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Preservation of hiratake (Pleurotus ostreatus) and shiitake (Lentinula edodes) mushroom strains
using mycelium-agar disks in water
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Abstract

The preservation of hiratake (Pleurotus ostreatus) and shiitake (Lentinula edodes) mushroom strains using
mycelium-agar disks soaked in water at 2°C and 25°C was investigated. Survival rates and characteristic
changes after preservation were observed. All four strains of hiratake tested had survival rates of 100% at
20 or 30 weeks following preservation. However, mycelial reproduction of the disks of two strains (ANCT-
15001 and NBRC 8444) was 1-2 days late compared with controls (subcultures) when preserved for >16
weeks at 25°C. Furthermore, the mycelial growth rates of NBRC 8444 on PDA media at 25°C decreased to
about half of the control (19.5 mm/4 days) when preserved for 30 weeks at 25°C. The strain ANCT-15001,
which was preserved for 16 weeks at 2°C and 25°C, produced fruiting bodies the same as control, and
storage did not change the fruiting ability of the strain. In all four strains of shiitake tested (ANCT-05072,
ANCT-05152, NBRC 30877, and NBRC 31864), the survival rates were 100% following preservation for
20 weeks. Mycelial reproduction of the mycelium-agar disks of three strains, except ANCT-05152, was 1-2
days late compared with the control when preserved for 20 weeks at 25°C. Mycelial growth rates of ANCT-
05072 and ANCT-05152 on PDA media at 25°C were similar to control (21-22 mm/5 days) when preserved
for 20 weeks, and the secondary growth rates in storage of the two strains were greater than the controls. In
contrast, the secondary growth rates of NBRC 30877 and NBRC 31864 when preserved for 20 weeks were
less than their controls.
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ENTVEEEZOND, — ), FHDS IME¥-
BUEDEE S &3 - Mo 2 MITEN LA
Yy OBRERAT 7 & LT S BRI O
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1-2. FIEHERS &

I X8 ONRT — VT ORI O
ICHE L TiTo 7o, b h, FHEEM (V2
7 XEH) OFELT T~ Y (Picea iezoensis
Carr) ©/ a7 X KbahzhkiEL 4.1 0F|
TR, KeMZ THHREL, &<
b % 4R o 72 BRICIE DRI A S D KA e A
HEEOKIGTE Lz 1% 200 mL T AKS
EEIARICHTIS g /L, FrihhRIZERE
9 mm DHWRAL % H T TEHEATKE (121TC -
20 min) % fi L 720 16 38 B % 1% % © ANCT-
15001 (22WT, AEFEZEIE L7 MA A
HWOBMENIPS TN R -5 —CTEREHT &
FHik L THRIZERT 4 A7 2 FE
WML, 25 CCHMERICH R DTEIET %
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7oo FRIEEEHLE LTIE, 200 mL T AEERE Y
YU 60g D Ty XKML B S L (il
s Ty 10g, Kb 11 g ks .
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L0 ERUMMGRAT 2 L, RESPEBIEMARLED
ZRPE AR T HA ML ARASE, T
Y ORARHETBIES S LSS 5, Po
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25 + + + + - + -
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SE) R M ARIEB®REREG (7°C) ; PDA EfET « X7 1 PDA FiRiEH, MA BiET « X7 & MA Fik

BHTENZTNEER

BARTREIBIEDE U AW REEA D 5 6

NBRC 8444 |22\ T, 30 s8R A% O T &
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MBICHEAMEDSE L2, 2L T, PDA HIE
TA A7 TIZH 9 HEEE E T, MA AT
38 8 HFEE F TIEIZEMMN 2R ARMEDI AL

N7z Mo E D ZIZRAMOER 2R L7z
Z &5 (Po 89-1 & Po 06-3 13 20 I8 FILRAERE),
PDA WA T 1+ A7 ClIKEHR4~8HD4H
HMOEARMER, MABKT 4 A7 TldEE
%4 ~7HO3 HHOKERMERZ KD, K4
BE IR L 724 R 2 &2 1278 T ANCT-15001
TIEEMERT 4 A 7 ORI T IR 12X
L C30EMMRAFROWAMREEIAREICKE
< (MARAFIREERICIE 1% O TR EAE

®2 ESYTEHBEROERBRE Y OEE

25°C COEARMRE (mm)

Spren N=) ° N
#HEEK RERE (C) /FEHAE (&) DA (A B P MA G EE) ?

2 30 23.0 + 4.65%* 23.0 +3.06%*

ANCT-15001 25 30 22.7 £3.91%* 23.2 + 1.67**
xR P 15.6 £ 3.69 17.9 £ 0.92
2 30 232 +538 19.4 + 1.42

NBRC 8444 25 30 8.0 + 4.25%* 12.3 £ 5.43%%*
XTER 19.5+2.39 17.9 £2.23

2 20 23.3 + 4.58%* 24.0 £ 2.24%*

Po 89-1 25 20 25.4 £ 3.54%* 25.1 £ 1.47%*
AR 18.7 £2.08 185+ 1.18

2 20 16.2 £ 5.14%x 16.3 + 1.76%*
Po 06-3 25 20 20.6 £ 2.29%%* 185+ 1.10
XTER 25.8+2.51 18.3 £0.86

a) ! PDA FEiREH TIIHBEER 4 ~8H (4 HE) 8L MA FiRETIEER4~7H G BHE)

DERERE (FIE + RERE)

b) iR 1ERU, **  FHBICKHU T 1% OERETHEREZEH D (t-test)
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R3 16 BBHEELIEES Y4 ANCT-15001 (MA BIAT « 7)) OBEELREOFEFLREE Y

HEBEX FERENE (g/EY) EEDHHK HEHK £B5HE FIEE

2’CIR%E 59+123 109+035 11.9%155 17.8%1.39 32.8
25°CIRTF 7.2+ 1.66 104+052 11.5+1.69 16.5%1.69 31.5
X8 Y 57+ 1.67 103+035 110169 17.8+1.39 32.8
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Lo BRO—DIE, R L 2% ) RAF
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770 BB OTEROTLREIZER I D572

B, WIENSHAEDIEERNEN AL NIz, KA
E LT, HEIED 72D vy SR
WBECUVNTTERDEFT T2 81285
TR LRFREORBEEZ LND P,

R1~3205 16 ~ 30 BB OMMARIEED
ANCT-15001 1243, *FHE & Fei U Coi s 2 ik
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D REEEARIZ DWW T H ATEER 100% HiHER S
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BEFEEAL O MRS IR L ST 5, — T,
NBRC 8444 OB L HRm L NIV L ) b B8
FEL ANV TORGEDNEFE L\ EHBIT 5, RAF
THRRT A A7 OFH & L TIld PDA & MA
CEHE R AL WS, 12&R2725 MA
WRT 4 27 & MAFHREEHOMAEGHET
OB ARMENERTH > 72, SHRICBVWTITE
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72\,

2. 1 2 TEROHKRT
21, #HEEK, REHE E£FFELERHER
BEDRIESH

LSRR PR 1T & FARAFER D ANCT-05072
& ANCT-05152, NBRC 30877 & NBRC 31864
ODEFTABE RV, wIhd 110 s ¥
TR E AR Z IR L T2 b o T,
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HEEE L-W#E» S Lo B RO
KT 4 A7 572, 1.5mL DLy XY FL7
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77, NBRC O 2 B#ETIZ 25CHRAFD 16 H R
17, £ 7213 20 B BRAF THAFE 100% (2E T
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Y O L IZIEFEKET, 25CORBIRETH
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ETBEETICEL BRI

H1FE 100% £ TICE UTe 25°C SEEHAR ©
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ANCT-05152
25 + 3 3+ +* +* <
2 + + + + + +
NBRC 30877
25 + + + + ++ ++
2 = i 4 1 ¥ ¥
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£S5 VA YTHKREEROERBRE Y QLB

