polyunsaturated
fatty acid
free radical (
)(Nawar 1985) lipid
hydroperoxides

dimer trimer polymer (
)( 1977 Allen and Hamilton 1983 Frankel 1984 Chan
1987)
1953 1963 Kubow 1990
Yagi 1987

phospholipids

prostaglandins



RH :
dimers;polymer;
ROO - —® cyclic peroxides;
hydroperoxy compds.
initiation propagation RH
cleavage
ROOH aldehydes, ketones,

hydrocarbons,
- OH furans, acids

ROOH, ROR dimers <= RO - —# keto, hydroxy and epoxy compds.
|

cleavage
aldehydes alkyl radicals semialdehydes
| | | or oxo-esters
0, condensation 0,
¢ ¢ hydrocarbons *
terminal ROOH
hydrocarbons alkyltrioxanes
shorter a_lddehydes & dioxolanes hydrocarbons
aclas aldehydes
epoxides alcohol

Fig.2 Terminal products by lipid oxidation



1981
Halliwell and Gutteridge 1984 1985 1986
Buttriss 1989 Hudson 1990 Kubow 1990 Niki 1991

superoxide
dismutase SOD catalase
glutathione peroxidase = GSH-Px

E tocopherol C ascorbic acid
B -carotenoid
I 1986)

( X
1986)

rancidity

free radical
chain reaction
Fennema 1985

1960 butylated hydroxyanisole
BHA butylated hydroxytoluene BHT



1975 BHA  BHT

1993 Branen 1975 Imidaeta. 1983 ltoeta. 1985

and 1986 Phillips et al. 1989

a - a -tocopherol

pro-oxidation

a -
Larson 1988 Ramarathnam et
al. 1988
1930 clove
nutmeg cinnamon |eaf pi pper
rosemary sage ginger curcuma
Notopterygium incisum fruit of Amomum tsao-ko L.
fruit of Alpinia galanga 1991 1995 1996

(Likens-Nickerson extraction)



GC
GC-MS

Fig.5 Scheme of experimental design



rancidity

1976 1978 Matsuo 1954 Kubow 1990 Niki
1991 Minetti 1993

1.
Hudson 1990
(1) hydrolytic rancidity fatty acid
rancidity
lipase
(2) ketonic rancidity
(3) oxidative rancidity

autoxidation



2. (autoxidation)

a -methylene group -CH=CH-CH,-CH=CH-

peroxy radical

(1) initiation of autoxidation

singlet state oxygen ‘O,

R
RH
group -CH=CH-CH,-CH=CH-
(2 propagation of autoxidation
ROO

lipid hydroperoxides

Perkins 1967
period

10

ROO

a -methylene

induction



(3) termination of autoxidation

dimer trimer polymer

induction period

Gardner 1983

Coppen 1983 Hudson 1990
(1)
(2)
(3)
(4)
(5)



Hudson 1990
(1)

(2)

peroxide
(3)
(4)
3-1 free radical scavenger
phenolic
compounds
alkylperoxy radicalk ROO
resonating structure
Sherwin 1978
butylated
hydroxyanisole BHA butylated
hydroxytoluene BHT propylgallate PG

tertrarybutyl hydroquinone  TBHQ

3-2 singlet oxygen quencher

20.9%
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triplet oxygen °0,

lipoxygenase
photosensitizer chlorophyll
haematoporphyrin riboflavin
singlet oxygen 'O,
B -
B -carotene B -

Kellogg and Fridovich 1975

3-3 synergist
ascorbic acid
Peter
1990 citric acid ascorbic acid
3-4 metal chelator
Me® %" RH —»  M"™ H" R
Fe®* ROOH —» Fe** RO OH"
Fe®* ROOH —  * Fe®* ROO H*
Bawn 1953

Waters 1971

citric acid ethylenediaminetetra- acetic
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acid EDTA phosphoric acid

BHA BHT
( )
BHA  BHT
tocopherols flavonoids akaloids
chlorophyll derivatives amino acids
and amines L-ascorbic acid
carotenoids Larson 1988

oxygen toxicity

excited molecules Namiki 1990



Table1l Natural antioxidants

Plant Oil seeds; Grains; Beans; Vegetables; Fruits; L eaf
waxes; Bark and root

Snices

Medicinal plants
Seaweeds

Microbial products
Animal products
Fermented products
Protein hvdrolvsates
Maillard reaction products

(Namiki  1990)
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H
R
(@)
0. R:
R
H
ROO. ROOH
>< H
R
>

OH o
R ! (@)
R:
A
ROO. ROOH
H H
A
Freeradical
scavenger
v
O 0] O
‘ Ri1 R: Ri
| D E—
NS
OH H OH

Fig.7 Mechanism of antioxidation for free radical scavenger.
(Sherwin  1978)
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OH

OH
HO OH
C(CHs)s
COO(CHy)2CHs OCHs
PG BHA
OH OH
(CHs)C C(CHs)s C(CHs)s
CHs OH
BHT TBHQ

Fig.8 Structures of main synthetic antioxidants
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a -tocopherol Ascorbic acid

LOOH % a -tocopherol 3% Ascorbic acid

Fig.9 Mechanism of antioxidation for synergist.

