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Table 1. Factors effecting peroxidation

(68)

Effect

Factor

Promotion

unsaturated fatty acid, oxygen—active oxygen, heavy metal
ions, light and dyes, radiation, peroxide—-free radical,

heating, moisture content, lipoxygenase

Supression

reduction to saturated fatty acid, gas exchange, oxygen
removal, vaccum packaging, metal chelation, removal of
dyes, radical scavenger, antioxidant, refrigeration,

intermediate moisture, enzyme inactivation

Function of

antioxidants

radical scavenger, hydrogen doner, electron doner,
peroxide decomposer, singlet oxygen quencher, enzyme

inhibitor, synergist—metal chelating agent
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2. HEZAA

Magee "5 9] N-nitrodimethylamine(NDMA)o] 3 2] 7lo] &<

= T ogiEEe] yE=ZAM o Ao A] diazoalkane(CnHonNy) O =2

Skxo] atolu) dWld e MEY AES ddsste oS et
=N
e
T

U B
%_
a HAnk olelupe} FAA =AM H7ME opEabd el A B FAE el
A AL A= HEZARR thdh dA4fo] oty YEZARIE ofd
At opwltel A wbgol e A= AFERE ofyel A A
M= AdHEE o 2 ZAV HH o)A IR Fig.lold B+
A 2o
YE=ZAM S A4S

@)
=
§ A4E Wehwold

—

AAet= #ate] Katto” So] 2EFAHEIS] u
o] 7

e A4 oAl F

!
o™ Cooney"™5< phenolic, guaiacol 9] #|=x4d Zxdo] YERZ3} ul
& ZEs dAdnn Bustgich ma o] G S A SRR
dg o] &He= 7, 8o, 73, w2, AA, A, A F&
=& ol&ste] opFAY A AlshdlE 1 Ay Wbt vl et
of ofdA Aa7Tol FUMeteE RS sl pHEHS pH 1.0-pH




decarboxylation

R-CH-COOH --------------> R-CHz-CH: + CO,
condensation
R-CHz-NHz + HNO;  ———-----=—- > R-CHz-NH:NO + Hz0
Armine M - nitrozsamine
CHs condensation CH3s
> NH + HNO; ———-—----> > N-NO + H:0

CHs CHs

dimethylamine N-nitrosaming

Fig.1 The mechanism of nitrosamine formation in vivo system




3. ¥TAHEAR

AFES] F3 HAES A ®H Adstes WHoRs ArAdl
chlorinated water, acidified sodium chlorite, electrolyzed oxidizing
water, hydrogen peroxide, chlorite dioxide, diacetyl®} X £A]2l sorbic
acid, benzoic acid 5 HA G A2let g Hrpd Al o7 HFH

B FAA e wn g owp k@Y gy siery @4 I
Ae 2 A4 MW7 F ALH o AALsE Aol FHHE 49 A4
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Aow AdPAom®) B3 AR EAste Fu BALS 2 FE

alkaloid¥, flavonoid¥, terpenoid¥, phenolic compound¥, quinone¥r
2 volatile oil 59 22k AMIE £ I FEASZ e dop O
A FaAe #F AFERe Y0 eyl FEES ol &8t el
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lactoferrin®® ¥ &7 Aol 9ol BolHw HALE GF G7)AEC]

9l
A oG gyow Bk g4y
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Agd MAe 754 dFEe £ 59 4 JANN FEE9

24 ATelM 40% olEE FEE9 Img/mL H7F Al of
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[
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DX
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o
64% 4% &4, DPPH radical 271%& 91.3% 8= A4S HAFS
o} & 2.5% linoleic acid ¢ A&2Fstel A 1mg/mlL A 7FA] p<0.001 <=
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7 Fdeads Bdon gkt = MARAAA A 87.6% 7HE
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goto] daads gl on, &3 FaSd=dSs 8 AAS L o
i MY des FEES a0 oo Bt
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Ao 32%9] opPH ATl Wit topoisomerase Ad B A1} 46
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5. AjFolHA

A& oI A(E vt WA, Pleurotus eryngine: 7St 0= HA ol
(Basidiomycotina), TEWAXE(Agaricales), “=©t&] WX I (Pleurotaceae),
et WA & (Pleurotus)dll &b 2w Aot W sz ojgkg]o}, A
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1986 =gty Ade ARFHo] Feeuiez gyHlon 1997

dAEH e AulE Fo] “AjFolm Aot AEHoR AldEAL 9l

o3
e

(ST A B RO
_o|L
K
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of WAL T e AL A6 FAdrw Eg= A oA fF(dietary fiber)
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B84 Aol Bol
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Fig.2. Pleurotus eryngii
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AuhE As AFAS] do] 5~10em Wele] dolgk #H7I7F v 3 Ae A
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Az R ARGl g FEE AFoMA S AFH F FAXE ] 4
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Atk AlFolWA FAAZE LS Wed ZEndFHyo] Yol 4T 9]
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AEIHA FEE9 FA dE FAst adE SA8s7] & VE=
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Table 2. Physicochemical characteristics of soybean oil used

substrate in this study

Acid value 0.03
Peroxide value(meq/kg.oil) 0.2
lodine value 119.2
Conjugated diene value 0.47
Refractive index(257) 0.917
Lovibond color(133.4mm cell) | Y 4.5 R 0.5

Table 3. Operating conditions for GC analysis of fatty acid

composition

Instrument Gas chromatography
5890 Series II plus, Hewlett—-Packard

Column 6ft/2mm 1.d., glass

Packing Acid-washed and silanixed diat. 10% DEGS on
100-120 mesh chromosorb WHP

Carrier gas Helium

Initial temp. 170C

Initial time 0.5min

Initial rate 2.5C/min

Final temp. 225C

Final time 3.0min

Split ratio 25:1




Table 4. Fatty acid composition of soybean oil determined by GC

Fatty acid Content(%)
14:0 0.10
16:0 10.73
18:0 4.38
18:1 22.58
18:2 55.51
18:3 6.70