25 CTCOREAHERE (mm)

HEAEK HERE (C) #EHM (GB) 1 B8 2 B

(5 BF) (s AR

2 20 18.4 % 1.80%* 25.7 £ 1.11%*
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MR LR L 22 20BOBED V). LKA
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Thb, | MIBORAMERE (EHS) T
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Abstract

Around the age of 20 years when growth is complete, beauty, physical fitness, and the ability to live
vigorously (= life ability or surplus ability) reach the highest point. We are eager that it continues to the
end of our lifetime. In reality, when we reach the highest point, it is going downhill. One factor that
increases the speed of downhill is stress. The essence of maintaining health is the homeostasis of the body
environment. 2020 is the 100th anniversary which is the year that Drummond proposed to name the trace
organic essential nutrient group "vitamin". The primary function of vitamin is catalytic function, namely
coenzyme function. The synthesis of enzyme protein needs a lot of time, but the binding of enzyme-
coenzyme is very quick reaction. The amount of coenzyme is the key to maintaining homeostasis.
Mammals do not have de novo biosynthetic pathway for vitamin. But, there is one exception. We can
synthesize nicotinamide from tryptophan. The ability of nicotinamide synthesis from tryptophan is
changeable by various factors such as stress. To overcome stress, it is necessary to saturate the amount of
water-soluble vitamins in the body at all times. I showed the optimum amounts of water-soluble vitamins

to overcome stress.
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Rl EYIVORESORY WEBLRRZZFHIZLHICLERRNEDI L), FROEELZST

lCRZHE

EYIV4
(HEE D)

EYIvA
(LF/—=I)
(10 ugRAE/Kkg A& / H)

E¥4=>D
@ArAallyzzo-—J)
(10 ug/ B)

EY3VE
(o- hO7zO—-JL)
(10 mg)

EY3IvK
(Z«OFx/>)
(150 ug/ H)

E4 XY B,
(F7 2 ViB{LYIEREIR)
(1.5mg/ H)

E¥3YB,
(URZZEY)
(1.5 mg/ H)

FATVY
(ZaFv73R)

(1smg 71 7 v4E/H)

E4¥ XY B
(BEYRF>Y)
(1.5mg/ H)

TRDER (RZEDIRAINEL1BD) ERZE

FFiEROESY S A BFBEN 20 ug/g KMICRZD ERZED Y RINE
K%, MBFOEYIYARER, BTI2&FEIo#iEIND
DT, FHOLHDIBEEIFHSEVD, 240 ug/L KB TIFET IV A
RZEZHEINS,

I B TIIARIRE (FTRODWIE LD BOREIEEL, DUV
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EEH L CHE EREROALE 3.

Mm#g25- E KOF Y ES XY DIBED 50 nmol/L RigICiE 2 & RZIED
V2D EL 3.

EIERIRDIER (M55 Ca BEDE T %[ <726 (C PTH Z 2 UiEIT =
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BEILEE
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URERREZAIE) A 13 U EICRZERZEDY RIDEL KRS
HINERERZZEL, MRREIEE K THMPHEEE R, A S
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EYIV4
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E% XY B BED 100 pmol/L K, [EFDAFILYAOVEEEN
70nmol/L U EIC72% ERZIED VR I NEL 185,
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ERSFEEEI (DNA EREEIC K 3)

RADINY N TVBEBEHENFEAL 0 £AZAN 1 HARERC ER
ZIED RO NEL BB,
RBREDRE. ARBREL (BROVPILLD).

REDEAFVHEHENFEAL 0 £ 2N 1 HARER< &ERZIE
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THIRIE 50 umol/L % #EFRFS 2 72O B 2 i/l
BNETHb, Thbb, ¥ IVCrRZ
L 72 BRI BRI 3 2 SRR % (MBS 2 72D O
&Fﬂifiﬂwommgaawaﬁiiﬁ
B T 2720 OHBEENGIETH 5,

4, AL RAZRIRT 3 -HDOEBEKBE
E4IVE

4-1. RPEEEL S5k 5N -EFKBEHE
,5.,\~ = 4)

Ty hRevwT A E HAvzgEERIC L NI,
AT S IEF R AEEINE L CWb 54T
T, OOy I USRI SR
L, FLDT, RBIZE S 2 2okt HE
ICRBDONDE L% 5, BV, N
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=2 HRAZENI LI HICHERKBEES I VB

fio

(FF7aaqILE/TILY

EYIVE
(REWRLEYR)

%3V B,
(F7 215 YiERE)

Y3V B,
(URZ7ZEY)

B4 3 Bg
(EYKR*x>Y)

E4% XY B,
(7 /N5 3Y)

n
7.

ZaAFv7

AA NSV
R

1

EAF>
Evz>vcC
(ZZAIILEVER)

VEg)

Bl
MRy 0R)

1.2 mg/1,000kcal TR JL+F—
(IHERRBRELLZWESE, 1H
LD OHEEIXILF—DREEDH
ZWEIHEIRILF—HEBEEZD
%)

2.2 mg/1,000 kcal TR JLF—
(IHERRBRELLZWEZE, 1H
LehDHEEIRILF—DREEDH
DVWEHEIRILXF—HEEZH
F3)

0.054 mg/g 7 VIV E

(GH8kBELVWEEE 1H
LicbDy VNV EBREEH DN
SHEEY VIV EEREZ NS 3)

RANDEEHEN S TCIREETE
B> feht, EY IV B IKkEFR
BREEZRANICHET ZDITHh
ELRENEZBENSEET S
&, 0.006 mg/ B

28 mgNE /1,000 keal TR JLF—
(IHERRBRELLZWESE, 18
HEDOHEIRILF—RDEEDH
DZWEIHEIRILF—HEBEEZH
%)

28 mg/ H
0.77 mg/ H
0.09 mg/ H

210 mg/ H

BEFI =
(BEHEYIVOE)

2.0 mg/1,000kcal TR JLF—
(1IHERBRELLWEEIE, 1H
LEDDOREIXILF—REEH
ZWEHEIRILF—HEBEED
))

3.4 mg/1,000 keal TR JLF—
(IHERBRELLWEZIE, 1H
YD DOEEIRILF—DEEDH
BZWIHEIRILF—HBEZH
I73)

0.074 mg/g ¥ VIV E

(1BECHBELEWEER 18
UDDYVYINVEREEZH D
WHEE Y VIO EEIEN T )

READHHEHI S TIIEETE
Bholeht, EY IV B, IKFH
BRITEERKICHITITZDICH
ERENEZRBENSEET S
&, 0.006 mg/ B

47 mgNE /1,000 kcal TRJLF—
(1IHERBRELLWEEIF, 18
LEDOHEIRILF—RDEEDH
ZVWEHEIRILF—HEBEEN
))

40 mg/ H
1.54mg/ B
1.0 mg/ H

210 mg/ H

THANOBEEINELECRINLBNYFICEENZIEYIVETREEL, BRYTUXAY M PEIEEXZOL
YIVEICEENDZEY I Y OLERET, BEHEEIIVOE,

2Rz 3 OENEFFEREBVTHE LR, fIZIE BEHOEY IV B, OBEEES S B, ICHT 3N
HHEFAEE 60% THBDT, RICK2 DEZBRYHSIEBINT Z2ICHRET S & 2.0 mg/1,000kcal TRILF—&
%% ((1.2 mg/1,000kcal TR JLF—)+0.6 =2.0 mg/1,000kcal TRJLF—),

