & K
L C 28 H ®Post THEIZHEM L7z, HEEE M7
V—7® 2 H?DFe, Hb, Fer®ZEAbftiix 1 Ial
HoOZAbE L WKL THEICESME R L, BER
M7V —7OEUEIZHELIETH -7z (Fig. 1)
INBLORRELY, NAgATEVD 2 A
HEBHEIUE, MR D S5-I X 5 B IMFEEE %
BREORIMITYE L72A, BIERSE WAL
ZOMEMENZ L DEZ LNz, LaeL, BF
TR L, ~NASEIE S 512 2 5 H Bk
BT 52 L2k -C, MEOPIREL LHET S
NN (A

3.2 R DZAL

fRE, fRIEIGR, FAEICA AR O S %
BLT, REZbiziohidh o7z (Table2),
A AWIENEFR234EI0H 225 3 HETTH - 72
A, AW CTOPEE OBEBEHEA TIXIFEALD
B CTHAMMART L, AAMERICKRE R b
V==V TNEOEAD > 722 LR H T b
L—= ¥ 7 2 s ) A Twv 3R A4
Lirolzl e ENS, HARERSLEIENIEDOZEL
WROENL 57200 b Lk,

3.3 HEFIRAOMR
EFHRIUHE 2> 5 O 8 = AV F— IR ¥
Yoy HENGE, SRR, HEERIGRIE,
BV — T ORFIRE LT o 72 2 M H DS Ak
THMER SRR SN rEELRELER S Lk
257z (Table3). EMBETIX, & V87 HRh
W AR O MR/ E, FLEL, S o
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Fig.1 Changes in Blood Fe, Hb and Fer between Pre and Post in light anemia group and middle anemia
group to oral feeding heme-iron. Values are represented as means +SEM (n=20 or 10). A p-value
by a Student-t test each groups was considered to indicate statistical significance.

Table2 Body weight and Body fat, Muscle mass in light anemia group and middle anemia group
to oral feeding heme-iron at Pre and Post.

2st
Light anemia group Middle ar}esrtni a group Middglfoélilrlljemia
Pre Post Pre Post Post
Weight, kg 56.5+2.3 572+25 534+13 539+13 54.7+14
Body fat, % 228+11 228+12 231=17 228+18 232+23
Muscle mass, kg 235+10 238+10 221+09 222+10 226*15

Values are represented as means=SEM (n=20 or 10). Statistical analyses were performed by one-way analysis of variance. Ap-
vaiue=0.05by a Tukey-Kramer test among the five groups was considered to indicate statistical significance. Values for the one-
way ANOVA test are indicated as significant with differentletters.
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Table3 Food intake and nutrientsin light anemia group and middle anemia group to oral feeding
heme-iron at Pre and Post.

2st
Light anemia group Middle anlesrtnia group Middglfo?l%emia
Pre Post Pre Post Post
Total energy, keal 2381 +252 2253+ 176 2000+ 120 1964 =112 2111+176
Protein, g 754494 752+52 665+6.0 677+58 723+50
Carbohydrate, g 3147+ 284 2004+251 2639170 2540+ 128 307.9+212
Fat, g 81.6+102 803+58 662+49 688+58 757+72
Fe, mg 82+09 7908 7208 6606 83+08
Zn. mg 95+13 9207 79+08 79+07 87+06
Brightly Colored 781+221ab 74021 2ab 387+76D 615 154ab 1018+126 2
fxfgéctgg?g’g 147.9+289 1497355 784+183 1029195 1324221
Seafood, g 136+145 38069 350+77 420£120 547+112
Meat, g 1436+258 1440+185 106.9+227 1069+ 169 97.7£172
Egg. g 35856 206+43 230£59 200+110 116+117
Dairy products, g 180.8 =33.0 157.8+35.1 134.3+238 179.1+47.1 2279557
Small fish, g 28+16 27+12 2009 2412 38+12

Values are represented as means*SEM (n=20 or 10). Statistical analyses were performed by one-way analysis of variance. A
p-value=0.05 by a Tukey-Kramer test among the five groups was considered to indicate statistical significance. Values for the one-
way ANOVA test are indicated as significant with differentletters.

Table4 Athletic career and training in light anemia group and middle anemia.

Light anemia group Middle anemia group

Athletic career, years 91+18 91+16

Start athletic years age 91+12 108+1.1
Technical training

h/week 73+23 95+19
Endurance training

h/week 47+16 48+20
Strength training

h/week 28+12 19+0.7

Values are represented as means+SEM (n=20 or 10). Statistical analyses were performed
by one-way analysis of variance. A p-value=0.05by a Tukey-Kramer test
amongthefivegroups was considered to indicate statistical significance. Values for the one-
way ANOVA test are indicated as significant with differentletters.

PRI C & 2 fik it B 32 O RIS B A rp BE R 1fL 27 BEAM 7V —7 EMERL V-T2 L
V— 7T 2 H D5 AREEIS 227 5 T, HMR ML —= VR CTHEZLI V—TD

770 BERIMLZ V—7® 1 M HDO/A AR Tl ML=V B EM BN L —= v 7 TREM
FEEHCRIICZILIZ R SN b o 720 RSB SN (Tabled ). HH M2 KR
3.4 MKHoOMERY E ML —= VTR OMERY TIE, HLxDT7 v r— MERERPSAL
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Table5 Chronic physical condition and physical condition in training in light anemia group and middle
anemia group to oral feeding heme-iron at Pre and Post.

2st
. : 1st . .
Light anemia group Middle anemia group Mlddglfoi%emla
Pre Post Pre Post Post

Feel languid 3503 3101 28+02 28+0.3 29+02

Hardships of morning 3704 38=02 31+02 29+03 26=03

Head feels heavy 29+05 28+05 25+03 2104 21£02
Chronic

physical Headache 28+04 26=04 23%03 22+04 19+0.3
condition

Giddiness 3305 26+02 32+03 29+0.3 24+15

Nausea 16+03 1.3+£0.2 1.7+02 1.6+0.3 1503

Shortness of breath 26=03 2403 33+0.3 27+03 25%0.15

Tired feeling 3104 2304 28+02 25%03 25+19

Dhysical © Muscular fatigue 28+05 28+03 2702 2003 1903

in training
Headache due to lack 2604 25+04 19+03 1702 1603

of oxygen

Values are represented as means*=SEM (n=20 or 10). Statistical analyses were performed by one-way analysis of variance. A
p-value=0.05by a Tukey-Kramer test among the five groups was considered to indicate statistical significance. Values for the one-
way ANOVA test are indicatec as significant with differentletters.

Table6  Profile of Mood States in training in light anemia group and middle anemia group to oral
feeding heme-iron at Pre and Post.

Light anemia group Middle a neslfni a group Mid(grgj%%emia
Pre Post Pre Post Post
Tension-Anxiety 13.0+1.4ab 85+ 1.5ab 127+15a 129+14a 76+09b
Dgpression- 106+2.1ab 95%23b 160132 138+14a 58+15b
Anger-Hostility 115+22a 88+ 2.6ab 160+18a 150+14a 44+09b
Vigor 10.6 = 1.5ab 104 = 1.4ab 82+09b 9.8 +1.2ab 131+09a
Fatigue 9.7+06 79+18 125+19 97+12 89+0.7

Confusion 12.6 = 1.4ab 9.3%1.7bc 149+06 a 9.9+1.7bc 65+09b

Values are represented as means=SEM (n=20 or 10). Statistical analyses were performed by one-way analysis of variance. A
p-value=0.05 by aTukey-Kramer test among the five groups was considered to indicate statistical significance. Vaiues for the one-
way ANOVA test are indicated as significant with differentletters.

HEHEML T, "ZHE9P 0L ko72", "W, B EROND. N L—= Y IO TR

EL0N26L Bl o7 REDHRBERDOL
HH BT BRERE AN 7205, BIGEIRO B EE
DFETIIRERZLER SN2 > 72 (Table
5) TNEENZTNOHBERERITHAZEIKE
{, WMEMZMEMZHG I ML o7z &Y

RNV FHOFEFO MBS 2 M H oW EE
27 )V —7 DPost T 1 [l H DPre & Mg L T
AR SNz, SO &I, ~NLEEA T EILD
R & R E O P L —= 0 7
RO KD WET D WEEENH S Z EDEZD
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N7z 2B, &N ARBNMZELT, W7 —
7L DA H G & TR A B BB XA 72,
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1 HOMARIRZ K LT, BE, PEAIM
DM N —=TEHREREIH SN h o7z
A, ERIMZ V— 7o 2 B HOH ARETIZ
IR, WO o—EBART, B —i
HOREL oBH THEIKT LA (Table6 ).
TR OHHIEAECHEML 7z, 20 Lnb,
FEEDOEMAEIRD AR — Y BFRIIANLZOT TV
A M ERFEREEZHHT L L, AR EEOIR
EhGESN, [HEEEXTL] hEDRY T4
TREIEVN AT A EPBHL N E 572,

3.6 WAEELE

N TRV 2 2 H BRI 5 C
L& oT, AFOUHERATGOLHFIREA % <
Th, BEOHMEROZEAR—-YRFTHN
&, RS & Bl S 1B B IE IR O FREE A5
BEINDLZEDVWHLNE B o7z KRB TORE
B 7 N — T OWIRE O MR FE, — KD
BIMYGEGRHE T LEE T HIREERT 5L, +
RCIEHOHHHNICDH 5755, 7 AU — FDFEVR
T =R VAERWTAZ R HIETE, My T
7 A — FOHbfEIZ14g/dLUL ESE TN 5 72
DT ANLER TR IVERUC X B B0
ERNFNL, BB O I LR B B 2 LA
fFENb, LaL, DHEUIRERARHO | EAEIRIC
FBEE L QER RO N o2 e h D, K
BRI EIR LD OO R EE L2 Y
R VPSS ENERL TS EEZ
bMze T ki, NAA TRV OEID A
TlE, BEELRBEMSEERRW SN0 7o
BT N — T OPBREPRERE LT H 2 &
X o T, BMFEO MRS EIEEL, O
FUIRAER b L — = ¥ B ORI UGERD AR S
N2 EIZX o THREREL GO AT V1)