3) MFolH A Z4F &) FEE9 =4

A7

o =1

EN

g A golmAl Bare 7IHINe) wpwme o gste] 80% ek
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Pleurotus eryngii powder
83:\/6 EtOH extraction

sonicator (30min, 3times)

EtOH extract (EtEx) Residue

20 suspention,

ith CHCl3
CHCIl3 fraction Aqueous layer
(ChEx)

with EtAC
EtAC fraction Aqueous layer
(EAEx)
with BuOH
BuOH fraction Aqueous layer
(BuEx) (WaEx)

Fig.3. Scheme of extraction and solvent fractionation of EtOH extract
from Pleurotus eryngii

( EtOH : ethanol CHCls : chloroform EtAC : ethyl acetate BuOH : butanol)



4) A of 2 FAksA

ASoIHA FE=E59 Fxo digt &itstaa s vlustr] fste], 71E
o] &xk3lAl % TBHQ, BHT, ¢ a-Tocopherol ( Kanto Chemical Co.,

Japan )& AMESIY. FFo AFg3E &vujQl  ethanol, ethylacetate,
chloroform, hexan, buthanol®} &4tsts Aol A& BE Ak Zh7)
59 Aok AH&skqltt

Column chromatography$ packing material> Sepabeads SP-8502 A}

239 2 molecular sieve column chromatography-& packing material
o

Sephadex LH-20(Pharmacia)2 A}-8-3}%it}.
5 #F

gyrE  F4e s ¥ G Staphylococcus  aureus
25923(ATCC), Bacillus cereus 9372, Listeria monocytogenes 191159}
a3 SA 1 Escherichia coli 1682, Salmonella typhimurium 2054,
Pseudomonas aeruginosa 17505 &= | FAF 1A & ol ARE
3T}, Paper disc= ADVANTEC 8mm( Toyo Roshi Kaisha, Japan)Z,
Bl X = tryptic soy bean broth®} tryptic soy beanagar(Difuco)E& A}-&3}
ATt




X © O W B W 9
Mog N = 70 o A
- 3 ot W -
il I < ol
IS T K o %
- ) QL ‘._.n.uﬂM 1rO O—E )] N
NF S B T Z e 38 ™
5w ORI oy
o T ) w
2 9 o M XN T >
SINIR=R BN X
SHENS i = 2
o < i =n N MH = —_
. - -O —
RSIP Mn oF LH 2 %
s ; ul
” N %. il mm z% i W -
A & <
M w8 70 R IL B mrt B
o i bl o ° X
= oz ®oc Ly w W
™. O o - o v
N N| @ © - A g
e % v o o - H W 5
W o . e T o o =
o g W)ﬁ G = Mo _
2 Lmaﬂ o Ho . mm =
e o 8 W B o W s o))
W XM E L B4 " ox ¥ o=
= .28 X T o X
ER ] = o O = 3 oA 3
o X X —_ —_—
1u_u.o .Mo do =r — O ) M o 0 o}
» W Y B = = o AT = o)
T RN Ey g THML 5 9
N ™ < W o R

= 50
o

Al A

o] & X

} ]

IS

A2 A

o
T
]_(}aq_ (118))

IS

<

0.21 membrane filter® o A1 71 Al 54 S HPLC(JASCO, Japan)ol <3}t

o] &3l

o

b ool s 50T

hSA

(e} )=
SsSB4

t}

3

1

O]
gl

F o3
48

7} 3t
mL7} = A

<



(D Sepabeads SP-850 column chromatography

A EoIHAEZS 2081(V/W)E] n-hexanel 2 EA A7 F GXAR
100gS 2000ml 80% <l €r<<S 7}ste] sonicator (Bransonic 5510R-DTH,
US.AE 3024 33 FFA §F o3star o] o3& rotary vacuum

E5oto] AEES AAsAH. otEo] AAH FEE
S AEAAEY 7S o] &3] 4000rpm, 15min A& skl 919 A5l
= Fs3ld
25X700mm =719 open glass column®| Sepabeads SP-850 FA &
gol42 HYPFgAZ T F&F 10 mL/15mine] =2 FHA Y. S
2l 2FS Molisch ¥F8 9 Ninhydrin ¥+8°] 4o 2

W 7kA] Dol 242 F# 10 mL/15min®] H=2 MG A, ololq FH &
%

evaporater= 7t

ofo

=T

A7 30T el N FtEE & s

= =

=55 YerHAstHA FAEA T
®@ Sephadex LH-20 column chromatography
25X700mm =712} open glass columne®] Sephadex LH-20(Sephadex

LH-20, Pharmaicia Biotech. Uppsala, Sweden)g =2A#A 1-2¢ 100%
Heres SEAAY. a8 f9 #3 AA" FEFES HPLC WEE9



mola] Ao FHAA EEth €8 55 °F 0.5ml/minZ 3}
dtgom z+ EFHAS UV-spectrophotometer(UV S-2030, SCINCO
Scanningdte] #& &2 7€ geto] AtEE skt Figdoh #2 &A=

fEAA B2 A7) 07 3709 subfraction® Z H2 a3t
EtOH extract
Sepabeads SP-850
(80% EtOH)

Subfraction (Sf)

Sephadex LH-20
(Only MeOH)

subfraction—-A subfraction—-B subfraction-C
(Sf-A) (Sf-B) (Sf-C)

Fig.4. Scheme of fractionational procedure of subfraction from

ethanol extract of Pleurotus eryngii



® High Performance Liquid Chromatography(HPLC) #4]

AAE ARE AP TxE AT F A4 E 10,000 rpm, 15%)3}L
0.2 gm membrane filter& & A2l H& HPLC(JASCO, Japan)el <3t
e Fde zapsth