B ESIYB, B—BYLD ORINTE ZRMEH 0.002 mg TH B,

"4 NE =niacin equivalent (4 73V YE),

NE=ZJFVH# (mg) +=F>YF73IRK (mg) +1/60 NUTET 7Y (mgo

P HEAAOREEBIREECH T ZEROMWME LREEIE 1000 pg HEZHINTWS, ZOEIE, BEAAORSBIE
EOEBORDILICHDLDIC, BRYTIAY MNPEIEEER CEASINTVWIERERO /7O ILE/
TIIIVBOETHZD, REMEROTERCEREIEFIRY VLY I VBEOS- XFILTNF ROERBKRET
HD, AEUEBOMBLREITEATH D0, KEShTWERL, REUHERIE, AREROSTOCIILE/
TILIIVELDHELEFEVWEDERBDNSA, TEFTY RERW,
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DOWBZENMMENDL T TIE, €% 3 VER
B AL CTORFNOHEEE I AL 2 nE
ORIBE %5, ZLTC, »AENEL EIZ%
LERBADOE Y I VPHEESEBICE AL,
s3I VEIE LR NOE Y I PR A —
RIS E b, —Mi 2 EREEFEEOL S 3
DI I OB EAME T E B & D IR S
T2, B, DEEYORKEE % i<
&L /NERGE, TbbUEED 3 BEOHIE
Eh Do YHRKID & —RBIG & DI R OIRL
REFRME Y IVENELTLER VD 5,
12, E FOBAICBWTY, COREETEE
CyIvmbEZLE, EOREOEIZRLD
DPERRARTR, ZORBRELR2ITR LT,

Yy 3 offinoffiE, HARANOZHEIL
FHEIREN TV DL LERDIBREEOEL
oz, WEEEIE, EBRTHWYY I Vil
MRy I Thb, LW ->T, EBRTEHS
n7-vsy I rofiil, BARAOZHERIEEC
felicshTws ALY I vE] TlEk
, WMoYy I ] ThrlwnH) Ik
Thb,[6. KAMER I OEMEGFIHEE]
TR LA-L 92, AFEEYy I v LR Y
¥ I eTIE, BRNEIESRZ L0, b MC
BULEMMNRL D, & MIXFTLHESY I ¥
WL, S sid, B Y I okt
(=138

%B, ©¥ IV Bp lZEE 2 YEIRER AR
TR CENTH 720, HxtEERHARIZE
ETX ol

/

4-2. EF4 I B kEMHEREMERKICHE
BI2-00EBEEFICBLE

MY SY I BoBEEN 2D 5, T
SRR 7 I 7B (XY >, fvuAf P,
ALt =) oRBCEETE 7770
¥ IVBp BEHAF LT =)L CoA & 5 —
Yl L5 AFLVF S FOEREREY A
TFA DS, AFFZOHERICEST S [ X
FIVES IV B KA T+ = AREEE]
Thb, TOODEERIGEE T BESE

LHAZEDNTELEY I VB ENETEEHEL
TEEZTNSHE, BHEIPLOESY IV B &
WEEZDOZODOBERIGEELZ RT N, F < —
N—=THILATFNTOVEEREIATA V&
DM SBIER Y Y 2 > B BIE 2B L
AR, 4~T7ug HOY ¥ I ¥ By OB
FHETHDLEFEEINTWE Y, 72, WO
HESLICEHET L L (R R ADOFHR 2
Y4 3B R 2 ~3mg T, 1 H
HDEANE S IV B lFEED 0.1 55 02%
LT 280), 3~6ugPE Y I VB &
HHPEE L TWB Z LB, EF IV B D
RN 50% * ZEET 5 &, 6~ 12 ug/ HEE
WA ENTEBTHA I IR D P,
B, AFEBEHLIEME 2005 FED 5 2020 4FH
TlE, ©% I ¥ B RZE CEMEM) EFD
a7 — &  H TP L EREIRE S L
TWwh, §hbb, ¥¥%3IVB, DLERIZ,
EMAEMBE A REOLY Y I ¥ Bn 2R
MRS L, MRS IR (SRS R M ER A A 23
101 fL ki) B L TIMIFE L Y I ¥ B i (100
pmol/L LA |) % B IEICHERF T 2720 10062 %
WAL, FHAORTCTHIET S 2 & TREIE
WL <, HEEFHLERE 20ug H
LHEELTWD, ZOKEE, 7 AOEEE D
BEICLZERICEOVTBY P, 2bDT
& TcoBETH b, A ML AR
DFHIZIE, KT EL0D L 12 W19,
Flo X5z, €% I Bpid6py HEED
BN EETH S,

5. BRAYHRIZBEMPHATELEVWES

IO ERENH S

RS RICHEEENTLEBEY Y I~
DML, ERICEEREYMZ, REIFAYF—%
AVCHRERRY, EmEmHL, ¥—BREiK
29 %, RITH o587 B IR RN o
#, ST FRAT Ty —EhREEMA,
BZL7z0h, ¥ 02, MEsh
bDOTHbDH, EHOY Y I v e Eif
W B 72012, B HEZEO D LD b,
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LR OFUHEDO FVREETH S, L72h> T,
HRTPOE Y I UERIE, WHhWARESY IV
EETHY, b FPFHTELWLEEEO Y
FIVEITNTVAL,

BWHIAH 2, hyETIIHICIE, FAT
TF V)BTRS L TN D, =
aF UL MEEE ¥ N BOSES LT Em ST
fb&m<Tdhsr '@ v hidzF 47 vF %201t
TE%ZWV, NYEQITOFEELR Y VN7 HIZ
vz rEwwy, NIF YT hv, 2
DT EICEY, PyEOaYEERL L-HI
TRITTINEIE LIz 2T TAD M7 EH
I ER Iy NIELAALD, RS
THEHbLIAFLd o729 THA, 7 — 7 (Johann
Wolfgang von Goethe, 1749 ~ 1832) &4 %
THAT (1786 ~ 1788 I2HfT% L, HRIZ 1816
~ 1817 LEFEINTWVB) LW ERDHFT, [
45 )TIZAS LB TIH WAL 2% <
o T&R] LML TVWELRT T TH D,
RTTTEWI)BEIL, 17714EIZ4 57T A
7 7 R (Francesco Frapolli) &\ ADME-
72 E3NTWb, 417 ) TEETI X2V
LWV ERTH L,

LA, I IS B, HEATH %,
COMBTIZINYEOITEAERLLTWS
DIZHERT ZIPEELZ VO ? PRk
DAYF4 A, bvEOITE, S LM
HO(EAIK—BWIHBEB R - KTEKRET
L) L7-ob#B Lz VT4 —Y 2 E

BrT2, COFTALMBIZLEY, FAT
Frhb=aF UEESEREL T, v F2SFH
TELWICHD 'V £V F 4 DB MET
H5bo

6. KBHEZ I OMEMFEFEFIRAE
FEIFAT IO EEMELTE L,
Fv MERWT, EfEFOF AT oRED
L) AR THAEL TV L0 EHFHTE
Too ZFORER, 1FEAEHMEEERE L CTHEE
LTWBI %Mo 1820 BHESY I 0k
Mlah cOEE LB, ¥ o e
G LR L B OB S L THFIEL T
WD EBRY 7 I OFERIIK G, LA
T, AW oOVY sy I VIR E NS RTIZHL
22T R IFRIE R S v, L& VD BRI,
—HENERIAMMOEMDOEEEZIT L, ZOM
HAEDEEEBTH L, BFHEL Y IV OERK
FIA R R L ) SR, T, BFO
vy I O LEEREL M (EYh o BEE S
IVDL IR CERE ST LRHBALT
W3) THDHI L, WINITREZREHAIC 5 3~
R BENCHALDS L ETH D Z & ERT S,
E51C, BHEMY Y I UL, —HICaERWw
AHNA LAY LY, WIEOIME % /i3
BARNSTED, SFEPY T O FEAD LA B,
B — B A As, IRYLEE oA AT
2T b, BHEME Y I VOEHEINY Y I 12
X9 B M AR R AR 3 12 F L7 22,

