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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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451 In] WEAAISTAERE  487F 60, 000F 51 18,097
2 58 52 54,400 4 12,064
3 59 60 49,800 7 17,000
4 60 62 48,000 9 18,100
5 61 70 53,000 8 11, 681
6 62 79 58,900 2 5,151
7 63 95 70,500 2 2,764
8 VROCAERE 86 74,250 3 1,900
9 2 79 60,000 1 500
10 3 70 50,000 1 2,000
11 4 86 60,000 2 5,000
12 5 81 60,000 2 4,000
13 6 81 60,000 3 4,000
14 7 82 65,000 2 2,500
15 8 81 69,100 4 7,000
16 9 78 59,000 3 5,500
17 10 82 60,000 3 6,500
18 11 67 47,000 2 5,000
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20 13 53 37,000 1 9,720

21 14 58 40,000 0

22 15 55 41,000 0

23 16 55 48,000 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.28 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. 2010

Koichi Ito

The chief director
The Ito Foundation

Hohi T
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Functional Components Sourced from Bovine, Porcine and Poultry :

Comparative Study on Bioactive Peptides

JEH KB - TTRITF4 7 T—AF - W B - KE O =ZEE

Daiki Kubota, Abdulatef M Ahhmed, Satoshi Kawahara and Michio Muguruma

(Faculty of Agriculture, University of Miyazaki)

This research aimed to study and compare the biological and functional properties as
well as physiological effects of beef, pork and chicken protein hydrolysates; in vitro tests.
This year we aimed to check the antihypertensive effects by determining the ICs of the
three mentioned species. The second and third stages of this research which will be
carried out near future would be focusing about anti-oxidation properties and blood sugar
lowering effects. In the current study, we evaluated the angiotensin I-converting enzyme
(ACE) inhibitory activity of hydrolysates of biceps femoris muscles from beef and pork
also we used leg muscles for chicken samples. All the muscles separately hydrolyzed
with pepsin and typsin and then subjected to various types of chromatography. ACE
inhibitroy activity of the hydrolysates was determined by Rabbit lung enzyme and
Human Vascular Endothelial Cells (HUVEC).

SDS-PAGE results suggest that beef has not been hydrolyzed on the same level of
pork and chicken. HPLC patterns indicate that the second peak in chicken samples
digested for 4h contains bioactive peptides (MW 1560). However, undigested samples of
pork and chicken meats slightly differ from each other. In comparison, values of protein
concentrations insignificantly varied in beef and pork samples, which were digested for 2
and 4h. Yet, chicken samples showed a lower value of protein concentration especially
that samples digested for 2 h. The three species showed a very similar ACE inhibition
percentage, although chicken showed lower protein concentration. Results suggest that
the chicken possesses crucial peptides that are having a great ability in undermining
ACE activity, which is in accord with the findings of HPLC (second peak of 4h sample).
As a comparative study, ICs of chicken showed the lowest values for the both treatments
(Rabbit lung ACE and HUVEC ACE). The lower the ICs the stronger the species
possess ACE inhibitory activity peptides.

We conclude that meat in the three species contain peptides that may serve several
purposes. Based on their remarkable ACE inhibitory activity, we suggest that chicken
meat peptides may have potential applications as functional food, which could be used as
nutraceutical compounds.
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2 B 5 B Bl ORI 7E b A R e

WZxF L, FREI8AEICIE5490 0 NZ@2BE L Tw
5V, BIEERRVPEORTCIEED 2 ~ 3%
L5 RE, IMNEREOFRREEEbo T
Wb,

JERE I, (OoifZe &SRR SRR, A
EEOGHRKRTTHY, EEFERD LfE 5D T
W BRI D D WIS E I R & O PHE
ZHIERI Y 720, BILEZ WA HIHS 5 5
PEETH Do wIEEIZEKE OB S 207 — K%
EILE &, $90%U Ex b LwvbilTwa R

RYEEEICTES NS, AEESIEZINE
TﬁlﬁﬂﬁﬁﬁﬁotﬁxlmHWH%Klb,ét
HEHEPKELERNTHE I L5 hoTERY,
RN CTHIERE 2 0o TwnanidL =
V-TUFRFT UV IVRTHY, TrX¥AT UV
VINT XA T Y oEHEE (ACE) OEH
I2EoT, AEMETHALT VXA TV VI
ERHEND, ZOTUFFT VY Y TIZERN
TROBHRAEWETH Y, M % DU
SELEHMATEIEHZA L TWAEZITTIERL,
BIECOTNV FATayWERL, ST hYY
AR KO EMAEZGI SR L, M#EWZIMLE
FRICHLBEE T2, o T, ACEDRES LML
FEEAWGENCAMTH L L SNTBY, BKRNIC
DLEREBEOWES 2, MWOREHE XD bEIE
APL I LWL IR -7 8" %, ACE
H 5 1) Bl CAREME S I R D707 ISR R % 7R
LTWAHIEY RS, SEWREEICE W TEI
FERBOE—RINEO—> & L CTHAEL {EH S
T,

HUE, @ IMEIE O BE ISR BEEDFIH ST
W5, OIS L ) ERBEIR LS LED
NTWa, AT TI VR FFTT)VD X
IRT VFAT Yy IEWREE (LUTACE)
EERIZ, BRI S OECREEOLEE LT
JEDEBICFIH I N TS, LArLads, Z

DEH % Tk G & ORIWER % 569 S & A1)
%ﬁﬁ%éo%of ACEHEYH z &L AHO
BHUC X 2 @ MUEREFRh 1, BIPEH QLA b <
HEMZLEZ LN,
BERNIIRERY VB4 EATEY, &
i, BT RIER 7 EORMER 2 BREETEICBI T 5
st 5T, ERIZIE, ACEOHEIC
LB EMERETFR OAFREsH 5 2 LG S h
WarY, BRIZEAINLDOREIEZFIIRTFF
WCHIRT %5, BR Y V87 BIIRERMNILIC X b <
TFFERL, oL EET 5, BUE,
BEAHCRIER TERANTF FIZBEHLTIEn D

PRSI T2, KHMERICEENS 4
BT RO H BRI T F FICH T 5

AR O FEMI 2 LB F 22 T b Cun v,
Z ZTAWIZETI, AN CIHLEFE % i
WKHI L= =T ¥+ 70 VRICERL, &
MEn (FA - KA - BA, WIhdEER) %
Ry EAGREZECTHIL L2 TF FREW %
T, REEN (73 FMiHKEACE) & A

MRz (HUVECHIRACE) 281 5 I+ -5
IIIRD S 2 BRI LRSS L 72

2. 5 &

2.1 EEH

HROERREOLHEAN (A - KA - BA
WIS EEA) R EBMEHIH W2,

2.2 BAWHER~RTF FoORR
BHHERTF FORBIIDTOLEB) TH b,
FHEEND I Y FRIC2HBEEOEZRZRML T
7 — F7u+t v — (Panasonic MK-K48) 7 v
T30, 2 & E Y F 4 A L7, 70T T305
A vFaxR— M, TOFEY L h— EEEER
WEOMEBEN 5 37 B 7V [Whole) &
L7ze Z0f, TOFREY =4 — b ZHCITpHLS
WAL, BB T Y2 (1 010000) (R
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TSR LM SHR) 25 Uy B (BEWE
BED20%DY VS EBEENDL I L RIRE
L72) 12X LT 1 /1000f5 i L, #EL 2455
37CT2 WM A ¥ F 2= L7z, NaOHZ v
CpH6SIZFREE L, 105 M L 7=k, SR
#A0CTEFTKT X872, ZOBEHERT Y VHL
PFUTNV [RTFY Y (2h)] L7z EHITHY
Ty (ROt MRS BI U7 L
7F v (A&t 2E2hzh7 Y v L ERaN
L, HFORBHLENS37TCT2RHA v F2x—
b U720 ifRIC1050 W L 7250k 2 R Hsk <
TFRFELT ZOBRERTYY - M) TV
WHEY Y TN [(RTFY /P )Ty (4h)] &
L3

B, MBEW Y ¥ /37 E[WholelB & 0% K
ISR TR O N MRS LV ELRTFF
BA&W 045umEt VI — AT T — b AT L
YIANE (TENYF 4y 2HE (BR) 12TA
U730k 2 ERRICHE L 72,

2.3 FFYNVEEF M) TARY)TZYLT

I FVERKE) (SDS-PAGE)

BoONLRBOSFRELZNS OBEFEUSIC X
BORREEZRARDL DI FFVIVEEF b Y
LRYTZYNT I FFIVELIKE (SDS-PAGE)
#Laemmli® 7" TiTo7z0 77V IVT I Nig
JET5~175%D Y5 VLY " VEHWTATT
RO CTIT o720 TNy FORBIZ 7 —<
=797 Y7 V—R250 (Bio-RAD
Laboratories) (2 & D 17\, Bt iZi1210% B = H
Wwize ¥/, 4 FR~Y— 74— & L TSDSPAGE
Molecular weight standards,
161 -031 7 (BIO-RAD#H#) %M L 7=,

2.4 VA MEERAEKs O NS T T 14—

(HPLC)