~ ~ 2-
/CO
Q \CHZ
CO—CH
0_4_---_----}%,\'
,,/' \M/,/, \CHZ
/ \ / /
O, .................... N'/CHZ
AN / \
CO——CHz2 CH,
O\cé
™~ ~
EDTA

Fig.10 Structure of chelate formated between EDTA and
metal ion.
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"o MM/\)\
R [R1]

7 \/\)\/\)V\)\
[R4]

CHROMANOL
PHYTYL[R]
Methyl group Tocopherol(R;)  Tocotrienol(Ry)
5,7,8-trimethyl a-T a-T
5,8-dimethyl B -T B-T
7,8-dimethyl y -T y -T
8-methyl o -T o -T

Fig.11 Structuresof natural antioxidant tocopherols.
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Lyon

1972 Fukuda 1985 1986 1988 sesame seed

Y - sesamol P,

sesamolinol pinoresinol sesamol dimer lignans syringic
acid ferulic acid ( )

Pratt Miller 1984 Spanish peanuts

flavonoids quercetin
| garashi 1989 Vitis coignettae
malvidin-3, 5-diglucoside ( )
| garashi 1993 Solanum melongena L.

delphinidin-3-p-coumaroy! rutinoside

( )
Lu Foo (1999) a
-tocopherol
I natani 1982 1983 rosemary
carnosol  rosmanol (7a -) epirosmanol (703 -)
Isorosmamol Houlihan 1984 1985
rosmaridiphenol
rosmariquinone BHA( ) Cuvelier
1994 sage

Kikuzaki Nakatani 1987 Nakatani Kikuzaki 1989
oregano
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Nakatani 1989

1989
dihydrocapsicin
Toda 1985
curcumin

1993
8 diaryl-heptanoid

1996

eugenol  isoeugenol

( )

Hara  Kubota 1984

theaflavins 1991

( )

thyme thymol  biphenol
flavonoids
capsicum capsicin

capsicin dihydrocapsicin

Plantogo asiatica L.
Kikuzaki Nakatani
5 gingerol
12 a -

6-methoxy eugenol  eugenol

M atsuzaki Lee 1988

a - catechins

catechins

catechins

Osawa 1992

young green barley leaves

2" (3")-O-glycosyl isovitexin

Osawa Namiki 1985 eucalyptus leaves

n-tritriacontan-16, 18-dione



\\ O 0]
sesamol s=samol dimer
s=samolindl H
OCH:s
OH
OH
OCHs
H:CO OCHs
CH=CHCOOH
COOH L
L ferulic acid
syringic acid

Fig.12  Structures of antioxidants in sesame seed(Sesamum
indicummL.).
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Fig.13 Structure of antioxidant in Vitis coignetiae.

Fig.14  Structure of antioxidant in Solanum melongena L.



carnosol isoromanol rosmanol (70 -)

o)
HO OH /

/

CHs CHs CH; CHjg

rosmeridiphenol epirosmanol ( 7B -)

Fig.15  Structures of antioxidants in rosemary (Rosmarinus
officinalisL.).
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HO.

j@ HO N\_,COOH
HO COOH j@(\/
HO

Protocatechuic acid Cdffeic acid

RO @H 2
COOR OR
RO \ﬂ/\/@m
R
2- caffeoyloxy- 3[ 2-(4- hydroxybenzyl)-4,5- dihydroxyl] -
phenylpropionic acid

HOH 2C
HO o o H
@CH 204| H
H
H

4-(3,4-dihyroxybenzoyloxymethl)phenyl-3 - D-glucopyranosine

@]
HO \H/\/@[ OH
(0]

Rosmarinic acid

Fig.16 Structures of antioxidants in oregano(Origanum vulgare
L.).
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OH OH
,OCHs ,OCHs

CH2CH=CH: CH=CHCHs
eugenol |soeugenol
R1
J
Ty
O
R3
OCHs
diphenylpropanoid
OH
HsCO OCHs HaCO
OH
R
e
R HsCO
CH2CH=CHz
6-methoxyeugenol diphenylpropanoid

fig.17  Structures of antioxidantsin Nutmeg
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Ramarathnam 1988 1989 rice hulls of Oryza sativa

L. isovitexin
Duh 1992 peanut hull
luteolin

1994 myricetin-3-glucoside
guercetin-3-O-  2-glucosyl-6-rhamnosyl-glucoside

( )