Table 5. HPLC operating condition for subfraction(Sf) of Pleurotus

eryngii ethanol extract

[tem Condition
HPLC NANOSPACE SI-2 (Shiseido, Japan)
Mobile phase A 5% MeOH (0.1% formic acid)
Mobile phase B 95% MeOH(0.1% formic acid)
Gradient condition 0% B(5") 42% B(50") 50% B(60) 50% B(90")
Injection volume luL
lonization ESI (electrospray ionization), positive-ion mode
Flow rate 50 uL/min
uv 220 nm




@ Mass Spectrometry(MS)

Sepabeads SP-850, Sephadex LH-20 column Chromatographyol 4
3" Sf-A, Sf-B, Sf-C¢o ®AFSE FAstr] flsted LC-MS( HP
Model 1050 HPLC, VG Quattro LC triple quadrupole mass

spectrometer)E ©]&3stg o MSe =4 XA Table 63 #3kt}.

Table 6. Mass spectrometer operationg condition for subfraction(Sf)

of Pleurotus eryngii ethanol extract

[tem Condition
HPLC NANOSPACE SI-2 (Shiseido, Japan)
Mass spectrometer LCQ DECA XP (Thermo Finnigan, USA)
Mobile phase A 5% ACN(0.1% formic acid)
Mobile phase B 95% ACN(0.1% formic acid)
Gradient condition 5% B(5') 42% B(50) 50% B(60) 50% B(90)
Column Luna 5u C18(2), 1x150mm(Phenomenex, USA)
Injection volume luL
lonization ESI (electrospray ionization), positive-ion mode
Flow rate 50 uL/min
uv 260 nm
Mass range m/z 100 1500




5) T &A= AIZZA

% Z9% $%S Folin-Denist iy '™'e mgatel Z4aqt. A=
mLe| FolinAl¢F 5 mL& 7}stal 32 % 10% sodium carbonate 5 mLE 9
o] 30CelA 1Az EAAIZL o3 700 nmel A9 F3EE FHSAT. o
ZrEAE A Al =& AFEstAar mE (+)-cateching AF&ste] -3

dg=deziyg AR $9 ZYds FEFs SA4SAH

N

6) AA &5 =A(Electron donating ability : EDA)

Williamse] @3 "7Ve wiadste =49t 2 352 1 mLel 1x10'M
DPPH(a,a-diphenyl-B-picryl hydrazyD& < 2 mLE Y3 10%7F A&

ko)
3 T
30 =< vx 3 oL 525 nmoﬂ}ﬂ SEAEE 4.

B

EDA(%) = (1-A/B)x100

A AR AT FBE
B: AR RH/tee §3x



7) Superoxide dismutase(SOD) FAI&A =3

WP met AR 2 g
Hepel 2u7t BdE o

SOD $Ar18&4 =42 Boaucham®

tris—cacodylic acid buffer(TCB, pH 8.2) 30 m

ko3

L&
T &S

S 4T A 12,000xg= 30&7F ¥AF2 3k 5 9AS 0.1N NaOH®F HCI
2 pHE 82% %43ttt o & 09 mLe 71d&4 3 mM¢ pyrogallol
01 mLE &3 F 25TE FAAIIEA 420 nmol A 283 3= W3

= Adtsdd.

£ =439 pyrogallol? AHsl& =

(A-B)
= ——— x 100

Inhibition effect(%) =
A

A : autoxidation rate of pyrogallol in absence of extract

B : autoxidation rate of pyrogallol in presence of extract
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mLe] AJ8E &9 1 mLE 7}stal IN HCIEZ pHE 128 %A3 &

$olg 10 mLZ stk o g 37TelA 147 %
7 wbge 1 mLEe FH3dke 2% 24HE& 5 mL, GrissAlF 04

mLE 73 § Jd&ste] d2olA 1583 WA F 520 nmoll A FE=E

Aot FESE ol RS AESAT. 2T GrissAl e Uil F5F

B e

A-C
N(%) = (1 - —) x 100
B

DoAY AAE
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9) g =it A FASEH 54

i\

Linoleic acidel w3 #4tste S Mitsudas el wH ™oz 243 TBA
(thiobarbituric acid)7Fell €] &}, & Linoleic acidg 0.03 Mo] S X% 0.1
M phosphate buffer(pH 7.0)¢} ethanol &3F&w](4:1, v/v)ol H7Fste] 714
fANS FAS, 71EEY 20 mLol 0.1 M phosphate buffer 19.3 mL<} A
EAE 002% FToz H7EsA 40+1T g=27]eA 964 174 Z &t
1714 AlmE AFAste AAAHS= TBAZFE 439t TBAV &
A& 2 mLel 35% TCA/(trichloroacetic acid)& < 1 mL<%} 0.75% TBA

0 mLE 7tete] &3 & B+ FE&xAA 4033 A7 = 4
acetic acid 1.0 mL¢} chloroform 2.0 mLE 73] 3000xgol

ar
A BRI dAEES e Aede §FEE 532 nmdlA F443e TBA
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10) AH-E2kste] @ Fakstas

7t FEES dAF ethanoldl ¢ ¥ 0.02%, 0.05%9] s== 7|4

Tl #H7Fste] magnetic stirrerZ &% A X3RS control2E
AFY ethanoltts H7Fe F/E5 A& 3 7|E FAkstA & 4t
3=He v wdty] ¢sted TBHQ, BHT¥ &-Tocopherold A3 &<l
0.02%% 3 7}ysko] ARgsk3lH.

ole} o] AxH Zt AIREL 60£2ToA 3043 AFstHA HitstE
7Hperoxide value, POV)%} & M o]sAk7Hconjugated diene value, CDV)
ol WM3tE 48Ut POVE A0.C.S." Cd8-53%% ol-&3te] mea/
keoil2 UEHARler CDVE AO0.CS™ Ti La-64el wa} UV-VIS