T BE 12 120.05MY YR b A R MR

(pH7.0, 04M) % IV 720 AT HIE A B 2 BiAC

Broad Range

%@ (DGU-14A, BE+#) ([@lL, #7413
Shodex PROTEIN KW-803 (8 x300mm) (1 fll
BT AHL), R AR ¥ 7IELC-10AD (BE#E
FrER) 2 F vy, 3iE%0.5ml/min, i A 82040 THT - 726

R7F FOBMICIE, Iy Ea—F—THES
N-Miegd (SPD-10AVP, B EEEHTER) % v,
F 9k R 13280nmTAT o 720 S HICHFRY —
H—ELTUVR7SEY, Yhr7u—=AC, 77
oF =, BSA%Z MW7,

2.5 ¥V EDER

EFAMBOEA Y 37 E [Whole] DER
W Biureti#EY 2L VITo72. Thbb, ¥ 37
BBWACR L, 4 55 OBiuretil 3 2 i 2 CTH i
T304 [ RO S 720 KGR #SHIMADZU (H
A) #LUV-VIS Spectrophotometer 12455 45 5% 56
FERE (WG @ 540nm) (S CTHlE Lz F 7250
WMTHHRTF FIZOWTIZUVEEY 2#A L,
WEEITo720 Thbby V87 BB D2150m
DOWSEREA 5225nm TOWSEE X 2= Ll &, 144
LUBOKME & 87 BBEL Lz, WE
1 REL & Ut R 2 A L7z

2.6 Tr¥+7vyr I1EHER (ACE) H

EEEO W E

Cushman® 5 (2# U Tl L 7z, ACElZ
THEMifRT v ¥4+ 7 v v v 1T EHRERE (ACE,
Peptidyldipeptidase, EC34.151, ¥ 7 <) %
Fvy, 0.25MA 7 FRAR R T 1 unit/mIZFHE L,
0 52 RF L2 120.25M AR 77 8% 8% 1 i C60unit/mil Ay
MUMH L. ACELDOIGEE & L TIZEK
KETHAHTY VL AF I NLa AL v
(HHL, #7947 A7%t) ZfH L7 HHLIZ
WAL YA (FOGMEETHE), 0.25MF 7 BRik
i % = 210.608M, 0.IMIZ7% 5 X9 IIMilliQ
K HCCTHE L 72BRCHm L7z

AEL 6 1260unit/miO ACEE 2008 & UN7.6
mM HHL #50.0% 00 L37°C T304 M RS &
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7z, BUS130.1 NHCI (FIGHISE T3%) 554u0%
ZTEILEE 72, FUSERICIEERI TV (4 7
A7 A7) 15mi% il 2 TACED/ERIC X 1 ik
L7-BREERE S L, 2500rpm (1000% g),
155 a0 AT - 720 RIEOREB T F VG %
1mirHLL, 100C, 107 OMEIC X b 285
S 7z, Bl L2BIRRZ BN 272012 1M
ONaClAEW Z 1 mlM A KNV T v 7 A %475 72,
IR L 72 RO EE 2 228nm Tl E L 720

FH < 2% 13 FFI K R Y O WG EE %S, FFIS K %
DA D IZMIllQ water & I 2 72 R DU % C,
HOEMLOACEZRZ LG ST 6 JUS S E 720
OWSEEEZBE LTRR &L D RKD 72,

FHE (%) = {(C-S/C-B)l x100
2.7  ANIMLEW AN 3BT 5 ACEG M 3
7

AREERI I FIEN H AR Z oW~ & — Ak
FERTBERERL =W ZE T — L DI O T T 720
Balyasnikova® 4" 1ZHEvy, A& A B G
BT LACEGHMHI AR E T o7 T4bDb
96well Micro PlatelCHUVEC#% 737E L, B R
L7 & AR RN T F F50ul & S 5004 7% 7%
IL37C < 3 KM UG S+, LiiEs0u % 7 i
His-Leu# OPAHGHINE L 725

ACE% ¥ X7 B 0iftk LA %2 7% E§ 5PMA
(Phorbol-12- myristate 13-acetate) ZfifH L, B
PRI IZIE A 7 M 7Y v 25nME R L 72,

3. BREBE

3.1 SDS-PAGE®B & "7 v A BHPLCIZ & %
G F =R D 5T
INFE TORMBFEND S OACEME OB
Ze1L, ¥ YT HRERTF FOMESHLTH
% Z &%, Stamler 5 D|E? 6 ¥ 387 HiE
WEOWIMIMERTICESTHLEENLT L
ML, RERICBWTHER2HEOBEEIC

ENICEoTRBLARTF F2FRAML, ACE
R W E L7z

9, SDS-PAGEIZ & 5% ¥ T VEako 7 3
JEDGT RSB L U7V ABHPLCIZ X 51
LIS 2 BA Y 37 B ORI ZE{L OBl L 5
TS A O EE 1T - 72 (Fig., 2). SDS-PAGE
WX o T, BERALBREHICHEY, KBRS V82
HAOGEIHAT L 722 EDBOLN, FRED L
KAB LU BN CEERZELBICL 2R v 328
DI IREHAELTT HE S RO SNz, F72HPLC
DFEF LD 45T 220,000Dall EOBER & v 87 8
(36,000Dall FICH i S NDH T EHHLNIIRD,
EHETOTT—ELEDRISIC L 28T 5 /527
HORSTALSHER SN 20 EROHRSHIC X 0
LIS 2HBOZTH S IETORECHSEL, 4
BB OHPLC/N Y — V3R o728, Thoo
Ny —=pOHEA, KA, FAOIECHHS NG
WHIANCH o720 RTY U E )TV VT 4K
BERHAL L 72 BERERRTF FO Y — 27 % % HH
THET 2 &, Ehd 5 T51,000~6000Dad [
CE—Z72FLTV5E I ENFMERINT, B,
W THTR1L560MHEDKS T RO Y — 7 D
MASFRD B, MR T F FREBEORMAL
Sz

3.2 ACEBRHEEE O M E st

T, BMAB L UBAL D ICHILEERIC L 20
BT, BASY Y32 HDIEE A EH%6,000Dall T
SN TS Z EMRER SNz, £ 2 ThEE
WFZ & B ACEBHEG 1 ) e iehdest % 47 - 72,
Fig3lZ, B OMEMI L BELBICLY
045umE NV A=A T TF— b AT LT 4V
FRERTHY A EREE, EROOACERME
FHE=RZIR L7z, BERMLERTOMBAMIIZ X ) &
MWD SRS 25 FRD 5 V87 BICHE
HAEREIRDON LG ol BHERNIEZRTY V
HILB LU ZDHBO M) T VEEEWHILIZE Y %
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kDa
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116.2
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Fig.1 SDS-PAGE pattern of time course hydrolization of beef, pork and chicken digested muscles. 1 (molecular-weight
marker) ;2~4 (0, 2 and 4h digestion time of beef samples) ;5~7 (0, 2, and 4h digestion time of pork samples) ;
8~10 (0~2~4h digestion time of chicken samples).

(4h)

B SO0

Absorbance at 280nm

Absorbance at 280nm

BRCORSRIRRET

. 22 s T it 5
Pork whole muscle Pork digested by pep (2h) Pork digested by pep/typ (4h)
M.W.=56000 . . sy SEmSEEssnmeseres W .= 1560
g WS M.W.=5700-: i i
Shmdiges Dlllen ST
gleamliin oy aillanon sl o e e o e 0 LE L RGN
g ensimenseavefoalisonsinonons R R cco LResticonvradns
a
8
2.
<
o - 7 T 2
Chicken whole muscle Chicken digested by pep (2h) Chicken digested by pep/typ (4h)

Fig.2 HPLC pattern of time course hydrolization of beef, pork and chicken digested muscles. First row indicates
patterns of beef proteins; second row patterns of pork proteins; third row patterns of chicken proteins. The time
course of samples digestion is associated above the patterns.
pep = pepsin; typ = typsin.
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ACE inhibiton (%)

N\

Protein concentration (mg/ml)

Fig.3 Dual axis graph shows the values of ACE inhibition percentage (data in bars) and protein concentration (mg/m(,

data in lineation) of beef, pork and chicken muscles.
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Fig.4a Changes in ACE activity of beef hydrolysates measured using HUVEC. PMA (Phorbol myristate acetate) ; CAP

(Captopril).
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Fig.4b Changes in ACE activity of pork hydrolysates measured using HUVEC. PMA (Phorbol myristate acetate) ; CAP

(Captopril).
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Fig.4c Changes in ACE activity of chicken hydrolysates measured using HUVEC. PMA (Phorbol myristate acetate) ;

CAP (Captopril).

Table 1 ICs values (mg/mi) of beef, pork and chicken
hydrolysates measured using Rabbit-lung ACE

and HUVEC-ACE.
sample Rabbit lung ACE  HUVEC-ACE
Beef 0.714 0.668
Pork 0.343 0.260
Chicken 0.287 0.249
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Studies on the Improvement of Mental Function by Edible Meat

oo
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)

Mitsuhiro Furuse (Faculty of Agriculture, Kyushu University)

The effect of several meat proteins (chicken, pork and beef) on brain functions of
mice was investigated comparing with soybean protein. Aminc acid compositions of
hydrolyzed animal proteins were comparable among three proteins, but were different
from soybean protein. Experimental diets were mixed with 12% level of each dietary
protein and were given for 4 weeks. Thereafter, the open field test, elevated plus maze
test and force swimming test were conducted. After the behavioral tests, the
hippocampus, hypothalamus and cerebral cortex were obtained. Monoamines and their
metabolites in each brain site were determined by HPLC. No significant differences in
each behavioral test were detected by dietary protein sources. The metabolic rate of
norepinephrine (NE) in all brain sites was delayed by dietary chicken protein. In beef
protein, the metabolic rate of NE was kept high in the hippocampus and cerebral cortex
and that of serotonin in the hypothalamus was highest among dietary proteins.