1996 Yy — mangostin a —
mangostin 1997 2—- 345 -

trihydroxyphenyl — ethyl- margarate isorhamnetin- 3- O— 3 — D-
glucopyranoside quercetin— 3— O— [ — D-— xylopyranoside
guercetin 1996

Yy — mangostin

cyanidin—
3— O- B — D- sophrose cyanidin— 3— O— 3 — D-
rutinoside cyanidin- 3- O— 3 — D— glucose
Hirosue 1978 1988 Toda 1984
Su 1986 230 22

Osbeckia chinensis L.
tannins
Su 1987a 1987b 1988 ( )
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1991 a -
phenethyl ferulate

1993 Psoralea corylifolia L.
a - BHA
bakuchiol ( )
1994 Mosla formosana Maxim

luteolin-7-O-rutinoside a -
flower buds of Sophora

japonica L. rutin (
)
1995 fruits of Amomum tsao-ko L.
a - caffeic acid

1-(4-hydroxy-5-methoxyphenyl) ethanone 1, 7-bis-4- hydroxyphenyl-3,
5-dihydroxy(3R, 5S)-heptane a - 1,
7-bis-4-hydroxyphenyl-3, 5-dihydroxy(3S, 5R)-heptane( )
1996 BHA
guercetin-3-O-D-robinoside
Isorhamnetin-3-O-D-robinoside( )
1997 a —
methyl paraben 4— hydroxybenzoic acid methyl ester 4—
hydroxymethyl — 1,2— benzenediol 3,4— dihydrobenzaldehyde
trans- p— coumaric acid trans3- 44— hydroxyphenyl — 2— propenal
3~ 4 hydroxyphenyl — propene

(1998)
1,7-bis-diphenyl-3,5-diketo-2-heptene  1,7-bis-(4' -hydroxyl-3 -methoxy
phenyl)  -5-hdydroxy-3-keto-heptane 1-(4 -hydroxy-3 -methoxy)

-phenyl- 7-phenyl-3-5-dihydroxy-heptane ( )
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(2000)
3-5dihydroxy-4 -methoxy-1,1-(1" 2-ethylenediyl)big benzene]
6 -methoxy-7-methyl formononetin 2-3'4’ 5’ -trihydroxyphenyl-
ethyl-stearate)( ) )

Namiki, 1990



HO HO OH
OH

HOH.C HO OO CH:
o)
HO
O

myricetin-3-O-glucodde 0
HOHC 0]
H

HO
OH

quertcetin-3-O-(2-glucosyl-6-rhamnosyl-glucoside

Fig.18  Structures of noncatechin typical antioxidants in tea
stalks.
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H:CO

Y. . A
|
900 (

HO OH

0 -mangostin

/
Y. A
480¢

HO OH

HO

Fig.19  Structures of antioxidants in fruit hulls of Garcinia
mangostana L.
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OH

0
|
Ha-CHp-O-C -(CH2)15-CHs

2 -(3',4" 5" -trihydroxyphenyl)-ethyl

margarate

Isorhamnetin-3-0 -f3 Quercetin-3-0 -
-Dgl ucopyranosi de -Dxyl opyranosi de

Fig.20  Structures of antioxidantsin flower of Delonix regia.



R1

OH
HQ
O
‘ ‘ OR:
OH O
R, R,
1 H H
2 OH H
3 OH g-D-glucopyranosyl -(1,6)-
4 OH g-D-glucopyranosyl -(1,6)
5 H g-D-glucopyranosyl-(1,6)

Fig.21  Structures of flavonoid antioxidants in Osbeckia
chinensisL.



casuarinin casuariin

H
OH
H
punicacortein A degalloyl-punicacortein A
HOH2G ﬂ
0 HOL "X
H II,lH |
H Z CO
éo }30 HO” >< e
HO~_—~"_COs H

7\ | Ho” bH du
\ / OH
TS 2&@ i

2,3-[(s)-4,4 5,5 ,6,6’ -hexahydroxydiphenoyl] 4,6-[(s)-4,4 5,5 ,6,6' -hexahydroxydiphenoyl]
-D-glucopyranoside -D-glucopyranoside
Fig.22 Structures of tannin antioxidants in Osbeckia
chinensisL.



HO—@—CH:OH

bukuchiol

Fig.23 Structure of antioxidant in Psoralea corylifolia L

O——CH:

0 O
OH
HO OH OH
OH

|uteolin-7-O-rutinoside

Fig.24 Structure of antioxidant in Mosla formosana.

Fig.25 Structure of antioxidant in flower bud of Sophora japanica
L.