®3 BEWKAMEY IV OBEBEKAEEY S VTN 2B EFHEE

EYIv4 AR AEAFIAER (%)
E% 3> B, 60
EYZVB, 64
E% XY Bg 73
E% XY B READIEHEN S TIHRETE b o7 (RIEE 50%)
ZaAFYF7 IR 60
YA Noab] 70
7 50
EAF> 80
EvyzvC 100
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THF @ ﬁ;ﬁ X CONR,
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. E & | ERe
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X
PLP l@ 2 | y o
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3-Hydroxyanthranilic acid o —°—°—F|'—°“
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Fe? \L@ COOH N H o NMN
® @ 2 b b
ACMS —> | N oH—G—0—P—0H
£ PRPP |
Znt l £ N COOH Mg OH
c
ze Quinolinic NaMN
AMS acid OH OH
ATP
PRPP
' Mg? COOH
\
Acetyl-CoA ’
Nlcotlnlc acid
K1 MJTZRT77UHS5Z0FY I RANOEEGHIRE
Trp NUZRT7Y i ACMS, 0- 73/ B-ANARFIVAAVE - X FILTER JAMS, 0- 72X/ AOVE e &

FZILTER ;NaMN, ZOFVBE/ XYL AF K ; NaAD, ZOAF VBT %—/H%RWNHI\ Nam, ZAF V7
E KINMN, ZOFYF7IRE/XYJLAF K PRPP, 5-RAKRYRYIL-1-EOY VK,

Yy I C OMXTAEMRFIHED 100% TH > 72
eSS, AT T L EHEOIRRETHEE L T
Wb hntEbh,

7. BELEBMICEWVT XML RIE de novo =

AFUT7INEHEEEZZEHEIES

ZHEWIE, ¥ I VOEZEDILEZNIZ,
de novo EEREK AL TV WETTh S,
L2 L7235, —D721) de novo & AL &
FoTnwTd, B I izpshTnaibs
WME»H AL, ATy (€5 3B HE
AETAH=IF T INTHb,

L bRTy FREOBEAHWIIBNTE, =
AF T INIILET I BETHSL )T b
Tr S 9AT Y TOMEILE | AT v T

DIFWRIE (FUEO®) & o TEGRSI NS
(B1o BIWIZA ML AZNITS E, —EIIC
E7iV®%%§ﬁ%?twbﬂfw%ﬁ,%
LRI e o7z £2T, AMLAIZL D
%@%ﬂétbt,&@ii&ﬁ%ﬁ?yb%
EBLE, PYF VT 7 ry—aF T I N
AEEIT B DOh %P7,

/

7-1. iR

IRIE, BRICA P LA DT 5,
BT, WIREBEHIC N T YTy —=aF
7 I FERBEIFZIC LS 57 © N THIE
RIS EAs o722 L L, HiEE & BRI
BRI o FAIEE R 72 I IZ R0 |
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DWEL B EEBITFAT Yy ONE 5
ZEOEL LD, MNOEREDHEK ]
it <, MIT N T b= aF
YT IFNOERETR LT, HIR
EWVIHI AP LAZERL TV L%
BRT 2, bhAiZ, HRADAEE
WEAEIZBWT, ZOF— ¥R
T, 2010 4E R, 2015 4E Ji, 2020 4F
qu&%%mbwé%47>y@ﬁ

Conversion ratio of Trip-Nam (%)

—o— Control
—e— Prednidolone

AL ENR TS
%ui3mgHWHMEﬁ%%f%6,
LRESNT VD

7-2. BIBERERILES

BB RERIVE VI, AL ARBEE
HERZITIEE IR ENS FIVE
CTHhAH, BEREIERLVESTHL TV

o*ﬁ? ‘‘‘‘‘ 0

H2 ZvhkIC
SEUfEONY IR T Py —=
3mgDZL RZVOY (1 mL OEBHNBIEKORE) EHRERT v
N (fKE 350g)
lcZ7L K=
REU T, WEBEIGEEBNBIEKERS U, #IEIZFIHE +SEM
(5P5) T %o * &, Student's t-test T p<0.05 TEEREN

Experimental period (Days)

EHREIBRERILEY, LRZVOVEER

JF V7 I REGBREROEE)

IZ, 1B3[04BEEE ICERNICES U, 16
VOvaE®HSULEZEZ 1HBEL, 4BEEDRZ

mH5N

el &Y,

F=vuarz7y MFE5LT, )T
N7y —=aF T 3 FERKREH
N7REDHL ([®2) o L F=vnri ]
HEIZIERENES Lz, &5 Lz 1T HEIZBW
T ERRIIA AL, 2 HEIZIEH 251272 -
720 3HBIZREGHOMEIZR 72, & 2AHH,
4HH, 5sHH, 6 HHIZIZRTGAI O 12 DfE
FCKRT LA, 7THHIZZR DB L, L F=vn
COVERDHEZ T & T2e T &) 2L
A0, T F=vura 535K
] C tryptophan 2,3-dioxygenase @ 7k 1 B 23
2 AERIGER L, #HZOETIE a-amino-
B-carboxymuconate-e-semialdehyde decarboxylase
(ACMSD : REEFZ DGR KX, /) VR
DEREZILT D) PERFLEIND
ThbEWEINTVE, 20 L9112, b
U7F77/7%3%/7:Fhﬁ$®mﬁ@
B{fHrenwE)Thb, JU#EOD L ITITIEHR
LT & 2R H 2 L) TH b,

J PINTURIZERI AN
R

&y 87 BECT I ) ERe Lz e %
WET Y MG 5L, LIES IE, MER

RIVFRO SN, EFIAAREISEEZ 50, H5HH
EBIICARESEHIIK T LT, RS THLELT
LF 9 BHRE%, 1945 4E Elvehjem O 7 )V — 7' 2%

HRLED, S CoBRE T I A~
ING Y AEWFATE, ODT I WA 2 INT v
ALWMAZRERIEOBRST, FEFELRZ &I
F)F T 7rdHir0niE=aF T I FOME
12 &Y B 2 BRI H i, BHEVHE
12, TOBZRIF, VTV T oL aF Yy
\b«wh%+#%éaéﬁk BRI L
722D ISR THAZ L RFEHL 72
62 g ibt, NS NI MRy oy
BOEHIE bR EC, =aFr73IF
DERIZHNSL M) TN T 7 EDWo 72720
WCHEZEY I VA UNT L ATHD EHEEL
7o R1TIWCRLZZEDWE, PUT T 7ok
LoaF VT I FNOGRICIEIBHEYY I~
PR L L TRLEGERI LV, BREE Y 3
> % Z ORI IR YT T & SIS
BERDHLDOTHA 9,

PLERRA L7280 5, A b L ATgHRO kR
D—D& LT, ZaF 7 3IFOBEELHSE
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SREICET HEMEBZEEL TR,
ZOEEFSIHDREIZGN T EE

3 RAOHBHENSHAINES LY I VENEZEET 2H5E
SRE BREZHIEIDICHDORPESY IV BEFEIEER, SEXH 29 251K,

TWALIEDHEENDL, —aF 7 I FOK
FEIIMIEEREHCH Y, Al ch b, Ha &%
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ZHEL T, TO/BART HKREWEL S I~
EMST LT NBBERAT = a VS RT v
APTLCHLVWTELERVWEEZ B,

Eb)IC

TP Ik A GBRBIIC#EIE L THESE B 72012,
WL D 5 BEEDSGFAET 5, Y UAXFXFD
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DT I JBEON) TR T 70510 AT v
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T, AL ERT 2 Nam #HIGTE D, (F), 40% HEA VBESEO Trp 8. 20% HtE1 VBESKHEHRLT,
ACMSD SEMENE L B D, HBRRIEKRDZ, UNULEDS, Tp DEBREMERULAET Trp H5 QA NERKL,
ZOHER, £EHERYT S Nam ZHIFTE D, (G), 70% hEA VEESKED Tp R, 70% HEAVRBEVWSESE
CEBWI YRV BERZRET S L, ACMSD EENEEICELLRD, HRENEEICECED, QA DERENEEIC
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Abstract

In Japan and many other developed countries, a large amount of food is discarded without being consumed
every year. Such losses not only waste food, they also cause local governments, other governments, and
related organizations to spend a large amount of money on its disposal. Moreover, these disposals harm the
environment (i.e., air pollution by incinerations, soil pollution by landfills, and water pollution by ocean
dumping). Therefore, food losses and wastes have significant economic costs. These problems, which primarily
are caused by an oversupply of food, are supposed to be adjusted through market mechanisms. However, for
this to occur, markets need to function properly. In other words, food losses and wastes can be considered an
outcome of malfunctioning markets, which in economic terms is called a “market failure.” From an economic
perspective, this paper explores the causes of food losses and wastes by investigating the data and suggesting

possible improvement measures.