In conclusion, even though amino acid composition of meat protein was comparable,

the effect on brain function was different among meat proteins.
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Table 1 Amino acid composition (%) of each dietary protein source

Soybean Chicken Pork Beef

Arginine 7.09 5.84 5.80 5.59
Histidine 248 352 493 4.70
Isoleucine 2.90 3.13 3.05 3.01
Leucine 7.10 7.46 7.56 751
Lysine 5.64 747 791 7.72
Methionine 1.35 3.00 297 271
Threonine 347 4.16 4.28 418
Tryptophan 1.13 1.05 1.03 1.05
Phenylalanine 4.67 353 3.62 357
Valine 301 3.26 3.26 3.25
Alanine 4.10 5.83 5.72 5.82
B-Alanine 0.23 202 144 1.20
Aspargic acid 13.16 10.69 10.57 10.10
Cysteine 0.32 0.13 0.16 0.23
Glutamic acid 21.73 16.22 16.61 16.76
Glycine 4.06 4.04 4.15 3.96
Proline 512 3.37 3.63 3.54
Serine 5.46 412 4.17 4.06
Tyrosine 348 3.31 3.38 3.30
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KA - B8R & v E5 3 i H I TR RIT T
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WATENC T A EN Y v 8 7 B OB % T 5
ZERHBE L7

2. 7 &
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Table 2 Effects of several dietary protein sources on monoamines and their metabolite concentrations of the
hippocampus in mice

Soybean Chicken Pork Beef F value (3, 27) P value
NE 461 19" 621 =59° 448 47" 443 +61° 3.149 <0.05
MHPG 322 +22 293+ 39 226+ 24 282+ 36 1.702 0.1902
DA 1839+ 191 2574 = 381 2002 £ 293 1885+ 344 1.232 0.3274
DOPAC 22522 266+ 37 214+ 26 301 +£43 1.445 0.2526
HVA 312 42+4 41+6 314 2.056 0.1296
5-HT 324+ 18 386+ 55 332+18 292+ 22 1.374 0.2719
5-HIAA 274+ 10 302+29 275+ 17 325+23 1.299 0.2951

Values are means + S.E.M. in pg/mg wet tissue.
The number of mice used in each group was as follows: Soybean, 8; Chicken, 8; Pork, 8; Beef, 7.
Different letters indicate significant difference at P<0.05.

Table 3 Effects of several dietary protein sources on monoamines and their metabolite concentrations of the
hypothalamus in mice

Soybean Chicken Pork Beef F value (3, 27) P value
NE 896+ 46° 1210+ 78" 1090 =43* 1010 = 46™ 5.812 <0.01

MHPG 147 £ 4* 1245 1153 116 +£4° 12515 <0.0001
DA 271£20 281+ 26 352+ 39 245+ 17 2.806 0.0587
DOPAC 173+4 164=11 165+ 15 19717 1.402 0.2637
HVA 146+ 6 160+ 15 1459 150+ 12 0.442 0.7391
5-HT 708 = 35" 842+81" 752+ 32" 626+21° 3.238 <0.05
5-HIAA 409+ 15" 458+ 32® 382+15" 478 £ 22° 3.903 <0.05

Values are means + SEM. in pg/mg wet tissue.
The number of mice used in each group was as follows: Soybean, 8; Chicken, 8; Pork, 8; Beef, 7.
Different letters indicate significant difference at P<<0.05.

Table 4 Effects of several dietary protein sources on monoamines and their metabolite concentrations of the
cerebral cortexa in mice

Soybean Chicken Pork Beef F value(3, 27) P value
NE 208+13 2309 204+12 197+ 20 1.073 0.3772

MHPG 119+4° 89+6" 865 103 =4* 10415 <0.0001
DA 811+117 886+ 83 862+ 87 782+ 82 0.246 0.8637
DOPAC 98+ 15 90+9 907 130 =28 1413 0.2607
HVA 114+ 14 122+8 107+5 13010 0.929 0.4402
5-HT 319+ 17° 284 + 15" 299 +11" 251 £15° 3.528 <0.05
5-HIAA 113+12 927 91+8 88+ 10 1.487 0.2403

Values are means = SEM. in pg/mg wet tissue.
The number of mice used in each group was as follows: Soybean, 8; Chicken, 8; Pork, 8; Beef, 7.
Different letters indicate significant difference at P<<0.05.

BAT7TIVBHEKZET A ETEZOREDEEL  ALEWI T IV RICHMIhD I LIl b,
BNTELD, TI/BEOLOXEFITREE 3, HICHOT I /BHBICOATESDNT, &
SBFORTF FEEIZEHOBRELAEATALD RICEINLES TERILEWORE R 5 TITH
NhbEEZOND, BE, ARAICELEINE EEOMY, 25EEASERGSFERILEWEL
LT F AL - IR E D25 LY, 4, TIVEBRSLOMERMBRLHEL 2T ILEND
ANV IC@ I OBRERSHERE STy 59, T, HALENTHILERICI DS
B4V, L L, MASMRETAZINSDRG T  72XTF FICHEEEZSET L2000 EIN LT
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Table 5 Effects of several dietary protein sources on monoamine turnover rates of the hippocampus,

hypothalamus and cerebral cortex in mice

Soybean Chicken Pork Beef F value (3, 27) P value

Hippocampus MHPG/NE 0.696 = 0.037¢ 0.446 = 0.033" 0517 +0.038>  0.660 = 0.053* 7.666 <0.001
DOPAC/DA 0.124+0.005"  0.106 =0.008" 01130013  0.183+0.038" 3231 <005
5-HIAA/5-HT 0.862+0.051 0.875+0.143 0.851+0.072 1.121+£0.061 1.872 0.1582

Hypothalamus MHPG/NE 0.164£0.011° 0.116 =0.01° 0.104 £ 0.004° 0.114 £ 0.006" 10.593 <0.0001
DOPAC/DA 0.663+0.047 06130065  0.490+0.043" 0.800 = 0.035 6.465 <0.01
5-HIAA/5-HT 0.595+0.051° 0.569 +0.052" 0514 £0.027° 0.763+0.015 6.471 <0.01

Cerebral cortex MHPG/NE 0.583+0.031* 0.388 = 0.028° 0430=0.032% 0551 £0.045% 7.802 <0.001
DOPAC/DA 0.122 +0.004 0.103 = 0.008 0.111+0.013 0.176 = 0.040 2.695 0.0658

5-HIAA/5-HT 0.355+0.033 0.326 =0.026 0.310+0.032 0.348 +0.025 0.495 0.6887

Values are means = SEM.

The number of mice used in each group was as follows: Soybean, 8; Chicken, 8; Pork, 8; Beef, 7.

Different letters indicate significant difference at P<0.05.
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Study on Gel Properties after the Addition of Polysaccharide Thickeners

to Retort- Treated Myofibrillar Protein
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Seiichi Haga, Katsuki Mizutani and Toshiya Hayashi

(Faculty of Agriculture, Meijo University)

This study aims to obtain fundamental information required for improving the
textures of retort-sterilized meat products by investigating changes in the retort-
sterilized, heat-induced gel properties of myofibrils due to the addition of carrageenan
thickeners. Results indicate that the addition of carrageenan tends to increase the
properties and is thus effective in improving the textures of retort-sterilized meat
products. Moreover, results of SDS-PAGE reveal that carrageenan greatly influences the
histology of gel properties, but not their constituents. In addition, microstructural
observations suggest that the addition of carrageenan leads to an increase in the
properties because random aggregate structures developed into thick and continuous

fibers to some extent.
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Table 1 Changes physical properties of heat-induced gel of myofibril with or without carrageenan.

mixed carrageenan [%)] 0 0.1 0.3 05

Breaking energy [J/m’] 75T 57.42a 18.45bc 15.00c 54.40a
120C 9.80a * 11.16a % * 19.56b 30.38c * 3k

Modulus of breaking 75T 3891a 16.55b 86.95¢ 143.74d
elasticity [N/m’] 120C 16.81a% * 21.19a * 26.86h * 121.75¢ *
Instantaneous modulus 75C 4.32a 2.66b 30.46¢ 21.74c
[10°Pa] 120T 343a 3.98a * 5.83b * 3k 4.54ab * *
Retarded elastic modulus 1~ 75C 8.77a 2.80b 43.07c 13.54a
[10°Pa] 120C 4.27a% * 6.15b * * 7.64c * * 7.20abc
Retarded elastic modulus 2~ 75C 1.62a 1.10b 7.02¢ 5.14d
[10'Pa] 120C 0.89a * * 1.22b 1.74bc * * 1.97cd * *
Cofficient of retarded 75T 6.49a 2.56b 20.73c 34.69¢
viscosity 1 [10'Pa-s] 120C 3.92a % * 5.96b * 3 1191c 8.88abc *
Cofficient of retarded 75C 0.97ad 1.22bc 1.08ab 3.17cd
viscosity 2 [10'Pa-s] 120C 12.04a 15.64% b 13.26ab 14.86b #
Newtonian viscosity 75C 2.50a 2.22a 19.03bc 18.34c
[10°Pa-s] 120C 2.11a%* 291b % * 4.72¢ * * 4.81bc * *
Rateof released water 75T 63.42a 53.92b 48.72¢ 41.72d
[%] 120T 72.01a % * 64.60b * * 54.32c % * 43.22d