VIUNERETHIEFTZDEA). L, KIF
JETORBEIREZTTIX, ARICHBRED S 3
JEBRARMNE S5 2 EATET, MikRED
AIbED ER L Aah ol T2, AR—=VBTFIC
& o THEELBHREOBIMPEIEN O T %% &% %
WS AHZENTEY, AFOYUHLZTTIEY 8
JHEORBRELYLET LI ENHEL I EHE
Z oMz, BIMERE D AR — Y #F M E
WRESI O TR MBI T 2 &0 5 & ¥ 287 B
HICHEEND Y, R ORI T REN
BEZONDT, G5, ~NAgkh TRV L L
b2y Uy RO TEEZTRL, PL—=
VIUNEBEDE=Y ) v 7RUERLE L P L7
BYR— M2 RETHLELDH D, ZOFH LD
VENDZEPAR-YBRFIZE > TREFH L
HHRIZHRLTHA I,

4. B2 B

TWHAR—=Y 7 A1) — MTE > THIMIZ S
T+ =3 A%FELIKT ERBHIRD—>T,
TRICDZzo THRBEHREPBREING, AK—
VTR B OB AFHEIE O, K
SNDREOEHREIZ X 2 HRIMIROBIEE 2 & 25 E KA
THRIMZFH LTV & T ZMFARKO PR
bdH 0, BMGEROLGENHWEETH 5. RIFFET
Z, REHREICLZAFENEOLE L, ~NLH5%Y
TV A MO L B LMET X — b OAI%E
ROYGER R E S22 F 572012, HIMIERE
FRZDLEMET A = MITALEY 7Y 2 Vb
(Fe, 14mg/day) Z# EHMHBIL T 5w, X5
(MRS, EFRAICHD  RBHAE B L
TAiT> 72,

R 1320.2 £ L3R DO L3044 T, BRI AAHT
DM HbfE X 124mg/dL, Ferf#1%17.8ng/mL
Hotze 2PABONLEAN T XV MERO M
THEFREXITD Do 726, RBRRHG L KT
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Changes in the heat-induced gel structure and physical properties of

muscle protein fermented with psychrotropic lactic acid bacteria

oR OB K R
(IR )

Seiichi Haga and Toshiya Hayashi

1.

FERPLIL 2 0 L 7= A B B -

(Faculty of Agriculture, Meijo University)

The aim of this study is to investigate the heat-induced gel formation ability of muscle
protein fermented with lactic acid bacteria in cold temperature. We prepared and used
myofibrillar protein having key-role for water-holding and binding properties in meat products
as a gelation model system. The myofibrillar protein were fermented with 2 strains of
psycrotrophic lactic acid bacteria, Lactobacillus sakei D-1001 (commercial strain) and
Lactobacillus sakei No. 4 (in-house strain: not fully identified) at 4C, respectively. After heat
treatment at 70C for 30 min, physical properties and microstructure of resulting gels were
analyzed.

Although fermentation profiles between 2 kinds of strain were not always same, both
myofibrillar protein gels fermented with these lactic acid bacteria showed higher gel strength
and syneresis rate when compared with non-fermented gels. However, there was no distinct
difference in protein distribution between fermented and non-fermented samples. The results
of differential scanning calorimetry analysis showed that lactic acid fermentation had strong
effect on thermal stability of myofibrillar protein. The gel microstructure of each fermented gel
appeared to have more fine and strand-type structure compared with that of non-fermented
gel. This was strongly supported by the results of image analysis on microstructure of the gels.

Although the changes in microstructure and physical properties of fermented gels could
be due to inter-and intra-molecular reactions caused by lactic acid fermentation, further

detailed examination will be needed.
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B ®
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S EBEWIC X B0 A7, WERFIHTT O
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T 5o MR FEMFALEE 2 it U 725 e & > 3 2
HIE 2RI X BN AEDMEHE S B 2%, N
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1t & pHIK T O R 2 & pHL ST ICE M S D H %
ZEERIL7,

Z 2 CARMFZETIE, pHAK T ICHE ) 7 e &
237 HO/NRALEROHER MR 51T % 28 Ml mif
TR RO E L, FERLI % AT > 725 O 5
e R D INEL 7 MALFEEE L D\ TG L 72

2.7 &

2.1 FEBE

(1) FFERWA Y — 5 — D5

W JERRAE & VR BT A LM R 7 —
y—L LT, AR SH L D EES N
72 A ) A2 o AR T B F 1k 2L R TR Rk Lactobacillus
sakeil®" OWHENo. 4 (LLFNo.4 L Ws3) B X
0N, Lactobacillus sake: D-1001 (LLF D 1001 & W%
¥) 2w,

WHARAE L7 FLBR A Z KR OB L, ik
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69300 — % —RA-3] (8000x g, 1047, 4T)
L, 035% MM AEBAIKTHREZMYBELD
DEFBHAY —5—L L7z,

(2) FHIEHRAME 5 > 8 7 B O

TR — AW S LR GHfkE TE 572
I &, H5emffoT oy ZWIZEIYD, T—
F7aty$—2hT B08H) I ¥FIRizL
7z WD S O 5 HE S BE Perry 57,
Etlinger 5% o) d:% — it LE L 72, 155
N7 wiE & > 78 7 B % 06M-NaCl & v T —
MaEA L, #BE»LGng/mle %2 X9HI
06M-NaCITAM L7z F72, Z I a— A%
WAMES YR HOEE2% LD LIS, FER
AY =5 —mfHERMEY N OB RE3 %L
HEICHEL, 4COLENT CREHEZ1T-
72o pH A — % — (HORIBA pH METER F-12)
EFHWT1I ~2KEE I ICpHZ#lZE L, D1001
BLONo. 4 DFFER A ¥ — & — %Al L 72 5

MME 5~ 7 M OpHHBI~54F I ET S E T
MWL EIT > 720 ZDH, ThboRE%
T0CICRE L7 ad —E N (RETHL Rk
K&k, NTB221A!) % FHvC305m#k L7z,
2.2 FEBE

(1) FLRWEOWE

AR L 7 IR AR D 10~ 10° 15 A BUIE & FE %
BB D 10° ~10° 5 A Bl 2 MRSH; #1112 T30C,
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L7z

(2) Wtk HEOKSE BREOWE

S NTIETEEE - FREO MBS VEE % L A
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WG BEL 720 15N EEARMGD S 5y
R BE D INELHT & >~ 78 7 BRI 03 A AR I
AWML CTHEMEL L7,

(3) SDS-KY 727 UNLT I KT IVERIKE

(LLF, SDS -PAGE & W53)

2)THRON/ K LIRS, LB 5y, 5
Mey 7 BARMBAGAELB L 0K D &~ 782
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~20%) \ZX DFRIz, BB, LB ESDSTR
Mmodb e, Ny BREFF A F—CTHEIREIC R
5FTHEECTIORLTAL 72,

(4) RZEEABENE (DUF, DSCERgT)
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Fig. 1 Changes in lactic acid bacterial counts and pH during lactic acid fermentation of myofibrillar

protein at 4 C.bacterial count(bar charts) : open bar, non-fermentation; striped bar , D1001; solid bar ,
No.4 pH (line charts) : O, non-fermentation : [], D1001 : @, No.4
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ZHHE L W ERRAME & 2 8 7 IR 1T T,
No.4 ®Z LK 14K Tl p 12 3E L7z,
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Table 1 Comparison in the physical properties of heat-induced gels with or without fermentation

non-fermentation D1001 No. 4
Breaking energy (J/m?) 316.9+2064 a 23524+18039b 2068.3+1648.7 b
Modulus of breaking elasticity (N/ni) 104.2+56.6 a 11456 £565.6 b 1013.5+500.0 ¢
Syneresis rate (%) 7329+162a 7669+219b 7588+143b
Protein solubility (%) 6.60+0.04 a 262+042b 3.06+0.28 b

Values in same row with the same letters are not significantly different (P>0.05).

FEEE T D1001 & No. 4 OpHHERE WA &, D
1001 & W No.4 O F A% (M pHE /R L, [H—H
FTH MM ToOERIBD SN (Fig. 1)

(2) FEFERWED L OFEEEGR O JERRAE N EL 7 )V
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Changes in the SDS-PAGE patterns of myofibrillar protein during lactic acid

fermentation. Non-F : non fermentation

M: marker MHC: myosin heavy chain TN-T: troponin-T TM: tropomyosin
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Fig.3 Comparison of the microstructures of the heat-induced gels with or without fermentation.
A: non-fermented gel B: fermented gel (D1001) C: fermented gel (No.4 )
Scale bar in each image is 5 um.
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Establishment of novel cryoprotective method for meats using glycated

LEA protein

AW B - A W Z-% B W A
UM R AR 4 b B 92 )

Ken-ichi Honjoh, Noriyuki Igura and Seiji Noma

(Faculty of Agriculture, Graduate School, Kyushu University)

Effect of glycation through Maillard reaction on cryoprotective activity of late
embryogenesis abundant (LEA) protein was investigated. LEA and sugars including glucose,
maltose and dextrin were simultaneously solubilized in water, and those were then lyophilized.
The resultant powders were heated at 80C for glycation of LEA through Maillard reaction.
Cryoprotective activity of glycated LEA was determined by measuring residual activity of
cryo-sensitive enzyme, lactose dehydrogenase (LDH), after a freeze-thaw treatment in the
presence of the glycated LEA. Cryoprotective activity of LEA on LDH was concentration-
dependently increased at concentrations ranging from 1 to 10 u M. Therefore, the concentration
for comparing cryoprotective activity of LEA and glycated LEA on LDH was set at 1 uM. The
LDH residual activity was increased to 118% in the presence of LEA glycated with glucose
through heating for 1h comparing to unglycated LEA. The LDH residual activity was increased
to 124% in the presence of LEA glycated with maltose through heating for 3h. Each increased
cryoprotective activity was estimated to be 243 uM and 3.01 uM concentration of unglycated
LEA, respectively. Glycation of LEA by dextrin decreased cryoprotective activity of LEA.
MALDI-TOF-MS analysis suggested that the LEA with the increased cryoprotective activity
was glycated with one molecule of glucose or maltose. Reversed phase chromatography
analysis showed that the increase in the hydrophilicity mediated by the glycation of LEA with
one glucose or maltose molecule was not pronounced. Drip from the minced beef after freeze-

thaw treatment was reduced by the addition of BSA glycated with dextrin.
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EHT S, LaL, GHEsENETIUE, 3E, oOE B /E % /R 3 late embryogenesis