1. Introduction

In recent years, food losses and wastes have
become a serious problem in many countries,
including Japan. Economic losses caused by
food losses and wastes are not only due to the
disposal of consumable food, but local and other
governments, as well as related organizations,
suffered from spending large sums of money for
its disposal. Moreover, such food disposal has
huge environmental impacts, namely, by polluting
landfills and the ocean by dumping of wastes. Food
waste that decomposes in landfills emits methane,
and greenhouse gas V.

Food losses and wastes are closely related to food
security and food safety. The former aims to secure

enough food for people to maintain a healthy life,

and the latter mainly aim to appropriately manage
foodsquality (i.e., freshness). In Japan, both food
security and food safety are major issues. Japan’s food
self-sufficiency rate is far below 100 percent, and its
food security depends heavily on food imports from
other countries, such as China ?. Large quantities of
food in Japan (including imported food) are disposed
of every year. This wasteful food management
has several causes. Unlike industrial products,
food (especially fresh food) has short expiration
dates, and unsold food generally is discarded.
Moreover, to gain customers, retail grocery stores
must prevent running out of stock. Therefore, they
purchase more food than they need. This study is
focused on analyzing food waste from retailers (i.e.,

convenience stores), from an economic perspective,
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as well as studying the changes in the recycling of
food waste in Japan by reviewing the data.

The remainder of the paper is organized as
follows. Section 2 defines food security and safety,
and Section 3 states the formal distinction between
food loss and waste. Section 4 explains the current
food waste situation in Japan from an economic
perspective. Section 5 looks at the data to analyze
recent transitions in food waste and recycling in

Japan, and Section 6 offers a conclusion.

2. Food Security and Safety

In this section, we try to formally understand the
concepts of food security and safety. The former
is defined as follows: Food security exists when
all people, at all times, have physical, social, and
economic access to sufficient, safe, and nutritious
food that meets their dietary needs and food
preferences for an active and healthy life¥. The latter,
on the other hand, is described as follows: Food
safety is defined as the absence of safe, acceptable
food, or food that may harm the health of consumers .

Although one might think that developed countries
do not suffer from food security, it is a serious
concern in Japan. The country’s food self-sufficiency
rate is far below 100 percent?. Between 2007 and
2018, Japan’s net food export ratio was consistently
negative 2. Furthermore, Japan imports a substantial
amount of seafood and vegetables from China?. The
lack of food security in Japan relates to its social
issues, such as a low birth rate, an aging population,
and a changing lifestyle through urbanization.

Japanese consumers nevertheless are concerned
about food safety. Many check food products
in detail (i.e., where it was produced and its
ingredients) and only purchase products of certain
quality. To gain their trust, retailers disclose

various types of information about food, such as its

manufacturers and production location. If consumers
are harmed by food consumption, Japanese society
looks punitively at the producer and seller. To avoid
this risk, many retailers discard food that is near its
expiration date.

In sum, even though Japan imports a large
amount of food from abroad to compensate for its
lack of food self-sufficiency, some of this food is

disposed of.

3. Food Losses and Wastes

In this section, we try to analyze food disposal in
Japan. First, we distinguish between food loss and
waste. Food loss refers to any food that is lost in the
supply chain between the producer and the market,
and food waste refers to the discarding or alternative
(non-food) use of food that is safe and nutritious for
human consumption >, Alternatively, food loss can be
defined as food discarded during the production stage
(i.e., non-standard products, such as vegetables that
are too big or too small, damaged, or malformed),
whereas food waste can be referred as food discarded
at the point of sale (i.e., expired food)”.

In Japan, many food products are discarded at
the production stage because they are difficult to
sell (i.e., non-standardized, irregular, and wounded
produce). This high level of waste is caused by
Japanese consumers’ interest in high-quality and
attractive food. In many cases, substandard food is
consumed by producers. '

Japan has high food-quality standards, and damage
to consumers caused by food results in penalties and
social sanctions to producers and retailers. Hence, a
significant amount of food that is near its expiration
date is discarded at retail outlets. In addition, in the
case of many retailers, food waste is partly attributed
to overstocking of food. This is due to a strong

competition, where Japanese retailers try to avoid

! Food disposal can be prevented by processing unsold and wounded food into other products . For example, wounded tomatoes

in a supermarket can be processed into tomato jam at a profit®.
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customer churn caused by being out of stock.

In short, consumable food in Japan is disposed of
for several reasons, and this inefficient management
of food should be addressed.

4. The Current Situation Regarding Food
Waste in Japan

As discussed in the previous section, food loss
and waste are serious problems in Japan. In this
section, we analyze one instance of food waste
in Japan, specifically that produced by Japanese
retail and convenience stores. Convenience stores
are an indispensable part of Japanese daily life " .2
Nevertheless, these convenience stores discard a
large amount of food every day. This largely relates
to their owners’ management strategies, which can
be evaluated with economic theories. We try to
explore two instances of food waste: the disposal
of food that is about to expire and the disposal of
excess, overstocked food.

Our first example is a convenience store that
disposes of food near its expiration date due to
consumers’ awareness of this issue and to avoid the
risk of being punished if they sell food that sickens
their customers. As is already known, Japanese
consumers, in general, are excessively sensitive to
food safety.?

Figure 1 illustrates the above situation by
using a market price adjustment mechanism.* In
a properly functioning market, when a product
is unsold, the mechanism reduces its price to
eliminate a surplus (in Figure 1, the product’s

price falls from P to Pg). However, in the case

P
S
> Surplus -
! |
Pe - i ffffffffffff < E i
.
0 Qo Qe Qs Q

Figure 1. Price Adjustment Mechanism of a Properly
Functioning Market

of food, this mechanism does not resolve the
situation, largely because of the limited shelf life
of many food items, which often is shorter than the
time required for a price adjustment.

Second, we consider what happens when
convenience stores overstock food, caused by a
strong competition among convenience stores in
Japan. In large Japanese cities, convenience stores can
be found every few hundred meters, and customers
can easily choose one store over another.” Hence,
minor inconveniences, such as being out of stock, can
cause a loss of customers, ultimately leading to lower
sales and reputation. Owners of convenience stores
see that the opportunity cost of running out of food
items is higher than that of wasting unsold food.® In
other words, convenience stores rationally maximize
their profits (and their reputations) by keeping an

excess supply of food on hand.’

2 Convenience stores also are utilized for education (i.c., they are used as classrooms for Kyoto schoolchildren) .
3 For example, frozen dumplings imported from China contained an insecticide harmful to human bodies ®. Due to the latter
incident, Chinese food industry lost its trust of food safety in Japanese market, hence food import from China temporary fell in a

period between 2008 and 2009 2,

‘P, Q, Pg, Qs, Qp, S, D, and E in Figure 1 are price, quantity, equilibrium price, quantity supplied, quantity demanded, supply,

demand, and equilibrium, respectively.

