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ARG IURE B s o B E B i AT MR kRS
SRR T REE Y FEER S st @ E B AN 5 pd 1 s
pd2-~pd3-~pd4frpdS - &y HPLC » 4755 % &1 »pd1 2 pd2 7
ZAEBAE R & opd3 2 pd4 U FepERE BS54 & $ coumaric
acid glucoside (CAG)~ferulic acid glucoside (FAG)4r secoisolariciresinol
diglycoside (SDG) = & » M pd3 3% 7 £ #® > pd 5 3 pE A peag
& 4> coumaric acid (CA) ~ ferulic acid (FA){r secoisolariciresinol (SECO)
B o B kpitd AT REEET S S S o pd2 RS 2
EEF OUABEEBE N L 24 L5558 % A0 5 31.70 mg gallic
acid equivalent/g dry matter » # # &% 5 pd3~pd1~pd5frpd4- &
F 4417 Trolox 4% £ endaf it 4 (TEAC) ~ 45 & L4 it 4 ~ &
Bt o~ /Fi"fi Fpd A /Fi"fﬁéié? PR ae 4 2 el i a B3 L4
A da 4 Byt 5 BEBRS g LS TEAC BlZshi % i
o S BEPEE LG s ABTS AT o A o HRERR
% 200 pg/mL &k B T # TEAC 4 > 30.52-140.84 uM> 72 pd 2 % £ >

mopdd ZERMEo P EFENAEMEFZESIAM > pd2 A 200
pug/mL JE R T - Hing v 4 4p g > 25.98 pg/mL 2 BHT % 30.89
pg/mL 2. Vit. C; A & L3+ it 4 g R8T > 973 3 B-5 3 £ 3
EEi A HR&EPRE250ug/mL ER ™ H A& 4 A3 8.73-84.60%
Mpdd FEE oo pd2 EE M F pd4 200 pg/mL Gk R pFE adF

o B Ewt viE 85.14% > 49 % >+ 109.30 pg/mL 2. EDTA %S
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FPodr2 2% 307 PET o JL b o BT R PRSI0k kA 5 Arg FT B
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PRRagE 90%4 b o B¢ pd3 &k kR T BHT 2 $rdl $4piT 5 § i
ek B 5 50 pg/mL pF o> Hprqd5d < 2] &K 5 BHT>pd 2>pd 1

>pd 4=pd 3=pd 5 ¢ -JF"] o EedE A W 5 97.82%

82.91% ~ 45.81%% 3.20% -
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Abstract

In this study, several methods have been applied to prepare extracts
from defatted flaxseed flour (DFF). The extracts obtained from water
extraction, ethanol extraction, alkali treatment, heat treatment and
enzyme hydrolysis of DFF were denotes as pd 1, pd 2, pd 3, pd 4 and pd
5, respectively. Based on HPLC analysis, the results indicated that both
pd 1 and pd 2 had no free form phenolic compounds, both pd 3 and pd 4
contained mainly coumaric acid glucoside (CAG), ferulic acid glucoside
(FAG) and secoisolariciresinol diglycoside (SDG), pd 5 contained mainly
coumaric acid (CA), ferulic acid (FA) and secoisolariciresinol (SECO).
Furthermore, based on colorimetric analysis of total phenolic compounds
(TPC), pd 2 had the highest TPC than others, followed by pd 3, pd 1, pd 5
and finally pd 4. The pd 2 contained 31.70 mg gallic acid equivalent/g
dry matter. The phenolic compounds of pd 2 existed in a complex form
containing lignan, phenolic and aliphatic compounds. Each extract was
also evaluated its antioxidant activities including trolox equivalent
antioxidant capacity (TEAC) assay, ferrous ion chelating, reducing
activity, hydroxyl radical scavenging, superoxide anion radical
scavenging and lipid peroxidation inhibition. The TEAC results showed
that all extracts exhibited ABTS radical scavenging effect. The TEAC
values ranged from 30.52 to 140.84 puM trolox equivalent at a
concentration of 200 pg/mL. The highest was pd 2, whereas the lowest
was pd 4. There was a positive linear relationship between antioxidant
activity and total phenolic compounds. The result indicated that phenolic
compounds were the dominant antioxidant components in the extracts.
Again, the antioxidant capacity of 200 pg/mL pd 2 was equal to 25.98
ng/mL BHT and 30.89 pg/mL vitamin C, respectively. In addition, all five

extracts were shown to exhibit ferrous ion chelating capacities. The
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chelating capacities ranged from 8.73 to 84.69% at a concentration of 250
ng/mL. The highest was pd 4, whereas the lowest was pd 2. Also, the
chelating capacity of 200 ug/mL pd 4 was 85.14% and equal to 109.30
ng/mL EDTA. However, all extracts were far less active in reducing
activity, hydroxyl radical scavenging and superoxide anion radical
scavenging assays. Moreover, inhibiting lipid peroxidation reactions of
linoleic acid emulsion were measured according to ferric thiocyanate
method. All extracts showed to be greater than 90% inhibition of lipid
peroxidation at a concentration of 250 ug/mL after 48h of incubation.
Also, the effect of pd 3 was equivalent to BHT at the same concentration.
On the other hand, at the relatively low concentration (i.e. 50 ug/mL), the
antioxidant activities of five extracts and BHT followed the order: BHT >
pd2>pd 1>pd4=pd3=pdS5. Percentage of inhibition of the top four
was 97.82, 82.91, 45.81 and 3.20%, respectively.
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Sl BT AUSERER AP UL A Wi WA -
}ﬁﬁ“f 7B 03 Fpiapet s 773 B & e & s 4 (lignan)de
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£ 3epcE & PUpck 2 % 2 (Haggans et al., 1999; Phipps et al.,
1993)> 7~ & 3 $i3 it (Kitts et al., 1999)~+L M (Jenab & Thompson, 1996;
Li et al., 1999) ~ 3¢ |7 #= % fs k47 i+ (Prasad, 1997a)% £ & % = 4145k
J £ g (Prasad, 2001)% a0 > H e 41 & &2 SDG & & > 2 4
BB P S iS22 F 0 T secoisolariciresinol (SECO) ~
enterodiol (END)% enterolactone (ENL) % 2 £ % 5 B o pt¢b » I Frie
Pfissg it £ F 4 & 7 fin fade coumaric acid (CA)fr ferulic acid (FA)
20 ¥ 2 FPEHA S FEpEMA coumaric acid glucoside (CAG)fr
ferulic acid glucoside (FAG)Z® 1 fig4&en) 3% 3 % (Westcott & Muir,
1996) > & 5 13 2 fFURp EH A o

T RpAr? e fp 1t & $ 40 SDG~ CAG 2 FAG % > # 11 figdtrs?)
i 2 A - A=A A5 B & 47 (Bakke & Klosterman, 1956; Klosterman &
Smith, 1954; Klosterman et al.,, 1955; Westcott & Muir, 1996;
Kamal-Eldin et al., 2001; Johnsson et al., 2002) ]+ & & #- SDG~CAG

2 FAG Z HERf 2 o8 § 3589 sk g2 a3 2. B ehfg 42 (Eliasson



et al.,2003) > fe k2 7% ¥ 5o 3 4 vRA R 222 A 4 lysinoalanine &
# % (Schwass & Finnley, 1984) » F]yt A5 7 #p 3 it 1R foenad? = 2
hoF A R ATk B N g AT BRI BERE A 5 % 40 SDG 2 [
e EHMo
T AR a4 2 pEA A s & SECO chiig i ond i SDG 3