Mean values not followed by the same letter differ significantly (P<0.05).
The asterisk shown in each parameter has a significant difference between heat-treatment (% %, P<0.01; %, P<0.05).
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Fig.1 SDS-PAGE patterns of the protein extracted from heat-induced gel of myofibril with or without carrageenan.
0.1~05% were shown the concentration of carrageenan. The letter M stands for molecular weight

markers. MHC, Myosin heavy chain
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Scanning electron micrographs of the heat-induced gel of myofibril with or without

carrageenan.
The left side, at 75°C; The right side, at 120C.
A and B, gel of MF without carrageenan ; C and D, gel of MF with 0.1%

carrageenan ; E and F, gel of MF with 0.3% carrageenan ; G and H, gel of MF with 0.5%

carrageenan.
A scale bar : 5 #m
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Immune-modulating Functions of Carnosine, a Meat-derived Peptide

oK

B TSR S b 2 R S B R

Makoto Shimizu (School of Agricultural and Life Sciences, The University of Tokyo)

Carnosine, a bioactive peptide found in most types of dietary meat, has been
investigated for its ability to modulate immune reactions, specifically with respect to the
IL-8 secretion in intestinal epithelial cells (IECs). We previously reported that carnosine
inhibited the hydrogen peroxide- or TNF-alpha-induced IL-8 production by human
intestinal epithelial Caco-2 cells (Son et al, Cytokine, 2008), suggesting that carnosine
plays as a suppressive regulator of the intestinal immune system. IECs are also exposed
to various bacteria in the intestinal tract. These bacteria may stimulate IECs via Toll-like
receptors (TLRs) expressing on the cell surface. Activation of TLR may result in
increased production of IL-8, thereby activating the intestinal immune system. This study
was undertaken to investigate the effect of carnosine on the TLR-mediated IL-8
production in IECs.

Caco-2 cells were stimulated with several TLR ligands, and IL-8 secreted from the
cells after stimulation with or without carnosine was determined by ELISA. The IL-8
production induced by such TLR ligands as Pam3CSK4 (for TLR1/2), peptide glycan (for
TLR2), and flagellin (for TLR5) was significantly enhanced by carnosine. This increased
TL-8 secretion was accompanied by the increasing level of IL-8 mRNA, suggesting that
carnosine up-regulates IL-8 production at a transcriptional level. An increase in the
stability of IL-8 mRNA was also observed in the cells treated with carnosine. Since the
effect of carnosine was attenuated by a p38MAPK inhibitor, the p38MAPK pathway may
be involved in the IL-8 enhancing activity of carnosine. Carnosine is likely to be
transported into the cells via the peptide transporter without hydrolysis and express its
function. Anserine, a methylated form of carnosine, also showed a similar activity.
Carnosine is an abundant dipeptide in meat and also in certain supplements. Daily intake
of carnosine may be beneficial to modulate the intestinal immune system and keep
barrier functions of the gut.
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Fig.1 Effect of carnosine on the IL-8 secretion by Caco-2
cells stimulated by heat-killed bifidobactrium.
Caco-2 cells were cultured with different
concentrations of carnosine for 24 hours. Then the
culture medium was replaced by a fresh medium
containing Bifidobacterium bifidum OLB6378 (10
1g/ml) and carnosine. After 24 hour-culturing, the
IL-8 concentration in the medium was measured
by ELISA. Each value is the mean =SD (n=3).
**Significantly different from the control value
(p<0.01).
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Fig.2 Effect of carnosine on the IL-8 secretion by Caco-2 cells stimulated by TLR ligands.
Caco-2 cells were cultured with carnosine (Car) for 24 hours. Then the culture
medium was replaced by a fresh medium containing 10¢g/ml peptide glycan (PGN)
(A), 100ng/m! Pam3CSK4 (B),1pg/ml LPS (C),or 50 ng/ml flagellin (D), with
carnosine. After 24 hour-culturing, the IL-8 concentration in the medium was
measured by ELISA. Each value is the mean =SD (n=3). **Significantly different
from the control value (p<0.01).
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Fig.3 Effect of carnosine on the IL-8 mRNA level in
Caco-2 and HT29 cells.

(A) Caco-2 cells were pretreated with
carnosine for 24 hours. Then the culture medium
was replaced by a fresh medium containing
Pam3CSK4 (100ng/ml) and carnosine, and the
cells were cultured for further 3 hours. (B) HT-
29 cells were pretreated with carnosine for 24
hours. Then the culture medium was replaced by
a fresh medium containing Poly (I:C) (10xg/ml)
and carnosine, and the cells were cultured for
further 3 hours. After the culture, IL-8 mRNA
was determined by Real-time RT-PCR. Each
value is the mean =SD (n=3). *** Significantly
different from the control value (*p<<0.05, **p<
0.01).
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Fig.4 Effect of the pretreatment of Caco-2 cells with carnosine on the IL-8 secretion activity (A
and B) and the intracellular carnosine concentration (C).
(A) Caco-2 cells were pretreated with 50 mM carnosine for 0-48 hours. Then the
culture medium was replaced by a fresh medium containing Pam3CSK4 (100ng/ml) and
50 mM carnosine for 24 hours. (B) Caco-2 cells were pretreated with 50 mM carnosine
for 24 hours. Then the culture medium was replaced by a fresh medium containing
Pam3CSK4 (100ng/m!) and 50 mM carnosine for 24 hours. After the culture, the IL-8
concentrations in the media were measured by ELISA. (C) Caco-2 cells were pretreated
with 50 mM carnosine for 0-48 hours. Then the cells were recovered and the intracellular
concentrations of amino acids and carnosine were measured by amino acid analysis.

wEME ER &8, ILSELERZHD TWATRE BN Y & B O RT AL R & TL-8pE 4=
PEATRIE S 7z, TCHERN RO BRE Tz, FORER, BB O
3.3 IL-8FEAJTCHEIEH & AN/ ¥ > o E)hE MHEAEIZ AV 2 2 S & B TTHERN S 5L,
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Fig.5 Effect of carnosine and its related compounds on the Pam3CSK4-
induced IL-8 secretion from Caco-2 cells.
Caco-2 cells were pretreated with carnosine, S-alanine, and L-
histidine (A) or with anserine and 1-methylhistidine (B) for 24 hours.
Then the culture medium was replaced by a fresh medium
containing Pam3CSK4 (100ng/ml) and carnosine or the related
compounds. The cells were cultured for further 3 hours, and then
the IL-8 concentration in the medium was measured by ELISA.
Each value is the mean =SD (n=3). *** Significantly different from
the control value (*p<0.05, **»p<<0.01).

F 7-Pam3CSK4fll 8 1o A v 2 ¥ U3 FE L % JEEAATICE DE LA, WMLz h v )
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Studies on the Storage of the Beef Meat without Loosing its Taste, Flavor and Freshness

when Using Ultrasonic or Plasma Discharge Apparatus During Cooling or Freezing
ZI fE - RE —# - RE OEWE - kak B

(LR (H I 2R R B A 1 e 5, R I 5 T T F 2

Kazuhiro Hishiyama, *Kazuhiro Yoneda, **Tetsuo Takeda, Tadayosi Sasaki and

Tsuyosi Hirai

(Hyogo Tajima Beef Promotion Council, *Yoneda Genotyping Laboratory Ltd and

**Takeda Reproduction Clinic LTD)

Physical properties, such as taste, flavor and freshness of beef meat were analyzed
when the plasma and/or ultrasonic discharge apparatus was used to preserve Wagyu
meat (Japanese beef meat) at —5C or —20C for weeks. First, bovine embryos were
assigned to find the optimal discharging conditions in each apparatus for storage at sub-
zero temperature.Giving the ultrasonic at 1W, 46kHz or the plasma discharge at 3000V,
—5T to the embryos during freezing, resulted in the least damage to embryonic cells
post thawing were seemed to be optimum. Beef meat, then, was tested for storage at —5
C for weeks under the above conditions. The ice-crystallization, generally seen, in the
normal frozen meat fiber were observed in neither ultrasonic nor plasma discharged
meat samples. These plasma and ultrasonic discharged meat fiber were histologically
similar to the feature of fresh raw meat. It seemed that there were no significant
differences between the two discharge systems among water holding capacity and color
of meat. The beef meat treated by plasma discharge led physically tender rather than
that of ultrasonic. For practical use of ultrasonic preservation, appropriate sound
impedance may have to be determined. As like as, level of 3000V, at =3 T for plasma
discharge to be examined. Discharged beef meat, however, require the analyzing amino
acid components and the flavor test to establish the optimal storage, two storage systems
in this study might be useful to maintain original texture of meat as fresh as it should be
even after freezing.
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a b
x 320

Fig.1 Fluorescence of the bovine embryos preserved for 3days at -5C under the
consecutive discharging plasma 7000V and 1000V (a) and 3000V (b).

a b
X 40
Fig.2 Microscopic feature of the bovine meat tissue followed by different preservation
(a, Stored at —20C with conventional method; b, Stored at —5C with plasma
preservation method).

