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Relationship between the Maillard reaction and lipid peroxidation in adding
various fatty acids on bread baking
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Relationship between the Maillard reaction and lipid peroxidation in adding
various fatty acids on bread baking

Toshiyuki Toyosaki "
'Department of Foods and Nutrition, Koran Women’s Junior College

Key Words: Maillard reaction, Lipid peroxidation, Saturated fatty acids, Unsaturated Fatty acids, Bread baking

Abstract

The Maillard reaction accompanying the baking of bread largely affects the quality of finished bread and
the degree of taste. Particularly, the difference of lipids as a secondary material can be considered as one of
the major factors. We examined how the differences in constituent fatty acids of lipids in secondary materials
are related to Maillard reaction. Chemical differences in added fatty acids were identified to be a major factor
in the induction of the Maillard reaction and lipid peroxidation in bread baking. With saturated fatty acids,
a higher carbon number tended to promote the Maillard reaction induction and suppress lipid peroxidation
induction. Conversely, with unsaturated fatty acids, a greater degree of unsaturation tended to suppress
the Maillard reaction induction and promote lipid peroxidation induction. The present findings clarified
the involvement of fatty acid carbon number and degree of unsaturation in the Maillard reaction and lipid
peroxidation inductions in bread baking. This phenomenon is a novel finding for the food science field.

*To whom correspondence should be addressed.

Department of Foods and Nutrition, Koran Women'’s Junior College
1-2-1 Yokote Minami-ku Fukuoka, 811-1311, Japan

TEL 81-92-581-1538 E-mail: toyosaki@koran.ac.jp
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Taste sensation of beverages in a darkness with restricted vision
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Taste sensation of beverages in a darkness with restricted vision

Shigeo Kobayashi' ", Nanami Kondo', Erina Oshima?

"Tokyo City University, Department of Architecture, Minamoca Lab.

Key Words: beverage, scotopic vision, darkness, deliciousness, content information, uncertainty

Abstract

This research focused on how taste appeared at drinking in darkness under scotopic vision. An experiments
was conducted to drink 13 kinds of beverages by combining the two conditions of restricting vision and notice
of contents. As a result, it was found that it was difficult to hit the contents properly in a dark and unknown
state, the correct answer rate was almost less than 25%. The high percentage of correct answers was high
lightness and low lightness beverages. Due to the addition of visual information and contents information,
sense of resistance was released and there was a tendency to feel delicious and feel the taste intensely.

However, the opposite reactions tended to occur in beverages that were not good for subjects.

*To whom correspondence should be addressed.
Tokyo City University, Department of Architecture
1-28-1 tmazutsumi setagayaku Tokyo Japan 158-8557

TEL/FAX 81-3-5707-2189 E-mail skoba@tcu.ac.jp
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29 CliiR@E oMM 2R L 72f (AOK
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2. BEREBAKHORE
PBEE v A2 ] YL, Table1 12”39 X

Table | BIEIVLEE OREHDES (g)

No.1 No.2 No.3 No.4 No.5 No.6
DgE=EOR 675 675 675 338 338 338
BiE 225 225 225 225 225 225
Eh 150 150
Kig 150 150
SRisE =28 150 150
BiRA 338 338 338
7K 443 443 443 443 443 443
A= F 21—/ LP50 14 14 14 14 14 14
=51 14944 14944 14944 14954 14954 1495.4

EmAEEIE Nos.1-6 D2 TIT 108 cfmL @ L ARJL THSABREC | mL FwMNL 72,
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No.1 No.2 No.3 No.4 No.5 No.6
L* 70.21 69.71 89.94 45.76 45.32 80.83
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Abstract

Recently in Japan, Japanese has more than 2 million people with dementia, and measures to treat dementia
patients are becoming urgent modern social problems for Japan, which is aging. Dementia is roughly divided into
cerebrovascular dementia (VD) and Alzheimer type dementia (AD). VD develops as a result of secondary nerve cell
damage due to cerebral infarction, cerebral hemorrhage and the like. Therefore, there is a possibility that the onset can
be prevented by controlling hypertension, drinking alcohol, smoking, etc., which are risk factors. On the other hand,
AD is a progressive neurodegenerative disease, a decrease in acetylcholine content accompanying a decrease in choline
acetyltransferase activity is recognized, and only a drug approved as a therapeutic agent is donepezil hydrochloride. It is
the Hericium erinaceum fruit body used this research. In this study, we examined the influence of Hericium erinaceum
fruit body substance on the brain and its effectiveness on dementia using senescence promoting model mouse (SAM
mouse).