CH=CHCOOH CH"’

% &

OCHs
cafac add
1-(4-hydroxy-4-methoxyphenol )-ethanone

OH OH

HO \OH

1,7-bis-4-hydrophenyl-3,5-dihydroxy-heptane

Fig.26  Structures of antioxidants in fruit of Amomum tsao-ko
L.
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Rs

OH
HO
O
H R1
R>
R, R, R
1 Gal(6- 1)rha H OH
2 Gal(6- 1)rha H OCH3;
1 quercetin 3-O-D-robinoside
2 isorhamnetin 3-O-D-robinoside
Fig.27 Structures of antioxidants in Artemisia capillaris

Thunb.



OH OH

OH
COOCHs CHO
4-hydroxybenzoic acid methylester 3,4-dihydrobenzal dehyde

OH

O

CH20OH

7
or 7N

3-(4-hydroxyphenyl)- propene
OH
b °

(‘ZZO 6'

4-(hydroxymethyl)- 1,2-benzenediol

trans p-coumaric acid

CHO
trans 3- (4- hydroxyphenyl)-2- propenal

Fig.28 Structures of antioxidants in fruit hulls of Alpinia
galanga.
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Cu’

HsCO OCHs
1,7-bis-(4'-hydroxy-3-methoxy-phenyl)-5-hydroxy-3-keto-heptane

OH OH
HO / \%
Hs:CO
1-(4-hydroxy-3-methoxy)-phenyl-7-phenyl-3-5-dihydroxy-heptane

Fig.29 Structures of antioxidants in Rhizoma of Alpiniae
officinarum,



0

C——O——triterpenoid
O

3-5dihydroxy-4' -methoxy-1,1-(1" 2-ethylenediyl)biq benzene]

6’ -methoxy-7-methyl formononetin

Fig.30  Structures of antioxidants in Seed of Astragalus
complantus.

OH

O
|
CH2-CH2-O(L(CH2)1&CH3

2 -3’4’5’ -trihydroxyphenyl- ethyl-stearate

Fig.31 Structures of antioxidants in Flowers of Lanata
camara.
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(fluorescene) (phosphorescence)
(ground state  norma
state) So
(excited state)S;, T S2S( TS
( )

F Excited State S;
P Excited State T,
N Norma State S

ENERGY ——»»

Absorption
Fluorescence

\ Phosphorescence
=

b

W b

=

INTERATTOMIC DISTANCE —>

Fig.32 Energy of moleculaar absorption radioactivity.
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(1)
21>
-NH, -CH; -OCH;
-NO, -NH"
CeHs 10
10
10
2
fluorene  biphenyl
10 0.2 fluorene

H>2

Fluorene biphenyl

Fluorene  biphenyl
Fig.33 Structures of fluorine and biphenyl.



(1) pH

pH
-OH -OCH; -NH, -NCHs
pH -NO, -COOH -CH,COOH N(CH3)+3
-NHCOCH;
pH

(2

(3)



Table 2 Effect of substituted groups on the fluorescence of

benzenoid.

A (my )
CeHs 270-310 10
CeHsCHs 270-320 17
CeHsCsH; 270-320 17
CeHsF 270-320 10
CeHsCl 275-345
CeHsBr 290-380
CeHsl -
CeHsOH 285-365 18
CeHs - 310-400 10
CeHsOCH, 285-345 20
CeHsNH, 310-405 20
CeHsNH,5" -
CeHsCOOH  310-390
CeHsCN 280-360 20
CsHsNO, - 0




(Pol yporus ®@gbkttpape Mass
1~3

6. 5% 4. 0% 0. 6%
22 % 3 %

20~60g

Fg.34 Nucleoid of Polyporus mylittae.



1999 9
20mesh
2.
methanol MeOH ethyl acetate
EtOAC n— hexane (n-butanal) acetone
a — a — tocopherol CD50D
CDCl, butylated hydroxyanisol BHA
Sgma FeCl, Merck
linoleic acid NH,SCN NaOH
KH,PO, Wako
2 -20
3.
31
Tokyo Rikkakikia EYELA
32 —
Hitachi UV 2000 Spectrophotometer
33
JEOL JIMS/SX/SX 102A
34

Brucker AC-250 'H-NMR  300MHz
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BC.NMR  75MHz

thiocyanate method
( )

0.13
10

35 HCI 0.2

=3
SCN
500 nm

ferric
1967 1991
1
0.2 50
0.2
10 1/30M pH 7.0
25
24
0.2 9.4 75

2.45x 10°g FeCl, / 10ml
3g NH,SCN / 7ml dist. ,LO 0.2
500 nm

Fe

Fe(SCN)?