S c-S P Cc-P
Beef sample*

Fig.3 Changes in water holding capacity of bovine meat as affected by freezing.
*; Ultrasonic freezing sample (S), control (C—S), plasma preservation sample
(P) and control (C—P).
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Fig.4 Changes in color measurements of bovine meat as affected by freezing.
** Ultrasonic freezing sample (S), control (C—S), plasma preservation sample

(P) and control (C—P).

Table 1 Changes in elasticity and breaking strength of bovine meat as affected by freezing.

Beef sample

Ultrasonic Plasma
freezing (S) Control(C=S)  preservation(P)  Control (C—P)
Elasticity (x10°dyne/cm®) 3.59+2.19 265+ 1.04 11.84+8.16 17.19+11.13
Breaking strength (g) 1107.5 + 376.66 1021.0 + 392,53 1013.5+488.62 1362.0 £547.91

Average = SD.

MEE %2 % (Tablel),
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Evaluation of the Functional Properties in Pork Meat Fermented by

Psychrotrophic Lactic Acid Bacteria

2 I A A

(FR S5 0)

Toshiya Hayashi and Seiichi Haga

(Faculty of Agriculture, Meijo University)

Food functionality of model pork sausages fermented with psychrotrophic lactic acid
bacteria was evaluated by analyzing protein degradation, inhibitory activity on
angiotensin I-converting enzyme (ACE) and dipeptidyl peptidase (DPP) IV levels.

The concentration of water-soluble protein extracted from fermented meat was
significantly lower than that extracted from non-fermented meat (p<0.05).In contrast,
peptide contents of the fermented meat significantly increased with fermentation at 4C (p
<0.05). The sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
analysis indicated that the band intensities of low molecular weight (<30kDa) proteins
obtained from fermented model sausages were slightly stronger than those obtained
from control sausages heated at 75°C. Thus, we believe that lactic acid fermentation may
lead to degradation of myofibrillar proteins even under low temperature conditions.

Inhibitory effects of water-soluble protein fractions obtained from model sausages on
ACE and DPP IV levels were assessed using iz vitro assays. The fermented model
sausages displayed higher ACE- and DPP IV-inhibiting activity than control sausages
heated at 75C (p<0.05).

These results suggest that lactic acid fermentation under low temperature

conditions may improve food functionality of meat products.
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Fig.1
acid fermentation at 4C.
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Fig.2 SDS-PAGE pattern of water-soluble protein
fractions prepared from non-fermented and
fermented model pork sausages using psy-
chrotrophic lactic acid bacteria.
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Fig.3 Effect of cold fermentation on the water-soluble
protein (A) and peptide contents (B) in water-
soluble fraction of model sausages.

Data represent the means*=SD of at least
four independent experiments.

Values with different superscript letters are
significantly different (p<<0.05).
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Fig.4 Inhibitory effect of water-soluble protein fractions
from non-fermented and fermented model pork
sausages on angiotensin I-converting enzyme (A)
and dipeptidyl peptidase IV (B) activity.

Data represent the means+SD of at least
four independent experiments.

Values with different superscript letters are
significantly different (p<<0.05).
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Application of Traditional Fish Processing Technique to Meat Processing
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Toshiko Iwata and Takashi Utagawa

(Department of Biosicence, Fukui Prefectural University)

“Heshiko” is a traditional Japanese fermented fish product made from mackerel, and
is produced in the coastal areas of the Sea of Japan, particularly in Fukui prefecture.
There are many heshiko manufacturers in Fukui, and some of them have production
history of over 100 years. It is said that heshiko has been produced since the middle of the
Edo period. The production process is simple yet highly skilled. First, the mackerel is
gutted, rinsed with water to remove blood and then pickled in salt from one to two weeks
at room temperature. Next, the salt-pickled mackerel is removed from the salt, and rinsed
with a brine and then placed in a barrel with rice bran. The mackerel is pickled in the
rice bran for six to 12 months at room temperature. During this fermentation period, the
pH of the bran decrease to around 5.5 due to the growth of acid-forming bacteria. The
heshiko production process is a unique protein preservation method and may be applied
to preserve certain other protein foodstuffs, such as meat.

In this study, we applied the heshiko production technique to pork and beef, and
found that new ham-like foods can been produced in the rice bran.
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Fig.2 Changes in total water soluble amino acids content during the fermentation.
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Fig.3 Changes in water soluble amino acids content during the beef fermentation.
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Fig.4 Changes in water soluble amino acids content during the pork fermentation.
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Fig.5 Fermented pork and beef after 200 days fermentation
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The Study of Maintenance and Improvement for Brain Function with Creatine
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Naoki Onizawa and *Atsushi Toyoda

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

*College of Agriculture, Ibaraki University)

Creatine is a nitrogenous organic acid that occurs naturally in vertebrates and helps
to supply energy to muscle. Creatine is synthesized from three amino acids: glycine, L-
arginine and S-adenosylmethionine, and used widely for energy supplements for athletes.
Effects of oral administration of creatine on the peripheral tissues have been widely
investigated, while the studies of its function in brain and behavior have been limited. We
have investigated the functions of creatine in the brain. Recently, we discovered that the
oral administration of creatine induces feeding behaviors in rat, although the mechanism
was unclear. Because hypothalamus regulates feeding behaviors using various
neuropeptides including orectic peptide, orexin, we examined the effect of creatine
administration on orexin expression in hypothalamus and other brain regions in this
study. We observed that oral administration of creatine decreased orexin concentration
in whole brain.
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Fig.1 Effect of creatine administration on rat brain orexin A
concentration for 10 days. Values are means=S.E. control

() (n=3) vs.

treated group (H) (n=4). Significant

difference (P<<0.01) was observed between two groups.

Table 1 Effect of oral creatine administration on brain orexin level in rats.

Test group
Control (pg/mi) Creatine (pg/mi) P value
Cortex 1281+592 387+1.02 0.275
Hippocampus 3145+ 14.12 770+ 1.38 0.236
Hypothalamus 85.06 = 50.07 11.90+3.53 0.282
Cerebellum 27.25+22.32 ND 0.348
Pons & Medulla 46.46+23.85 4.10+0.66 0.209

Values are means + S.E. for 3 animals in each group.
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Table 2 Effect of oral creatine administration on brain orexin immunoreactive

cells in hypothalamus.

Test group
Control (number) Creatine (number) P value
cell number 152+ 28.7 145+ 3.79 0.831

Values are means = S.E. for 3 animals.
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Technical Improvement of Organ Transportation to Keep the Better

Viability of Pig Pancreas

INEIE K GERASEESEEAL - BHIES)

Shohta Kodama

(Department of Regenerative Medicine & Transplantation, Faculty of Medicine, Fukuoka University)

We are now in an obstructive situation that has been filled to the waiting recipients

for donor in clinical transplantation. To break though the insufficient number of donors,
xenotransplantation might be a second choice for human. Swine would be a strong
candidate for human organs such as liver, kidney and pancreas however sever xeno-
rejection might be caused by complements and etc..

As the other aspect for transplantation, the organ preservation is critical for
engraftment after the organ replacement. To keep the better viability during in
exposing to cold ischemia, an unique approach has been done in this proposal. Micro-
charging system that was developed in Santetsu Engineering called DePak, had
dramatically reduced apoptotic gene regulation using real-time PCR array in our
previous experiments.

In this report, we demonstrate that micro-charged pancreas has kept the better

viability using BrdU uptake but not TUNEL assay in exocrine cells. Unexpectedly,
endocrine cells have decreased number of TUNEL positive cells that were caused by
down-regulation for Caspase signaling although there were no critical differences in
BrdU uptake.

In conclusion, the micro-charging system has the advantage of anti-apoptosis effect
to compare with conventional method for organ preservation during cold ischemia.
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Effects of Continuous Administration of Liver-extract on Lipid Metabolism in Mice
x #E — B - /B Z
(RO R R BE)

Kazunaga Yazawa and Tomoyuki Koyama

(Tokyo University of Marine Science and Technology)

“Liver Hi”, the extract of porcine liver, is known to suppress plasma triglyceride (TG)
level during continues ingestion for 12 weeks in human. In this study, to elucidate the
mechanisms of action, effects on absorption of TG in vivo, and on fat-accumulation and
adipocytokines-producing activity in vitro. As a result, Liver Hi (2,000 mg/mil) showed
significant inhibitory activity against lipase in vitro, where as its oral administration (250,
500, 1,000 mg/kg) showed no significant changes in TG levels in TG- loaded mice. In the
experiment on 3T3-L1 cell line, addition of Liver Hi (25-400 x£g/mi) to culture fluid did not
shown significant effects on the amounts of TG, adiponectine, and MCP-1 for 3 weeks.
Unfortunately, despite our results provided new findings about Liver Hi against lipid
dynamics in vivo and in vitro, elucidation for action of mechanisms for TG levels in long-
term administration of Liver Hi was not accomplished with our results shown here.
Further studies on the possible causes by the other factors, lipoprotein concentration in

the blood, and activity of lipid-degrading enzyme in cell will be remained.
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Fig.1 Effects of Liver Hi on lipase activity in vitro Data
are expressed as mean = SE. (n=3).
* 1 p<0.05 vs control (Liver Hi 0 pg/ml)
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Fig.2 Effects of Liver Hi on time-course change (A) and total absorbed amounts (B) of

plasma TG in triglyceride-loaded mice.