In the Morris water maze test, the arrival time to the platform was significantly delayed in the Sham control group
compared to the Control group. In addition, the Hericium erinaceum fruit body subgroup showed a tendency to
shorten the arrival time as a whole compared to the Sham control group. In the SOD-like activity measurement, the
inhibition rate of the Yamabushi mushida substantive group showed a tendency to increase as compared with the Sham
control group, and the luminance measurement showed a tendency to decrease the luminescence intensity. In the lipid
peroxidation measurement, there was no influence in the Hericium erinaceum fruit body. In the serotonin concentration
measurement, the serotonin concentration tended to increase in the Hericium erinaceum fruit body in comparison with
the Sham control group.

From this study, it was recognized that ingestion of Hericium erinaceum fruit body entity resulted in an increase in
SOD - like activity and elimination of peroxy radicals. In addition, by promoting serotonin secretion, spatial cognitive
dysfunction was suppressed and learning and memory ability was improved.From the above, it is considered that the

New Food Industry (New Food Indust.) 2019 Vol.61 No.6 437



HIHRE F-I4A (Hericium erinaceum fruit body)lZ 31} % il 1A _E ¥ X ORRAIBSRECSGE 2B § 2 %%

Hericium erinaceum fruit body entity suppresses the aging of the brain and is effective for prevention and treatment of
dementia.
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Fig.2 Line drawings showing the three-dimensional
organization of the hippocampal formation in the rat brain.
Three coronal sections (A, B and C) are shown at different
rostrocaudal levels through the hippocampal formation. CA1
and CA3, fields of the hippocampus; EC, entorhinal cortex;
DG, dentate gyrus. (David G. A, Menno P. W., The rat nervous
system. Second edition, Academic Press, Inc., (1995)) .
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Fig.3 Protocol of HE stain.
(A) and alcohol dehydration and penetration (B)
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Fig. 4 Protocol of KB stain.
0.1 % Luxol Fast Blue; Luxol Fast Blue 0.5 g, 95 % EtOH 500 mL, 10 % CH3COOH 2.5 mL

Table 1. The change of escape latency from SAM mice. Each values represent the mean + S.E. (n=6-11)
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Fig.5. Probe test.
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times of across the platform location. Each values represent the mean + S.E.
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Fig.6 SOD activity. Each values represent the mean
+ S.E. The bars represent standard deviation.
" Statistically significant (p<0.05) from the sham control group.
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Fig.7 Blood levels of anti oxidation activity.
Each values represent the mean = S.E. The bars represent
standard deviation. ~Statistically significant (»<0.05) from
the sham control group.
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Fig.8 Effect of Hericium erinaceum fruit body on
TBA values of SAM brain homogenates.
Each values represent the mean + S.E.
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Fig.9 Serotonin concentration in SAM brain
homogenates.

Each values represent the mean + S.E. The bars represent
standard deviation. - Statistically significant (p<0.05)
from the sham control group.
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Fig.10 Histopathological alterations of the hippocampal CA1 (double arrow T T ) and CA3 (arrow | ) regions

in 25-26 weeks-old SAM.

Microphotographs of coronal sections of the hippocampus in Control (A), Sham control Hericium erinaceum firuit body,
were stained with hematoxylin and eosin. Bars = 40 mm (A-E), 200 mm (A1-E1), 100 mm (A2-E2)
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Fig.11 Histopathological alterations of the hippocampal CA1 (double arrow T T ) and CA3 (arrow T ) regions

in 25-26 weeks-old SAM.

Microphotographs of coronal sections of the hippocampus in Control (A), Sham control (B), Hericium erinaceum fruit
body, were stained with Kluver-Barrera. Bars = 40 mm (A-E), 200 mm (A1-E1), 100 mm (A2-E2)
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1985a; Kunze 1996¢)

TIFo70 -84

LU Ty ZHEDOOBDD K 100 %% 1A
EFFE E N % (Hamer, 2005; Sollid and Khosla,
2005), ZDELEKIZXY T v 7R ED A
EAMEDOWHR EMSNIB DD —DTH S T
LERT, ZORKRIIINEN O SEE (ENIRE)
TERIZHDT, FNT VB EEITk 538G
MRSZ M S AR ICHE Z % (Fasano and Catassi,
2001), ME—DRNRIPEFEIZBY (NE, A
)b, YTV, TA43, KRE) HBERE
Lo»heIFs2¢TH%, BT NVT v
BHh, BEIEERZEL CZNOEIE ST
%52 ETHB (Ellsetal, 1990),