1.B ®

© The Ito Foundation



36 PR3 FAICBY S 2 B JE R AR (Vol30)

abundant# ¥ X7 % (LEA) %72V, K& v
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(a) (b) (c)
140 160 1 140
¢ LEA 140 F Ntrehalose
= 120 - mBsa O 1201 Oeglucose 8
> L
\é 100 L ! . 120 100 maltose
é 100 O dextrin % 08
) 80 - 801 ¢ sucrose
— 80 L
g 60 F . y= 10.7x + 92.0 60+ <> A
2 . 60  (R2=0.9883) o
€ a0t V'S : . 401 e O @)
T 40 r O A
a &)
20 B 20 L 20 B
0 L 1 L ! 0 L | 0 L L |
10 108 10® 104 102 O 4 6 10° 103 107 10’
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Fig.1 LDH residual activity after freeze-thaw treatment in the presence of LEA and BSA (a). Calibration curve
between LEA concentration and LDH residual activity (b). LDH residual activity after freeze-thaw treatment in

the presence of sugars (c).
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160 - -
140 glucose maltose dextrin +

120 + ?* r ?* " I +
wh gyl oawm,
60 + - L

40 + - N
20 + - -

0 Il Il Il Il I Il Il Il Il Il I Il Il Il Il Il I

0 0.5 1 0O 1 2 3 4 5 60 10 20 30 40 50 60
Heating time(h)

LDH residual activity (%)

Fig.2 LDH residual activity after freeze-thaw treatment in the presence of LEA (rhombus) and BSA (square)

glycated with glucose, maltose and dextrin with heating at 80°C for various periods. Symbols “**” and “*” show

significant difference versus Oh heating at p<0.01 and 0.05, respectively.
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Fig.3 Reversed phase chromatograms of LEA and glycated LEA.
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(a) Unfrozen
Fraezs-thaw reatment
Midure of BSA BSA-deitrin
and dexdrin
(b) 140
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$ _
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and dextrin

Fig.4 Drip from the minced beef after freeze-thaw treatment (a). The minced beef was formed into

cylindrical shape (4cm ¢ x2cm) after mixing with mixture of BSA and dextrin solution, BSA

glycated with dextrin (BSA-dextrin) solution, or corresponded water. The area of drip was

measured from the pictures (b).
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The use of powder tea leaf to control the fecal coliforms in meat and meat products

G 1
(P 25 R )

Kiyo Okazaki

(Faculty of Human Life Science, Shikoku University)

The inhibitory effect of powder tea leaf containing catechins on growth of Escherichia coli
was investigated. The powder tea leaf is produced in the final step of manufacturing process
and has good characteristics, such as a rapid and large extraction of catechins from tea leaf.
The extract of powder tea leaf (tea extract) exhibited growth inhibition of E. coli at low
concentration of initial cell (8.2x 10%cfu/ml), however its activity decreased with an increase
in the initial cell concentration. Higher activity was recognized in an aqueous solutionof freeze-
dried tea extract (tea solution), which contained more catechins. Each tea extract, tea solution
and powder tea leaf was added to commercial minced meat which inoculated with E. coli cell
suspension (8.2x10° cfu/g meat). After each meat was frozen for 24h and defrosted at room
temperature for 1h, the survival cell number in meat was measured. Tea solution showed a
strong inhibitory effect against £. colz, but the effect was not enough to control the bacteria in
minced meat. In the presence of chelate compounds, the effect of catechins in tea solution
increased. Survival cell (%) of E. coli in meats treated with a mixture of tea solution and 45
ppm EDTA or 300 ppm sodium citrate was 46.2% and 65.9%, respectively. These data supports
the possibility that an aqueous solution of freeze-dried powder tea extract is useful to control E.

coli, the fecal coliforms, in meat and meat products.
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WEND I Y FHWHPIZRIET 2 KBRS 285
KA T % v ORFHEIHIER %2 58 L7,

2. /5 &

2.1 BARFOMMME B X ORISR D
i B

BroRZEIE, 2011404, LRSI =0l IgRir < A
FEEINT—TFRP L DR L7,

B AR Z850 g 1285°C (il L 72 i K 150m1 % il
Z TR A S ZE 2 P B TR R
W) & L7z ZRiBid L EIC s UCRE K TR
MU L7 F72, BRE50 g 1285C it
L 72 98 7K450ml 2 i 2 7232 O % SURS Rz L
O NI R 2 RE K CTHEWR L2 0%l
KRz U CGRBRICH VW 2,

2.2 WTFUVHOERSM

KHoOATFHELT, (-)-2X¥AFunhs
¥ (EGC), (+)=H#7Fv (C), (-)-=x
vrhansErFL—1b (EGCg), (-)- T ¥
7%y (BEC), (-)-T¥HIFFUHL—F

(ECg), (=)-AFFv#HL—1F (Cg) BIV
H7 x4 (CF) ©7HEENE L7z 58,
ks~ b5 74— (HPLC) 124D
115720 ZRHMINEE X OB A S B B A 7
WCTHRI R BEM L bET V7 — (0201
m) %l L CHPLCREA & L7zs &MLl
DEBYTH S,

58715 & 0 CAPCELL PAK CisUG120

S3 1 4.6mm i.d. X 100mm

BEHH : 05% Y VB 2y ) — 1 =82:18
- 0.8ml 4y

# F AEE 40T

WP © 215nm

2.3 PR B L OH R

BHERKRKBEEE LT, KIBWH (Escherichia
coli K12 W3110) % H\w72. KB 1&, L-broth
(10% MY 7+, 05%EERFZF A, 05%3E1L
FRU L) ICHEREL, 35T CISKERMImR #1%
R B B B 250D = 0.1 (TEE - 8 1 x 107
cfu/ml) & 7% 5 X ITHBEKTHEL, LEIID
U TR K F 72 (3 AR C AR LT L7z,
2.4 RIS X OVSRURS B2 IR IR 0> B Bl 0 )

SO E

284l % B % Nutrient Broth (BD#E, DLk
NBE:#s & W&3) T 245, 25f%, 3125R5AML 72
#05mlE, NBE;HLTODeo=0.0001 % 72130.00001
WAL L 72 K R R i 0.5m1 & BB N TR &
L G o R#& A ML 465, 565 6.256%
%), TORABMWMEIST TURMEREZIT-
7oo BiEBOREGWE T b A ARK (H
KIS TEBEAREZITV, XM-GER
B (HAKBIERASH) O EICHBEKL T
FEnizan=—FKEFHIL, WEEHEL L.
SR iz 15 2 300 0 18 50 0 1610 %) 2R 13 10w/ v %6 V6 L O
NBE; #b 7 BUR & I V CIRBRICIE 247 - 72 (B
FERZIRAH O IR IE1X25, 20, 1LOW/v% &% 5)0
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Table 1

Catechin components in tea extract and 10w/v% aqueous

solution of freeze-dried tea extract (tea solution).

Contents (mg/ml)

tea extract tea solution

Epigallocatechin (EGC) 335 38.1
Catechin (C) 0 0

Epigallocatechin gallate (EGCg) 7.35 10.3
Epicatechin (EC) 345 4.26
Epicatechin gallate (ECg) 1.60 2.24
Catechin gallate (Cg) 0.692 0.842
Caffeine (CF) 7.71 9.00

2.5 I YFHORERIIHT HAMTHEL X
OV BRE TR A O R AW E

FEHTE A VRIS EES I > F50 g
& ODeeo = 0.0 IR K CTHIEL L 72 KIS TR 50 u 1
EMATERMULZzH L, Fembim R E 72
1 2 fREABGE) 05mlz RN L T & < HA, 241
B Z AT - 720 SIRTHH 1 REIE, ~7T >
AR AIEK100mIZ N2 3~ F & X IRATL,
5tk BRI, XM-GERFEWZHwTa
0= — &G L7z RT3 2 SR P )
RiE, oD Y IZHEEK0SmlZ #n L
72 VT ORBISH T HFREE (%) CRFii
L7z SURSHZIR28W (1.0, 50, 10w/v%) 122
WCHRMOBIETHMEZRIT o720 512, BE
7% (10g ¥721305g) OFEDWEL 72,0

3. BREEBE

3.1 hTFUHEHAE

FHR 3 X ON10% SASHZ RIS E T 7
7 ¥ Y OHPLCE = A5 £ % Table 1 I2/R 3 #
T4 YRELH TR VHEGAROGTHER, X
T A54.3mg/ml T, BRI A8 H%64.7mg/ml
Tholze BT F VHOPTEHOVHEEEZRT
EGCgn&H w1, #NFN735mg/ml, 10.3mg/
mlTHh - 72,

3.2 FEHILR B L OV R A R oD B Bl P )
RIES

BRI 2 RN 2 3 BRI s, A
WFZE TR L 7 28 3 & OV RE B 25 o
WYY & 0 5 720, AR HhIc B
JARIEEWNE L7z, 2, —BRICHEEREO
BEIEIHI RN R IR IRE OB R 2T Y 2 L
O, WREDR L 2 KW R Z v Clle %
fiolze ZOMERE, Fig.l-alcoh s k)i,
BEE D82 x 10%cfu/mlod & & Z8 it (AR
455) 1%, EOEIHIIHIRIR R T I e b Ao
2o L2L, BBENEWEE (82%10%cfu/
ml) AL SR D EZORFIFELL
KT L7ze F27— 7 I3RS WA HEA6.25
el zmueiibiiz e aidar b
O —)VOWPLL LSRR A2 L Tnwie, 2
ML, ZEHHE & R O B A T O B 22 5 7S
BCTHo 727D RIGRATI L LT WIRET
BHoleZ ERFMIITE TN LKLY
KIGH A L 722 LB E £ 2 Sz,
AEHH TR T LT 45 70 B85 3l )
BERTIENTELVWEE 2 SN0, HlB
W% B S/ Th 7 F VIR & E O 72 Uk
B OB P EMET L7z, Fig. 1-bICE SN2 X
I, WIREMMRWYE, ARSI IR 12
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Fig. 1

Growth inhibition effects of tea extract (a) and a solution of freeze-dried tea extract (tea solution) (b) against

Escherichia coli. Tea extract was diluted stepwise with nutrient broth (NB) and tea solution prepared with NB
ranging in concentration from 1.0 to 25 w/v%. A mixture of tea extract or tea solution and cell suspension was

incubated at 35C for 24h.
Initial cell concentration : M, 82x10%cfu/ml :

(a)

., 82x10%cfu/ml

120 Do N ————
100 30
3 2
S 80 S
3 360
:
'§ 40 '§4O
& @
20 20
Y 0
1 2 1.0 0.5 10 50 1.0
dilution rate (n) powder tea leaf(g) concentration (w/v%)

Fig.2 Growth inhibition effects of tea extract and powder tea leaf (a), and an aqueous solution of freeze-dried tea
extract (tea solution) (b) against Escherichia coli in minced meat.After tea extract and tea solution were diluted
with sterilized water, 0.5ml of them were added to commercial minced meat (50g) which inoculated with E. coli
cell suspension (8.2x%10%cfu/g meat). Powder tea leaf was added directly. Each meat was frozen for 24h and

defrosted for 1h, survival cells in meat was measured.