CH2CH-CH=CH CH2CH—CH=CH

OH R + Fe”
¥ SN — RSN
2.
2-1
6
40
2-2 XAD-7
XAD-7
(viv)=100:0 80:20 60:40 40:60 20:80 0:100
(viv)=50:50 0:100 500ml
280nm 8
2-3
X AD
(hi gh performance | iquid chromatc
(
)
2-3-1

(v:v)=190: B®: 40 : &®: 80 100
500 ml 280nm
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2-3-2 ODS
ODS
(v:v) =18000::2@00 : 4400 : 6200 : 800: 100
(v/ v) =50:1%00 500 ml
280nm
2-3-3 ODS
ODS
(v:v) =18000::2@00 : 4400 : 6200 : 800: 100
(v/ v) =50:1%00 500 ml
280nm
2-4 High performance liquid chromatography HPLC
A. Develosl silica30-5
(4.6x 250mm Nomura )
n-hexane EtOAc (VIV) = ( )
1.0 ml/min
Uv280 nm



3.

A.

Develosl ODS-HG-5
(4.6x 250 mm Nomura )
water acetonitrile viv. = (
1.0 ml/min
Uv280 nm

Develosil silica 60-5
(20x 250 mm Nomura )
n-hexane EtOAc ViV =(
5.0 ml/min
UV 280 nm
Develos| ODS-HG-5
(20x 250mm Nomura )
water acetonitile viv. =(
5.0 ml/min
Uv280 nm

31H- Bc- 'H- BC-NMR

chloroform-d

Brucker AC-250 'H-NMR
SMHz 0
TMS tetramethylsilane S
doublet t triplet
br broad m multiplet

51

methanol-d,
300MHz
chemical shift

BCc-NMR



FAB-MS

(electron impact El)
Fast Atom Bombardment Mass Spectrometer
NBA Xenon
IMSSX/SX 102A  JEOL
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(BHA o -

0.2ml(1mg/ml) 0.2ml(Img/ml) ( )
| |
10ml Y (013 10 v V)
v

10ml 1 30M pH7.0

v 25ml

40

24

0.2ml
75 9.4ml

0.2ml

ok 0D PE

500nm

Fig.35 Anaytic procedure for the ferric thiocyanate method.



Nucleoid of Polyporus mylittae

ground extracted with n-hexane filtered

L ¢ extracted with EtOAc filtered
n-hexane extract residue
| extracted withMeOH filtered
EtOAcC extract resdue
MeOH extract
Antioxidation test
(ferric thiocyanate method)
v
MeOH extract
Separated by XAD-7 liquid column
chromatography
Antioxidation test
v (ferric thiocyanate method)
! I '
Silica liquid Column ODS liquid Column ODS liquid Column
chromatography chromatography chromatography
v
-1 -1 -2
L HPLC analysis L HPLC anaysis l HPLC analysis
1 2,3 4
Fig.36 Scheme on separation and isolation of typical

antioxidative and fluorescent components from
Nucleoid of Polyporus mylittae.



40
( )
( 1996 1998
1994 1995 1996 1996)
2. XAD-7
XAD-7
(viv)=100:0 80:20 60:40 40:60 20:80 0:100
(v/iv)=50:50 0:100 500ml
280nm 8 ( )
( )
BHA> (viv)=0 100> (viv)=0 100
> (viv)=50 50>a - > : (viv)=20 80>
(viv)=40 60> (viv)=60 40>
(viv)=80 20> (v/v)=100:0>
(viv)=0 100
8 UV 365 nm
8 8



XAD-7
(high performance liquid chromatography,HPL C)

( X )
(viv)=0 100 (viv)=50
50 (viv)=0 100
(viv)=20 80 40 60 60 40 80 20 100 O

3-1
(v:iv)=100:0 80:20 60:40 40.60 20:80 0:100
500ml 280nm
( )
-1 -2 -3
280nm uv
3-1-1
-1 0.45u m
-1
=55 45 (viv)
18 =90 10 (v/v) ( )
15.15 17.99
15.15 17.99
-1-1 -1-2 -1-1 -1-2



€) -1-1
=16 84 (vIv)
( ) 29.68
29.68
1 1 uv
(b) -1-2
=25 75(viv)
( ) 3248
3248
MS 'H-NMR “C-NMR
31-2
) 0.45p m
-2
=48 52 (V)
( ) 31.63
31.63
-2-1 -2-1 0.454 m
-2-1
=70 30 (V/v)
( ) 15.80

15.80
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m

500 n

at

Absorbance

——n -
—m—Et

5 —e—( -

Me OH extract
control
—*—BHA

hexane extract
OAc extract

tocopher ol

B
N7 X
1 2 3 4

| ncubation ti me

Fig.37 Antioxidative activity of solvent extracts of

Nucleoid of Polyporus mylittae.