5 Asan example, 23 convenience stores in 2005 operated within a quarter of a mile of each other in downtown Tokyo .

6 Opportunity cost is the value of what is given up when getting something else 9,

7 Such a sales strategy can also be seen in the US '%.
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Figure 2. Price Adjustment Mechanism of a Properly
Functioning Market

Figure 2 illustrates food waste at convenience
stores due to overstocking.® This phenomenon
can be explained by the economic term “negative
externalities.”® Because food waste harms societies
(causing additional expenses and environmental
damage), overstocking of food (i.e., supplying
food with Spc rather than Ssc and conducting
trades E) to avoid losing customers is considered
undesirable, and equilibrium at a socially desirable
level (Esociety) is desirable. Thus, as Figure 2 shows,
a discrepancy exists between the optimal volume of
food purchases by convenience stores and what is
best for society (i.e., Qg and Qsocicty)-

Economically, the situations demonstrated in
Figures 1 and 2 are both “market failures.”'* In

such situations, as market mechanisms are unable

to resolve the food waste problem, government

policies and regulations are helpful.

5. Attempts to Reduce Food Loss and Waste

As noted in the previous section, food waste can
be caused by market failures. One way to resolve
this situation is by internalizing externalities.'’ In
this section, we discuss how Japanese convenience
stores resolved the problem of food waste.

In Japan, a basic recycling law was enacted in
2000 'V, Tts purpose was to improve the environment
by preserving natural resources and recycling used
resources, including food waste '".

A law promoting recycling and related activities
to treat food (the food waste recycling law) focused
on food-related businesses that discharged more
than 100 tons of food '?. Its ultimate goal was to
reduce food waste by 20% annually starting 2006 '.
A 2007 amendment to this food waste recycling law
stipulated that food-related businesses generating
more than 100 tons of food waste the preceding year
were required to report the amount of food waste
and how much was recycled to the minister '

In 2015, new food recycling targets were set for
food-related businesses '¥. Specifically, the recycling
rates for food manufacturers, food wholesalers, food
retailers, and restaurants were set at 95%, 70%,
55%, and 50%, respectively '¥."?

In addition to Japan, food recycling has advanced

worldwide."® Recently, a globally applicable

8P Q, Psocietys PE » Qsocietys Q> SPC, Ssc, D, and E in Figure 2 are price, quantity, price (at a socially desirable level), equilibrium
price, quantity (at a socially desirable level), equilibrium quantity, supply determined by a supplier’s private cost, social cost,

demand, and equilibrium, respectively.

? Externality is defined as the uncompensated impact of an economic entity’s action (i.e., a retailer) on the well-being of a bystander 9,

A negative externality has an adverse impact ?).

19 Market failure is defined as a situation when a market function fails to efficiently allocate resources 9,

)

Internalizing externalities means incentivizing economic entities (i.e., suppliers and consumers) to be responsible for their

actions ”.

12 The rates for these categories were previously set at 85%, 70%, 45%, and 40%, respectively

14)

3 For example, “the 17 Sustainable Development Goals (SDGs) of the 2030 Agenda for Sustainable Development” was adopted by

193 member states of the United Nations '*. Target 12.3 of Goal 12 ensures sustainable consumption and production patterns

16)

By 2030, the goal is to cut per-capita global food waste in half at the retail and consumer levels and to reduce food losses in

production and supply chains, including post-harvest losses
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standard of food loss and waste called the “Food
Loss and Waste Accounting and Reporting
Standard” (FLW Standard) was launched.'* The
FLW Standard reduces food loss and waste by
providing benefits to entities that manage food loss
and waste better, as well as to those that prepare
inventories conforming to the their standard '®.

By enacting and revising relevant laws, the
Japanese government has mitigated food losses
and wastes. Notably, the food waste recycling law
effectively internalizes the negative externalities
among suppliers.

Table 1 shows the amount of food waste

generated in Japan between 2008 and 2017. The
largest amount of food waste was generated by
food manufacturers, likely because they discarded
food not fit to sell.'® A closer inspection reveals
that the amount gradually decreased during this 10-
year period (with the exception of 2013, 2014, and
2015). A significant improvement occurred in 2017.
This likely resulted from the efforts of the food
manufacturers to reduce food waste. In contrast,
although a smaller amount, food waste at food
wholesalers, food retailers, and restaurants did not
decrease substantially.

Table 2 shows food recycling rates in Japan

Table 1. Annual Amount of Food Waste Generated by Food Businesses in Japan (unit: 1,000 tons)

Vear Food Industry Food Food Food Restaurants
(Total) Manufacturing ~ Wholesale  Retailing
2008 23,153 18,613 261 1,309 2,971
2009 22,718 18,449 250 1,348 2,672
2010 20,860 17,152 223 1,192 2,292
2011 19,955 16,582 222 1,275 1,876
2012 19,163 15,804 219 1,224 1,916
2013 19,270 15,936 210 1,239 1,884
2014 19,532 16,055 270 1,269 1,938
2015 20,096 16,533 294 1,275 1,995
2016 19,700 16,167 267 1,271 1,994
2017 17,666 14,106 268 1,230 2,062
Data Source: Ministry of Agriculture, Forestry and Fisheries of Japan 15
http://www.maff.go.jp/j/shokusan/recycle/syokuhin/kouhyou.html 19)
Table 2. Rate of Food Recycling
Food Indust Food Food Food
Year (Total) v Manufacturing ~ Wholesale  Retailing Restaurants
2013 85 95 58 45 25
2014 85 95 57 46 24
2015 85 95 60 47 23
2016 85 95 65 49 23
2017 84 95 67 51 32

Data Source: Ministry of Agriculture, Forestry and Fisheries of Japan 17
http://www.maff.go.jp/j/shokusan/recycle/syokuhin/kouhyou.html 19

14 The FLW Standard was introduced by Food Loss & Waste Protocol 1,

15 The data source is in Japanese.

16 Because food loss and food waste are not separately noted in the information source, the author unified the notation in the Table 1

as food waste.
17 The data source is in Japanese.
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between 2013 and 2017." The recycling rate of food
manufacturers maintained a high percentage of 95%
throughout the entire period, whereas the rate for
the other three businesses was considerably lower.
As a result, food wholesalers, food retailers, and
restaurants failed to achieve their recycling targets.
A comparative analysis of Tables 1 and 2 indicates
that food recycling reduces food waste. However,
unlike food manufacturers, the recycling rates of
the three other businesses did not progress notably,
possibly because many of their food products are
processed (i.e., convenience stores’ sales of bento,
onigiri, and sandwiches)."

Although Japan has tried to reduce food waste,
targeted goals have not been reached. Recycling of
processed foods has hardly progressed. In order to
further improve food recycling, industry regulations
should take into account the management strategies
of stores. For example, imposition of penalties may
increase the cost of food waste to its opportunity
cost level, at which point store managers might stop
overstocking. As another option, food banks that

reuse processed food can help in recycling.

6. Conclusion

Every year, Japan disposes of a large quantity
of consumable food. Such food waste puts
pressure on the government’s budget and harms

the environment. This study focuses on food waste

at Japanese convenience stores and identifies two
causes of food waste in these locations: excessive
caution about the expiration dates of foods and
strategic overstocking.

Furthermore, we also investigate the history of
food waste and food recycling in Japan by looking
at the data. Our result indicates that although food
manufacturers achieve relatively high levels of food
recycling, other businesses (i.e., food wholesalers,
food retailers, and restaurants) fail to recycle food
waste at their respective targeted levels, probably
because they largely handle processed food, which
only infrequently is recycled.