TNT NIINER Y I BE XSS R IR S
DS —HGETH B, LT v F Vs

B, 220Ky, ZHUIKBET VI —L
NOWFEEICE DT 6N 2 bDTH S ; AliE
W7y v ERBEWLI VT = v TaRmic
E7 w7 2L TAISND (Lewis, 2005),
INE, T4k, RERZETTIA7 73—
(Poaceae) DX ¥ N—THD, FEFIITE
BIfRicdh 2, IXRCINSOEWEZD T 1
IV TV TYYUNE), R LT v (KE),
ehV v (94%K), %57, 7= (X— %)
11&, ¥V T v 7HEbOALICES>THEHET
% % (Kasarda, 2001),
BTNV T v EEE R DITIELLT
DY DVE F N B ;K (Oryza Sativa), b
v €0 a ¥ (Zea mais), ) )V H L (Sorghum
bicolor), 3 L v + (213 Panicuim miliaceum,
Setaria italica, Pennisetum typhoideum & Eleusine
coracana) , D FKACH Y v F R 7
VT v D TR\ N (Fagopyrum esculentum),
* / 7 (Chenopodium qunoa) & 7 < 7 ¥ A
(Amaranthus) T& % (Zarnkow et al., 2005) .
INT 7 —RgEOPTE — FERAMD
B, KE, 2o oE L4 TR S
NTweny, REDWMEL XY 7 v 7Kk
FHixeElary sokhet — FZz2/NEKE
WCHEZR T 2HEL R EYBEORMERL C
bRLKTH 2 Z L2 d > % (Janatuinen et
al., 1995, Srinivasan et al., 1996; Hoffenberg et al.,
2000; Thompson 2001; Peraaho et al., 2004), FCA
(742 FRYTyI7HBE) &, IATY
7V —fFEoORIZA— FEEZ AN (Kanerra
et al., 2003), 1981 4 & 2000 4 i World Health
Organization (WHO) & Food and Agricultural
Organization (FAO) 2* 5 Codex A ¥ ¥ ¥ — F
DINT Y7 —FHERELEEITT, T
HIONLVT Y70 —fMERD &) IcERI N
7o 20U () Z VT v L L 20ppm %R A
TVEBbhUM A2 707 I vbEER
F—F+E0oks, brwiizncEionsdd
D (i) 7V ¥ L)L 200ppm ZHEZ R\ Y
NTVY 7=, LTELLT -+ ENLR2DD
(Gallagher et al., 2004), 2 b b 57T, %
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CDEBEBLOA—HF A4 ¥ —, HIZIF CSA
(Celiac Sprue Association), CDF (Celiac Disease
Foundation, ADA (American Dietetic Association)
1, F— FZICBT BIRINEEILO 2 AR
DWTHS DEZZLLT 5 HZHEEL T2
(Thornpson, 2000) .

LR EINLTVT 7Y =8O 1D
VYVHLTHD, ZHImcrr YTy 7zt d
DANDTDIZE— V2L DI o D
T, 1988 4 A ¥ = U 7 ORELF D
AL ZFOBZ Z22DITONLLDTH
%, VYIAUHLIFETRD L WL opEE O RME
mOET 7 — RIS L 0L, AR (IR
B, v v ¥ R EINE ) 235 B DY (Aisen,
1988; Dale, 1990), KRZEZIFH 0 VIV LFEH
128 5 AJREME 2 AR S WA H % (Okafor and
Aniche, 1980; Goode, 2001; Odiboa et al., 2003;
Goode et al., 2003) , L, WFZEDBIL T IVT
7V —BMmOIRICE W TEEF IS L TE &
(Gallagher et al., 2004) ,

I, X I)T, TRIVARIVT VT
J—BHIMATE L2 E ) > ORERIC
%f L, GIG (Gluten Intolerance Group) (Seattle,
Washington) & CDF (Studio City, California)
DMy 7N — 7, Tho ORYI L EZ T A
7253, — 5 CSA (Omaha, Nebraska) 1% # 41
5EZIFANIR G EY R MR (Shewry,
2002), L22L %285 CSA X2 N6 DBEYIC
TNTVBEENTS EIFEBICEE bRV
(Thompson, 2001), Z Z CHROEDFEILIFZ NS
DEIE T NT v 7 ) — D EEI 5 H
BTES L)z L DKL Tw 5,

BIEDOWIYEIE, K, FUEBRaY, ILv L
PYN, X)T, TRIVADLD LB L
Bl INT 7Y =B allio e —
LD BLE IS S 1T & 72 (Bauer et al.,
2005;Nic Phiarais et al., 2005, 2006b; Wijngaard
and Arendt, 2006; Wijngaard et al., 2006), Z415
DT, —MRITH S B I AR O AR
BHEY N TH 2 2 E2VHEIc D> 7, OB
225V NDZEIE, EED Z &3 K D FEHICHL

n EFsnr,

TINT v 7 ) —EMEHC b TR E—
WICBET %L, VAT LICERBHDbIN
7B, ZOLEL—DHMIZY LI LICED S
bDOELTINVT 7Y =8y, FlZI1k,
vERaY, ILvl, ZLCHRIBEYD
N, X)T7, T AONMICELSEEAED
w7z,