(Prasad, 2000b) » @ SDG 3 EfcfEdEa; » £ & ¥ SECO 4 % 7

2 W RIPEREESvKfE > i 2 B-glucuronidase from Helix pomatia
(type HP-2) % i& {7 fi¥ % &K f2 & Ji(Obermeyer et al., 1995) » 11 3 % H
BUOKTC SRy o A SR B 0 P AR R Y A R

Jig g epEE KB~ HP-2 > #-SDG 2 pE A4 = SECO » 175 M4
A A A o

Frag v &4 2 3 243 endg it (Osawa, 1999) ~ #% % (de Mejia et

al., 1999)% 78 (Soleas e al., 2002) % #12 > B ¥ 112 4 FIRE 4t
BHOI g RN FHESF DI B i“fﬁ d
28 ey 4 II‘&‘»%E?JQ(RObak& Grygelewski, 1988) - * fi= 2 SDG% SECO =
BEFEF P z’%‘)ﬁ"“ﬁ o 4 2 Pty FiEF i a0 4 (Prasad, 1997b;
Kitts et al., 1999; Prasad, 2000b) » * f=fcCA% FA™ 2 5 ; Pi“f pd Az
#c # (Kanski et al., 2002) » fe B g# 5 &4 7 &7 }T‘rql+_1- Bt 2 Fg il
fA RAZFT O F AL P A R e R R I
Fhir? Ot R SF ROk T HRAFF s B Y

Fd LM AF 4 ] AR FF 1 TR A



B é}gkf}"ﬁéﬁ

- ~ LRGN
(<) Wi~ S8R A

GR(flax)s - &4 ¥ A4 0§ 94070240 > HE LR AL A
BRRAE S FCRERERS N9 I RANFN

. f LAAE IR EE T o B A EAT
G E-

T Jpr 4% (flaxseed) = I e f 424 I Fr(Linum usitatissimum L.)05g
EARBF O AN E A AT AR TR LGRS ARATS
1% 4 £ < Saskatchewan? Manitobas % » 12 % ~ 4 & « % ~ F
AP A LT SR F T RN EE R TR S A

B AR TRREE RS TR R TR 7 olinolenic acid
(ALA); % ¢ Lfppr A 2afd - faé ¢ 50mega> HALAZ £ &8
Wad LR AEOL 0 @ ¥ - 8 L S Solin HALAZ £ ™ o ALAK
-3 kPl TR 0 B g L s e 2 Fue B R Ak
(Simopoulos, 1999) -

AR B IARS TR G RE&RE R R T PR & 3.0-6.4mm >
% 1.8-3.4 mm> 50.5-1.6 mm (Freeman, 1995)> % & ‘=z ¢ & &4 >
THF RE S - A TN Ak RA S BRI L Y e
Prxt- o BAE S FEFF > Gl B2 Bk o
POEE L TR o BT R o LGSR B R o P TR A
LA L A S S SN N
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TRz - F9 Fraaga- Bt E3 0 o479 ¥y
t30-40% > F-v F 1E20-25% > " G 5 1E20-28% » ok A 1E4-8% >
@ A & 1E3-4 % (Bhatty, 1997; Coskuner & Karababa, 2007) - i "3 ¢ 2
ARG A ey SR B Ea- TR R LR R 2wl G
©-3% 0-6c% F F ks > B 5 B A B (k5 75 9157%% 16% (Daun &
DeClercq, 1994) o F-v B el ik e 55 02 ~ & F-9 (Friedman et al.,
1991; Oomah & Mazza, 1993) » 3 ® % & ¢ arginine -
glutamate/glutamine ~ aspartate/asparagines (Chung, 2005) > @ % 2
arginine 7 & 4~ & § Ff B 5K/ ¥ 7 »x(Pszezola, 2000; Sugano &
Beynen, 1990) < ¢+ b » NorMan & #& 087 i -0 B > H lysine : arginine
(L/A)+t 5 0.33 (Chung, 2005) > @ ~ & v % jd F43 -0 HL/Av 95
0.88 (Oomah & Mazza, 2000) o ML/AV ch3-v B &7 8 L/AV g0 B
Wl o B ﬁﬂ 7R M g 2o g A Y R & (Czamecki &
Kritchevsky, 1992; Park & Liepa, 1982) -

LA #? B2 T%AbR e anw B 0 2 R ILE R G

e
3
<

e F)i% & 74 »z(Rickard & Thompson, 1997); & & fipfF e s gy & 5 F
T R AL R AR ok A 8
o AV IER % % %2 B % & (Kritchevsky, 1995; Mazza & Oomabh,
1995) o gt ¢k » 7 5 4 5-8%:nT FraE W 0 BT St a4 B2 1 QL E
¥ FsTvEG B FRMERE I Tween 80 ~ 7 a5 it

(BeMiller, 1973; Mazza & Biliaderis, 1989; Fedeniuk & Biliaderis, 1994;

Cui et al., 1996; Rebole et al., 2002; Chen ef al., 2006) o



TR iR B TR ¢ R B PR R

iRt 2 AR E o7 e 7 £ 9 0.8-1% (Oomah et al.,

1995) s H i & 1 fadhs BETRE R H AN REH Y B RE
N GERES GRS PR AE & Uk i P 2
g b B F e TRF T AR RS 1 0.049-0.087% (Oomah et al.,
1996) 28 m BTGy L B FENT AR Z 0 VG ERREE
B sE ek A feduch AL AR R Sk B 8
A% ¥ 17100 2 1/1000 erwg= fRiEds o B3 SHAT 00 SRR
V7B-0p= > P g i X Bene &0 @ A2 B0pjed ool p
R EEg R s R F AR L 3 U S o F RPN LR
P ke R BRI R DA TR T TR L PR X B £ EIIA
SLMpscE 20 B oer(Haggans ef al., 1999; Phipps et al., 1993) - ¥ - > & >
FHPAIEEZAN T EERF > AR ZHRRE LG Hinier > &
17 B-vp- Fhsed B & 3 vppd £ B Frppd £ Bl MRS s
VREcE b dR o TRAEN TR IR R ’T“ R AL #EF 17 Brrs B
Foav A2 ek s B0 A PR e e il R TS AR R
i v 4 o GBS p GuwpieE R4F - B T fmenik & (Orcheson et
al,1998)> ® A AT EFIEB L FABEFF i Bt B
I e ¢ 1 & oA fs & & secoisolariciresinol diglycoside (SDG)
(Bakke & Klosterman, 1956; Bambagiotti-Alberti et al., 1994)> 2 7 & &_
Hisjpp Ko 287 B ML k29773 1-3% SDG
(Johnsson et al., 1991) o
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R TSP LT CRRE SR TP PR

SRBAEI A AP R BRE LR PR RS
RS A R AR DRBLRR G EI 8 & 8 T e SR

ARF SR KA RFEFASNET B E AR ERE LR
BfpE o 2RMe R ERFEAHFDA)® S 4P 7 F HLFiF b
e B iE 12% (Long, 1997) « B % © § L4+ 5 & 5 54 ik i
A& Lo TR AR RAR R E 20% ¢
B g;;ﬁmtg.ﬂ hEsE R AR S g
(<) AR KiRE B

s % T s 87 1 & 4 (diphenolic compounds) » H B4 & d =
¢t A A (cinnamic acid residues) i & 25 = 7> A A ch2E G
2,3-dibenzylbutane4r Bl — ° A s & A~ 5 5 HF > A W] G 54 A fs & (plant
lignans) % rf ' #F A fi= % (mammalian lignans) - * fi= % § #05 &34
A E S E T2 R AP LAR Y SEPARBE AT
(Ayres & Loike, 1990)» T &gtz 4 E A &5 B > £ &5 Py F 4/
4 AR bl ~ $u 454 A S #7§IDNAZ RNAE & ~ Fups
F o PrdlpE & AR B FF o 2 R F 2 & % (MacRae & Towers,
1984) -

B AR EF RADRE LEXIEFE 2 L0 FP A

2y

ERZRPF PR BRI ERAYy  HARDES AR
% 5SDG4rBl- » 2 £ 58 & Fondic 3 #pF & - 21956# > Bakke

frKlosterman f&€55 #q I firdF ko @ A 3 SDGX) 5 3% A § - 4p e i



2,3-dibenzylbutane

-~ ARk kR -

Figure 1. The basic structure of lignans —2,3-dibenzylbutane.