ESVCIGEIIRIRN R AR L e S ORISR, Sk
B DOWEDN FH > THIEEALKT Lro
7o F7o, FAMHR & BHETRISCE TN A
FERVEHBERBLTAL L, 10w/v %3
WREAHCE E N AEGCgE (1.03mg) 1, 4 1%
RS N2 IS & TN HEGCgi: (1.84mg)
IR VICH Db ST, EEHIHIR) R %
R L720 A8 L 72 28 Hh i R B 28 B
0, IR T A T F MO B 1WA R
BEELTWAEEZ LN, F R AR

RonbiE, %77 % NP L+
THWEH ZRT T ENTERDPo72EEZ BN,

3.3 I UFHORIIHT 5 MRS X O

FERCIRAS DRI

A, MEREZO LD, B X OB
Wxk I yFICHEmL, 3 Y FhoRBEICHT 5
BIEIHIRD R A WE L7zo Fig.2-alciibh s &
I, MRE LR E 2 foFmbiiz s v F4o
KGR ORREEEL L, Haiahfz Ry c
Ebhrolze —7, BEEZOLDERML:
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Fig.3 Growth inhibition effects of an aqueous solution of freeze-dried tea extract (tea) in the presence
of 45ppm EDTA or 300ppm sodium citrate against Escherichia coli in minced meat.

IVF TS T F OWHIRRIERD ST,
WCHEOHEIA D HNTze ByARFITM A < Fbi
ENTWL7-OWIHID S A E N5 RS
IR L ENS &R0 E LTRSS L2 %
AbNb, LN THERREEDEFT IV FIC
WIS % OIAER O & v 5 FTHRIRIT 2
LT ENbhole EHITHEREICIIZ L OE
AL CTBY) BEREL gb/zh) O—BAER
B 20x10%cfu, BRI 77x10%ctu, KHE
B BY), BeRZEoBEERIN £ A B F
LLWwEEZ LN,
WGBSR 10w /v % T O TR TR B
st U CHBEIIHIsh R 2 7R L7z (Fig.2-b)o LA L
B35, I FHORBGRE D S L1257
BRR LTV, BN R KA 5 72 B
HE LT, v FICHERAS A2 3N L 7zl
B E R T 72720, ATFF VDRI v Fho
WIERT2REPAR L Tz Tl Rwnh
Zz oM, F45NMoMERE, KEEOWTREH
BEIVF1 gdz082x10%cfuTIf» 727290,
TR FE D528 % 2 TR BRI R AR MR T L7z &
EZOND, FINTERRE RO % LR L%
W10  cfufB ISR E & L72A%, RWED105
D1 REOHEWHD I v FThHZ, Fig.1D

FRPOMETEDL LD, L) BRI
EREOoNLEEZ LN,

3.4 FL— AL OPEHRIR

SRS RZ SRS H U 53 70 B DI R SR 2574
LNLholzl lhn, MoWHLEOMERIZX
ORI R E MG L7zo EDTAZREDF L — M
Mo HLEWEH T % v L OPFHEIEH NS
EDEEINTWBEY ZE»s, EDTALZ v
Brr) v rofHERETEI L E L7,
EDTAL 7 = U+ MY Y AOKBWICK T 5
RANVEEHIERE (MIC) % AR ALY <
MELZEZA, FNLFN64ppm & 410ppm T
Holze ZZTMICHDOB L E 45D 3I2H725
45ppmEDTA & 300ppm 7 = Y F U w7 4 &,
10w/ v % BUAEHB A & OB R AR & Wi L 7z,
ZNEhHEMI 23T Y FISmmL, &
A R ORERZME LIce 2 H, HAEHH:
R HMTT14%, EDTAMATE35%, KT
JEAW + EDTABEH T462%, 7 = Y BRHEIT
995%, MAGHZIRRE + 7 = VR M) T APEH
T659%127%: ), EDTAX 7 = VF b oA
PERRI R ASED Sz (Fig. 3)o

BT v OERIBERE S, MR R R o
TEH® R BRI KFE 2 564 SR 2 LM S £ 5
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fER” THAHZ EhHEEN TS, —HEDTA
VTR FRE R B B RS ARSI L, Mo
RO T OERHEZ R 5 720, fif
MR ORI EEZ 5N D, BIHTH BRI
AT, PIREEESE N &, BHREIRED 2D
BT ¥ KRG WIVER T 2 REEAE N L L
M5, SEOWPETIE a2 HRR A ST
WL, FEEEZ LI ETE) BRI
LNBEEZOLND,

4. 82 B

FOBEBFETHE L 2MA VB RIROESRE (B
KA AFHL, BREZHGT KB OB
il & ATz AR IEOIR A AR L, KEWIC
X3 B WEIIHIE 2 e L& 2 A, WFWIR
BEA38.2 x 10%cfu/mld & & Zth O 1 5 W BE i B
HREE R L7720 L2 LZ DR RITRIE DRE
I THELRT Lize & 2 CTHii 2 sl
W U TR S N7 SRS B R OV (BRAS TR 2%
W) ZEREBICHWE A, ML Y 5w
R ERL720 RIS, KW CRERIIZTEG L7
W3 IS, o, SRS £ 72
WRE OF3E) wehZIupine, SRR
HEIT, IV FHRORBREENETSE, B
KA O T HE N C UL TR B E R R 1A S
T, WICHREICHAETLH Rl gdboh o—ik
AT 20x10%cfu, FRE 7.7 x10%cfu, K
WHwiEE - Batk) T v FERBRETLIENANDH LS
ENbRoTze IV FHOKRBRISK S 2 5
HIRD AL HE RIS TR D BV L b o 72
A, TORMRIEI Y FHORBEEZ R S5
B0 LI A o7z F T CTHMERINE &
FL—AEOPHEZRGET L72E 25, EDTAR
7 I BT M) AP Sz, &
BIOBPESME, I ¥ F ORI R OWFE R RE
BRI b, BEEEREDD 7 73 VS KIBHE IS

YER§ B IHENZ R ED S, TR %)
RIFONTVWREVEEZOND, L LEMNFR
R HIETEYECA T F 2 OBEGHIIHIR) R
BonbEEZOLNL,
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Development of a sterilization system, which keeps the quality of meat,

by a new light-emitting device

=G EeoN OE KR-K ¥ — W M OB W
(B RFRF AN ZANA 4 T2 ZAWFFEER)

Akira Takahashi, Masatake Akutagawa, Kazuaki Mawatari, Takaaki Shimohata.

(Institute of Health Biosciences, The University of Tokushima Graduate School)

Sterilization of food is the most basic method to ensure the food safety, and is one of the
most important issues related to food hygiene. In recent years, the food poisoning induced by
enterohemorrhagic Escherichia coli infection became a major problem, and even confidence in
the safety of the meat has been shaken. And we need excellent sterilization method which
leaves no residue, has economically advantages, and maintains the quality of the meat.

We have been developing a disinfection system using light-emitting diode (LED) which
radiated the near-ultraviolet radiation (UVA). In this system by using a UVA wavelength are
unlikely to cause deterioration in the quality of food, and are different from "conventional
ultraviolet disinfection”. Because the system used the LED, there are many advantages for
food processing, such as cheap and safety. In this study, we tried to develop the disinfection
system for meat.

We irradiated the meat with UVA by UVA-LED irradiation system. This system was
designed to maintain a constant humidity and temperature, and could sterilize E. coli, which
was added on the surface of meat, without the change of color or smell of meat. However the
sterilizing effect on the bacteria that had adhered to the meat originally was very weak.

All the above, by the method of sterilization of meat by UVA-LED, the surface
sterilization only is effective and inside the meat is difficult to sterilize. It will be necessary to
improve the irradiation method of UVA or combination with other sterilization method in the

future.