TNF7Y)—BMOEF
£

VIVA L

RERBG ZBAFHHFTIEITER VDT, 7
7 U HTOE = VAEREICIZEFERD 5 Dk
EIFWADINHIETa 2 230 h % (Dufour et
al, 1992), 74 ¥ =V 7 D 1988 K22 23
AZEILORER, YA LFEHEL P IET O
FLEDMBHRIN T 7 U A R o B 1 g X
7z (Igyor et al., 2001; Okungbowa et al., 2002;
Nso et al., 2003; Ogbonna et al., 2004) , Y IV H' L
1%, REZEFICEOLZDDOELT, KELH
% 78 L 72 (Aisen 1988; Ilori et al., 1991), L
LMo EEELEOHIC, HIKE — L ELE
W, #HBHIIZ Y LA L% FIH L 72 8BE 25
T, ZOBRIZRD X ) ICRIEICEE L 72 ; BE
Do AT ZIF oM, WHkEitosr
B, X5, WEEZ 774 FE—ILOHEET
H o7 (Aisen,1988), ICb b 5T, KA
WKL TRZLHEKORDOH 2 & £ TldE
FEINTIZVZRDS, 100% VLT LFEIFE —
WIEFA 2 2 ) 7RO HIRDE 4 T, %L D
AZICE—= L E LTOREIZZITANSILTY
% (Aisen and Muts, 1987),
FIENNTAZ Y L A 2 D IR 5% 25 4 % 557
L, ZFEVY LT 4L, HAWoTHADOSE
HOKKEWN Z/E2 DICH WS N7z (Briggs,
1998a), L2>L %2235, 1TV VA LEF
1 Kaffir € — VMO © — VEEE I v o 3
7z (Aiser and Muts, 1987), 1 D DE K% [E R
1, WY VA L ERIFCGE T 2 RIS
THELZ2HDIE, NIRERLVTHEHE
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72, THADOWFFE T, VT L EIFRICHEL
HB-7I7—XPEPH DL Lok
72, VIOV LEFEHIZRE e — )L oS
WIERNEYITH D E W) EES - FSimE 2o
72 (Kneen, 1945, 1944), L 2> L %236 4 D
AN%ZIL, H7e7 v 770 o fleds o TEERNE
WREHDLDTY LA LD Y Y —F WL IZ
AHETH-o7 g L7 (Novellie, 1962; Okon
and Uwaifo, 1984), TDEZDYKR—F L LT
Taylor and Robbins (1993) 1%, 7 ¥ 7" v 43 fiftle
FIE IR > 1 k%S &V VL E3F
DP-T T —EHEEIEDH Y, REEHFD 25%
DToOVRLVTH S EME LT, 2 TEES
Y NLVETLHDB-T7 I 7= REH LIZH
DML L 2R RBICH b, KETIZ
FaEDB- 7 7 —EDAREEORESIRE T
FELTwS EfERL, EER- 77— L
XOUIE Y VA L, REZM T CTRH—TH % EHEZ
5N,

R e FSE DS B D ) VA L D EIFM T D 7
DT b7z (Agu and Palmer, 1887b; Obeta
et al., 2000; Ogbonna et al., 2004), S HE TV L
AL CHRGE D FLE T 0% 20-25°C T 8 IRz I
2UF, HeT 2R ATIcE E, 51, 14
BEAKICIBG B, Z DRKSTIE 34-36% CTR—
DIREETHFEIE 120 RF1T 9. 2 3LERIC 24
Rif] 50°CCHZEE I HE < (Agu and Palmer 1999;
Igyor et al., 2001), Y VA A, 4 & FEIEF, B
A 3=y 8 4 7D 7 H— L — VG
IR AV NTW 3, % oiFERE RET
EREFENEIEH>» S A AVvSENTWS, F
422V 7T, BIcETOREREREN
THEEINLEY LT LCESHI SN TWS
(Okolo, 1996) ,

/S

Kig 7 a—VREVEEIIAS Hw s T
W3, Tova— ik, #lZIEHARDHE, |
[E® shaoshinshu (BEH), BXOHRE 7 7D
R4 M%7 7L a— L iRHE, FETIEKRTH
20, RCIE—fEOBY CKk) DATES N
% (Yoshizawa and Kishi 1985), & 512, kK iZ

E— LDk S 57 a— LR BRI A

ELTHWwWSNS (Cours, 1976), E— L, il
BFRLRE 2T —HRAR=—2D7 )L a— LK
Bchh, KREICEESIN TS (FERH, 12
1F 9x10"°L ¥ — L, 15x10°L i), I & b
e, RICIFIEFICFF a7 v BGu e FHHR
B, ELICEENY AT, BT Y=V
RO —)L &7 % (Canales 1979), b - &I
SEZEDER IR D 2 D3RR EcoRH oA
HEVEDRI &4 ko TCE O T, HEHEFEOR
m, 737 —¥EROMM, X651, FEHFED
HERT Do TH 5 (Malleshi and Desikachar
1986b) , X 51T, 7 7 U A DS HM T IZ68E
PP SEAREZICEDLZ bD L L THLDH
hT\w3, 5612, FHIF, KkoFEEHfMo
L)L EHIFLEPRENS (Capanzana and
Buckle 1997) ,