Spectrophotometer(Ultrospec 2000, Pharmacia Biotech)E A}&

233nmol N FHEE S4F = e Aoz Ay

Peroxide value (meq /kg.oil) = (§—B) XWNX 1000

DA E o) A 2 E NasS:04
clE ARl M NaxS:0;
D NagS:039] 5%

AR FAY A, g

2 Z W v

CON%) =0.84(5 — 1)

K : absorptivity by acid or ester groups
ester: K= 0.07
acid : K= 0.03

As : absorbance of oil at 233nm

b : cell length (cm)

¢ : oil concentration(g/L) of the final



11) A3 343l &3 (relative antioxidant effectiveness, RAE)

Eol FA sk kst gyE wlawstr] $1sf
o wz} AA A3t g I (Relative antioxidat

HEe. olul /1A WERe FHWEEA

A FomA L F&

Ahn''®e] A}get Wb

effectiveness, RAE)E

100meq/kg oilel w23}
1

2 dogHor HAAS tha, controle] FE7|Zte] Wig 7t &ujdE FEE
ol H7te WFe FrErIewRY ta Aol 94 RAEE =383
t}.
VAN
RAE==,~~100

IC : Induction period of control

IS : Induction period of sample incubated with antioxidant
12) AFolHA S a4 AN

NMEolWA FE59] 74 AL paper disc agar diffusion™ 127 120

ofsto] g o] splem &uE FEEE3 column chromatography
H

2 2Yd FEE BT &= g4t 0.1%s == ARESERIH
FoF Wre 452 Hid tryptic soybean brothel]l 1¥go] A F35lo]

37CelA 2427 A7 wgatglon] HE petri dishell g mfAE 10ml
A Fold HHFg XA v, e " A7 tryptic soybean
agar°l tryptic soybean brotholA wjFst 3} <F7Fe] triptic soybean
brothE 713ttt

9] o] 4< tryptic soybean agarE Vgl BlAE =3 E petri dish
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1. AgelMAel olsheta 54
1) Agolu s e dubgy

AFolmA e Fod dubgd B & 58, A, 2, 238 9 94
o] gtaFS A.0.A.CHol 23t =4
A e A (whole), 7]% (stipe), ZH(pileus

5, T7.67%% Aﬂi H| =3ttt 22 skek

-z
S
flo ik
S )

o 8

2ghegol 10%01% 2 zi
Hoo, e 22 sEr ol WA (0.4%)7 e AI(0.2%)
2 1 ol AgolwAel £AY o] g vt Wi

O

M g dA, Ve, 2 FEE 747 348, 2.74 % 4.92% =
Zb 9ol zuMA ko] = AL o F dAT ol R H9o A
A wEo] A ko] A5 A vERE Zolth, wE Repd 3R
3 FAE AA 0.76, 16.22%, 715 0.86, 19.42% = 7+ 0.66, 16.43%
th ol U o wmel wmatd e F& nszapAut FAo| o
o 30 2o g%t Bil ot B AfdaE BeEa 16% o4
[e]

2 A9 29 7he F2 Uehigith oee At B AT AgH



Table 7. Proximate composition of fresh Pleurotus eryngii

content(%)

component

whole stipe pileus
moisture 79.15 76.75 77.67
crude fat 0.39 0.23 0.32
crude protein 3.48 2.74 4.92
crude ash 0.76 0.86 0.66
carbohydrate 16.22 19.42 16.43
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pileus
88.28
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whole
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Table 9. Calorie and the amount of total dietary fiber of Pleurotus
eryngii

total dietary fiber(%)

kcal/100g



4) MFoHRY 712 &3

Aol Fejd ol Ry 8leFe Table 103 3kt o 7]q
A Ca, Cu, Fe, Mn, Mg, Na, K, Zn 5 8% F7|do] &gl on A%
oAl A, 75, 2t F-flel A Ke] 20,000mg/kgol’do® 7H w2 3
S Yehdlon Mgh ¥R 700.00-1181.96mg/kgo 2 &
AFATh ol RS0l AFolwAle KE AT 77HA F-7)
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A o A Mg«] gheko| 71 Hola H a3k Ay dAsteE A H T

Ca, Fe, Na ¥ Zn& 20-170mg/kg Atole] &S mglon 7k 59|
H B2 Jo] giEo AATE CuE Ae ZE Frdo] 3t F9d =2
Foz FgHE A& B F Adfen Cust Mne 39 7714 F ofF W
< #go® YeHt F Cus A 8.30, 75 6.40, 7t 6.67mg/kgl® Zt
o TleEus AA e el Etem Mn HAl 4.63, 71F
2.30, & 9.06mg/kgO. 2 7t K97} B Aoz el o)k 7BVs o]
Aol A e F71d g5 574 AelA MnY o] 7Hg wrha 3 A
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Table 10. Amounts of minerals in Pleurotus eryngii powder

(mg/

Minerals Whole Stipe pileus
Ca 55.44 40.11 77.45
Cu 8.30 6.40 6.67
Fe 40.28 22.82 51.42
Mn 4.63 2.30 9.06
Mg 839.92 703.00 1181.96
Na 88.41 49.32 167.96
K 27527.25 20538.15 30939.00
Zn 39.53 26.44 89.65

5) AFolMA e 57, ¥dT, AT IF

MEo)mAl Bute] Edk g 2 g ZAFE Table 113 29k
5 do] 2 Omg%h= "5 F3kom o=

o Fsld 30.41%% tE AWbAR e 16}&1 w3

o}, o B93-S 873.5me%ol o ol g Eo] ZA4% AlFolHA

i)
=
oy
o
=
pnd
M
g
o,
of
ot
rlo
w
o
[ A~ O
—
o
o

g = fructose7} 1671mg% o & 7}1} To Ye HoFRoen
71 @ ekl slucosed %S 1104.0lmg% AL}, o= 7Y Zo x4
olHA Y fFeEld FFSH AP glucoser= 2040mg%et fructose T