This could be improved by using economic
ideas. For example, internalizing externalities to
suppliers (convenience stores) is one of the effective
measures for resolving negative externalities. To
verify the success of this strategy, further detailed
investigations are required. Because of the limited
space available for this paper, this task is left for

future study.
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BRBINT VYN IET, K7La—)
WAV, & 512/ ® Osborne 7’1 7 2 VX
FORHLDXTFTTH S, 26357 F=IE 30-
80KDa D #iifiTd 3, 7'V 7Y vHDY AN
7 4 PRGBS LFET 5% 5130 FNTH S
(Veraverbeke and Delcour,2002), 7 L5 =
ViENTUHEAKRDOEAKTHD, KviaTE
P % b 5 80KDa 2> 5 #; 100 JjIZ3ET 5,
KRBT EAESGAE T TR, /N2 Osborne 7
W) VR EES, JVT=vRY)2—ldw
ARV T=rF 7=y b (GSs) 6%
D, YAL7 1 FiSETEMLIhTn5,
TTGSs DANT 4 FHED, 5THD 5 »IE
TGS T 5, GSs P AN 7 4 Fif
GOET E EbicEon, EFERICE 7Y 7
v LIRS B (Veraverbeke and Delcour,
2002;Goesaert et al., 2005),

TIWNT v F R EOME LN & K
B IicZZ, ZHUTEERICIZEDRVICE L,
FEWEA — A M IS K B S NI R A % (A Rf
T3, IhsoWEiFa=—rThHh, KEL
7 A ZORRI/INZIIEFICBIR D 28T
LHROFZZEIFTERY, ZNSDKRERY
A R &Ry 7= BRICL D, T =
YARY = FYICHE (BRI 3
) L5 2%, 7, JUTYVIETIA
Fv 7 (WA MELTEIC EBbi, itk
JAEMEE FUICh5 2%, 618, PO
FICIEEAE R X OIERE/BAOmM AR E 1A F
1% (Bushuk,1998;Wrigley et al.,1998),

AN 7 4 FAGO BB rIcii S,
ft7a e 21F FYBROM, JEHICERTDH
% (Veraverbeke and Delcour,2002), -~ —
XV IOM, JNT vy R EIFIERICE S
DEMELRZAE T 20, Lo L s oo
WEIZHFOHEEINTHR, TNSIEETY
YR BORABUKGLICEZ 32{tparE
F—=Yav,Thbb SH-SS LKL, &
CHT LW A7 4 PRGSO <
(Jeanjean et al., 1980, Schofield et al., 1983;
Weegels et al., 1994; Morel et al., 2002),

AN BIEMBE R

TINT v E R MORREE, 12D
L) A EX=2 MR TE, BV T =
DFFRICE>TREY, IVT =T
HEEE, FLEHEGORE, I oIl
FEDEMICE>TRES, TN6DT LTV
BRREVE D $ 70 I IZ 70 BRI Kk > TR
2T B0, Bl Z S EAEEE (e T 7 —X),
GG %E $ 3 & 5% (Transglutaminase,
oxidases) TH %,

7o077—-+

TINT v FURITBEDORTF FiERIE 7T a T
7 =Xk SfEING, T 7T 7 —%
FFE7urAFr—wEdbuvwn, 08
HONIME G2 D, 2o TREZET
L, RIFFP%24EL %, =XV 7 ur7—%
ERTF =X IO, S 7 2 ) E T F
Wid, ¥ ROBEDMREROSTHIIZENS D
il i X B = X L DRI EI L, ) v, F
F—=HDEWVIEFTATA Y, AFu, PANR)L
Ty 7 7RT 7 —RRERaIN, s I3KE
H (VY VBE), AL7ZAAL FYLE (V%
T4 VL), &EA Ay (B2, L
TANFFIVERE (7 A%7 ¥ VBERE)
Hx2ThhH, BRIEOWEEINEEF L TH B
(Mathewson,1998), 7' u 5 7 — ¥R #4:13
RRINT 2 VB2 ELDTHERT T P& D5
IZZ DB D B,
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SR INEIF—F

FIVAINY S F—XIE, ¥R
WAL VY I vy AL X7 I P
BT I, BIZIEY R EIKEAET
BL-YVYyDe 7 I RICET L &M
TETPIANELEIVARAT7 27 =T, ZOH
BAYVRTFFEAZ4E L %5 (Matheis and
Whitaker,1987), Z &5k IZBEEDHI 72 757
T, ARG ZES DT, HiE T
RIHIEC AN 7 4 FEUEE X7 F FEBICE
5, ISR T I 2= ay (BAIEY 8
2T S VOB A) LSy I
B o7 2 7 {t% &t (Reinikainen et al.,
2003; Gerrard and Sutton, 2005).,

A48 —-¢

F Xy —¥E, BAELKIGZ S 2%
—HOMEET, BEIETREMAE L THIC,
FXT Y -CRREFEGME L CHEEET 50
T, H D WIFEEEERIC ko T I NS (http://
www.chem.qmul.ac.uk/iubmb/enzyme), 2
L a—RAF ¥y —+ (ECL.1.3.4) 1%, 7L
a—REW@E2 VA 57 v (ZRULFE
IV a yIBIZZb) @R bk (HL0,) I
ZT2DZMETZ, ~FY—AFF 55—
£ (ECL.1.3.5) (XAl U K72 ]t % il i3~ % 23,
WL DODPDE/ —, FYIFEEMEYDF 7 b
WCEZD, FryF—X3F 7 Ehonf
o sbFas vEEE2BLL To- ¥/ ViTL,
ZNUEHEWICESL, H20IEFT VY RIEDT
S/, SH L L IR G TIiA TE 5, »
L0 EEWEE 7Y AL, Zhnid
H\ICIEEE AT E % (Reinikainen et
al., 2003), V¥ F A FF ¥ - L 2L
INAL FYLAFTF—EIIP AL 7 4 FiEA
TR % il 3 %, WiFEOL ¥ 5 —XiE oy
FAVICRENTH O NA Fur =% F
F A FZ2BBT2DICL, BHFIETEEDOLE
BN v Ra%zES57 %9 (Reinikainen et
al., 2003), fiOmEESE, HZIE7 vy H—+¥
(EC1.10.3.2) 1%, 7 =/ —VWWE %I 5,

Ty Ah—XIE N E2EUHET, B 7 =
J —VYVE OB % il U iEEE 7 2 o VIE &
L, ZiUdfhoWE & LN E T 5,

TNFr7Y)—RalE & BEREN

TNT YA, BBz 7Ty 7RI,
LIZLIZE I h, RIERTH D, IMEOWER T,
FITINE, 4%, RE, BZo(A—#
k- TRIERISINDEbDTHS, JILT v
5 Vo E I A E BEEE TR R A I R
INT, ZOME, BXSFRRERD, Zno
BREINVNTF VIV RRIEDINY S v—, T
) =Yy FoRgHrsL 5,