VDR TIZE — L kEIED S G T
% %%~ L 72 (Malleshi and Desikachar, 1986b;
Okafor andZwouno,1990; Aniche and Palmer
12992), 25D kA 7L T California H7K
BHW S, Bl 48-60 fE, 15°CTzKIZD
\7, 17.8-18.0 £ T 72 IGIFEH ¥, 2 L TH
I 48 WFECRZIE T % 23, 32.2-65.5°C D il B
FRICX B, 26 DERGIREIZR.D A F A1k
EMZ 272D THD, L2LEBNSTELY
RIS EDE©, £ET Z2DICEMiTH
D, NIRIAE I TEHIBEs Th o7, ITbh
b 6T, EIFEMLAEKIRLT, Z7vh—
hoEAIE TR, R RIREE TIEE 2 5,
I 50, mHEEN KL, TEEDOT L —
N—, FOVWZOMEZHV2 ETIES LW
(Briggs,1988a) .

Okafor and Iwoouno (1990) &, ZIFHE L 72K
DEFa AP LIELIFIERMICE L 225 DTl
BEMELE LCTIRREOW L DTk AW &
BN, KEFHIE, BENICIZERDOSD
IO TN, LRy ocF
Hotizw-< D Thot, 51T, KFE
FIFIEFWISE L 25 2 L b o7 (Malleshi
and Desikachri 1986b), KIZBd9 2 iff%E DA —
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Bt o, fHEIREENE 7 L — " —%R
DI, it D BRG] 2 R = —
ADHDEIHS,
FoEOOY

FovEwraYid XA ¥ 3D Tarahumara
Indians DI 72 Tesuino F 7 ET 2L E—)L
ZED DI S THS (Lanares,1992), X
512, F—2, -fEED Xhosa b7 ER IS E—
WO LIHE, 7 7 ) ADERNED D
& LTAD -T2 (Shephard et al., 2005), i
EHEHEOBDELT. FYERITRFE—LD
T A=Y IR EHIRT 2 - oI
krEEERIE e S e,

FYUERITIEEERY AL L LD b 2RD
D, MESINTABROIIFEA EOWMET
i, BREEE O R S R BHERETH -
7= (Briggs, 1998a), Z DFEWIDEIEDFHICD
WT DA DAGHRIZ A 7>, Mang and Fields
(1978) DFlERL TV 3 DI, BAMETIE, b
TEDQ 3T DFEIFIEZ OREMERD B 2 LD
TERE0H, LrLEBsbyERaT TV
7oL EIZE DT, b LBIELL
< v vy (k) HEERAVIUL, %9V L
AL R, R I NHEEINE S 2
HPBTEB% 59 (Hough, 1985b), Singh and
Bains (1984) &, ZIF{ERIET, Kz 36°CT
12 R R RTICHZME L T, 25°C T 40% K3 & &
1272 % X 9 ITKITEVF, 25°CT 168 IRFEIFEEE &
B, RIS 45°CT 24 BEEZ R S ¥ 3 2 L %
HEFEL T 3,

ZITYNMHLDE)ICIVER S TE
Heol 30l TRl PHET, 207D
H BB DIRIR R IARY e ote, ) —vFE
IR, BERIEED 7 OIEE TR TETH
%, WML 7Z-#ta, B L X)L, Kolbach
B, BLXUOEFuA»FBOoNE, I6i, I
LY VBB Ca-7 2 7—%X, 7ur 7 —X #i
¥, Kolbach #§%fEi % A7 &7z (Singh and
Bains, 1984; Melleshi and Desikachar, 1986a), &%
. PEOEFNEERDIDD, €965
LBEZERE VI EF ) LAEBH ThN

TV,
FE

¥ E3INKL D BB DRFED 7L — 7T
bb, FEHEE—L, Dk & bIEBRNITIE
R E—LTH DD, L TRMR L
LCHALTw2, ¥EOMER, 20l
DDMEPTHEFREICLE D DEOIDH
% (Briggs,1998b), WIFADWIZED> 6, 23 L
&, 51T, FERSDIH—E—ILDEREIZ
THETH 225, E—ILD7L—N—, “FHKE
WX EREEOMELHETH S (Eneje et al.,
2001; Pelembe et al., 2002) ,