2 AgAanr e X5 BIA N lactose, maltose 2

galactosed| A= & A A7} ok w2 ol B AFolA FE e




22 fructose, galactose, lactose, glucose % maltose?]
=

HFYA T 7B Sol Ao = glucose?] dHFo] 71
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Table 11. Amounts of total sugar, reducing sugar and free sugar

in Pleurotus eryngii powder

Sugars Amounts (mg%)
Total sugar 30410.0
Reducing sugar 873.5
Glucose * 1104.0
Galactose * 1557.0
Fructose * 1671.0
Lactose * 1476.0
Maltose * 683.0

* | measured by HPLC
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Table 12. Yield ratio of each re—extract from the ethanol extract

Pleurotus eryngii

solvents EtOH CHClI3 EtAc BuOH Water
Whole 30.8 2.1 0.8 6.2 18.2
Stipe 15.6 4.5 9.5 9.2 19.4
Pileus 23.3 5.8 0.4 3.7 16.3
EtOH : 80% ethanol CHCIl3 @ chloroform
EtAc : ethyl acetate BuOH : butanol
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Fig. 5. Total polyphenol amounts in each extract of Pleurotus eryngii



AFolHA HogHE B FE5E9 AATAdTS 54 A3+ Fig.63}
2okt oetE FEEEEANA 7, AA, 7s FEES EDAE 77t
91.12%, 79.68%, 62.90%2] <olom o= & Zg s Iy & 4
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Table 13. Antimicrobial activity of each extract Pleurotus er:

on several microorganisms

Bacillus Listeria Staphylococcus Salmonella Psedomonas E.coli
Whole-EtOH | - - - - - -
CHCl3| - - - - - -
EtAc - - - - - +
BuOH| - - - - ++ -
Water - - - - - +
Stipe-EtOH - - - - - -
CHCly| - - - - - -
EtAc - - - - + +
BuOH - - - - ++ -
Water - - - - - +
Pileus-EtOH - - - - - -
CHCl;| - - - - - -
EtAc - - - - + ++
BuOH| - - + - ++ -
Water - - ++ - + +
- ! no inhibition ( - 8mm ) + : slight inhibition ( 8-9mm )

++ : moderate inhibition ( 10-11lmm ) +++ : heavy inhibition ( 12mm - )
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Fig. 7. HPLC chromatograms of Subfraction of

from Pleurotus eryngii

ethanol extract(210nm)
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Fig. 8 HPLC chromatograms of Subfraction of Pleurotus eryngii

ethanol extract(220nm)



Table 14. The molecular weight of each subfraction of ethanol ex

from Pleurotus eryngii by HPLC at 210, 220nm

retention time

retention time

molecular weight*

at 210nm at 220nm
St-1 6.25 5.54 314.1
Sf-2 9.11 9.25 144.3, 161.1, 295.0, 550.9
St-3 13.95 24.43 298.1
Sf-4 31.65 46.51 1022.2
Sf-5 48.58 59.32 844.6, 1014.1, 1015.0

* molecular weight : determined by mass spectrometer

Retalive Abundance
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Fig. 9. Mass spectra of Sf-1 of ethanol extract from Pleurotus eryngii
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Fig. 10. Mass spectra of Sf-2 of ethanol extract from Pleurotus eryngii
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Fig. 11. Mass spectra of Sf-3 of ethanol extract from Pleurotus eryngii
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Fig. 12. Mass spectra of Sf-4 of ethanol extract from Pleurotus eryngii
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Fig. 13. Mass spectra of Sf-5 of ethanol extract from Pleurotus eryngii
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Fig. 14. Absorption of DPPH of LH-20 column fraction of subfraction(Sf)

from Pleurotus eryngii



Fraction No 23, 44 % 59 B EAH SH =7} < 3709 peak”}
ow o]& Sf-A, SI-B, S{-CE WHalglon o]&9 #AF 54 93
Sf-AE fr No 22-24, Sf-BE fr No 43-45 % Sf-C¥ No 58-6
fractiong #3% 3] Mass spectrometer® EAHE ZA3A}. ol &
AL B 54 Ay Table 159 Fig. 15-173 2k},

Sf-Aol M= EAF 325.1, 520.2, 524.2, 542.2 2 649.29] o8 =4
Sol AEHEJEY 1 T EAF 520.2¢20 EHo] FE o] Fal Sf-B fro
= BAEF 144.2, 160.9, 325.2, 987.1¢ 24E F EA 160.97F F
|3k @A SE-C frol A= A% 268.0, 298.0, 325.1, 987.09] &
= A 268.09 325.19] EAEC] FE o] FALL
17e] Aol Sf-Ae] Fo EAo EagE 520.2, SI-BE 160.9,
Sf-C+ 325.1 9o #3 A, o]= SP-850 column chromatography@®
el AAgE Sf-157F Sf-57bA #A% Aol Sf-1¢] 314.1, Sf-27}
161.1, Sf-37F 298.1= SAHE A} FAE EA=o| A

o >l
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O

Table 15. The molecular weight of Sf-1, 2, 3 fraction of ethanol

extract from Pleurotus eryngii by mass spectrometer

fraction No. detected No."* molecular weight
Sf-A 22-24 5 325.1, 520.2, 524.2, 542.2, 649.2
Sf-B 43-45 4 144.2, 160.9, 325.2, 987.1
Sf-C 58-60 4 268.0, 298.0, 325.1, 987.0

* . Number of detected compounds
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Fig. 16. Mass spectra of Sf-B of ethanol extract from Pleurotus eryngii
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Table 16. Total polyphenol amounts in Sf of Pleurotus eryngii

ethanol extract

Sample Total polyphenol (mg%)

St 507

Sf @ subfraction of Pleurotus eryngii ethanol extract

by SP-850 column chromatograpy



2) Sfe] AAF A5 (Electron donating ability:EDA)
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ig. 18. Electron donating ability (%) of Sf from Pleurotus eryngii

ethanol extract
* TOC : a-tocopherol
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Fig. 19. SOD-liked activites of Sf from Pleurotus eryngii ethanol extract
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Fig. 20. Nitrite scavenging effects of Sf from Pleurotus eryngii

ethanol extract
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Table 17. Antioxidative effects of various antioxidants on the lin
acid stored at 70C for 24 hours.