BREETINVT It

TNT VAR T 25 & 2 T ED H
%8 VS BESRIERT 2EER I, WL DD
MIEHRSICREEINT WS, Y7 v 7z b
ODHEBZFIZED ) TP ICHE DI RS F N
i, HFELLINE 74F, REFhoS o7
7= ko THTIER IR T ic S i
7- (Hartmann et al., 2006), ZI)VF5 v %
PBEDY VRIS, BIGERI AL
Wz Mol 7 — Py RO TR I N,
Y7 —RFUDRY—F -8, REBEHTT
TINT v R G gETET (Wehrle et
al., 1999), NE7PnL73y, a7y, 7
V7YX, YT — B TR R
Nz EIR X 7z Lactobacillus sp. D 7' 5 7 —
Y#EEIZE S, VTV TOEHERTF
F—+ U 7P @ oo, SiRyh o
% in vitro EER TS L 7z (Di Cagno et al.,
2002), MU X HcT7A4ES v EDHEER
5 A ZRIRER OFEREIC X DIE T L2, 24U
FA4EZ7TRZ I vome e T 7 —EaRIC X
270702, HErXr 57V 7 S ur7r—Xick
27 AFINT Y VOFRPBIEI N, Th
5D I A4 EY VN EOSEIEEIC pH REM:
ThHY, fER7AEZEROE®ICEEDDTH
% (De Angelis et al., 2006), TN 5 DFERIZ,
Y7 — R8Oy LS Y ELEFETIZ > E D
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L 7z (Di Cagno et al., 2004,2005), #, <> T,
N2 L IEEEER (R IEMET) DRGSR
297 — o 24 IHFERE, N2 TY
VHFEA BRI SREI N, D7
VT v TR, in vitro, in vivo \ >
NEBTHE T L7 (Di Cagro et al., 2004),
RIS, /SRS BECOIBIRIVALBBE IC X 25
3, 72— LN ELE)FDOITY TP UK
FOBAIAKSREEE L, R7FE-FY T
> Vv R O NREEE S 2 KN S ¢/ (Di
Cagno et al., 2005), Z#5DFEHE, AD 7L
FVDORMEL XL, #YNL 527 /8
VDR TET TELD, Z I TIHE RN
WerE, FEEEVER), S SIcRw (Bh) FEEEEEN %
T3 (Di Cagno et al., 2004,2005),

TNFo7V)—BNTOEE
INER—ZDBR T, BET 7 /0y —
METDONY FY v 7TOWRE E SV R mE
WRIZIALHVLSENT WS, WA B %L
DWEFENL, NEBRIT~DEEIT L Y BS I
i d 2 W EPME SN T D, ZNIFKE
{ Goesaert & co-workers (2005,2006) IZ &
DRI T E, —RITIZ/INERDS Y TWn L
OWBEREM DB Z, HlZIET 7 —EIIHiE
{COHMBDH 255, Z0Ed 7 nrr 7y —H3
VIZESTHRMKRICERNTH % (Gujral et al.,
2003), 7T v 7V — 8BGO BN T i
&, VT v 7 ) =8B, Bl a X, a—
VDX b DT B ) EMiEL Y Y-
PHOWTWS, 777 ) =828 WT
BLRELHBKDO 121, BiFsEorg
ZHOEME Ny OEETH B, FHE, a R,
DT NT 7V —BD Y LRI BEIL, INE
GUNRIEDL= = VN7 EFy b7 —
7 EFOREEE RE, S OICHEBPICHKET
ZIRIBH A DRRFTE R\, DTV D
POWHIE, BlAIEINT >y 7Y —ETD |k
FURATNY T F—EHInIEAF Y-
X B2 EED AR T 2 R O3 T 9
SN, AR~/ A=V R=—ZADITINT

TV=NVTDE I VALY I F—XITk 3
v b7 — 27D, Moore and co-workers
(2006) Ik > THEZGNT WS, YU 7Y
v P =7 BROBEIZITLD Y 87 IS
X0 (BIZIEWAEI VY, IBORY T 7
BRT), 2L CHERNETE % (Moore
etal., 2006), A XTI VALY S
F—XRIMZA D LEHT S BOMKT 235 S
N, BWRICKD axy 7 EO4UE | Eik
Z ¥ 7 (Gujral and Rosell, 2004a), Z o
P oZegidmiE, MiErz %R L, ZofER
FHAEME 7 LBEDHZa XV 2ET
L, PNa—2AF XL F—E%Ea X MHAAK
RSS2 &, a8 B Z RIRRICSER L
72 (Gujral and Rosell, 2004b), 2 X % > %
7B 1 &, Z 413 free zone capillary
electrophoresis (7 V —Y'— v &R KkE) T
REN, FA—ILEBIUT I HEEEOREAT
ANEINT, Bz ns o, PR
TNE I F—EH D5 IIMBLEEZEIC L D ¥ o3
JBEFY VT =T DI T NT V7Y =%
DEERN 7 NE, SVEM, 77 L0FRHE
WHRT2F%EZ5R”T (Moore et al., 2006; Gujral
and Rosell,2004a ,2004b), ZLH&H K IH# % O
INT V7 )=V TORERERIE, NEBS D
znLMEcE S, MNEBA VT, FIV
ATNY S F =R TNT vy EDIA
BiEEZ XD RELSL, VT VR 2—DRE
fbzfEL, —~H7/La—24xs¥—Xroik
BB S5y, N Far v o—=F X34 Pk
BICBEIE L, Z3Uds v 82 8ldH 5 VI3 %R
SriEcm L 4aE = o 3 (Goesaret et al.,
2006), A ¥ ¥ —KLEFMBWT, FTUR
INE I F—RIC KB L, N
GO PR ofgtiEne 27 L ICBRL
72> (Reinikainen et al., 2003) .

bW
TR TRV o7 % R LB & 2 W 1357
ffd 2 2 EIXEEOREGIET, FHCRMET
DHREE ® 2 S E T, B2 XA (&
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TT) B, LA AT v 7 (A)XOS,
BXOEPIET Y 7y, ESEmnWE SV T v
7Y —gmEnEZE)TH D,

7o XTI, TSV -HKROE
BRSO %ED in vitro A1, fEHET
ZICHHTE 2 EME 2, #EY LR EEE D
DR DOTEETVIER E FARICKRD T 3,
NSP( W T v 7 L) ok pgme &
W DA DGEITIE, EL LD NSP %
GLBYM LoOLRBBLEICHAATE 3,
Wb b5 T4 DEEICIZZFNS IZEEE
il I IS Z I ANLS L, F 72 WU-AX
DLy Fxy o+ —XIc k20T RE % -
g, TEET S, X v EMBEAL, 2N
WFIEICBEEIC RS NG, W7 7789 —3&E
STREET S ) X5 D in vitro L FER
BT %, BERME OIEIEN S F O, 4l
ZAE AR LEIRMEO B ORINIE, FEEDD
TNz IEFIC@EDREE b Ofifio d 3 b DI
BZLHMLWHELEZLEZ 5D TH S, #EE
DI X BN LT v P RO I,
KADT 7y, H20IETy 7o ER KL,
—FfEH B\ F ZNLL DTV T AEHiEEE DR
U2k 3dbDT, 207?35 —%,
U h s, S5 7v A 727 —E¥0dD
REZWHREEEZTT,

T2 2 B A 13 R 12 BB o BEREME B R D Z
DEDOEEYICRENICTIAERL T 5,

L2 LD s 2 idiE B o BRER I IIF 7i s 2 7%
LT3, $HE, BEEML 28BSO
FEREIZ LI LIEREBMI A Y v —Db D L3R
o TWwT, InEFEMmERMNETEE SR,
FHI IR S 2, I o IERBEAR TR
TDVoim LUk, BRAEEFEY DY E O
IR EREO X ) IffonsaRETH D,
DAL, IR LOKEZK & BER BN 0RO
DEIL, WKL, HEBEEZTOR UV EHER
frV,  Z Ui ey 6 vVAE R I HE R 7
WE-AX L -V hvazoEMmMLLL
XNVTCEENLZDLDTH B,

ZDF FHBUERMRINEL 27 — R0
BD &I, BN (FEREEANT & G210
X, ZOEEINT VI U IEDBEEIHR
T50, ZHUdk V) 7y ZIEOBRENHELHT
Hd, ZORYHT, LT URNMEOMWE %
ETFL7-BREJEFHTEZTHSH, L
LB LBy I N7 8 v R0 E
DEIp o 7 BERR I HE R X7 & 70w ki,
R LT > 7 ) =D 5 B E A
M2 200N %Ak ch 2, DN
WED o, ZINT 79 —BYDORIy (§ 23
28, 777, NSP) oEIZh - L N%EY
THAIAL Z LTk D, BieoBEOKEED
MiEZED L L LR LTCZDORAEEZZIT S
ENTELEAH,
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Efficacy of traditional medicine “KAMPO”
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