M7 7V AhTlE, BRI S—ILF e
I, RBICfEbn, ZFHL =X,
MEO 2T (AR oI EIcHw S
L% (Pelembe et al., 2002), K%, VLA L
LEY, ¥FEEZFOEMIZOWTIZHERS
T\, =X EEIFORR DI,
25°CTAKRICE T, 194 7))L 2 Refifigih, 2 K
ML h ok ER, £ 8T, 25-30°C T
72-96 IRFHIFE3F & &, IBRIC 50°C 24 RFH Dz
JEDIRINT % (Pelembe et al., 2002), Z 3L
5DEMIE, YT AY—¥iEN, o, B-T7
T T —XIENE, MY I RBEE, WMk
FuRAZRYT, HHH5OITIE, I 5L, ¥
LY VBTN CRIEE S o, BEREEET
CleE—Z7IEL LDV a- 7 2 7 — X G
1272 % (Agu and Okeke, 1991),

¥ EEIFLDORE I N fLEE, Fic7 4
VH—FETT T 5 (Chandrasekhara
and Swaminathan 1953; Nout and Davies, 1987;
Malleshi and Desikachari 1986a, 1986b; Nirmala
and Muralikrishna , 2003), 7 4 4 ' —¥ E13JE
WICRWEFZMED, BHNT 7Y A REY
-l oEgEicfibhn, X5, HhoRWE
WEIZBFEbLNT VD, 74 v —FEEIFIZ
JERITHED C 7 L — N — LT AN T LIk
Mh 3 EMRHEINTV3D, L LERKNON
O Z o DEIFIFF LIRICE L T <
(Malleshi and Desikachari, 1986a) , AREIFD 7 4
=%, JEFEICEIrOTIT—X, 7
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nrF7—¥, 74+A7 78 —EEETED S
B, BLOIFEIELT 2 & o ORERIGIE LD %
D B9N9 % (Chandrasekhara asnd Swaminathan,
1953), 51T, 74V H—FEIE, AL
7L E BYIMHEICE AT %, Malleshi and
Desikachar (1986b) 1, EH DL ¥ X i3hi% 24
R 25°CoKICIRT, 25°CTHEEF 9 IRFfHITT W,
21T 24 I 45°C TS 2 2 L3930 T
W5, TNETOMADPSLNA—LFEE T 4 Vv
A—FEEFIIREY A TOE— VB-IEICRE
B S ZAMEDH 2 H3b b o 7z,

F—rZE

F—rEZoRFIHIZERNICA —F 2 —
v, A—t7L—=7, HIEOLLTILTH D
(Wilhalmson ez al., 2001), KK D F — + £1F
T EYRGHE, Mo H 2 RO EE R,
By Iy, 270, A7ua—), HgEtHl
DREHE S NEREERY &L Lo nT
3% (Peterson, 2001), & 5124 — +Z21% FDA
(Food and Drug Administration) 738 o it fiE ‘S
BlcksE, A—b I - oABEEY
MkAE, (REIRIERGEE, KaL AT — LAH
EDBIE DY R 7 ZET S5 2 LD, HE
2 [ CHLLE %2 B X & 72 (Aderson and Chen,
1986), A — hRIIMHELFE L) v VR, KL
DHVBEY, FHIETT7 L —N—, ERNE
MERSTZ2DICHWSN, Zht L bic
IO LENFIAEO M b HELTH
% (Lanson and Sandberg, 1995) (Heydanek and
McCorrin, 1986) .

g, A—FEEFIFhiclLrHVsN
RODT, AIATESZT—% —13fEd»rTH 3
(Larsson and Sandberg,1995; Peterson, 1998, 2001;
Wilhelmson et al., 2001), 4 — b ZZIFIF KE
ZHICHRNWEPETH 5, +— FEEHL,
Ri7- % DED AL 7223 —a v S EER
WX O AH SN0, 2O L5 TIRELT
H 5, R34 — P EEFFEE T —LE—
VHIZHW S, E 51T, A7 s
woh, 51, FloRMESICHVSsNnS
(Briggs et al., 1981a; Little, 1994) ,

Avena Sativa & Avena byzantina @ 2 T8 1%,
ROIA{HE oA -+ ERETH 3
(Schrickel,1986) , L %» L Z 2 iiE 12 (3 i
LoaHw sz (Little, 1994),

EasA—FEMETEFICHSND
% A. Sativa (Wilhelmson et al., 2001) &, &
FIZiZ 4. gramineae TH %, HIE1SI1E-ED
LDk, 7v 73w o> O FIFICo i s
n, FHELLA— P EPOT v U ERIFASE
YA - ZLD DAL 2D 20 IEbTIE
(Peterson, 1998), & 512, * — FEDFIFII,
AHRT7 /78 RV, PYT 7 7Y)
GEROMMEZ I ERIL, #Hrorns I vEg
HOMKT 25 & 27, (Dalby and Tsai, 1976) ,