B LREIRED DO ThH b, [BELE] %

T2 LT, RnOBRERIEATERO—DOTH

TAENI S EO—H E 2o TALWIZHH %o 4 H T TIZEMIZIE U7bk4 2 BRIEED B
b5, RIEZIEED L) IZEHHO AR SN, FanlE - MESEFICHH IR TnE, &
10001, BHEBII2THAZBR TW 2V RKRIZH ZAHY, BATOREEOHPIZIEFEADERH S
5T eMhb, [AROLRAE] IR EO L5H5DHMTETWA, BIRIX, & MEFRNE

1.B ®
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X2 CHES R EIE SRR T M) 7 AL H &
NTW5BDS, FREHERIC L 2R ERLR O/
PR SN TV D, T/, AR AR
WA EHT L EM S ENOBEITIE, kI OH
W HENTW S IMEEORRNEZ @IS LI WS
DA% v, FRICRETERME 5 EOYRAE
FoTWAEETIE, DX RIEROBRE D
ME N & DT 28 LWRIWNEO B RD 5
TWa,

BUE, RICENOREWITH T 2 EEIMES W
TWho M4, BRI X 255 kA g
TREGMEE o722 h 5, HAETIIERD
L - Gl AR 2 350 B i AR A B O T AR & U
A6 BHEN TV %, AR O AEE BT I A
# L 72WOBRRHE L COMREPNERL ShTw
bo TORMBMHBZEORIIET NV a— VL, 1§
TP mEk, bV I VTR EROPFERILIN
TWwbbDLH 5N, Hanlk EREAWIKL Z &
LEWONWEET % EOMEA R STV 5,
ZIT, BROMEEZKT I ETEREAY RS %
WIREFHTEICBEN 7RISR O 5TV b,

T4 EEIR—FE 5 A 4+ — F(UVA-LED)
EHOWEBRE Y AT LAOREEIToT& e Ay
AT A, INFCTREICHW SN TW B8R
(UVC) Li3E42HBEOHRIE, UVAZHWS
LXK, EROMESILEREILIC V., F
72, BENTHHLEDEH VLI LTI V=V
FARXAMNEBEBTED, S5, REGTH S
LEDZH W2 Z &1, Mo LERSEIIRD
ONDZEEWEMANEZHOLI LN TED %
& Sl ofEsEENG, 22T, AIfETIE
UVA-LED % i\ 72 £ A O SVEUHERE 23 0] BE 72 200
BW Y AT AO%E IR L2,

K7 Tk, ¥ a—4r—RA%ZHELLUVA-
LED®W Y A7 20X HIEL T, WM
Ya—r—ABRMUVARKEEO 7O N7 14 T%

BI%E U720 KV AT 2% HWT, UVARH &
R, BESORBEILE TV, ERANOUVA
WESHZ X 2 BRI R WE L7,

2. /7 &

2.1 UVAMRRGEE

FWEEMOSGSHDENRY A+ — F
(NC4U134A (T), HuMifbsrT3Epkaiast) 248
AL, EERERICER L7 ARG E LD
HD ¥ — 7 9% K A3385nm T250mW L EOUVA H
NHBWEETH LY, MEPUVADImRS (HEE) 13
BRAEZILSELZ LIZX D REZIT - 72

2.2 HARHY a—7r—AMUVARKEZE

BRAMY a =7 — AROKRWEE % T L7z
AP ORIFFICI2MONCAULZMA (T) % kit
L 7zLED#:AE 2 BU ) 441, R~ 1A & B4
T&E 2L IIT L7, KENITIKIRE R RER %
i L, UVARBOZEZ2E=5 ) ¥ 7 L7

2.3 BRY YTV

MARICHWZ-ZR RS EY )W) I 3EET
NOREANE 2> 5 M 100g T DlEA L7z AFL
e BERITEBICH VS £ T4C THBRIRTF L7
MRS IEBRITIE 1 gl28D 0 53T 72 A D/ 2 v 726

2.4 BROERENE

1gic¥I ) sid7-8ERWo/MNr %, 1%NaClEf
Luria-Bertani (LB) #ZER¥H 7L — MicFk#E 1
JET oS S, BREMIICHEL T2z
Rl 2 A L7z 37C C0REMIR R L2, Kol
FloB SN 728 B o 3 v =—% (colony
forming unit, CFU) #FHll L 72,

2.5 BRI 5 UVARS

F CHAWE»SIEA L-ERZ B HY >~ 7
M QLF, 7 FEIES) LRBE a2 b
OU—VH (3rba—FE72130) I21g721
P10 3720 I 33 72ARIE7 &40 & DMK
Yr—LVHAOTIVIFED FIZ2RT oy b L7z
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WH ORI IED 720, 7V 3O FI2id4mlo
WHAKTRSEMET N7, $72, UVARS
R EROEZ CHMTRYEfLE =) 7
v O(AMEERS vy 774 VA, bR —2 7
0y kst 2 EROREIHY )72,
UVAIRE %, > 7RIy ba— L oR
A7V IHEETHM AW H A, 10ml
Phosphate Buffered Saline (PBS) & X {{RFIL
720 PBSE AL 7-AWH O ME W 1ml % PBSTE
AL, LBERXEHMTL — MIEA Lz, £
O 7L — b 237C T0MHEEL, au=—
Bashi L7z,

2.6 A K 1 o i 3

KWW, Escherichia coli DH5a, % 1%NaCl&
ALBBAR L CL7RE R & 9 Ji28 L7z 2Dk,
Wi PBST 3 Mk L7, PBSICHEE L, 4
66 EF & v T O B 600nm T ODsoo = 1.0
(Imld 72 O AW EA10MH) (CFisE L7z, #EEL
7o KB % A RIS 100 1 W23 A L7214, W
~OUVARS %2175 72,

2.7 WOEFHROGHE
TROHERICLogh i kd 7z (Fidd
£, ),

Log LA DM TIXIA AR D FEER % 4 [l 1) 3%
LATV, P = B R A TR L7z,

3. BMREEE

3.1 BEROAWNENE

HEWITAE LTV LMEOEREIE, WAL
BABICE > TRELE R > T (Fig. 1o
X oT, EREHOREIREIZRANEOBIZED
BB EHHERS N7z

3.2 AWM Y 3 —7 — ARIUVAB R E PR
JiE & R

B LAY a — 7 — ABIUVARH 2

NOIREE &R & WE L7ze UVAZ IS L 2 2%

5 3MEM UL LIE &2 47 o 7225, EENOWE X

15CH520C oM TIEIF—ETH o7 (Fig.

2A). 51, MEEIXI0~95%ICHEFFT B 2 &

MAT&7: (Fig.2B)o

3.3 BERoOZAL

WA L7Z2BERWICUVARR 2 1T-72L 25, &

RomOZ A S kb -7 (Fig.3)

3.4 FRITAE S KRB HE A~ OB R E

WA L7220 RIS KEH 2 %45 #, UVA

% 3G L7z RIB TR 0 AEA73IZ UV A U

R KA IZMA L (Fig. 4), 3HEHOUVAR

B CldLoghF %N 22203 (n=4) THo70

3.5 BEAREEMIZHAE L T ME~DRK
GBS

WEARE X 0 ERICARE LTz il icx L C,

(A) (B)

Fig.1 Measurement of the number of bacteria which
had adhered to the meat originally.
The meats were purchased at different meat
shops (A and B) in Tokushima City.

UVA-LEDHSRE TSNz 1 gh/choan=—%

Log’EA# ¥ =Log [

IV b= VEETEERENZ1 gbl-hoaa=—
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Fig.2 Measurement of the temperature and humidity in the UVA sterilization system for the meat showcase.
Temperature (A) and humidity (B) in the UVA sterilization system for the meat showcase with irradiation

of the UVA were measured during the more than 3 hours. The air in the UVA sterilization equipment was
stirred continuously by a fan.

Fig.3 Change in color of the meat.
The meat was irradiated with UVA irradiation for 3 hours (S), or without irradiation (C), in the
UVA sterilization system for the meat showcase. The number of the image (1 to 6) indicated each of
the different portions in the meat.

UVARSHZ X 2 BWR R E2HE L7 (Fig.5)0
3R OUVARSHIC X % BB ) H 13 LogEfr 3R
H—-14%03 (n=4) TH-o72

ARFZERIZETIE, EWICH L TUVA-LED ST
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FCTHRMEL TEZLED-UVA%Z JHW 72K B o A
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WizecERANZ T TRk 247 - 72,

L EAfE L72UVA-LEDI ST > A 7 2 % Vv T
FEBICEWICUVAZ G L7225, BAROGLh
WIZIIELIERD b o 72 T ORI,
UVARSHIBEO MR R EE 2 5 212w
LV A ORERRY LABRLTWD I EH
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(B)

(©

Fig.4 Changes in the amount of bacteria adhering to the meat.

The meat was irradiated with UVA in the UVA sterilization system for the meat showcase. Each pieces
of the meat was divided in one gram. Before irradiation with UVA, E. coli (107 colony forming units) were
inoculated to the meat. (A) The meat after 3 hours irradiation with UVA. The colonies of E. coli on the LB
broth plates were shown before (B) or after (C) irradiation with UVA.

(A)

Fig.5 Changes in the amount of bacteria were attached to the meat at

the time of purchase.

(B)

Each pieces of the meat was divided in one gram. The bacteria,
that had adhered to the meat originally, was irradiated with UVA
for 3 hours (A) or without irradiation (B) in the UVA sterilization

system for the meat showcase.
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Morbidity and safety for the maillard reaction occurred during cooking

of meat products

X & SRR [ O/ G S T T
( BROKL TR EFREHEIL Y 5 =, * HARTRFERBOEH LI

Yuzuru Otsuka', Keiko Yamaguchi®, and Yuri Nomi'

(Institute of Environmental Science for Human Life, OchanomizuUniversity ',

Department of Food and Nutrition, Japan Women's University?)

During food processing and cooking, various kinds of flavor compounds, colored substances
and toxic substances are produced by the Maillard reaction. Thus, it is important to investigate
the relationship between the Maillard reaction products and the cooking conditions. Therefore,
we investigated effects of the seasonings and reaction conditions on the Maillard reaction of
meat using furosine and fluorescent compounds.

The addition of 1% NaCl decreased the Maillard reaction rate measured by furosine in
Glc-meat reaction. Furosine content was increased rapidly by pan-broiling and frying, but
increased slowly at the beginning of gas oven baking. The fluorescence of broiled meat showed
maximum at 333/425 nm (exc./em.) and are useful indicator of the Maillard reaction of meat
sample. The rate of increasing fluorescence in gas oven baked meat was lower than that of the
meat heated by other cooking conditions.

In the present living environment, we are exposed to various carcinogens. We have
various diseases when exposed to these carcinogens. 4-Methylimidazole, produced by the
Maillard reaction, is carcinogens in foods. But its effect on gene expression or metabolism
mechanism remains to be unknown. Xenobiotic in the body is generally eliminated from the
body by activated drug metabolic enzymes. Mainly drug metabolizing enzyme group
cytochromeP450 (CYP) family is known as oxygenase, it might be induced oxidative stress by
4-Methylimidazole. In this study, we examined effects of 4-Methylimidazole on gene expression
such as drug metabolic enzyme and antioxidative enzyme.