The total absorbed amounts in Panel A are expressed as area under curve of
Panel B. Data are expressed as mean = SE. (n=8).
* 1 p<0.05, " p<0.01, 777 I p<0.005 vs control.
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Fig.3 Effects of Liver Hi on lipid accumulation and cell
viability in 3T3L cells.
Data are expressed as mean = SE. (n=3).
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Fig.4 Effects of Liver Hi on secretions of aciponection (A) and MCP-1 (B) from 3T3-L1 cell.
Data are expressed as mean = SE. (n=3).
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Changes of the Performances for High Intensity Interval Training between Pre and Post

Heme- iron intake Period of the High School Swimmers
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Tomohiro Noguchi, Junya Suzuki, *Keiichi Shinya, **Megumi Matsumoto,

***Kazumi Asaka and ***Miki Katsumata

(Nihon University College of Humanities and Sciences, *Nihon University Graduate School,

**Hokkaido University and ***ILS Inc.)

This research focused on the examination using high school swimmers as subjects as
follows: First, what influence heme-iron intake and training for a short term (for four
weeks) would have on high-intensity interval training performance. Second, what affects
they would have on lactate level after a cool-down and the change of mood condition
before and after training. And the research also centered on what influence the intake of
heme-iron brings about to blood constituent including Hb (hemoglobin) and also studied
the degree of changes in swimming records in the competition before and after the
period. The result was as follows:

1) The swimming speeds significantly increased in the competition at post-intake
heme-iron compared with the ones of the previous competition (p<<0.001).

2) The intake of heme-iron significantly increased average swimming speeds at the
first and second round lactate tolerance set (LTS, 1 R: p<0.001, 2 R: p<0.001). The
HR(heart rate), RPE (Rate of Perceived Exertion), and lactate level (4La after 1 R- before
LTS) at the first round were significantly increased, too.

3) Each item of POMS (Profile of Mood States) (Tension-Anxiety: T-A, Depression,
Anger-Hostility: A-H, Vigor, Fatigue, and Confuse) significantly decreased in T-A (p<
0.001)and D (p<0.05) after training at pre-intake of heme-iron compared with before LTS.
Likewise, at post-intake of heme-iron each item of POMS significantly decreased in T-A
(p<0.001) and D (p<0.001). This showed that test subjects came to endure more severe
training than ever at post-intake of heme-iron. But it was found that psychological
condition was kept intact.

4) Hb were significantly increased at post-intake of heme-iron (p<<0.001).No
significant difference was noted on Hb on blood constituent inspection but, in contrast,
PLT (Platelet) (p<0.01) and TIBC (Total Iron Binding Capacity) (p<0.001) significantly
decreased at post-intake of heme-iron. This was apparently because the decrease of the
training opportunities caused by the conflict of the intake at the latter half with the
competition period didn't stimulate red blood cell production. However, conversely, the
increase of ferritin was noted in many test subjects, so the further extension of intake
period was thought necessary for additional examination in the future.

From the above mentioned results, the followings became clear. The high school
swimmers who went for the training at post-intake of heme-iron could increase
swimming speed through high-intensity interval training even in the short period of 4
weeks. As a result, they could improve their swimming speed in the competition.
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Table 1 Characteristics of subjects

subj. sex  age(y) height(cm) weight(kg)
a male 16 1709 68.0
b male 17 170.9 64.5
o male 17 175.0 67.0
d male 17 173.0 60.0
e male 16 164.8 535
f female 16 170.0 58.0
g female 16 158.8 48.8
h female 16 1554 55.0
i female 16 165.8 80.6
] female 15 1535 45.0
k female 15 153.0 480
1 female 16 156.2 472
m female 16 157.2 50.0
n female 17 166.0 48.0
0 female 17 163.0 57.0
mean 16.20 163.57 56.71
sd 0.68 7.46 9.92
mean (male) 16.60 170.92 62.60
sd 0.55 3.82 5.95
mean (female) 16.00 159.89 53.76
sd 0.67 591 1041
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FHART L3, BOL0#HEY 223%12,
Rz L CETMEIRIMTEL L END
[7—=0 7y rey ] (164KX50m% 1410
B~2084 4 7 V&, BERE OIS U TR
T5) %, &hk+ 158~ 200BEO® 720 &
L7zA¥— FTirb¥7z,

LTSO&HikHIE, 25mT 20T v TH 4 ht
25m9 2D A b 1 — 7§ (Stroke Number:SN) &

L, hikBgciEN= L= FEZF EHW
TOA% (HR:b/m) ZE & ¥z £/, 74—
ATy T, &Iy Nk TER, 7)) 78
U, T VA s -1 - Ta%
FWT, /R4 50 H CHRIMEC & 0 i LR fE
(La:mM) #%FHUIL7z. SIS, &hikE s —U >
TFY IOWTIE, ik ORI E &
DICEBINEERE (RPE) bEHMIL7z (Fig.2)o

@ ~EZTE U (Hb: g/dl)

MK O FEFEREE ) DIRFEE LT, NEF2—
H#TS A< - ANEZFBE YT+ P A—FEH
T, FLEEME & FARICIRR A 5 0 B CRILE T
HbzFHl L72o HlE HIdPrelld 7253 H2HE,
PostlZdh 725 2[BH D87 + =< Y AT A MET,
POREMTHDOAATHE Lz Wb EHI
BAHND L —= v ZRicATh N,

@ RILIC X B IR SR

QoOWALT, & ik LK & Bbh/e®
(BF 24, LT 54) 12V TOHK, FIRIRIIC
X DM REE T 5720 TDH BT 14D
2 [0 H R0 HZJEIRIC & ORI T & Ao 727z
W, GRS SRR L7z, B E I, JRI0
¥ (RBC : 10'u), ~NEZBE Y (Hb: g/dD),
A% M2 v b (Ht: %), RILEKFEER (MCV:
fl), FRMFFEHAEZOE & (MCH: pg), #
MERFHNE 7B CER (MCHC | %), ILiF
B (Fe: pg/dl), #eAEAGE (TIBC @ png/dD,
HWRARMERE (%), 7= F~ (ng/ml) THo
72 W HE, HbfllEoBHE L7z,

@ LI rFsvay

LTSOmifI, LIy 71 2 a3 Y OiRiEL
L C&EYMATED 5N T\ 5POMSTMEL #if hix
(Profile of mood states, &1#Fh5) & H\WT, %
R—A% (T-A), #1H)>—%bikki (D), &Y
—iE (A-H), && V), #5 (F), #’EL ©)
DEHHOHBHEDTHNZEZHL, Prek
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Heme iron intake period (4 weeks)

Hb. Measured by

“Hemocue”
LTS LTS Blood
ik Training period (3 weeks) e [TTaPeT | Race sampling
period period | period
LI S
Fig.1 Training and LTS test schedule
T Heart rate and RPE
? Blood lactate sampling(Lac)
1
P Stroke Number (SN) measured by
2 10 min. 25 m each in every maximal swimming
Profile of T Profile of
Mood State Mood Stat:
so| {so| |50 |s0f |50 50| |50] {sof {sof |so
Warm up 8y Mag MMag Mag Ma Fasy swim [V [Maq Max [Max Ma Cooling down set
20-30 min 200m 16 X 50
- 3 x
1 1
L 1 1 1

Fig.2 Lactate Tolerance Set protocol

Post®, LTSHi#D T A% HH NI L 72,

2.3 ~NAFROER

WEE 51X, RZAMTHOBT, Bt
ARIMMERHRD [~28:] (ILSHE) %, #], 4 &
BIZFENZENT00mg (BE LT 7megtY), 1HE
711400mg ($k& L CTldmg) %R SH7z, HE
N, FR229E3 H3H~4H6HFEFTE L7

2.4 WK

% 5 1727 — ¥ i Microsoftth #Excel200312 A
FIL7z0 k5 4 2ERTTRTHEE (m/s) &L
THH L7, LTSTHON/z7F—%1E, £TIR,
2RO 5 AOTVIHE L B¥ER2E (SD) 25 L
2o SNHDOFIFRTHLNT—F 05, Prek
Postfl DLz %, WMIEDdH bthiEw v TIiT o
2o B, AEKEIRXS %A E Lz,

3. BREER

LTSO T 67z H1%, 39X TTable 21271
L7zeBYTHE, LT, ZHHOFERIZOWT
EEEENMA B

3.1 NZDPMEFKOEALLELTSD /ST 4 —<
A, POMSDZAL

@ N2 MEFNZEAL

BERE DA 4 4 L (Personal Best) 7 5%
L 7zikBE (Wghid, kBiEEZ504100m) &
0.05m/slF EFREICHML 72 (p<0.001) 0 D%
fLid, 50mico ERIABEM Lz e b, B
TR S &, ZF (p<0.01) HFEF (p<0.01)
b HEIZPostD HAH L KIF T Wiz, BFon)
D, TKFIHRETMOEIRE N X S ICRZT
b7z,