F— 2B EEBEBEEORY TH 5 LRl
N T3 (Anderson and Chen, 1986), L 7»
LaWBe 79474y F—7Effiz Hwik
DWW S, F—FEW, F—1&£5TF
Ny FOHED S O, DKL LD
ANENDILD JAA DR S 417z (Sandstrom et al.,
1987; Rossander-Hulten et al., 1990), % — +
DET 4 F VG RE, K747 —XiEkEE &
b1, ERERRINOFH & 2 541 % (Zhou and
Erdman, 1995), 2 2 CX b RiFZ44EH H M
"5 2 7 OITIFEE TN TR D 7 4 F I3
DR M EHEL, A -1+ EDT7 4 F v
BEERPIK T IS 27-00FFFMEEZRHL
7z (Larsson and Sandberg, 1995), H#E DA — b
FOEBFZMIEOED L) TH S ; 16°CHIKIC
16 IREMIELT, F83F 1% 16°CT 144 IF[HTT >, 5l
VT 49-85°CTC 22 R[Nz 3 2 (Peterson,
1998) . E R 1~ DK IEDIEAR I FIG 2 T
RO T I 7 —IormE, RS, ¥ v oR
7E SOz a2y Fr—L LT, F—
FEEFNOLSEIA TOE— NV EELFENT
R

B (VIN, /7, TIRZVRA)
A

V) NIERTR T DFEY & 133 > Polygonaceae &
B 25 EMTH B, VN IdNE LISBIR
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%K, ZOAENILT 74 7 v 7NV ORTIC
HIOLbDTHY, ZHRUIFE—FT vy VvDIo L
REOHETIIPT, ZVhED L) ILflibi
2R (Biacs et al., 2002), VY NHBLIE, K
flindE <, LWF v RIERETH D, VNDRK
ZililZ, *EXDELSHDVIEK, MEDLH
2R XD HE (Marshall and Pomery, 1982)
Z DRI HRE - AL RS S AT E L
$, BERHERAFICISHoTwE, YD~
TEDME L, “ e E o XK~ LR R,
A, RS, 2L 25 wa—)l, R, SiE
%) 2B CHEMITE S (Qian and Kuhn, 1999b;
Li and Zhang, 2001; Prestamo et al., 2003; Sun and
Ho, 2005) ,

VNIRRT ER 7 L O A3H B (Biacs et
al., 2002) , L2 LEGEDOWSH» St LY N
OHHEPBRAED DX W EFBED, Zhid
KPINHE S, Z DFEREFIFWRINDG L v
IV TH % (Wijngaard et al., 2005b), ZFIFm A
WMAT, 9 1 20BWELMAIHDO XY v |k
1, BEOBMEOKRTH o %, KIS B K,
EDY NEIL FWEICE Z RO I,
RDOEZR LT, AL RED/KEREEZ DK
GET 35-40% T, ZORFICHE® 5N B KIER
flZ, #E 10°CT 7-13 K TH % (Wijngaard
et al., 2005a,2005¢), Z DIKIF L X)L TDFE L
T2 ANSNDHFEHANICH D, EHFNE
BRETH 5, YV NEZIFPORERHERIGN: L,
VNP3 15°CC 96 Wi, FEIFT BRI S
(Wijugaard et al., 2005b.2006), Z @ & Zkilx|-
TMEIEZ N, L LRFBMITEEI N LR
WV, X 5T, VF IR R bR Y 7 2 ) —
VD 1DOFEDS, FIEDOM, SEHEIZHIL 72,

WL DD DEGHESGAEDIERGE Y N EFICIRE X
N, Bz LY NERAVLY N N2E&D, L
HD7IVT w7 ) —BYOREEF G % &
5D, RSM (BEhHEE) v sk
(Zarnkow et al., 2005) , FH#H & 1% 96 RFfHl DK
e[, K53 47% OFLE T, FEEREMIZX 19°CT
120 BfEI 2 D 72, TS DEIESEME I D
NI 35 CH Y, Wijingaard et al., (2005b,2006),

NicPhiarais et al., (2006b) »#EF L TE D, %
2 TIIKBIFRIZEED 10 K C/KBORBIEIZ
35-40% DR THLERERIZ, 15°CT 95 KA
B X 4172, Bauer et al., (2005) &, WA \WAX
TNTF 7)) —FERZHGTEN 7 L—"—%F
WFrzfrw, VY AREIRZFIEmeHWED,
ELVLR, FyvoFsHhEENL, -4
PEREER S & L THW 2 HEME %2 R L 7=, Nic
Phiarais et al., (2005) &, YV NZIFdOEHREIE
PN DEZEEDBEE: 2 HIE L 72,

fiiam & LT 40°CTR 2§ % L ko g
EEDOANTHEA I Z 5, HEBEZEA Ty 7
MZ TSN, BEREERZE T2 20
M2 2T IR L > TR& N, YD
FIEMOREL NV DIz Y NEHEIZ 40°C 5
Wi, 50°CC 3 KR & 512, 60°CC 3 Kifl] 7 #
2—3XETH2% & L7 (Nic Ohiarais et al.,
2006b) . ZOEMAT T, ROEDLRLDT I
7 — WK, anAESR, T 3 2 BER
PR IN, BoniERPoMIRINS
ZiE, VYONIRRGEICE TR T S &,
R, BEEMICH SN S VIV L FETICE
b7V T 7Y=L LTHIETH R
ZANC N
*/7