MeO l CH,O-R
HO CH,O-R
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SDG (R = glucose)
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Isolariciresinol O
OMe
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HO OMe

Lariciresinol Pinoresinol

(adapted from Johnsson, 2004)
DN F RS F N K
Figure 2. Plant lignans identified in flaxseed (demethoxy-SECO is

missing one of the methyl groups).



B 5 £ % 18 fh K 2 #-SDG# 4% = secoisolariciresinol (SECO) » SECO-E_
SDG ezt pE L 38 4 o SDG{rSECO % 280 nmF # ~ 7% *h e £
B e E AR EOEEL - o TRy ZHECEPAR F A
matairesinol (11 pg/g of full fat flaxseed) ~ isolariciresinol ~ lariciresinol
fepinoresinol4r §] = (Meagher et al., 1999; Sicilia et al., 2003) - ~ )F{J%P
THEFSDG* 7 1w EREF AL T A SDG2 B A& 8] &
3-hydroxy-3-methylglutaric acid (HMGA)A) = fin 4t it % - 42> — i
PR R L P en R ¥ £J SBSDG2 4B HMGARA fp 7 ikl
= ey H o 3§ 54000 Da 4 = (Kamal-Eldin et al., 2001) °
o gh R RAAEA O LT T B ) e
A X R P o w1980F 47 # - enterodiol (END)Fr
enterolactone (ENL)iz# 85 3 g2 B S A % ¢ Lt
5p e fr e @ 4o IR(Setchell ef al., 1979 5 Stitch et al., 1980) -
SDG -~ matairesinol (Axelson et al., 1982a) ~ lariciresinol ~ pinoresinol
(Heinonen et al., 2001) % & 4~ 'm#z £242 s A & 4% (lignin) (Begum ef al.,
2003) M EE L SR AR F AR o § Y AF £ SDGZ
matairesinol glycosideds * ZE#B~15 > 2§ HiE P gAML & FE N
3 “,érf pE 4k m A5 % SECO %2 matairesinol > % {s £ ﬁ—d Vi e «’rﬂ TR 4
% % i 72 & § A i % (dehydroxylation) f= 2 7 K iF *
(demethylation) 4 %75 % END% ENL » ¥ END» ¥ i & £i8{7 2 ¥ i
eng 1T % A5 ENL4rB] 2 (Axelson & Setchell, 1981; Setchell et al.,
1981; Borrielo et al., 1985) o #f ' $g Afis % 7 30 {i 4 Afin & > A3t

B BEFABOF L AR AR RS 3 AP HE3 B



OCH, OCH,

H0<</ >—\ / o - \>—2’</—<:<>*OH y HO—<®>—>’</—\//?‘§ OH

CfCH CO

(0] O O 0
R 4&§\ /§7é vagg gi;y %Qéw
OH OH OH

(adapted from Kamal-Eldin ef al., 2001)

OERNES SN S S CE T

The structure of the flaxseed oligomer containing

Figure 3.
secoisolariciresinol diglycoside (SDG) and 3-hydroxy-3-methyl-glutaric

acid units (HMGA) (average size, n = 3).
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Secoisolariciresinol

Matairesinol

MeO
(J I
I OMe

OH

HO

MeO l CH,OH
HO CH,OH
l OMe
OH
HO [ CH,OH
CH,OH
‘ OH
Enterodiol
e FURE A R

#& #% = enterodiol % enterolactone °

OH

Enterolactone

(adapted from Johnsson, 2004)

T %4 SDG % matairesinol X5 d % i i

Figure 4. Conversion of mammalian lignan precursors SDG and

matairesinol to enterodiol and enterolactone by the gut microflora.
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IEER SR
e S o K
FHEUA S22 BRI R ML A

?

ok 2 SR R R 1T B R TR
v A4 SBepip R B friutisd B T

-
>

(Z) GRS el @ A £ 4
BRI B § ) P S PR I P e
fiv o Kozlowska et al. (1983)% 77 &7 i3 ¥ B b b cfis fe 81 fig btrdt

i

558 e T 80%7 R F B I A o 1 eifig At R 2 e

FEE TR T RFR ADFNY 5 320 mgo 1 & & A 4

%}

hydroxybenzoic acid ~ trans-ferulic acid v trans-p-coumaric acid ; @ 7%
AL s Bl ) 5 200280 mg/kg DFF » 2 & & d frans-sinapic acid »
cis-sinapic acid -~ o-coumaric acid ~ trans-p-hydroxybenzoic acid -
trans-p-coumaric acid % vanillic acid = > 2Rm * pt = 2 & 7% 5B
s 7 £ X 5 70 mg/kg DFF - Dabrowski f= Sosulski (1984)F1] *
tetrahydrofuran % 37 P~9 fg I e ofd ¥ > 2 3B AR AL cDfis iR o
Harris f= Haggerty (1993)4p #1 & & B & a4 & 7 11 mg ferulic
acid/kg DFF » & 8_F] 5 fs 118 % dk adD > #7002 1P F] 7 fast
ek o tdp TR RV 17 BTfp AR ) < IR e aps ik 0 8 730
mg phenolic acids/kg DFF (89%:%%,f=f4) » 2 & &% trans-ferulic acid §v
trans-sinapic acid - Oomah et al. (1995)3p 2} I Jfr4+ ¥ 7 3 8000-10000
mg phenolic acids/kg DFF » 2 ? 5948-66% & fig4did & cifis s o
IRy RRE R 0 LR LFFPNF S amn
(Oomah et al., 1995) - p-coumaric acid ~ ferulic acid % caffeic acid =fe

PERAC BT © 5 AT ol A2 AL 3 IR (Westcott & Muir, 1996; Eliasson et
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Glucose

=
COOH

(adapted from Johnsson, 2004)