(day)
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500nm

at

Absor bance

2.9 —e—water MeOH(v/v)=100 0
—#—water MeOH(v/v)=80 20
water MeOH(v/v)=60 40
water MeOH(v/v)=40 60
2 —X—water MeOH(v/v)=20 80
—®—water MeOH(v/v)=0 100
—+—MeOH acetone(v/v)=50 50
—=—Me OH acetone(v/v)=0 100
BHA
a-tocopherol
1- 5 control
1
0. p
0 2 -

XAD-7

Fig.39 Antioxidative activity of e ution fractions from methanol
extract of Nucleoid of Polyporus mylittae by the first
XAD-7 liquid column chromatography.



-1

Fig. 42 Preparative HPLC chromatogram of fraction -1
separated from methanol extract of Nucleoid of
Polyporus mylittae.



-1-1

Fig. 43  Preparative HPLC chromatogram of fraction -1-1
separated from methanol extract of Nucleoid of
Polyporus mylittae.



-1-2

Fig. 44  Preparative HPLC chromatogram of fraction -1-2
separated from methanol extract of Nucleoid of
Polyporus mylittae.



-2

Fig. 45 Preparative HPLC chromatogram of fraction -2
separated from methanol extract of Nucleoid of
Polyporus mylittae.



-2-1
Fig. 46  Preparative HPLC chromatogram of fraction -2-1

separated from methanol extract of Nucleoid of
Polyporus mylittae.

67



32 ODS

ODS
(viv)=100:0 80:20 60:40 40:60 20:80 0:100
(viv)=50:50 0:100 500ml
280nm (
)
-1 -2 -3 -4
280nm
uv
3-2-1
1 045y m
-1
=20 80 (Vi)
( ) 23.49
35.52 23.49
35.52 -1-1 -1-2
-1-1 -1-2 0.45u m
E) -1-1
=15 85(viv)
( ) 29.98
29.98
2
(b) -1-2
=10 90 (viv)
( ) 46.62
46.62
3



3-2-2

-2 0.454 m
-2
=28 72 (vIV)
( ) 15.23
15.23
-2-1 -2-1 0.454 m
-1-2
=20 80 (v/v)
( ) 24.95
27.83 24.95
MS 'H-NMR “C-NMR
2
3-2-3
-3 045U m
-3
=26 74 (V)
( ) 23.36
23.36
uv
3-2-4
-4 0.454 m
-4
=18 82 (viv)

( ) 9.08
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19.77
19.77

@

(b)

0.45u m
-4-1

=26 74 (viv)
(

70

9.08
41 42
uv
41 42
) 16.74
16.74

uv



-1
Fig. 48 Preparative HPLC chromatogram of fraction -1

separated from methanol extract of Nucleoid of
Polyporus mylittae.
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-1-1
Fig. 49  Preparative HPLC chromatogram of fraction -1-1

separated from methanol extract of Nucleoid of
Polyporus mylittae.
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-1-2
Fig. 50 Preparative HPLC chromatogram of fraction -1-2

separated from methanol extract of Nucleoid of
Polyporus mylittae.
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-2
Fig. 51 Preparative HPLC chromatogram of fraction -2

separated from methanol extract of Nucleoid of
Polyporus mylittae.
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-2-1
Fig. 52  Preparative HPLC chromatogram of fraction -2-2

separated from methanol extract of Nucleoid of
Polyporus mylittae.
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-3

Fig. 53 Preparative HPLC chromatogram of fraction -3
separated from methanol extract of Nucleoid of
Polyporus mylittae.



-4
Fig. 54 Preparative HPLC chromatogram of fraction -4

separated from methanol extract of Nucleoid of
Polyporus mylittae.
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-4-1
Fig. 55  Preparative HPLC chromatogram of fraction -4-1

separated from methanol extract of Nucleoid of
Polyporus mylittae.
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280nm

-2-1

-2

-2-1

=15 85 (v/v)

(

23.12

ODS
ODS

(v:v)=100:0 80:20
(v/iv)=50:50 0:100
280nm

-2

=20 80 (V/v)

)

(

)
16.74

23.12

uv

60:40 40:60 20:80 0:100
500ml

uv

045U m

16.74

045U m



-2
Fig. 57 Preparative HPLC chromatogram of fraction -2

separated from methanol extract of Nucleoid of
Polyporus mylittae.
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-2-1

Fig. 58  Preparative HPLC chromatogram of fraction -2-1
separated from methanol extract of Nucleoid of
Polyporus mylittae.