%55 ¢ & % Chenopodiaceae J& DY X /
T, RFLERERTZRHOLD, 561,
AL L L CHFICHBL T3 LS N
T\> % (Caperuto et al., 2000 ), ¥/ 73V
V, AFFZUPREEREENTVELEED
LT\ % (Mahoney et al.,1975), tRFT% <
DMEDBF ) TORAL VL THRINTE
75 (Sigstad and Garcia, 2001), ZHE2AL X)L
H B \VIFEF, BEERTTIEA Ry, ¥ THET
1% in vitro TIEFRWHEIFE L VLI LWLAINH 5 D3,
TECRIERICES R TH 5 (Authammer
etal 1996), 36 RIZFNET 2 L, ¥/ 7D
a- 7 27 —EIEEIE 4 (51N 2 (Atwell et
al., 1988) 2%, AMILD T v 7 RIEFEIE DR
T —ETHAWT S X ITIFRAZV
(Varriano-Marston and DeFrancischi, 1984), Z#
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BEFETa R R E DETIER VD, vy
Y7 (ThoRL) EEEEICE VLD VLT
%, bLa73I7—ELLINnEHFEED
Mok icHBESINLVER IR, okl
dey v 7 7raeRHHENETHS I,

Kunze (1996d) 1%, v v > v 7D, a- 73 7 —
YR L v &, B ARSE4I 2 D RRh i
D wort (FH) 127 % L7z, RSM Zffi-> T,
Zarnkow et al., (2005) ¥ / 7 DD &35
PR R$ &, JKIEIRR 36 N[, K57 54%, F&
IFRE 8°CT 144 K TH - 72,

FI L 72 F 7 7RUT E 72 IR T % %
RL7, FDM, 74 F v#Bi% 35-39% £ T
%G, —ITERIAMRE IR T (B X0k
B OSFIHEDF M 5) (1% 2-4 fFICH 2 72
(Valencia et al., 1999), HEH E &M, KAY
ZHBEL 2235, EHNRLDEZRDTHLT,
I S ITHEFICAifE D H 2 b DERD TV B 7%
&, ¥/ T ORENEEIZEF LESEHHAD
RNBDH B INHSDOMEOPEE L X9
ELTw3,

TRT7UVA

7 % 7 v A%, Amaranthaceae J& @ — i) fll
Thh, 1FEALHEG, BAEERTRSNS
(Berghofer and Schoenlechner ,2002), &%) 5%
JRE LCilifEd 2 2 offiiE, B3EE L TAR
5N, ZOMMIFEME L THsnS (Irving
and Becher, 1985), CHR Bffinos iz, BIFEFIHT
E 577V ADEEHAMBIOERE S 2 721
<bh 5,

T OFHFH 5 VIFEHFTIE, —RICAEER

1D NINFLEESE %2 il > T—EBIIAKS RS LTz b
@ (pre-digest), ¥ E L WPEDBER I N
D, ZLTHELL VL DDOEINMEA LD
DAV SIS (Kunze, 1996b), Paredes-Lopez
and Mora-Escobedo (1989) X, fI&TZ D7~
7 v A DEAN OFEM 2 M 2 b~ T, KIS
JT 1008, Tv 7 v AT 35°CT 72 I
MFEHF D7 DI %, FE3F 48 Riftltk, U
PrEIEZE T, 72 K%Y oo BiE:
DEEINT B I2fE- TY P I IS - 72, R
4 & L C Balasubramanian and Sadasivam (1989)
i, R2WHET <7 v AT ZKICRIT, 192
METZNGIEFFHFE L, ZDOFMT T 48-
182 FHFR MO, & v 87 Bidwd L, v
VUXFEIE 24 F[EIAR 31% M2 5 2 L OMBIER I
7= (Paredes-Lopez and Mora —Escobedo , 1989)
NS DEINLFFEMEE, BHS DI Zarnkow et
al., (2005) D L&) D3eld RSM Zfili> T
DT~ 7 v AEZFFEMEEZR L2, ZnoD
FIFGMTIE, KIS 2 R 36 KR, K49y
Ik 54%, FETFRILIL 8°CT 168 il E Lz, #
DIz L EEH I TIE 2 D Zamkow ef al.,
DIFEDBT =7 v ARFZHHHT 2 DICH5
RNELEINT,
FHRIR D BB RENEL T DD .V )Lh
LWZEDDLT TV ADHEEEEINVT V7Y —
DR WFERTH 5 (Colmenara DeRuiz and
Bressani, 1990), L2>L 7~ v A DHEIF, [
W & LCORHICIE S - & FEDTEE,
DU, XKE~D5¢
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