Bl ~ Coumaric acid glucoside ~ ferulic acid glucoside %# caffeic acid

glucoside 2. FHE 3¢ -
Figure 5. Structures of coumaric acid glucoside (R = H), ferulic acid

glucoside (R = OMe), and cafteic acid glucoside (R = OH).
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al.,2003) « et e fis B 3T TR 5 R R RO A E R 1T
BN FHA o P TE G IRy bt oo
(2) AP e T2 (3

fd AR A IS AR T 58T MKk 2(Xu
etal, 1995) & LG A4 E 4 DB TS B AL
# f* (glycosidases)2 “/ffi*i’ﬁ L E ity fach B2 R pE
7 (aglycones)?j 5% » R {s £ i5d B e b RERE S L AR
#ENDZ ENL- - ft &% if# 4 # ENDZ ENL § L i# 4ok fc » 8% T
BRI i i e % Y £ % 3 UDP-glucuronosyltransferases fv
sulfotransferases #-END{rENL 4 %[ 3% £ § & pEfe L & 7o fé (Axelson &
Setchell, 1980; Morton et al., 1994; Adlercreutz et al., 1993a) » 3 — %4~
g TE TR ¥ B W 1% £ (conjugated) s 5N A AR AR ) ko @
B & DA s & € S5 7 A Bk (enterohepatic circulation) - d £+
P w3 bl AL E AT R AR A B € BB N
72 B-glucuronidase i * #& % % 2 % & (deconjugated) <77 3% » 2R {5 &
¥ g s g 9ok (Axelson & Setchell, 1980) - Bl 5 {24 A fis % 0%
RS2 T LB Tt A RRASEN AR FAL IS F
pF FE B4 3 (glucuronides) # & > = ¥ & 2 H § §F B REK ¥
£ B ¥ § pEpEps H (diglucuronides)fefr

fx 25 ;% (Axelson et al., 1982b; Bannwart et al., 1984; Axelson et al.,

N

(monoglucuronides)?; 3% » % -

1984; Axelson & Setchell, 1980; Axelson & Setchell, 1981) > @ ¥ i 3@
90%14 & 2 £ & 35538 A s % (Adlercreutz ef al., 1995) -
TP s b SR A R Aok R Y R RK

14



Eenal clearance

TUrine

——

Conjugates
(glucuronides

& sulphates)

Lignans

¥

Oxidized
metabolites

/ Plant Lignans

Plant lignans
Mammalian
lignans and
oxicdized lignans
as conjugates

Mammalian g’
lignans ®
E

1 i

5

Bacteria v

b-glucuronidase

' (Deconjugation)

ik

/

fecal loss

unconjugated
lignans

(adapted from Setchell ef al., 1982)
Bl 4 AR E Bk ST S TR -
Figure 6. The enterohepatic circulation of plant lignans, their colonic and

liver metabolites in humans.
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¥ ¥ 3 4c(Lampe et al., 1994; Nesbitt e al., 1999) - { & 474 & x &
5 g 10 g & FrofF 0 B % Bor Ak @ cPEND#E R £ 4 W 5 1.01402.87
umol/day - @ Fii @ ePENLE # £ & 21.244-52.83 pmol/day (Hutchins
et al.,2000) - & % & g & B 1.5 mg:nSDG > H & /& ¥ c7END % ENLk
& % % 1 umol/L (Orcheson et al., 1998) e @ * & p & = 74 £ #HP~1.5

umol SDG » H x ;% ¥ ¢nENDZ ENLk & 7% 4 % 1 umol/L (Kuijsten et

al., 2005) -
(z) psk BEBREE 7 a0 484
s E 2 7 R ¢ 2% g 1 8 3 (Jenab & Thompson, 1996;

Li et al., 1999) ~ #2§ it (Kitts et al., 1999) ~ #c L & * % 7 (Jenkins ef
al., 1999)~ 2 & &% = A J{)H]g:fﬁq eV :[Iia(Prasad, 2001)~ e #2(Sano et al.,
2003)fedrst g ik i+ e 5 (Prasad, 1997a) % -

BB ARE G o FRIAURE MR bl R
fem Sl AEABFRFLL LS o EFFTY ST LR
R RH LR me 4 R R 0 F 3BETT B B T % (Dabrosan et al.,
2002) c EFREFHFT R LG IHRSHFL > F P 8 T25 gL
P S L 0 B R e JACE 4 K % P ERe%E % (Chen et
al., 2004) = # PR SR o LD MR R g 6 -

5'”;?\)@.%{3& M ’g‘»%&l/}l"%& TR -3 R upEEa

& 4 (Denis et al., 1999) o tededn a7 3 @ o 3 T e o FE 5!]’9le:/7§,»
wieehd £ &S T fpRae B 5']’”?-‘}%,397’??59«‘ FH Ao ¥ R
wre chfics B0 (Lineral,2002) > ¥ — I8 R ¢HRIRETTEP I ol ¢
s % SDGit #r 44 2 Ufy fw e thd & (Lin et al, 2001) » 2 o >t
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" R i f%:}gsﬁ‘nﬂ’mw CER SR FIRA AR F R 2 R
RPN 7 B (Kuijsten et al., 2000) o #-% UL RBE 5 > X
AR S I it o AP R ¥ LF (Aberrant Crypts)e & & * i
Jip A P AR B R @t e SRR AT R 0 RO R R Y
0 ARGLE ALY R ¥ 4p (Thompson, 1998; Jenab & Thompson,
1996) = LAl *hipl3E ¢ R FHRE A AL WNB S
wmPz end £ > P ENLesedk ' END® 40 % % (Sung et al., 1998) -

iR RN N AR R

<k

PEFIRR B R I NSRS R B R
ik EBERFEEREE e P AT 2T 24 7 SDG (15 mg/kg
body weigh)en & $ 35 F8iF » ¥ "% M H 3 "2 FAE & o5 o A 1 g
B 5 &5 35% LDLY: Ffs % 64% LDL/HDL2 +* i (Prasad, 1999)  +
32 ),?;J&#F] N7 2-3% a-=k I R e ey 4 (7.5 g/kg daily) ¥ i 4+
E 146%d % olE e 1Y 0 4 (Prasad et al., 1996) c >t Aok P J.ﬁc SDG
(22 mg/kg body weight)in€ B4k 8 § % > H 5% M7 b i fop o
& BUR W 0L TE MT1% % - A1 Ajop 07 = (Prasad, 2000a) 5 B R 3
Zucker# F o 57 12+ B p 4 @ SDG (40 mg/kg body weight) » 7 ¥ 12
% 1175%% = A4 ¥ P 607 = (Prasad, 2001)

LA e d e B E R AR IO E Mg fodng 1R
Moo bt BB > A& F k pAENDZ ENLiz = farf 5L 58 A fs
RER FE Ty T E T S P s
A W A E R % & 3k 39 (SHBG)=& » i@ SHBG#: 42 % fi =
B2 P REFRE R 0 0 R MG e R L TR MR 2 BT
Frd| g mre 2. 4 = (Adlercreutz ef al., 1992; Wang, 2002) - END{-ENL
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7B P A SFepicd & & ¥ % (aromatase) s 122 B4 (Adlercreutz
et al., 1993b; Wang et al., 1994) » % o 2. *t > SDG ¢ *% 4 5 j]% L
%L § % 4 & F]3 (plasma insulin-like growth factor I) > F]@ "% M E

z_7 & (Rickard et al., 2000) °
AR RTERRCE TR p o éi“fﬂb" 2 FrfE o ¥
T AR BB R A B PRE D 2 % o Amarowicz
et al. (1993);EF & i+ ¢ FRAu 54 Ay fpid Bt it ko a? £ 5 3
PP FriEF it 2 i 4 oPrasad (1997b)4 31 & 4+ ¥ » s 2 SDG2 3
b4 > FFSDGET & % pd ACOMFHG A 2 5 kR EHLE > &
3642912 uM2_ SDGiE &A™ » # 4 ¥ p d A a4 5 4-82% - Kitts
et al. (1999)% %45 3410 uM % 100 uMSDG ~ END% ENLz vy it
4 RS AL R A1k 59 SDG~ ENDZ ENL % B ¥ & $r
F1Pg A E Y0 3100 pMPEFER] S A w5 58.7% ~ 55.2%% 39% 5 2R
mod §pd ARG 0 B TENDZ ENL2 #§ 5 4 %
SDG 3 ° Prasad (2000b)7]* p%# & pE(zymosan)i& i* eh % #5746 & Ik
2_ i+ B & (PMNL-CL) % #£33SDG ~ SECO ~ END % ENLZ_$v% it &t
4o 25k SDG2 H A cnii B v £ podg ta 4 PR #
E% > # ¢ SECOfrENDsdiy it »c4 BB > H =t 5 ENL > @ SDG#
i - Prasad (2005)4p 1 » f= % 4F & # 7 34-37% SDG ~ 15-21% cinnamic
acid glucoside% 9.6-11% HMGA & 7 % M PE B R 2 »c% > &4 T 5
SDG % cinnamic acid glucoside % 3 #1% i+ > ¥ HMGAZL 7 *% i< 4 *g

z_1e* (Lupien et al., 1979; Padova et al., 1982; Niekerk et al., 1984) -
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ERNETE 3 T =S R