When Hep-G2 cells were added with 4-Methylimidazole, drug metabolic enzymes such as
CYPIAI, CYPIAZ, and NQOI and antioxidative enzymes gene expression such as SODI and
GPX]1 significantly increased. Many genes were significantly increased (up) or decreased
(down) its gene expression when measured by microarray, so we need to confirm this data by
real time PCR.
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The reaction conditions are described in“Materials and Methods”. The explanation of figure legends
was shown in Table 2. Each value is the mean of three determinations. *p<<0.05 by Tukey-Kramer

post-hoc test.Concentration of NaCl was 1.0%.

Fig.1 Amounts of furosineof pan-broiled (at 200C) meat samples containing saccharide and NaCl
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The reaction conditions are described in“Materials and Methods”. Each value is the mean of three determinations.
*p<0.05 by Tukey-Kramer post-hoc test. Meat was added with 5.0% white superion soft sugar and 1.0% NaCl.
Fig.2 Amounts of furosine of pan-broiled (A) and gas oven baked (B) and fried (C) meat samples
containing Sucrose and NaCl

A B
1000.00 | 1000.00
0.00 /\\\/\ 0.00
220 900 220
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The emission wavelengths was fixed to 425 nm, and excitation wavelength was scanned from 220 to 900 nm.
Fig.3 Fluorescence spectrums of raw meat sample (A) and meat sample pan-broiled

at 2

00C for 30 min (B).
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Fluorescence intensity

B
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The reaction conditions are described in“Materials and Methods”. Fluorescence was measured with
370/440 nm (A) and 333/425 nm (B) (exc./em.). Each value is the mean of three determinations.
*p<0.05 by Tukey-Kramer post-hoc test.
Fig.4 Comparison of fluorescence intensity of meat samples heated by three kinds of cooking methods.
Scatter Plot
Categoiisg
. -~ s
1 O TR R R R s
} | WAmino acid metabolism MBiological process unclassified
| M Carbohydrate metabolism M Cell cycle
! MCell structure and motility M Cell surface receptor mediated signal transduction
i MDevelopmental processes Wimmunity and defense
: Mintracellular protein traffic Mintracellular signaling cascade
: MLipid, fatty acid and steroid metabolism MNucleoside, nucleotide and nucleic acid metabolism
| M Protein metabolism and modification WProteolysis
4 MiSignal transduction M Transport
; Mothers Munknown

Thee gere expressicn compared with contnal ]

The number of gene compasad with contral

BMover3fold Mover 2 fold WO5<2 fold Crer F dold [ug) 1247

Bunder 0.5 fold WMunder 0,33 fold Undar 0.5 fold (down) 1157

250 uM of 4-methylimidazole was added to HepG2 cell and RNA was extracted after 4 h. Then,
microarray gene expression analysis was done.
Fig.5 The result of microarray gene expression analysis
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Study on the relation between fatty acid composition, flavor, taste component

of Japanese black beef meat and eating quality by tasting panel

A E— B R - EE KRB - SR S
A e VNL /S
CHULRFRFBE B AEDER, *HARTRY, REUREL>Y 5 —)

Keiichi Suzuki', Shoko Yokota', Shioura Hiroaki', Fumiko Iida?,
Shinichi Yamada?®, Hironori Sakuma®
(*Graduate School of Agricultural Science, Tohoku University

“Japan Women's University, *National Livestock Breeding Center)

To produce an index of a delicious beef evaluation, relations among panel test items
evaluated with the training panel, the fatty acid composition, the amino acid and peptide
components, and the aroma components were examined using Japanese black cattle beef with
known BMS No. and fatty acid composition. The most contributed item to the “Overall
judgment” of the panel test item was “Desirable taste (56.9%). The respective contribution
rates of “Good cattle aroma”, “Total texture” and “Strength of the flavor” to “Overall
judgment” were 22.8%, 2.1% and 1.1%. Partial correlation of the panel test item and the
chemical composition calculated by considering the BMS No. and sex showed significant
negative correlation of C16:0 and saturated fatty acid (SFA) and significant positive correlation
of mono-saturated fatty acid (MUFA) with “Strength of flavor”, which suggests that the
MUFA is important for beef flavor. In the odor component, a significant, negative correlation
was shown respectively between alcohol, unsaturated aliphatic aldehydes, and “Good cattle
aroma’. Furthermore, although a significant positive relation of free amino acid and sugar to
“Desirable taste” was expected, no significant correlation of these chemical compositions was
found with “Desirable taste”. Comparison of brand beefs that had meat quality features is
necessary to specify the index for evaluation of delicious beef.
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Table1  Result of multiple regression analysis on panel test. N=54
Dependent variable coefficiency Independent Variables R?
Y (Overall judgment) 0.791 X1 Favorable taste 56.9
0.346 X2 Good cattle aroma 22.8
0.204 X3 Total texture 2.1
0.190 X4 Strength of flavor 11
-3.074 Intercept
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Table2 Partial correlation coefficients from error between panel test and fatty acids composition

Mean SD Texture Good Bad Flav Taste Overall
¢ 140 259 044 0.38 0.12 0.04 -0.12 0.00 0.05
¢ 160 26.27 221 0.50 0.12 0.06 -0.34g -0.10 —-0.04
c 161 4.07 091 0.02 0.10 -0.01 0.25 0.15 0.15
¢ 180 11.65 1.96 0.05 0.00 0.06 -0.10 -0.07 -0.01
c181 5311 293 —0.51 -0.10 —-0.06 0.28 0.12 0.02
c182 231 0.6 0.00 -0.22 -0.11 0.00 -0.19 -0.18
SFA 4051 3.38 0.44 0.11 0.08 -0.32¢g -0.11 —-0.03
MUFA 57.18 3.37 —0.45 -0.06 -0.06 0.32g 0.15 0.07
RATIO 143 0.2 —0.44 -007 -0.07 0.28g 0.11 0.04
Texture: Total texture, Good: Good cattle aroma, Bad: Bad cattle aroma, Flav: Strength of flavor, Taste : Favorable

taste, Overall: Overall judgment. SFA: Saturated fatty acids, MUFA: Mono-unsaturated fatty acids ,
SFA, Bold figure shows significant coefficient of correlation at5 %.
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Table3 Partial correlation coefficients from error between panel test

of aroma and volatile compounds.

Mean SD Good Bad Flav
Lactones 152 0.08 -014 -0.29
Ketones 36.6 -0.19 —0.06 0.13
Alcohols 1.8 -0.34 -015 0.17
Aliphatic aldehydes (saturated) 1252 -0.28 —-0.06 0.10
Aliphatic aldehydes (unsaturated) 745 -0.34 -017 0.03
Acids 0.9 0.06 0.10 —-0.04
Diterpenoids 220 0.17 0.30 0.18

Good : Good cattle aroma, Bad : Bad cattle aroma, Flav : Strength of flavor,

Bold figure shows significant coefficient of correlation at 5% DF=42

iRl 72, TRWIL & & ] dTriptophan
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Table4 Partial correlation coefficients from error between panel test and amino acids, sugar component.

Mean SD Texture Good Bad Flav Taste Overall
Free amino acid  Aspartic acid 132 270 -0.18 -013 -0.25 0.02 -0.01 -0.25
(nmol/gWW)
Glutamic acid 156.1 104.2 0.03 0.06 0.07 -0.17 0.20 0.12
Asparate 449 61.2 0.00 -0.01 -0.01 0.04 023 0.16
Serine 1934 830 0.12 -0.07 -0.08 0.12 0.20 0.22
Glutamine 3583.0 2088.0 -0.01 0.21 0.09 -0.12 -0.01 -0.06
Glycine 36 1838 0.16 011 0.26 0.11 0.04 0.03
Histidine 402.9 1348 -0.07 -0.12 -013 -0.03 0.15 0.07
Threonine 89.8 96.1 0.07 -0.07 -007 0.03 0.13 0.09
b-Alanine 19.1 409 0.15 0.12 0.08 0.26 0.00 0.03
Arginine 142.7 486 0.10 0.03 0.02 =001 0.05 0.07
Alanine 2249.0 610.8 -0.09 0.04 -0.05 -0.13 0.07 0.01
Car + Tau 3981.0 1495.0 018 -0.06 0.00 0.14 -0.02 0.07
Ans 467.8 320.2 0.12 -0.09 -001 012 0.12 0.16
Tyrosine 170.1 80.0 0.15 0.05 0.14 0.12 0.07 0.22
Cys2 87.3 40.6 0.16 0.19 0.25 012 0.18 0.35
Valine 1904 984 0.12 0.02 0.11 -0.03 0.01 0.11
Methionine 537 87.1 0.13 -0.08 0.14 0.03 0.06 0.12
Triptophan 794 489 0.12 0.45 0.21 -0.04 -001 0.13
Phenylalanine 162.8 79.2 0.14 0.21 0.24 0.00 0.09 0.22
Isoleucine 1317 1336 0.16 -0.05 0.04 0.07 -0.01 0.03
Leucine 345.1 166.2 0.18 0.08 0.17 0.01 0.06 0.21
Lysine 69.5 55.0 0.11 -0.07 0.03 0.01 0.00 -0.10
Proline 221 60.0 0.12 0.01 -0.04 0.00 0.13 -0.07
Sugar Glycerol 7376 1335 0.09 0.30 0.05 -0.11 -0.15 0.00
(ug/gWw)
Ribose 106.4 64.2 0.01 0.10 0.06 -021 0.09 0.08
Fructose 189.2 110.2 0.11 -0.07 0.11 0.04 0.01 018
Mannose 855 56.8 0.16 -001 012 0.02 0.09 0.22
Glucose 504.2 225.1 -0.02 0.10 013 013 0.00 018
Inositol 2112 146.6 0.00 0.24 0.15 =011 0.04 0.09
total 1834.0 4639 0.06 0.21 017 -0.02 -001 0.19
Glycogen 1.0 09 0.17 0.12 0.29 013 -0.04 0.14

Texture: Total texture, Good: Good cattle aroma, Bad: Bad cattle aroma, Flav: Strength of flavor , Taste: Favorable taste, Overall:
Overall judgment. Significant level of coefficient of correlation at05 % was 0.268 . Bold figure shows significant coefficient of
correlation at5 %. DF =48.
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THRDBL SIEET LB ERERIIR DWW T oL

Intramuscular free fatty acids related to beef eating quality

ezt f&- k% Er- bl B - —E - 21 52

Minoru Yamanoue, Keiko Yano, Syuji Ueda, Ikko Ihara and Kiyohiko Toyoda

(Graduate School of Agricultural Science, Kobe University)

It has been known that marbling and fatty acid composition influence on quality of
Japanese Black Wagyu beef. Beef with the most desirable flavour has lower percentages of
saturated fatty acids and polyunsaturated fatty acids and higher percentage of
monounsaturated fatty acids in the intramuscular fat. However, changes in the amount and
fatty acid composition of intramuscular fat when beef is provided as a food have not been
cleared yet.