1 uv uv
( A ma{MeOH)2685 280.0 298(sh)  3485nm
FAB-MS 'H-NMR
5 6.108 & 6.737 p- > 5717
H-3 H-5 5 5.272
5 0.852-2.595
BC-NMR C=0(5
202.28) O=C-O (5 167.90) 5
16.98-57.15 1

1-[2-(linoleoxyl)-4,6-di- hydroxyphenyl]-3- (4-hydroxyphenyl) - 1-
propanone ( MS IR )



1 -
Fig. 59 UV-visble spectrum for the isolated component 1 from Nucleoid
of Polyporus mylittae



Component 1

Formula HO OH

CHs(CH2)4(CH= CH-CHz)z(CHz)G-Clcl) ')

UV A 1a(MeOH) nm
2685 280.0 298.0(sh) 3485

'H-NMR(CD,0D)5
6.7372H d J9.6Hz H-2 H-6)
6.1082H d J96Hz H-3 H-5)
57172H s H-3 H-5)
5272(4H m J7.2Hz
2.595-0.852(aliphatic protons)

BC-NMR(CD;0D)5
202.28 ~
167.90
157.90
136.59
13590 ~  diphatic 12C
133.12
125.90
12537 )
123.20
57.15-16.98(aliphatic protons)




2 uv 274.0
310.5nm flavanone FAB-MS 419
[M-H]* flavanone 'H-NMR > 6.369
6.508 7.736 ABX 0 7120 7.736

0 2744 3.420 5474
flavanoneH-3ey H-35 H-2 o 5.000
anomeric 0 3.031-3.910
anomeric 2

7-4 -dihydroxy flavanone-7-O-3 -D-glucopyranoside



62 2 -
Fig. 62 UV-visible spectrum for the isolated component 2 from
Nucleoid of Polyporus mylittae



Component 4

CHO
CH:0OH
Formula
CgHgOZ
UV A mad{MeOH) nm
280
FAB-MS (m/z)
137[M+H]"

'H-NMR(CD;0D)5
46042H s ©6-CH,OH)
3.576(2H d JX7.2Hz H-2and H-6)
7375(2H d X7.2Hz H-3and H-5)
9527(1H s -CHO)
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flavor
taste
odor

Thomson 1986

flavor component

Piggott and
Paterson 1994
Schreler and Idstein 1985 Emberger 1985

1985  Pruthi 1990

Cu 1989

1992 Reverchon
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(aromatic) Eiserle 1972

(1)

(2

(3)

(1)
(2

(3)
(4)
()
(6)

(7)
(8)

falvor substance

nature flavoring substance

(natural-identical flavoring substance)

vanillin

artifical flavoring substance

ethyl-vanillin -~ IOFI 1976

1989
700
ppm 100 ppm
10° 10° ppb

ordor potencies

106



atomic group
osmophore group

1. aliphatic acids
formic acid acetic acid
propionic acid rancidy
odor
2 . alcohols
Sirit-like
hepty alcohol octyl
alcohol nonyl alcohol
B - B -hexenol
linal ool
3. ketones
benzophenone
diketones
diacetyl a B - a
B -ionone

4 . esters
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isoamy| acetate

amyl acetate amyl butyrate
methyl sdicylate
methyl anthranilate
methyl benzoate
5. aldeyhdes
fatty aldehyde
C:10 C12 C14
unsaturated aldehyde
citral citrondlla
6 . aromatic compounds
benzaldehyde methyl benzaldehyde

cinnamic aldeyde

7. terpenes
citronellol
nerol geraniol
8. sulfur compounds
alyl sulfide alyl
mustard ail alyl
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Isothiocyanate

0. nitrogen componunds
amines dimethyl amines
10. lactones
a By
y -lactones
y -lactones
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)

amines

y -hydroxy

acid

methy!



Table3 Themaor osmophoric groups

(hydroxy group) — OH
(aldehyde group) — CHO

(carbonyl group) - CO

(ether group) — ROR’
(ester group) — COOR
(carboxyl group) — COOH
(lactone) — RCOO
L |

(Phenyl group) — CgHs
(nitro group) — NGO,
(nitrite group) — ONO-
(amide group) — CONH,
(isothiocyanate group) — NCS

1. direct extraction

Q). / liquid-liquid extraction
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(2. [/ solid-liquid  Soxhlet extraction

2. ( steam distillation)
( )
3. - simultaneous steam distillation solvent

extraction Likens-Nickerson extraction

1964 Likens  Nickerson
Marrseand Belz 1981
20 40

m



4. head-space adsor ption

1978
1980 Charalambous 1987

Parapah Q ethylvinylbenzene-divinylbenzen copolymer Tenax GC 2,6
diphenyl-p-phenylene oxide

Hesth 1981

5. supercritical fluid extraction SFE
critical point

1992

31.3
729 am

Westwood 1993

gas chromatography GC —
gas chromatography-mass GC-MS
infrard absorption IR ultraviolet
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absorption UV nuclear magnetic resonance  NMR
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Fig.72 Diagram of liquid-liquid extraction equipment.

Fig.73 Diagram of Soxhiet extraction equipment.
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Fig.74 Diagram of steam distillation equipment.
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Fig.75 Diagram of Likens-Nickerson extraction equipment.
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Fig.76 Diagram of headspace adsorption equipment.
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Fig.77 Phase diagram of carbon dioxide.