PR hEPZORES ZERAL DAL RADRE 2
T#F SDG ~ F MEREF AL T &0 SDG 2 fF 4 w2 HMGA )
~AgdEd i % - A2(B] =) o Bakke fr Klosterman (1956)% % 12 95%
ethanol 2 1,4-dioxane X B T ERELF » e ™G 2 )!%;}.J o
fi% -k % 7% (65-75% ethanol) (Westcott & Muir, 1996; Heintzman et al.,
2003; Shukla et al., 2003) # ? A% -k % % (70% methanol) % B~ ) &7 i+
% % & ¥ (Degenhardt et al., 2002; Charlet ef al., 2002) » ¢ *t » & £ K
LAY L 3 AU PR R RTR R R S 4 5P~ 1 (Dobbins er al,
2003) - H P e fEoRiRREFEEAEDEBRE o FY 0 ATy
% Shukla ef al. (2003)2_ > ;% » f* 70%2 f K% iR 5 B3 g 37
Bk ko RN LT R CBERFTRLAS 2 GHpd2o
ARELSEREY o

TR SR REEF B EEE SDG H8 0 FIYF R S
K f#2(Muir & Westcott, 1996; Charlet et al., 2002) 2 f]* 7 3 fL4p
(sodium methoxide)i& {7 ® fg 4 f# T * (methanolysis) * B3 SDG ¥
HMGA z_ & enfig > $#2c 1) SDG H $8(Rickard et al., 1996; Schwartz &
Sontag, 2006) - Eliasson ef al. (2003)F]* & &= ;# k % B~ SDG % H i
frag i &4 & 8] 5 A% dioxane—ethanol 5 B~1 L iFdg k2t ¥ 8 &
BiTHKfE ) BFETE BGKIEY FF RS £ SDG o F 0 A
Fa B odakokfEi2 > 1% NaOH K-k famrg I Fddds & 0 #7183
S R S B TR G A S 3 HApd3 o e ppE s
AT &4 5 4 4o CAG~FAG e SDG o gt 7 » AF2§ 4 i % fE % ge

19



B IL 2 KB gg iR kR D SDG o e ¥ # a2« SDG ik
FEL o F AT UBAIE S RPN kRS SDG - Y
P ERIE ZEUE IR TR I A S TR G A S 4 | fpd 4o

e SDG ™ & HaepEtga;:% > F]t 5 & - SECO 3%t k § 2
TIpE vk i3 o 3 ¥ £ % p% % (B-glucuronidase from Helix pomatia)
(Obermeyer et al., 1995)# &% F T & {7 -k j2(Mazur et al., 1996;
Mazur & Adlercruetz, 1998; Liggins et al., 2000)= %E&{rk L & $ era3hs
> o fX@m P-glucuronidase % 12 % % T fh-kf2 % A2 5 3 F# 5 > Flpt 4
Myt 2w p EpEE kP~ * B-glucuronidase » K f# I Frds 1 0 A
FPEA ST & $ho CANFA{r SECO> 2.4 5 & 5% 5> f#Lpd 5 -

4R A ML d S S HER A D AR END 2
ENL - Thompson et al. (1991)12 B¥ ¥ 88 b 38 f% % B % i 35 2
B e it A R R S L8 A 3 END 2 ENL » 5§18 *
F A0 K 47 B ¥ R (GC-MS) 2 L Gdp+ |k~ 472 < END Z
ENL> 2@ a4t i & F 4 0f 5 585 i IRT Feng o ipasipk
A R 0 FI0EER LR AR .
DN #\ﬁn% 2H s fnpaz. A AT 2

F Ao fh N PR E R E G Tk > FRt P owm ek 47 Y

HPLC k iR 2 = & » % & * g 41 5 35 4p § $L4cRP-C18 (Obermeyer
et al., 1995; Westcott & Muir, 1996; Johnson ef al., 2000; Johnson ef al.,
2002; Charlet et al., 2002; Saarinen et al., 2002; Eliasson et al., 2003;
Nurmi et al., 2003; Smeds et al., 2004; Knust et al., 2006; Smeds et al.,

2006; Schwartz & Sontag, 2006) - £ » 7 f]* GCk P2 =& > H &
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ACRWHPLCH » R § X S#cApEI 5 - Ba s AR 775
MgATA I R a4 B AL M 5 F 2 trimethylsilyl (TMS) ether k & 7 474
it (Thompson et al., 1991; Mazur et al., 1996; Thompson et al., 1997,
Mazur et al., 1998; Mazur & Adlercruetz, 1998; Liggins et al., 2000;
Bowey et al., 2003) - ]t » 2% 7 %% Eliasson et al. (2003)s77 ;2 >
MHPLC2 kB ip2 T £ AfE 2 Bt £ hz £ o
NEGE B

() Ad A ~FMEF 2Ry H2FP W BT

B d jk(free radical) ~ /=12 % (reactive oxygen species, ROS) % & 14
¥ (reactive nitrogen species, RNS) & 4% 230 3% 7 5 i~ e B2 g7 ¥ (Lo
B4 iEARY 0 PFA Y £ & ehd ¢ (Cayuela-Martinez, 1995; Bergendi
et al, 1999)c pd A5 7 F - B FBFIHTFIPRF LG
(Halliwell & Gutteridge, 1989a) » it & % 384 et 7 & T vk fi 0 &
MR A A3 8 §REMTLAFINTFAXT I @ L )48

R AL A AR TS A SR g BRI T E LG B A

B @

F R € i 2 i 4F F &(chain reaction) > ¢ { 5 pd FAenA 4
(Halliwell, 1994) - =42 % RIEF it sg g § 43 0 iLdp 7 § «0p
BB A D o d R ETF CTEY s RSP
y- ¢ 3EAZF A3+ p Jd A (superoxide anion radical, O, ) ~ H
¥ fi ¥ (singlet oxygen, 'O,) ~ ¥ p d # (hydroxyl radical, ‘OH) ~ i § i*
p o 25 (peroxyl radical, ROO-) ~ *x ¥ p ¢ z (alkoxyl radical, RO-)% i
% 1 & (hydrogen peroxide, H,0O,) % (Halliwell et al., 1995) - ; ¢ %

— % {“ % (nitric oxide, NO-) ~ = ¥ i* § (nitric oxide, NO," )% p d A &
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HN, » N,O; ~ ONOO % 2t p d £ &4 5 (Halliwell et al., 1995) -
EifApd AEEEF P o d ACOH)F B3 > F ki