The aim of this study was to analyze the changes in intramuscular fat of Japanese Black
Wagyu beef after postmortem aging and cooking. Sample meats were taken from carcass
cross-section between the sixth and seventh ribs of Japanese Black Wagyu cattle and stored at
4C antiseptically. At 7-, 14- and 28-days postmortem, total lipid was extracted with a mixture
of chloroform and methanol according to the Folch method. Total lipid was separated to each
lipid class such as triacylglycerol (TG), free fatty acids (FFA), cholesterol ester and others by
silica column chromatography and the amounts of those lipids were measured. On the other
hand, meat samples at 21-days postmortem were cooked to internal temperature of 65-70C and
supplied to above measurements. Separated lipids were esterified with BF3-MeOH and each
fatty acid composition was determined by GC analysis.

As the results, postmortem aging had no effect on the amounts and the fatty acid
composition of total lipid and TG of intramuscular fat. But the amount of FFA increased
significantly during postmortem aging (P<0.05). Cooking caused no significant change in any
amounts and fatty acid composition of total lipid, TG and FFA. Thus, increased amount of FFA
in intramuscular fat during postmortem aging is possible to relate to eating quality of Japanese
Black Wagyu beef.
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Fig. 1 Rib eye after taking sample pieces from carcass cross-section

between the sixth and seventh ribs at 7-days postmortem.
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(a) (b) (c)

Fig.2 TLC patterns of total lipid (a) , TG (b) and FFA (c) fractions separated by silica gel
chromatography.TG, triacylglycerol; FFA, free fatty acid; FC, cholesterol; DG,

diacylglycerol.
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Fig.3 Changes in the amounts of TL, TG and FFA during postmortem aging of Japanese Black Wagyu
beef (n=10).
TL, total lipid; TG, triacylglycerol; FFA, free fatty acid.
%, significant difference between 7- and 28-days postmortem (P<<0.05).
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Table 1

Fatty acid composition (%) of intramuscular fat of Japanese Black Wagyu beef during Postmortem aging (n=10).

Postmortem Aging Time (days)

7 14 28
Fatty Acid TL TG FFA TL TG FFA TL TG FFA

Cl4:0 234028 234+046 369+022 241+034 259+049 341+065 247+032 249+044 338+054
Cla:1 066+024 067=0.24 nd 063+016  0.74=0.27 nd 066+024 0.72%0.26 nd
C15:0 031+005 031%0.05 nd 031+005  0.34=0.05 nd 036+011  033%0.05 nd
C16:0 261+249  261+387 341+415 263*254 268+252 338*492 267+203 269+273 303+410
Cl6:1 359+079 333050 279+051 363*057 354+076 313119 339+054 354=060 346*1.10
C17:0 088+0.14  086*0.14 nd 089+016  091=0.16 nd 088+0.15 089=0.14 nd
C18:0 115£196 11.0+198 164*256 116+167 112+222 151+273 116*229 111+197 134£355
Cl8:1 488+190 477+316 375+613 484%250 478+303 401*459 481+232 478+303 412782
Cl18:2 264+081 233076 496+248 258*083 260+080 666366 250+0.77 254077 593+2.08

SFA 411+263 419%299 537+691 415+350 41.8+352 516585 420+279 416*359 471+668
MUFA 530+205 525%233 409+594 527+289 521+284 423493 521+236 520+269 440+883
PUFA 238+081 233076 606+196 246+083 260+080 666366 238+081 254%077 593+2.08

TL, total lipid; TG, triacylglycerol; FFA, free fatty acid.
nd, no detection.
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Fig.4 Changes in the amounts of TL, TG and FFA by cooking of Japanese
Black Wagyu beef at 21-days postmortem (n= 7).
TL, total lipid; TG, triacylglycerol; FFA, free fatty acid.
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Table2 Fatty acid composition (%) of intramuscular fat before (Raw) and after cooking (Cooked)

of Japanese Black Wagyu beef (n=7).

Raw Cooked
Fatty Acid TL TG FFA TL TG FFA

Cl4:0 219%0.38 2.30%0.61 349%091 2.67=0.67 2.62%0.53 3.06=0.90
Cla:1 0.73+0.22 0.66+0.12 nd 0.85+0.17 0.82+0.23 nd
C15:0 0.28+0.07 0.24+0.20 nd 0.31+0.05 0.29+0.07 nd
C16:0 244+154 250+2.25 286+5.78 26.7+341 26.2+2.33 2718+221
Cl6:1 405+1.28 4.06+0.76 352+091 4.16+149 4.14+1.06 476 +1.70
C17:0 0.71+0.17 0.81+0.18 nd 083+0.12 0.84+0.16 nd
C18:0 10.1£1.05 105+1.58 116+238 104=227 10.3=1.45 104+1.53
C18:1 523+1.82 508 +3.79 44.2+761 49.0+3.80 496+332 456517
Cl18:2 2.13+042 1.95+0.36 397+131 2.20+0.31 1.95+0.39 4.28+1.94

SFA 375+244 388+4.21 435+7.80 409+6.14 402+382 41.3+4.35
MUFA 57.1+217 555+3.75 47.7+8.10 55.9+4.92 54.5+367 50.3+4.35
PUFA 2.13+042 1.95+0.36 397+131 220+0.31 1.95+0.39 4.28 +1.94

TL, total lipid; TG, triacylglycerol; FFA, free fatty acid.

nd, no detection.
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A rapid objective method for evaluating meat grain

A JLIE M
(EMA B )

Masakazu Irie

(Faculty of Agriculture, University of Miyazaki)

The meat grain (the first muscle bundle) is an important factor for the texture and the
characteristics. The earlier evaluation methods for meat grain are time-consuming or
subjective. Recent digital microscope developed by high technology may be used to evaluate
meat grain. A new prompt and objective evaluation method for meat grain was studied using
digital microscope, and applied to the difference between breeds. Longissimus thoracis muscles
were sampled from the carcass of 54 crossbred pigs (LWD) and 29 Berkshire pigs. In the
histological method, frozen sections were obtained from cubic samples and stained by
Hematoxylin-Eosin. In the microscope method, the images were obtained from raw cubic
samples and improved in high dynamic range (HDR). The images of first muscle bundle area,
the major axis, the minor axis, and the perimeter were measured by the image analysis
method. The new evaluation method with the microscope was able to obtain the image of the
first muscle bundle promptly and clearly by the automatic focus and the picture processing.
The measurements by the microscope method were strongly correlated with those by
histological method (r=0.80~091), showing the similar values. It was thought that the muscle
bundle area was more appropriate for meat grain than the major axis, the minor axis, and the
perimeter. The muscle bundle area, the major axis, the minor axis, and the perimeter from
Berkshire pigs were significantly smaller than these from LWD cross breed pigs (p<0.01).
These results were shown that the digital microscope method for evaluation of meat grain was
nondestructive, accurate, and prompt, and the applicability was high, as shown in fine meat

grain of Berkshire pig.
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Fig.1 Digital Microscope (Keyence Co. Ltd)

Fig.2 Direct image (a) and processed image after high dynamic range procedure (b) by Microscope
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Fig.3 Images of porcine longissimus muscle by histological method (a) and Microscope method (b)
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Fig.4 Relationships between histological method and digital microscope method for muscle bundle
area (a), perimeter (b), major axis (c¢) and minor axis (d)
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Fig.5 Images of longissimus muscle from LWD cross breed (a) and Berkshire breed (b)
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Fig.6 Breed difference in meat grain by microscope method
Muscle bundle area (a), perimeter (b), major axis (¢) and minor axis (d)

Wk, WAL REL ERE HREL LICAEICK vs 0.75, 454% : 057 vs 037, JAFAE : 3.05 vs 1.93,
W & 7o 72 (HFE © 059 vs 026, F£8:1.20 p <001),

© The Ito Foundation



32 PR3 FAICBY S 2 B JE R AR (Vol30)

PLEofERE, AR BIKIZ E D252 &
WhHhNLIEROARL D —FHLTWwi, DM
M SOHMNE, BEPPEMETH L Z L IREEL
T bbb, B—REOMMHERIT KA
RFEoTHY, BRKIIKEM L A2 & o
BRSNS W, DS & DRI
—KHRBML 2B EEZOND,

BRI KA & AR L ) TR W
Lan, WIRMZ ZODHM2 L, Wil
W72 D5 Z LB E SN TS, KR
FE O E V) BIKRDFEEZZT TR L, R
KDL LT, HTHZOREZFHWTLHO0
b LN\, ¥R, 77 AF ¥ =K
ZOMBRFHEEICKRESSREEINLINHTH
B,

ARPEAE, Gtk MR & BRI SN
B EDOEMEDOENI L > TEDRED X
VBT 20 DHEM B HEL %D THAH, £
oA, HICEOOKRESZUET L7203 Th
<, WO EMGRERE S 2 EoWlEIC I
HATE2LE2 6N, MRILISHINEHEII%R
51259,

4. B8 8

WOE®D (BE—KHK) &7 7 AF v — LBk
L, WO ma L TR ZERTH 5. HER
D & O OFHIEIZ I BIER T ICHEYD %o
&AL, NATI7EMERY) AR A 70 A a—
TV EENHESR, PR EZDIZHI
TELU MDD, 22T, ¥4 r70Ra—7
ZH, WO E D ORE D OFEIG 23 LSl
FEEREL, 512, KOMMEIZX 2 ED0E
WASFHII T E A0 E) & o Z2in kR e L
7oo RMEMKS4H (LWD) & BIK ON— 72
Ty —H) 29HOBANS, MR RIL
7o MR 7T, I HRIREE D & S Y]

FaEERL, A F2) - F v Ml
7. RAuRA=TETIE, RRERSOTF
W{E%H, N4 ¥4 F3Iv LY (HDR) T
MR L7z A MRS RN EC X - TH—
W OmRE, R, W FEHELFIIL 7,
XA 7 uRa—7I K BEHER, RO F
F, A= N7+ — A A LRI K o TRAAH
OWFEICE —~RBGROMRZ 5 Z EATE, £
DHDEGFFITIC & > TEDOEESH KL T %
TENTE, A 7B AT—FEIC L BHEM
W&, REREIASA D B HE R ORI EE N )7 1 0 J 2 il &
OMEAEL (r =080~091), ML =M%~
L7zo F7z, WTORR, D2 5ICEE
7, B, FPEX D IEEOIZ) X D EYTH
b LEZ bz, BIROHE—KGROME, RIE,
A, R, LWDRMBEOD DL ) bAE
WINED o7z (p<00l), LlXY, w421
AT—=TIZBIT 5 ZOOFMPIE, DD IR
WCTEHTHAL L, EHICEKOZDOMNS
FEITELINHEOESHH B 2 LATRENT,

X W

1) HAEAWIZS : BRAESR GG, &
WaEfEEE. 2010.