Storage period(hours)

Samples(%) 0 3 6 9 12 15 18 21 24

Control 0.211 0.271 0.296 0.300 0.310 0.322 0.398 0.6561 0.823

TOC (0.02) |0.211 0.229 0.235 0.264 0.272 0.277 0.314 0.410 0.502

BHT (0.02) |0.211 0.209 0.224 0.212 0.253 0.258 0.259 0.355 0.423

TBHQ (0.02)|0.211 0.215 0.216 0.227 0.259 0.263 0.264 0.267 0.278

Sf (0.02) 0.211 0.223 0.285 0.289 0.294 0.299 0.356 0.414 0475

Sf (0.05) 0.211 0.217 0.262 0.281 0.286 0.289 0.338 0.376 0.465

Control : linoleic acid without any antioxidants
TOC : a—tocopherol
Sf © subfraction of Pleurotus eryngii ethanol extracts by SP—-850 column chromatograpy
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Fig. 21. Antioxidative effects of various antioxidants on the linoleic
acid stored at 70C for 24 hours.
CON : control TOC : a—-tocopherol 0.02%
BHT : BHT 0.02% TBHQ : TBHQ 0.02%
Sf © subfraction of Pleurotus eryngii ethanol extracts

by SP-850 column chromatograpy
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Table 18. Peroxide values of the soybean oil containing of var

antioxidants stored at 60£2T for 24 days

Storage period(days)

antioxidant
0 3 6 9 12 15 18 21 24

(%)
Control 1.0 14.2 54.9 76.6 116.5 146.5 190.1 257.8 418.4
TOC(0.02) 1.0 13.6 50.2 105.7 149.1 194.5 243.6 346.8 657.7
BHT(0.02) 1.0 10.9 22.1 37.1 58.2 88.6 121.6 178.7 209.0
TBHQ(0.02) 1.0 7.5 8.8 10.9 10.6 11.1 12.9 16.0 17.0
St (0.02) 1.0 11.9 27.2 65.1 94.9 1279 167.0 226.7 363.5
Sf (0.05) 1.0 12.6 33.3 729 104.8 132.1 178.7 231.6 322.4

TOC : a-tocopherol

Sf @ subfraction of Pleurotus eryngii ethanol extracts

by SP-850 column chromatograpy



Table 19. Induction period(IP) and relative antioxidant effective
(RAE) of the soybean oil containing of various antioxida
stored at 60+2TC for 24 days

Antioxidant % [P(days) RAE
CON 10.3 100.0
a-TOC 0.02 8.5 82.5
BHT 0.02 14.8 143.7
TBHQ 0.02 82.6 801.9
St 0.02 12.6 122.3
St 0.05 11.5 111.6

CON : soybean oil without any antioxidants

TOC : a—tocopherol 0.02%

BHT : BHT 0.02%

TBHQ : TBHQ 0.02%

Sf : subfraction of Pleurotus eryngii ethanol extracts

by SP-850 column chromatograpy
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Fig.22. Changes of peroxide value of the soybean oils containing of

various antioxidants stored at 60x2C for 24 days
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Table 20. Conjugated diene values of the soybean oil containin

various antioxidants stored at 60£2T for 24 days

Storage period(days)

antioxidants

0 3 6 9 12 15 18 21 24
(%)

Control 0.32 0.34 0.50  0.94 1.67 1.80  2.23 2.72 3.60

TOC (0.02) | 0.32 0.34 0.70  1.09 1.59 225 248 287 438

BHT (0.02) | 0.32 0.33 0.40 058 0.78 1.53 1.46 1.91 2.63

TBHQ(0.02) | 0.32  0.33 0.30 037 035 036 039 0.336 0.37

SA (0.02) 0.32 0.33 0.50  0.86 1.43 1.71 2.11 2.66  3.33

SA (0.05) 032 034 040 0.74 1.25 1.71 2.01 2.37 2.99

CON : soybean oil without any antioxidants
TOC : a—-tocopherol
Sf : subfraction of Pleurotus eryngii ethanol extract

by SP-850 column chromatograpy
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Fig. 23. Conjugated diene values of the soybean oil containing of

various antioxidants stored at 60x2C for 24 days

TOC : a-tocopherol
Sf @ subfraction of Pleurotus eryngii ethanol extract

by SP-850 column chromatograpy
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oAl Sfe]l &elS =43 Ay Table2l, Fig.24-259F %
th. SfE 0.1%= 3A38}lo] paper disc agar diffusiond o2 AH4AS =
A=Y W FAHQ Bacillus cereusol A Sf7F 13mmol 9] clear

zoneS Al 71 =& dAHHEHS HAF I Staphylococcus aureus,,

71—9

o,

Listeria monocytogeneso| A= 11-12mm9 clear zones HAldlo] 13
G Tl del Sfe Fe Frde] FAHAT. I A SN =
Salmonella typhimuriumo < 12mm, Escherichia coli®t Pseudomonas
aeruginosa® WA= 13mmel clear zoneS A3 743 FA4HS H
Aok
Sepabeads SP-850 column®. = AA % 7] 7ol AjEo]HA EtEXQ a4t
g SANAE 659 o EFOA FwaArt wHs
S 6F o EFolA A3 a8 qu—zrgi%tﬂ o] = ’\H%O]mﬁi
EtEx el= sl e AFeiH d
o] A5 EoFE YL E oEHAS AR A7
Sepabeads SP-850 column<
=ol B AAYE $¢ AA =
A StE e adE Ad BREAEAY] a840] s AR AtsHT

3




Table 21. Antimicrobial activities of Sf from Pleurotus eryngii eth

extract on several microorganisms

microorganisms Sf inhibition
Staphylococcus aureus ++
Bacillus cereus +++
Listeria monocytogenes ++
Salmonella typhimurium ++
Pseudomonas aeruginosa +++
Escherichia coli +++
- ! no inhibition ( - 8mm ) + @ slight inhibition ( 8-9mm )

++ : moderate inhibition ( 10-11mm ) +++ : heavy inhibition ( 12mm - )



Staphylococcus aureus

Bacillus cereus

.