FL107 "M sec! Fl e B & R 2 A A S F o 51 42DNA

74 2 wmre § Y 4f 1 % B % (Halliwell & Gutteridge, 1990) - 42 ¥ & d

FEAA WY ZEK I pd A HEMERG EAX R E AR

®

S RS Y S TR T
14 $ > 4o-OH ~ '0, ~ H)0, » & §_22NO-4 = peroxynitrile (ONOO )
Flm e 1 2 8 3 42 & (Halliwell & Gutteridge, 1990) - iE % it
G EAPHMP S PR ST FAL BEPRRT R
R LERHE T UTHEL DN w0 Y BRSNS
% s @R LA PREhgpd Lo FafFerdr i t§G3
(Martinez-Cayuela, 1995) - ¥ ¢t » ‘& d ka7 F J&(photo-sensitzation

o
A=

reaction) * & L ¥ 2 Fv FEAFIEY > X F M EpOE L F
HERFFLEE LA 3 ody T b A bfongppmids Ay
dhFFEa A2 pd Ao F AR FaiEs g T (Halliwell &
Gutteridge, 1989b) > d >t p d AF BHiEE - FEw EBF 4 5 o #
Mm-S 2 RFIRRA S Al e RET S e T
BRF AR d ABE S f‘ffam’?ﬂ"‘%@;% B el o o
AR CRESE PR s R R LRk B4 3 % (Gutteridge &
Halliwell, 1994; Maritinez-Cayuela, 1995) -
() 42§ Az i 84

Maxwell (1995):}]3 P VW G - BAMOER T A g sl i
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B ende B o gy VAT ¥ p F 1Y 2 a4 (initiation phase) 2 ¢

#13% 78 #p (propagation) » & 7 i¢ 2k ¥ it & 4 (Bonorden & Pariza,

1994) - BT jechpif L H T d Fioch B RA g v L 2 8L Lg
& & (disproportionation) ¥ 2 i %k erndeg i &35 35 (58 > 1995) o pt¢b s

CERELPHPN AT AN RE G T E S LG RE T

Alodm gAAFLPA T A Eap g o» e ERpd AN EEF A

TP R dedd B -DNA e p &3 F o

FoF iV m|z R B T AL

1. pd A¥r4]#H (free radical inhibitor)

D EKETFINI RI LD A s gt &% ~ butylated
hydroxyanisole (BHA) ~ butylated hydroxytoluene (BHT) ~ propyl gallates
(PG) 2 # 7 fi% (o-tocopherol) & > B % - % FL ¥ i & (primary
antioxidants) (Labuza, 1971; Shahidi & Wanasundara, 1992; Giese,
1996) -

2. BRI F Fi",f A (oxygens scavenger)

AR ANIHRF R ORERARESRBESRRC § L iES

P BEE VBT dotrF F (riboflavin) 2 Fulk s 2 E (# 0 1997) -
4 & # £ #| (metal chelator)

RPN R PSR RF R - A K RS
$one g CEREBFES CUNELE IR LD
Fldfgehp 3 LK BEEEF VR BRZEFT o iFKk - RARBZ

EDTA% » ¥ ff e4 43 it #| > 8 H % { & (Kochnar & Rossel, 1990) -
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M eh= & i % 4] i 0 4o B-carotene fr triethylamine (Kellogg & Fridovich,
1975; Bando et al., 2004) -
5. #@3% v & f2& (peroxide decomposer)

* f= m4mF it &|(secondary antioxidant) » H ¥ % 4] 5 H-rg B
WE P LR X T en¥ ok A F > dedilauryl thiopropionate f
thiodipropionic acid (Kochnar & Rossel, 1990) -

(Z) 473 B2 Rl

g MBI - T A SR P R WP FRRE
WPRA BN A M e AL PR R 2 Ak B RE L 2R o T AR
W3] Hd AR R F S AB g R

TR RS o B R NS fBF 4] AL 1% TEAC 2 2

1

Frd AR KRR R EATE S pd AR AR ETFAL R TS
pd AN ERERFp st F R F o JI* KL LMY N4 2
B2 KRR RS TE 2 EBEER 2B R4 2R TRRSEL
FRRRM s TR RELTEG A A J A(COH)2 &
31+ pd AR(02 )25 * oo
1. Trolox % & 4% i st 4 (TEAC)Z ip| Z_

A # 2,2’—Azino—bis—[3—ethylbenthiazoline sulfonic acid] (ABTS) ¥
H,O, %2 peroxidase ¥ & > k# % ABTS 24 % d chiEd3 pd A
(ABTS™) » ** £ 734 nm F s fek % o F2F B2 F4g i d > v

4y N g:}’w”ﬂ; L 3 mfg’r 4- » & L\Z}L-}Ef_gl"_'_lﬁ f'_{_ ) ;f,’:bi i gi%@%& o 1
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7 I Jk B 1 6-hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid (Trolox) i

FHR TS RS F M R A AR T 3 0 uM Uk & 40 Trolox %

P B

At #t 5 k&1 TEAC (Trolox equivalent antioxidant capacity) e

HX-Fe" +H,0, — -X-[Fe" = 0] + H,0
ABTS + -X-[Fe'Y = 0] - ABTS* + HX-Fe""
HX-Fe'' = Metmyoglobin

X-[Fe" = O] = Ferrylmyoglobin
ABTS = 2,2 -azino-bis-[3-ethylbenzthiazoline sulfonic acid]

2. FE LA 4 2Bl e
BT g v S ¥ E L TiEF ik R ,;ﬁ“g
§ B R R (redox cycle)F i » ®F SR hg BT T F G reen

\fm

Apd Ao LAy FF i ik 7(Gordon, 1990) « & % f4 & Hag+
¢ P AL PR chef VR ¢ AR (L IE kT
(Yamaguchi et al., 1988) » §]* Fe’ ¢ ferrozine i &4 % ¢ F > 7
Pl P 3 g b4 > FHREL T L P s g v R
VA E A SR M E F o 562 nm k(B g'E A o

Fe*" + ferrozine — ferrozine-Fe*" complex  (violet)
3. B4 2Bl
* 3 & 1 & (prussian blue; K;Fe(CN)g) 4 = & 15 5 & &R &
EAE =t R AR G R (T IR e S Sl J}E’?i‘l%’jﬁr} o
% (potassium ferricyanide; KsFe(CN)y):® & = § o B (K4Fe(CN)g)

BEAfoFe’ % A4 F &L > 700 nmik £ )RRk E 0 kR

BLE2 288 FLHREORRA TR OBEBELAR 0 AT A
B 4 ’ﬁﬁ
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K;3Fe(CN)g + Antioxidant — K4Fe (CN)¢ + Antioxidant-oxide
3 K4Fe(CN)g + 4 Fe’ " — Fey[Fe(CN)gl; + 12 K*
4. & % pod A fsé“ 2R
L ® & AT 5 T 3% % Fentonreaction 22 ¥ p o 2 5 A&
CRZRFAF D3 PPEDF L F b h3 § 1R € & 2-thiobarbituric
acid (TBA)F A # TBA FM LB > 4532nm ¥ 5] ; k@

‘ﬁl‘{’z\’ri&\w\iiﬁd#}/ fﬂb“, 5. ©
02-7+Fe —>1()2+FCZJr

H,0, + Fe*" — -OH + OH +Fe’™  (Fenton Reaction)