Fig.78 Diagram of supercritical fluid extraction equipment.

2000 9

118



2-1
diethyl ether
n-pentane Merck GR
2-2
dl-a - dl-a -tocopherol 95
butylated hydroxyanisole BHA Sgma
2-3
linoleic acid NH,SCN
NaOH KH,PO, Wako
FeCl, Merck
2 -20
gas chromatograph
Hewlett-Packard HP-589011
GC-MS
Hewlett-Packard HP-5973A MSD

GC

119

20mesh

6890



- (smultaneous steam distillation solvent

extraction)
2009 2000g Likens-Nickerson
50
1 1 viv 2
40 1
0.3
GC — GC-MS
4-1
CP-Wax 52CB(60m x 0.25mm 1.D.
0.25u m film thickness WCOT J W Scientific )
( ) 1 ml/min 250
40 3 /min 220

l

Ground and sieved(200 mesh)

l



Extraction of volatile extracts

l

Likens-Nickerson extraction

v
Concentration

!

Separaton and identification ~ Determination of gnti oxidative
by GC and GC-MS activity by

ferric ferric thiocyanate method

Fig.48 Flow sheet of experimental for the study on chemica
compositions and antioxidatvie activities for Volate extracts
from Omphalia by Likens-Nickerson extraction.

Hewlett-Packard HP-6890 GC(Plao Alto CA

USA) (flame ionization detector

(Hewlett-Packard

HP-58900 GC HP-5972A MSD PaoAlto CA USA)

121



mi/min 250

260
250 (electron impact ionization
El) 70eV 1353V
Wiley  NIST / NBS Spectrum Library
GC-retention index 5
25 HP-5890I |
Kovat' s
5.
1968 1991
BHA « -
0.2 mg
40
1 0.3
Wiley Mass Spectrum Library
35 2 1 5
4 4 1 1 1
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21(unknow)

15(endo-formyl-exo-methyl-norbonane) 22( a
-bisabol ol)
BHA> a - > - >

> > )

Table 4 The chemica composition of volatile extracts from Nucleoid of Polyporus
mylittae by Likens-Nickerson extraction.

Peak Compound Retention Peak area(%o)

No. Index
1 |Hexand 1073 1. 68. 03
2 |Benzene 1266 0.440. 11
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SKEBowo~No o »w

O -copaene
Camphor

Benza dehyde

Bornyl acetate

B -caryophyllene
Menthol
Acetophenon

Borneol
Trans-anethole
Unknow

1-Dodecanol
Caryophyllene
Endo-formyl-exo-methyl-norbonane
Nerolidol

Cinnamic aldehyde
Elemol

Spathulenal

Eugenol

Unknow

o -bisabolol

a -eudesmol

B -eudesmol

Unknow

Peonol
Di-tert-butylphenol
4H-cyclopent[d]inden-4-one
Dodecanoic acid
Butylidene phthalide
1,2-Benzenedicarboxy
Butyl phthalide
Tetradecanoic acid
Pentadecanoic acid
Hexadecanoic acid

1490
1513
1522
1575
1594
1634
1650
1969
1825
1869
1960
1983
1996
2029
2043
2073
2119
2164
2184
2208
2217
2227
2251
2275
2301
2451
2472
>2500
>2500
>2500
>2500
>2500
>2500

0. 4
1. 6
1. 4
0. 8
1. 2
1. 8
0. ¥
1. 1
0. 4
1. 2
2. 120
1. %
2. 3
0. ¥
0.05 +
1. 05
1. 9
1. 4
2. 8
2. 2
1. %
1. 4
0. ¥
0. &
1. 8
1. 6
1. %
1. 4
0. 4
0. &
0. 4
0. 8
056k

bbesvHr8e8eass

RPOOWoONOOOOPMNOOCOPRPORL,NNMAANNEPRPM~ANODUITOMAMRPPOPRROODdO N
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500nm

at

—€—LN extract
—8—MeOH extract
Et OAc extract
n-hexane extract
—¥%—BHA

—®—qa-tocophenol

—+—control

Absorbance
=

|l ncubation time (day)

Fig. 81 Antioxidative activity of the
volatile extracts from Nucleoid of
Polyporus mylittae by
smultaneous steam distillation
solvent extraction.
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- (Nucleoid of Polyporus mylittae)

7-4 -dihydroxy flavanone-7-O- 3 -D-glucopyranoside
4-hydroxymethyl-benzaldehyde  4-hydroxybenzaldehyde
1-[2-(linoleoxyl)-4,6-di-hydroxyphenyl] -3-(4-hydroxyphenyl)- 1-
propanone 4-hydroxymethyl-benzaldehyde 1-[2-(linoleoxyl)-
4,6-di-hydroxyphenyl]-3-(4-hydroxyphenyl)-1- propanone UV
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