Listeria

Listeria monocytogenes

Fig.24. Antimicrobial activities of Sf from Pleurotus eryngii ethanol

extract on Gram positive microorganisms



Pseudomonas

Pseudomonas aeruginosa

Escherichia coli

Fig.25. Antimicrobial activities of Sf from Pleurotus eryngii ethanol

extract on Gram negative microorganisms
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FEs FEEBuEx)Y WaExe Z#dH= o] 594mg% et 404mg% =
SREE2EIF FEE(ChEx)¥ ddotAHolE F=E(EAEx) Bt} 453 =
ATE Z LA E BuExdA E9m o] M Bgdew 7l B9
+ EAEx, BuEx £2 2 Zgd= o] Fol R = Eousdddd At
15 Bk

O

3) A FolHAl FEE HAAFAFLS EtExoA 7, AA, 7% FEE
91.12%, 79.68%, 62.90%¢ «olomn o= F ZdE sxy e 7
kS Ho]FEATE. Tocopherol® BHTE A9 ZFHz; 93.92%, 96.72%21 ]

Fo] EtEx9 WaExol A% 91.12%¢F 90.39% = vtel} 3hAksl g 3

=
ol
i
s
>,\l

= N
9% WE FZHBEo] 23 FHTM dRE FEBHS GehlA 2



o ¥ SA HolME Pseudomonas aeruginosa®) sl A<
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ANHE 64.20% 2L 0.1%NHE 77.33%2 FAS HJT. oA
0.02%°| A= a-tocopherol®} BHT7} 22} 93.92%, 96.72%% Sf ¢ E
7b o 3A gy 0.1%% A9l 16-20% HE Holxth
SOD-liked& A3 A3 0.02%°) 4+ a-tocopherol, BHT7}
91.30%%} 87.26%% =2 WA SfE 0.02%, 0.05%°14% 40.00% ©] 38+l
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ABSTRACT

A study on the detection of functionality, clasification and

identification of the extracts from PFleurotus eryngii

Kim, Hyun Jung
Department of Food & Nutrition
Graduate School of

Sungshin women's university

In this study, the proximate properties, detection of functionality
and classification and identification were researched on the extract
of Pleurotus eryngii. Some major functions of the Pleurotus eryngir
extracts such as their antioxidative effects, nitrite scavenging ability,
and antimicrobial activity of the PFleurotus eryngii extracts were
researched. Also the amounts of proximate components, minerals, free
sugar, total sugar, reducing sugar, total dietary fiber and calorie of
Pleurotus eryngii were investigated.

The Pleurotus eryngii extracts were prepared from ethanol
extraction of freeze dried Pleurotus eryngii powder. The solvents

used redistilled were as follows ; water(Wa), ethanol(EtOH),



chloroform(CHCI3), ethyl acetate(EtAc), and butanol(BuO
antioxidant effects on the soybeanoil were measured by EDA(
donating ability) and total polyphenol amounts of each solvent ext
And also the antimicrobial activity of each extract was evaluated by
testing the paper disc agar diffusion method.

In order to find out the functional component, ethanol extract
(EtEx) was fractionated upon flewtime and purified by Sepabeads
SP-850, Sephadex LH-20 column chromatography and high performance
liquid chromatography(HPLC). The molecular weight of functional
component among three fractionations were determined by use of
high performance liquid chromatography(HPLC) and mass sectrometer
(MS).

The antioxidant effects of the functionality substance fraction(Sf)
were measured by total polyphenol amounts, EDA(electron donating
ability), SOD-liked activities, and Nitrite scavenging effects. And then
the antioxidative effects of various concentrations(0.02, 0.05%) of the
Sf(subfraction of Pleurotus eryngii ) on soybean oil used as substrate
were determined by measuring the peroxide value (POV) and
conjugated dienic value (CDV) of the substrates stored at 60%£2C for
24 days.

And in order to compare antioxidative of Pleurotus eryngii extract
induction period (IP) based on 100 meg/kg.oil of POV and relative
antioxidant effectiveness (RAE) were determined for soybean oil with

or without extracts and other antioxidants. RAE was calculated as



the percent ratio of IP of a sample oils to the IP of the con

And then the antimicrobial activity of the Sf fraction were e
by testing the paper disc agar diffusion method. Staphyloco
aureus, Bacillus cereus, Listerra monocytogenes, FEscherichia coll,
Salmonella typhimurium, and Pseudomonas aeruginosa were used as

microorganism.

The results were obtained as follows ;

1. The proximate composition of Pleurotus eryngir.

1) The amount of water in 3 parts( whole body, stipe, and pileus)
of the fresh P. eryngii was 75~80%. But in the P eryngii
powder moisture was contained 9.0% and carbohydrate, crude
protein, crude ash and crude fat were contained 63.06%, 20.70%,

5.20%, and 2.0% respectively.

2) Potassium(K) was the highest amount, while manganese(Mn)
was the lowest amount among minerals detected. And also the
amounts of free sugar were high in order as follows.