Oy +H,0, 7% 10, + . OH+OH  (Haber-Welss Reaction)
5. AZ¥ 47 (SOD-like)i 'z #v 4 2 ipl T
Jl* 2LpEF KA R A A LY KPS (O ) £ 2 nitro blue
tetrazolium (NBT) % # ip| 4% &7 ",f A2F S 2t o AREZF
* phenazine methosulphate (PMS)£? NADH &% ¢ & 2 Az § 158+ >
- 2 NBT B & = diformazam>- 2t it & & 560 nm 7 & = STk

o I & j’%‘{; Bl F_560 nm JEuk Sk B s i > 15 arA 3

%T
>
&
4
3
T
4

Ik

o F AT R e R BT R TR LG ALY B
F 254 e

NADH + PMS — NAD' + PMSH

PMSH+20,—20,  +2H +PMS

NBT+2Cl” +40, +4H — diformazan + 4 O, +4 HCl

(Yellow) (Blue)

** PMS = phenazine methosulphate

NBT = nitro blue tetrazolium
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6. Frdlfg e g 42 =2 Rl

P T F 1t F 2R LAY L pedliE (ferric thiocyanate
method) » "3 2 FF 0 HRIZE I g FF L S
Bachi BF L4 B Fe’F it Fe'T o Fel't 8 SON F A 2
% d g § g & 47 [Fe(SCN)G 10 2445 & 42 500 nm it £ § B«

ST e g MARRAER LY PP R4S R4S

N

FUF 4eim o Tt o %gsi B8 500 nm £ iRk < ) o [f 7T AT

&g o
ROOH + Fe** - RO-+OH +Fe’*
Fe’*+ 6 NH,SCN — Fe(SCN)¢>~ + 6 NH,"

(z) % Rz & (natural antioxidants)

R AR B MR R A i AR F T B ch
* % (Cutler, 1991) » Flpt FE it L fad o JHIHAF WA LG
TR EMEPNELY SRS we s -2 DNA T i
Flbena & v R0 AMERE L oS TP R R R
it o ARG RD A Lanfng LA A Pk i~ 2T E -
PRy ENEIERCES BY R EFEY SRS R
FARALE 1 PR FURR >~ Pt B P A LR TR RS B OB
SRR TR FEGARE SR AR R T
FEG G VB o T AR T B SR B at R T kTR
Bl AR TR R TR E B L RF i Y

B b4 s BiupHdug 1 iEr s o
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\\\?{r
/
—
o
5
\\'Q‘"R_
J
N

- REHEEES

3 W3 40 T pERp Y iﬂwﬂ’—ﬁ P VLR P AR R A 0 T
WiE 0.5 mm e e o TEE Tl AL D B maig o 4
Wi IR R 0 BN20C T R AR o

& 37 % ek & B secoisolariciresinol diglucoside (SDG) % & 4
90.8% (HPLC Grade) > Fp # ¥ CHROMADEX = # (Santa Ana,
USA) - secoisolariciresinol (SECO)% & = ** 95.0% (HPLC Grade) ~
p-coumaric acid (CA)s & = >t 98.0% (HPLC Grade)# ferulic acid (FA)
R A 99.0% (HPLC Grade) » Pp 53 4 Fluka = @ (Buchs,
Switzerland) °

H v R % 2 2K linoleic acid ~ ammonium thiocyanate (NH4;SCN) ~
peroxidase ~ 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4',4"-disulfonic acid
sodium salt (ferrozine) ~ 2,2'-azino-bis(3-ethylbenthiazoline-6-sulfonic
acid) (ABTS) ~ phenazine methousulphate (PMS) ~ B-nicotinamide adenine
dinucleotide (NADH) ~ nitro blue tetrazolium (NBT) ~ L-ascorbic acid -
ethylene diamine tetraacetic acid disodium salt dihydrate (EDTA-Na,) -
2-thiobarbituric acid (TBA) - polyoxyethylene-sorbitan monolaurate
(Tween 20) % butylated hydroxytoluene (BHT) ptp # K Sigma = 7
(St. Louis, MO, USA) - sodium carbonate (Na,COs) ~ hydrogen peroxide
(H,0O,, 30%) ~ trichloroacetic acid (TCA) ~ potassium hexacyanoferrate (III)

(K3Fe(CN)y) ~ sodium acetate trihydrate (CH;COONa-3H,0) P p 1t &
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Riedel-de Haén = &' (Seelze, Germany) - gallic acid # Folin-Ciocalteu's
phenol reagent FE p 3% X Fluka = & (Buchs, Switzerland) -
2-deoxy-D-ribose % 6-hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid
(Trolox)F-p # B Aldrich - & 2~ 2 (Milwaukee, WI, USA) ° sodium
hydroxide (NaOH) % boric acid (H;BO;)f-p & 27 Panreac Quimica
S.A. 2> @ (Barcelona, Spain) » sodium dihydrogen phosphate monohydrate
(NaH,PO4H,O)pEp J.T. Baker = @ (USA)-ferric chloride (FeCl;-6H,0)
p p AR LEZEHRS ¢ A (Osaka, Japan) ¢ iron (II) chloride
tetrahydrate (FeCL,4H,O)FEp P ~ +h ¥ £ 1 ¥ $x 3% ¢ 44 (Osaka,
Japan) - methyl alcohol (CH3;0H, HPLC Grade)fp Mallinckrodt = &
(USA) - acetonitrile (CH;CN, HPLC Grade) £ p 4t B & 5 = &
(Darmstadt, Germany) ° 95% 2 f% (ethanol)F-p B X 5 % 7 o glacial
acetic acid (CH;COOH) ~ sulfuric acid (H,SO4)% hydrochloric acid (HCI)
PLR ST B k>3 T & (Taiwan) © n-hexane (CgHys, HPLC
Grade)rt-p % I TEDIA (USA) -

KIRL FEAF 9T % 2 ¥ ff % Bakezyme L 40 BG - Bakezyme
PH800 # Lipopan™ SOBGRLp %% T F %7 "I 7 o3 £ 2 En
4~En5~En6~En7 % En8 Fp NOVO Industry A/S (Copenhagen,
Denmark) ¢ En 1 (B-glucuronidase from Escherichia coli, EC 3.2.1.31) ~
En 2 (B-glucosidase from almonds, EC 3.2.1.21) ~ En 3 (a-glucosidase
from bakers yeast, EC 3.2.1.20) ~ B-glucuronidase/sulfatase (type H-2
from Helix pomatia, EC 3.2.1.31) ~ B-glucuronidase/sulfatase (type HP-2

from Helix pomatia, EC 3.2.1.31)% esterase (from porcine Liver, EC
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3.1.1.1)M A % K Sigma 2 @ (St. Louis, MO, USA) »
CREKA
(=) WP fTF L REKXA
B P RT-08 o B B3 Aad o
AR RFEE KFH 1 SB302 SAEREEERFF LD -
SLwiE= 483150 B o MARFABRFFF -

& +7 & % (35 mesh; 0.5 mm) : Bunsekifurui, Kuang Yang, Taiwan o

Iy

(5) FBE RS LR A E L RER A
@ + % T  B120S, Sartorius, Germany °
#& F B (Vortex-mixer) : Type 37600, Thermolyne, USA -
pH meter - pH 213, HANNA, USA -
128 -k F - B206-T1, Firstek, Taiwan °
200 mL * & (jacked)t 3 F &t B SR T RBREF 7 o
B i 4 f 4w 8 1 CF 15R, Hitachi, Japan -
# Rk HEHS ¢ RE111, Biichi, Switzerland -
SRR I 3 # % ' B403, Firstek, Taiwan °
kindd F FF ¢ A-3S, Eyela, Japan -
A7 5 A E % L Power sonic 420, Hwashin, Korea °
2450 1 FD-5N, Eyela, Japan o
(=) ®»xiig4p k47 & (HPLC)
HPLC * ¥ (HPLC pump) : LC-10AT, Shimadzu, Japan -
R ",% # % % (On-line degasser) : DG-4400, Phenomenex, USA