@ LTSO#EFEDZAL

LTSTOWk#EER R 5 &, Prek ) Postd 25,
1RO Pk #E (p<0.001), 2RDF1 ik £ B
(p<0.001), 1R® 1% F:25m® F 3 ik #& B (p<
0.001), 2RO} (p<0.01), #F-25mod ik e
(p<0.001) IZBWTHBEIHINL, ~2 83850
BOM == 774 2O ERED SN, B
THNCRZ &, LT-OlHBZEDEDHETH -
lew

© The Ito Foundation



FIRAEBERGE T O~ 2 PARIUIHT 2 0 dkag ) DAL

65

Table 2 Changes in parameter of LTS between pre and post intake period

Alln=15 Female n=10 Male n=5
mean sd mean sd mean sd
Pre Personal Best 147 0.14 1.40 0.12 1.59 0.09
Post Personal Best * 3k % 1.52 0.15 * k144 0.12 * % 1.67 0.09
PrelR: 50 139 0.21 1.33 0.22 152 0.11
Post1R: 50 %k k143 0.20 * %k % 1.36 021 1.56 0.11
Pre2R: 50 1.35 0.20 1.30 0.22 145 0.09
_ Post2R: 50 %k %k %k 1.40 0.20 *1.33 0.21 *1.52 0.10
2
E PrelR: 0—-25 1.46 0.23 1.38 0.24 162 0.11
., PostlR:0-25 148 0.21 140 0.21 1.64 0.11
€ Pre2R0-25 141 022 135 024 155 007
Z Post2R: 0—25 * % 1,46 0.22 139 0.23 1.61 0.10
E PrelR: 25-50 133 0.19 1.28 0.20 144 012
E  PostlR: 25—-50 * ok %k 1.37 0.20 * %k % 1.32 0.21 *1.49 0.10
B e o it i A S
@ Pre2R: 25-50 1.29 0.18 125 0.20 1.37 0.11
Post2R: 25— 50 % %k %134 0.19 *1.28 0.21 * 145 0.09
PrelR: F.I (%) 91.82% 3.75% 93.18% 2.95% 89.12% 4.00%
PostlR: F.I. (%) 92.73% 2.99% 93.80% 3.16% 90.58% 0.49%
Pre2R: FI (%) 91.55% 3.85% 93.22% 2.77% 88.21% 3.70%
Post2R: F.I. (%) 91.83% 3.34% 92.67% 3.70% 90.17% 1.70%
PrelR: 16.05 1.66 15.64 1.65 16.88 147
@ PostlR: #1691 127 * % 17.04 1.18 16.64 1.53
e T LT
& Pre2R 17.17 144 16.86 1.55 17.80 1.09
Post2R 17.81 0.81 *17.72 0.96 18.00 0.37
—~ PrelR 174.16 10.18 171.76 11.59 17896 4.16
_\E Post1R * %k % 180.57 9.14 *178.89 848 18392 1048
; Pre2R: 19497 65.08 200.90 80.42 183.12 2.89
T Post2R: 181.71 7.82 180.38 8.58 184.37 590
PrelR 0—25 SN 18.04 404 16.76 4.05 20.60 281
PostlR 0—25 SN 18.18 417 17.26 4.75 20.01 197
B e i TR e e S S s i o e e e B L s e e
é Pre2R 0—25 SN 18,59 373 17.10 346 21.56 225
E Post2R 0-25 SN 19.21 451 18.18 5.25 21.28 1.08
_g PrelR 25-50 SN 21.12 439 19.96 484 2344 219
% Post1R 25—50 SN 2092 450 20.32 5.38 2213 1.70
Pre2R 25-50 SN 21.95 402 20.66 4.26 2452 1.81
Post2R 25—50 SN 22.11 464 21.16 545 24.00 128
Pre before LTS 159 0.37 1.66 041 144 0.25
Post before LTS *1.25 0.28 *1.22 0.27 132 0.33
Pre after 1R 12.19 207 11.96 251 12.64 0.66
Post after 1R 1341 3.14 13.12 3.58 14.00 224
Pre after 2R 13.29 2.30 13.78 2.60 12.32 122
Post after 2R 14.31 3.10 13.76 3.59 15.40 1.55
S Pre after CD 472 1.58 4.88 1.51 440 1.84
£ Post after CD 5.59 226 521 1.88 6.36 296
:33 Pre Lactate Removal Rate 63.73% 12.75% 63.12% 13.34% 64.95% 12.89%
E Post Lactate Removal Rate 60.26% 13.36% 60.42% 13.12% 59.93% 1541%
Pre 4La (after 1R —befor LTS) 10.60 208 10.30 248 11.20 0.76
Post dLa (after 1R — befor LTS) *12.16 3.04 11.90 347 12.68 2.15
Pre dLa (after 2R —after 1R) 111 204 1.82 2.10 =032 092
Post ALa (after 2R — after 1R) 0.89 1.65 0.64 1.26 140 235
Pre dLa (after 2R — after CD) —857 257 -890 3.06 =792 1.15
Post dLa (after 2R —after CD) =871 2.66 —8.55 3.16 =9.04 145

* 1p<005 ** :p<001

* sk %k 1 p<0.001
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60 T 'i'
55
4
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\ / —&—Pre, beforLTS
s i
20 / ~i@~Pre, afterLTS
35
% %k % *
30
25
T-A D AH v F C

. s
4 /
" L 4. =& Post, befor LTS
4 == Post, after LTS
dokk  kkk
T-A D A-H v F C

Fig.3 Changes in test profile of POMS
Left: Pre-Heme iron intake period
Right: Post-Heme iron intake period
* p<0.05, ***: p<0.001

SNiZ ik E DHAMFFM OF8EE & L CTEH L 7225,
1R, 2R& B IZPre-Postil CHEZZITRD LN
Bhoizlzh, TITONRT x—< v AL,
kMO FIZ X B REIRRwE E 2 Sz,
RPEIZ 1R TidPost 1691 12754 M ICHm L
(p<0.05), ZLFIZ 1R, 2RE b IZPost THEIZHE
mL7z2% (p<0.01), BFTRIHELRENEDS
N h o7z,

HRIZ, IROHRDAHZIZHEML (p<0.001) 720
BLBIZR S L, LT3 1ROHRAPrell b~
Post CHE(2HhN (p<0.05) L7zb DD, 2RIZD
WTlE, FEEEIRBOLN o7, BFIEI1R,
2REDBICFHAMTH >72b DD, 1R OFHfHEIE
PostD /i S TH - 72

Lald ZZF#EF 128\ TPostD J7 TH E A L
(p<0.05), ZFTIEFEMEOMBIAES Nz (p<
0.05) DD, BFTIIHEENRD N7,
7, Ky ME 70 YTy DLl
Pre-Postff] THEEMNFED LN D o725, 1R
T £ T oOLa® ¥ N 4 (4La after 1 R — before
LTS) 22T, Postd FHEEICHML 7 (p
<005), FHTH 2mMOELH - 72,

HR, RPE, La®#§#0 5, &EMICIEA L EE

B0 F5235, Hi20 5 EBEI & VIR Tk
5T ENTE, EHICTNDTEEREIKED

DB E N T W2 Z ERH S IR o 72,

72, 1RO 5 X50mD B THEEAN L D % { A JE &
N7z EI2XY, IRH2 5 &) BWIESTIREICE
WAL Z ERTETCWATREESE Z b,

3.2 LHEMI T4 a0kt

DI Y F 1 ¥ a r2R3TPOMSHO % IEH
(T-A, D, AH, V, F, C) ®Pre, PostZ h #
NOLTSHI D ZALIZFig.3I12/R L7zs PrellBw»
T3, LTSE® [T-Al (p<0.001) & [D] (p<
0.05) 7%, LTSHIIIRTHEITET L7z, Post
TH MK, [T-Al (p<0.001), [D] (p<0.001)
DIEH A, PostTHEIMKT L7z Pre& Postiifi
HD [before LTS MFETTHEZR LS
5, TRXTOHHTHEFEETIRD LT, [after
LTSIOTHRFIZOWT AR TH > 720 HIZ, %
HHOLTSH—#%OTHNZEZHI L, Prek Post
IS ZDEND DD E ) BERRID, HERE
FRD LN h o7,

IS e, LTSO X 9 ZEimEo b
L= 7ty M, #BRE I LOBRY 2 BT
#5.2TEBY, LTSHKIC, ZOREISHRSN
5 &0 BB RET SN2, TOELDOREAE
oW TIRAEHHOANLSOEIUT L ) 2 bz L
Loz MITE A IE, LA & D ALacRR LTS THi
FORPEDVHBEICHMHEEZRL TV AIRE, T4b
b, WAL EEMICLROPORELEZ
LTV B DI, LI R ZALORMAN L R
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WL &b 53, BICLTSH - H#ENZNOTH A
LEPUHM BRI CAE B ENRON o7t/ D
TEHTEDD, LEMI YT Va v RS
FIHRILATELEDZTIEDOLNIHERTH >
126

3.3 MR DZEAL

O  #eEESROHbDZAL

ML 1 53 D Pre-PostD 24t &, Table 31278 L
2o OHRMASANEFOE Y 75 b A—F &
WCill%E L 72HbiZ, Post® FAAFEICHEML 72
(p<00l)o LA L, BLHHTTHET S L
AEEZIRBO LN h o7z,