. fructose > galactose > glucose > lactose > maltose



2. The functionality of Pleurotus eryngii extracts by various S

1) The Pleurotus eryngii freeze dried powder(P. eryngii po
was extracted firstly, the name of thet extract was used as EtEx.
The amounts of EtEx in whole body, pileus, and stipe) were
obtained as same as 30.8, 23.3, and 15.6% respectively. And then
the second extration was carried on the EtEx using by wvarious
solvents like as chloroform, ethyl acetate, butanol, and water. Each
re—extract name were ChEx, EAEx, BuEx, and WaEx respectively.
The vyield ratio of WaEx was the hightest among re-extracts and
WaEx was shown higher level in stipe(19.4%) than whole
body(18.2%), pileus(16.3%).

2) The amounts of polyphenol in EtEx were measure as 387mg% in
whole body, 158mg% in stipe, and 593mg% in pileus. Comparing the
amounts polyphenol upon the part of £ eryngri powder, BuEx
(594mg%) and WaEx(404mg%) were high level in whole body, BuEx
was the highest in pileus, and EAEx, BuEx were higher than other
extracts in stipe. It could be found that some differences of
polyphenol amounts were existed upon parts of . eryngii and kind

of solvents.

3) The electron donating ability(EDA) of EtEx were the highest as
91.12% in whole body but the lowest as 62.90% in stipe of P



eryngii powder. Also EDA of WaEx was shown to 90.39%

body, these EDA values are similar to those of tocopherol(
and BHT(96.72%), so it could be expected that these ext

would be acted as a antioxidants.

4) Some of extracts were certified to have antimicrobial activities
for a few micro organisms , specially for gram negative micro
organism. In other words, BuEx, EAEx in pileus and WaEx in stipe
had inhibited the growth of Psedomonas aeruginosa(gram negative).
Also EAEx and WaEx in all parts were shown to be acted as a

antimicrobial agents for Escherichia col{gram negative).

. The functionalities of isolated and identified fractions from EtEx

of P. eryngii powder.

1) In order to find out the functional substances(Sf) existed in
EtEx, EtEx were purified by Sepabeads SP-850 column
chromatography, and then fractionated into Sf-1, 2, 3, 4, 5 upon
retention time by HPLC. And their molecular weight were measured
by mass spectrometer. The molecular weight were certified one or
two substances in each Sf. There were detected Mw 314.1 in Sf-1,
144.3, 161.1, 295.0, 550.9 in Sf-2, 298.1 in Sf-3, 1022.2 in Sf-4,
and 844.6, 1014.1, 1015.1 in Sf-5.



2) Also three peaks were presented in Sf which were clas
purified with Sepabeads, the name of each peak was calle
B, C respectively. The molecular weight of main substances in
were determined as 520.2, 160.9 in Sf-B, and 268.0, 325.1 in Sf-C
by mass spectrometer. These results were similar to results

setermined by Sepabeads column chromatography.

3) The amounts of polyphenol was measured as 507mg% in Sf,
which was higher than that in EtEx and was lower than that in

re—extract, BuEx, but was higher than that in other re—extracts.

4) The EDA of soybean oil added with 0.02-0.1% Sf was measured
as level of 57.7-77.3%, so it's EDA was lower than those of a
—-tocopherol(93.93%) and BHT(96.72%). Also the SOD-liked Sf was
almost under half value of those of a—tocopherol and BHT. And the
nitrite scavenging effects of Sf were determined as the level of
56.25-72.5%. At that time the fact was known that the effects were
more increased, the adding concentrations were higher until 0.1%.
So generally like these properties were known to be lowered after

classifying and purifying process.

5) The TBA values of linoleic acid with 0.02-0.05% of Sf were
lower(0.475-0.465) than those of control(0.823), a -tocopherol

(0.502), so Sf could be certified to have antioxidative effects were



sustained until 24 hours, also degree of the antioxidativ
were almost same to that of BHT, and were higher than t

—tocopherol for linoleic acid.

6) When the antioxidative effects of Sf added as level of
0.02-0.05% and other artificial antioxidants 0.02% in soybean oil
were determined by POV, the antioxidative effects were obtained as
follows ; TBHQ > BHT > Sf 0.05% > Sf 0.02% > a-tocopherol. At
that time, the induction periods were shown to 10.3 days in control,
8.5 days in a-tocopherol, 11.5 days in Sf 0.02%, 12.6 days in Sf
0.05%, and 14.8 days in BHT. In case of CDV, it was shown that
had similar tendencies to POV. Therefore it was thought that Sf

could be expected to use as a natural antioxidants in future.

7) And also it was found out that moderate antimicrobial activities
of Sf were identified in gram positive micro organisms such as S
aereus, B. cereus, L. monocytogenes that was different result from
varios solvents extracts before classifying and purifying. While
strong antimicrobial activities were certified in gram negative micro

organisms such as £ coli and P. aeruginosa.

Following above results, it will be summerized that the pileus of Z.
eryngii had have the highest antioxidative effect and antimicrobial

activity comparing with whole body and stipe. And ethanol extract



and re-extracts from ethanol extracts of P eryngii were

have antioxidative and antimicrobial activity. Also isolated and
extract from ethanol extract had have high antioxidative
antimicrobial activity, these effects were almost same to or a little
lower than that of BHT and higher than that of a-tocopherol. In
addition to those effects, they had have excellent nitrite scavenging
ability. Like these effective main compounds existed in £F. eryngii
were certified that as molecular weights were detected as 520.2,
160.9, and 325.1.

It would be proposed that Z. eryngii is main food material of
various dishes and can become a new natural source for antioxidative
and antimicrobial agents in future food industry. Also it has merit to
cultivate mass production in narrow space and in short time, so it
could be used large amounts anytime when it was needed. Therefore
it will be expected that . eryngii will be contributed more widely in

life science.
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