2)  AILIERD : HARAM T 34545 40, 747~754,
1993.

3) Irie, MLJ. : Anim. Sci., 77, 2680~2683, 1999.

4)  AILIEAD : HARZEIKESRE 39, 221~254, 2002

5) Irie, M., Oka, A, Iwaki, F : J. Sci. Food Agric., 83,
483~486, 2003.

6) Purslow, P.P., : Meat Sci., 70, 435~447, 2005.

7) WEIVI=T)YT  HOKEY)RPTEDOR
BT /7352 B3 2 il A, 1991.

8) Farouk, M.M., Zhang, S.X., Cummings, T.J.:
Muscle Foods, 16, 256~273, 2005.

9) Tan, J.L, Shatadal, P. : Meat Sci., 57, 341~346,
2001.

10) FHIoCAME - REFEZE - NI - SEF C HARE
FEARHL 60, 261~272. 1989.

11) Iwamoto, H., Kawaida, H., Ono,Y., Takahara, H. :
Jbn. J. Zootech. Sci., 54, 392~400, 1983.

12) SRR - HEE T, WIAHNE, 1989.

13)  AVLIEFD : RAOR, 34, 9 ~15, 1993.

© The Ito Foundation



PR3 FAICBY S 2 B JE R AR (Vol30)

83

I IRIA 2 H iR L 72 A2 T o fi ]

Interpreting the production system for high quality pork

s s ok Ok
(AL R R A7 b B 22

Akitsu Tozawa and Shusuke Sato

(Graduate School of Agricultural Science, Tohoku University)

It is thought that the disease control may be difficult of the pigs in the grazing system.
The welfare level of pigs reared outside is assessed from the behavior, intestinal condition, and
lung involvement. 44 pigs of LW were allocated to 3 groups; the grazing system with
fermented TMR (Group 1 ; G-1, n=14), the grazing system with concentrates (Group 2 : G-2,
n=15) and the housing system with concentrates (Group 3 ; G-3, n=15). The time budgets of
feeding of ration, rooting, and feeding of grasses and soil were longer in pigs in both grazing
systems than in the housing system. The pH of feces was higher in the order of G-1, G-2, and
G-3 at the all of early, middle, latter stages, and6.6 =0.2, 6.2 0.3, and5.6 = 0.2, respectively, were
significantly different mutually (P<0.05). The numbers of all enterobacteria and Clostridium

cluster from feces were significantly lower in the grazing systems than the housing system

(p<0.05)

than in the housing system.
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ZOoWTIIK L7z 486, PRI S ko

. It is concluded that the welfare level of pigs may be higher in the grazing system
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Table 1 The percentage of time spent on each behavioral category by pigs in Group 1 ~ 3

Outdoor Indoor
Group 1 Group 2 Group 3
Behavioural category
Mean s.e. P-value Mean s.e. P-value Mean s.e.

Feeding 12.1 11 0.09 16.5 30 0.3 86 15
Grazing (grass) 99 1.0 — 45 1.3 — — —
Grazing (soil) 6.6 15 — 5.6 05 — — —
Rooting 79 2.6 — 38 1.0 — — —
Total 36.5 42 — 304 3.7 — — —
Contact to soil 145 38 — 9.3 14 — — —

s.e. : standard error of the mean
P-value : comparing with Group 3

contact to soil : Grazing (soil) + Rooting

% Group 3 @ M TKruskal- Wallis#i & 2 17 - 72,
HEFKIEIZS % & Lz,

3. BREEE

3.1 frEhiis

R OB AKX, EHETMREZHEG LT
B O Group 1 THIERER 0121 +11%, A
EEIREBL LT 2B H O Group 2 Tl
165+30%, MEFAMEZHLS L TWwiz&io
Group 3 TI1386+15% Td -7z (Table 1 ). 4K
B TH-72Group 1 BL U2 TEfROBELED
iz, BE e REOEENA LNz, Group 1 12
B2 HEOBMAERMA51399+1.0%, LD
AR B 51366+£15% Tdh - 72, Group 2 |2
B 2B OB AMGHIA 51346 £13%, 18D
FEAMEE 51356 £05% Th - 720 BBEHIE T
& 5 Group 1 B £ U2 DrootingFF B FL 51 2 N2
N79+26%, 38*x10%Th o7

HRIRETCTHMBESINZT Y Tk, BRL
rooting {2 H D IGEFREE O FI50% & F 9 & &
NTwaY, RifRICBVTH, RHKETO
Group 1 B L U2 T3 & L rooting% & b 7247
BRERIAL 9323365 +42% B L UN304£37% TH -

7oo BISHEHAHPIZR SN TV 2720, EAMK
2o TWABHA, EA L rooting & W9 WAYIZER
CEHIEDST SNTATEHRERIREO 7 ¥ L[F L X
ITHEH LTz w) Z ik, IEEITEIANEIE
WCHRB LTV LT & %,

TEREREDCHFETLIEDRATWVS
ClostridiumJ&W O 5K & OB T, BHEE D
GrouplZ [ L Tld 13 & oFEMRMIZOWT H
AT o720 TEOEEA LrootingZ HhE 721
B L Pl BL 4 1%, Group 1 T145+38%,
Group 2 T93+14% TdH - 720 WMiGroupIkiz 13
& DEf A AN T DT W,

3.2 WNEREEHA FfEpH

FMpHIZ, Hdwi B L Oldoh <k, ks
BHCERAFRZHY5 L TwWGroup 2 & &l TR
GERZIRS L TW/2Group 3 TIXFE U X 9 %l
R L7278, Group 2 Tl T LR L
(6.22£0.27) (Table2). H4cwi - Wi, EEK
PHBHH ORI CTH - 72720, NE R %
G- LTW7eds, BRI IZEE S s A
L7z, B|EpHIZEIMEAI RN K E (BB E 2T
BV R EEE L EN oIl b
FMpHELDOHEHD 1 DL LTEZ LN,
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Table2 Fecal pH of pigs in each Group during rearing at pasture.
(#Group D FAEpHDFEEAYZAL)

Period
prior middle latter
Outdoor Group 1 706=0.12 707017 a 663024 a
Group 2 594+0.32 586+024 ¢ 622+027 b
Indoor Group 3 575+0.25 580+023 ¢ 561+024 ¢
Mean+SD.

“>“Means within a row lacking a common superscript letter differ (p<0.05)

Table3 Total bacterial and Clostridium cluster I, 116S rDNA copies in pig feces

(Bfk 1 g 72 ) ORMEATFOIE—1)

Total bacterial 16S rDNA

(copies/g feces)

Clostridium cluster I, 1
16S rDNA (copies/g feces)

Abundance ratio (%)

Group 1 136+1.0x10" % 58+52x10" % 42+38 T
Outdoor
Group 2 162+36x10"  * 24+21x10" % 18+18 *
Indoor Group 3 33+1.0x10" 41+22x10" 124+64
Mean +S.D.

Abundance ratio : Clostridium cluster I, 1116S rDNA/Total bacterial 16S rDNA
* : Significantly different from Group 3 at P<0.05 as determined by Kruskal Wallis test
T : Significantly different from Group 3 at P<0.1 as determined by Kruskal Wallis test

Y EE CTHREER % 455 L T\ /zGroup 1 T,
M ZBL T 22DGroup &k V) B EpHT
Hotle TNIFERLLZLIIC, KB E WD
BRI X 2ENC X DR ZEZ 5N b,
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pHZ ¥ LT % L E 2 b7z,
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ClostridiumJ&H O 7 &

EMWOEME 1 g2 ) OBWBEET IV
X, BB E %475 T 72Group 1 T136+1.0 X
10", Group 2 T162+36x 10" & & TH - 72
Group3™33+10x10°L 0  HHE IR Wl R
L7z (p<005) (Table3). ZAUIBHBIE %179
C & THRIEHOMEEANEA L7122 L Z2RL T 5,

ClostridiumJ& W b FFEIZ, Groupl BX 2T
1ZGroup 3 LKL T, #M 1 g 72 ) OEENE
EF I - A RIS L Tw7z (p <005).

AT 9 5 Clostridium g W O E] 4 13 Group
2 CGroup3 L N A HICKWEZRL (p<
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415387 % 4T o 72 Clostridium cluster I - 11
WA T BRI (C. tetani) KV 1)
X AW (C. botulinum), 7 = V¥ 2 (C.
perfringens) RENEZINT VWD, TDX ) LR
JEREY B X A ER & & D Clostridium &
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3.4 WMROMKE (4 377 X<
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He%Table 4 IZ/R L7z WHBEIH OGroup 1, 213
A DOGroup 3 £ D HIEVWEZ R L T2, A
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Table4 MPS score of each Group measured after slaughter

(L EHBOMPSZ aT)
Outdoor Indoor
Group 1 Group 2 Group 3
MPS score 864+973 14.81+19.14 16.36 +24.11
No significant differences among groups
10
) "\
wmdr EETRR

CONEE Jogren (8
-

Fig.1 Temporal change about coverage of grass at pasture.

(B WK Bt D TR B O KA B FE D e kg 9 224 )
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