@ IMERS A & 5% HE %L

ANEZFTBE Y74 b A—% TllE L72HbAs,
PR 72 & Bb 7B 12 oW T, #RER
MiC & % Mg 54 % 47 - 72 (Table 3), Pre-
PostD MIZAH BAEMEO b7-Di%, WBC, PLT,
TIBC® 3 HH TH - 720 HbOZEALIE, 7 + b
A =5 TOWEERIMAEL TIIRZDIHRER
S72H, TA M A=Y DOWMEBREDEZEDERS
N572%, UTOEZIZEW TR HRED
HREDLICEET S,

WBCIZ, 2B HORMATHEHZE TH o722 &b
HY, REOBOLEHT Ly vy —%EIZED
RIEIOKT A, dLLITHAEDEHFICLY, B
BB b DBEED T A IV A% EOMRE ER5 VIR
B o TWzZ Il 52b0TEEVALEDE
Z2 BNz PLT, TIBCOKTIE, & #k%E#HI
L7z %ol ss, R EDE <, 7
HHWTIL—= v 7EBE2KTEE, AE—F%
FFB LT HEATH o720 £DOT DD,
ML —= v FHBEANRA L, ARIMEREE A O RIEA
IFELGZH6NT, FOILABBESEMRT
KBS RDo7272DIlh| SR ENLHLR DT
EanheEz bhl,

FNTLHETO241F, RENEIS T F ¥

LFeEIMLTH O, HbdWMEmIZH S Z &
5, Hb% AR LA L T2 ] it A
Rohi, ZFTlE, FMOBERD D % HEHRE D
WizAs, OB A R THBREDRE L 2O
RS, HEOMEE, ADSIAL IS
AT A BRI Z T Z EWEETH - 7272
O, SEOMEIES D E PR N0 TR
mEEZ LN,

FRTH, Br2HELT A54% 3BDOHEE
27 2 ) F VEIR SN 2 EIFEBRGE V. A
EERTOHBPZE DL 13, PRiL iR BVRAD
X o il Eb ST, POMSOKIEHED
LB AT - R TEDbL VI L LT
FERLE, NAGEERL-3EABO ML —=
Iy, ThP—= v 708D LE—7 ) F ¥
ORI — LI > F 4 ¥ a v oM 0=
BONG Y ADPRNIBALIIH E o7z H 12
Rz %, ERICHEBENL, ThET, BUVRAAL
b L—= v R EIFR OFEIRDFEAE L 72D
12, NABERE BMGT 5 L, AR CBINFR
WREAELRL R, 5TRELLTEDV L —
SV I bLADTVWS ED#HED H o7,

KR, BB D% CILTSICB VT, EIZ
EOWIREN LD [Hi) 3 E | Of EALTSR#E

ATDI A LD LEICEDS->TVRED, LD
BYRF L —ROLTEFICR S N MR DR
O AD S, BHIMICHA L CRHFTES
REFIERI Y, ZoOMKRE, EBF, HDHVE
A V5= NVREOBEMGRERIEE o722 LA
WEEPRIZLTWRWEELBETE 2\,

4B E V) EEOANLBOERE FL—=
YT OMEETH, BRAEBKREFONRT -V
AWEE oV R, SHRORBRERIKE
FORBIBEDOBAFLEE LTHRRWTH S L
ZZbhi, SHEICEIMERILT, EIC
LT OBRFIZOVTUE, MBEESRED S A I~
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Table 3 Changes in physiological markers on blood between pre and post intake period

RBC (10'0) HE (z/ah Hb (g/dl) Ht (%) MCV (1) MCH (pg)
on Hemocue

subj. sex Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
a M 535 543 13.1 149 158 16.3 481 48.0 89.9 88.4 295 30.0
b M 492 510 14.3 14.1 14.9 15.1 433 447 88.0 87.6 30.3 29.6
f F 507 462 9.5 97 112 10.2 379 34.2 748 74.0 221 22.1
g F 451 430 11.0 125 145 135 443 420 98.2 97.7 322 314
h F 474 458 11.2 130 14.2 14.0 433 424 914 92.6 30.0 30.6
i F 489 461 114 138 145 138 444 42.0 90.8 91.1 29.7 29.9

mean 4913 4773 118  * *130 142 138 43.6 422 88.9 83.6 29.0 289

sd 28.6 412 1.7 18 1.6 2.1 3.3 46 7.7 8.0 35 34

Tafe DORFE) XL EDYE, FEfFTHREE
179, HEMN —= Y SAEDOEA L M O
ZALDOFISERIZOWTIZ, WD THRET 2 LE
VHHDTIEBVRrLEZ bR,

4. B

ARWFZEIL, WK OEFZEREE L,
I (4 5H[) OANLFERE ML —= 2 795,
BHEA Y =N s P =SV T DR T k=
VAR, =) Ty Y EOIEEE, PL—=
YURIBOLENI Y T4 v a Y OERICED X
) B I T hERRIZEDTH DB, Tz,
I O~ A SIEIASHb 2 13 U M A% 5542 &
D L) B BERTHh, 2 OMBE O HICAT
DNIZBEERIIBT Bk Ds, EOREENLT
BTNz, FERIILUTOEBY THoTo,

(1) ANAFEIRZ I ITbI AT, Diai
DHABITHANKEEPARICH Ro/al E
PH, NAGEIEE ZOBO ML —= ¥
TIWZEDINT =< ¥ AYED 2 SN

(2) Lactate Tolerance Set (LTS) @, 157 ~
N, 277 ¥ FOFEREEE A 2 SR
BICEREIZHEM L7z, 157 Y FHOLHE
RRPE, FLEEfE (4La after 1R- before LTS)
DABICHWML, TOZLnn, ~NAHE

BU#&ICIE, 199 Y FEH2L X DR BY
RADTWT, FOIRETHEYD KEEIMET
LTl &R0 ol,

(3) POMSOTH riL, EHUHRI-#%E HIZT-A
(BE—A%), D ) >—%biAAR) OT
FrEAD, LTSRICARBICKT LA O, #
BN - B CTENS OELIZERZED SN
MPolze LTSORRENS, LaiL ) &ouvik
BT A 5ND X9 72K, Lo
T4 T a VBB TWREWI EDS o7,

@) $RRFRIMIC & 0 & L 7-Hbid BHU 12
AEICHEIM L 7275, Mk s #&OHb T
AEAENED 5NT, HIPLTRTIBCAAH
BT Lze Th oG BIUARESRA M
WCHB o720, PL—=VFR&METF L7
CEHRMIREEE D E VRS holZ &
WERTHZ EEZ 517z, LaL, 72
FRBITHEMT 2 HEBEE L L L, S4HEH
WCHEAUN 2 EIE LTI 2 HEHs 5 0858
HbLEZ LI

INLDZENS, HAME V) EHMTH Y

ALY, NAGFEBEMLC ML —= v 7 %707
AR ETFI, BWMEA vy — NV - P L—
SV DOREENH EEEDLENTE, 0K
K, RETOREED M LI ELIEHNTEL,
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MCHC (%) | Temin | po (uo/d) | TIBC (ug/dD) WBC PLT figy || Setculecyte

(ng/ml) (%)

Pre Post Pre Post | Pre Post | Pre Post Pre Post Pre Post Pre Post
32.8 34.0 488 52.9 7T 95 405 378 5700 6500 204 19.1 11 9
34.4 338 12.3 218 75 96 389 365 5900 5700 216 212 13 10
29.6 29.8 5.2 6.3 23 22 490 455 4500 5500 29.9 276 9 10
327 321 28 13 103 78 430 392 6000 6600 16.5 16.6 7 9
328 33.0 215 152 66 56 417 393 6000 6800 35.6 30.0 8 11
327 329 33.3 46.5 91 119 423 381 6600 7400 295 277 13 12
325 32.6 22.3 26.0 725 777 4257 % %394 | 5783.3 * %k6416.7 256 %237 10.2 10.2

1.6 k5 16.2 19.2 275 344 34.7 31.6 696.9 708.3 72 55 26 1.2
* 1 p<005 * 3k p<001
F A8 4 MREP0E, 26, 2005
v & 5) A ES  HIREEESE BIE LB B,
. WK ER, 49 (3), 119-124, 2004
1) HH KD M- Y Xtk ahbRE0MIE (K AR, 4 Lot

KORBEFEE P L—= 7)), 164-172, ARz,
HH, 2003
2) HEXE, FIHEE, NRIRE  HAKEK £
NHT T AN, HARKEFSHEMN KRS, 2003
3) Al M, SR, BARA S CWABENL—=
YUHPB XL — A BRI & RO AR,
AARAR—Y fFEEA21EAE S, 26, 2010
4) B2 5 57 b7 VERSERES ¥
F— OB MO E I I T TR, HARELS

6) HPIUEES L REBRGETF O, kg0 %
DOERIZET A%, FR204EERRICH T 5B
WFFE A A R, Vol27, MREIEAN el
[, 2009

7) Marray-Kolb LE, Beard JL: Iron treatment
normalizes cognitive functioning in young women,
Am ] Clin Nutritions, 85 (3 ), 2007

8) WS [ Bikos =Y ¥ F ¥y v OEBEI
78, BMAREFIFZE, 38, 23-37, 2003
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