& p #5184 B (Autoinjector)  SIL-9A, Shimadzu, Japan -
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kT = 48 5] & P B (Prominence diode array detector) :
SPD-M20A, Shimadzu, Japan °
7 # a2 (Data processor) = Class-VP chromatography data system,
Shimadzu, Japan °
4 45 ¢ 1L (Analytical column) : Luna 5u C18(2) column (250 x 4.6
mm), Phenomenex, USA -
(B) BEBH &4 5 B2 F CLRIATE 2 RER A
3= 7 1208 55 % 45 ¢ S300, Firstek, Taiwan ©
& &Sk B 2+ Cary 50Conc., Varian, USA -
ER N
(=) %A I At x il |
FP-3kgahd TR ET-80°CA ik ? > 24 ] BFEIE B4 1Y
BRp S ko RS RERGhE Tl & ® > 0.5 mm & R

O EE o kS TR R AT S 0 B80T A kY R

,\~L

B dPERELAS -

HE-80°C 4 pf ko P & =t 428~ 500 g #hd L fpfFds k0 BT SLow
A= 2470557 o 4o~ 5 B2 n-hexane (viw) > 3R T IERKIEH P
TR P i L 125 pm o BT A E B W] ) PR
BEMEHC 0 & 4CT R 10000xg e 15 A4 BT kSR

v E = A 4ERELY 0 R P AR 4 R 2 n-hexane #E
W EB e FR DA PEE P ORISR AL NN LT
3 “,% n-hexane» 2. {6 £ M E Z # b i BB Fig% 40 C T i0% 5 )
P 52 (S 2 E 0 AT otk & 5 W% I R f & (defatted flaxseed flour,
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DFF) » & % 20°CA frkin® S5 g * » F - EHm2 25 o
(= ) DFF %2~ e
DFF % B4 cn®@ & [ A4 @] = > #Bm it 4o T !

KRB (pd 1)

F#2~ 10 g DFF > 4c » 1000 mL 2 35 -k > 30 3R 7 2 7 {4+ 1
JPE D 2 S E MRS 2 4ACT g 10000 xg s 15 44 o
FPARBRBPDEINREI Y B A GRS rE R SR KR
HEB$ o

AR (pd2)

%+ Shukla et al. (2003)7 j & e 1213 & 2. o 2B~ 100 g DFF >
fv ~ 668 mL 70%¢ FRiR £33 > BN IRFRIFH T 0B R BEF 55C
P 100 tpm FEF 6 o} BF 0 2 (e (T MR A o B 4CT
10000 xg &t 15 A48 F iR e B T B#g? > T R4 £ 4 » 294 mL
70%2 FE¥ag R L - HRIF 1) P ARG E R 0 B 4CT
i@ 10000xg g 15 48 0 B R ‘15'3’]329‘% R P /ﬁ‘@«}%‘fﬁé “,f z
fRis > BFEEZARICE > HTEORE L BEEP o
3. g ¥ R 5 P~4 (pd 3)

% Eliasson et al. (2003):37 % I 4e 11 i3 4F 2_ o §2B~ 100 g DFF »

4t~ 5000 mL IN NaOH > % f T ¥+ 1.5 ] > 218 * )k HySO,4

‘q

BEPHEL 7.00 £ M2 3 -k T F F] 6000 mL - #X 8 4 » 18000 mL

URE R E T30 4482 18 0 B~ 4k Hes A Y BT OMOR B o
B4 CT i 10000xg g 15 A4 e F AR 0 11 ,ﬁkfﬁ,k‘{ﬁé

%Q@Q’@F§§$ﬁ%@’%@ﬁﬁ%§%9ﬁ§%%°
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3 A

-y
L s
Y
BLRS 22 R
R
| e T | iR | ARE
kER CERR PEER FEER
Y A Y Y
KIE M E R LER B iy F BRI R IE P EI
#(pd1) (pd2) #(pd3) B (pd4)
— #ERE
\ | BERE
il
pd 22 8 K T AR
AN |
i F B2 B
3 2 BEABE
H SDGFEK % 84K, - #(pd5)
UAREHLED
Y Y A Y Y
Y Y *
Ay ERE
B RIL S HBENREIL A AT H
o HEZRE Z B E
% (HPLC) |
Y Y y Y Y l
Trolox g L e T
Troloxs | g pmam| | Baaw| |lame| |MEES
gl BTN RN Py FEBLE B AL
e hz He Bl AN (A R Hg JEREN:S) 5!%iﬁkc
e 2 A% hzBE | | hzRE .
B E Z A%

Bl= ~ Wi TRl R B Bl 2 FF 1R R TR AR o

Figure 7. Scheme on the preparation of extracts from defatted flaxseed

flour and determination of their antioxidative activities.
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4. Bl fR 5P (pd4)
(1) #RJLiE 2 2 734
##P~ 0.1 gDFF> 4 » 10mL # f pH £2 0.2 M % #% & (pH 6 ~
pH8 pH9 2 pH10)> ** % FE A (30°C ~40°C ~60°C ~80°C 2 1007C)
T2 LT TR MR & 4CT Mg 10000 %g
Yoo 15 A4k P ERED > 11 045 pm i R S R 14 38 7 HPLC
45 0 11 DFF 2 #4& RS2 #718 ch SDG %8 5 100% > # 5 117 b #
AT 0% % 4 DFF 2 SDG 3% o 45 7] SDG 3% 5§ «hif 4 14 >
£ 8- HFEAEFABAFEFO0-05-1-2-42 6] F)-
(2) /LY fE 5P chl B
Eyp bt Tk M BGEOEEITE H T pd 4 2 WH o B
10 g DFF » 4 » 1000 mL 0.2 M F#p4 4 5 7% 7% (pH 9) » % 80°C ™ #¢
AP AT REER 4o~ 1000mL T fE 0 2R 18R T UE B

B 4CT rkiE 10000xg g 15 A4 Jo b R > R R kS

TR R A A TR R R BT B
5.pd2 2 kiR A ¥

MhFEREFDLEEIPS(pd 2)5 R 0 F A B EEE KR
iT% 4 pd 2 {7 SDG 2 #2585 428~ 0.1 gpd 2> ;3> 100 mL 0.2 M
¥ WA R P 4v 10%p% % (w/w of pd 2)> #7i¢ * erfix% & 35 Bakezyme
L 40 BG ~ Bakezyme PH800 ~ Lipopan™ 50 BG % esterase * fi¥ % 75«
WokfRiE R R TR EDOT AR - T 0 F B8RS 0 B

AoKiE T e 1S AR EEE LSS AT ER o R BEFHER

.

o B 4CT g 10000xg g 15 A 480 e B b R 417 0.45 um
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T R

Table 1. General characteristics of enzymes used in this study

Enzyme' Optimum pH & Type of enzyme Active
temperature
Bakezyme L 40 BG pH 7, 50°C lipase 0.04 PLI/mg *
Bakezyme PH800 pH 8, 50°C lipase/phospholipase 13 PLI/mg
Lipopan™ 50 BG pH 7, 50°C lipase 50 units/mg solid
Esterase pH 7, 50°C esterase 184 units/mg protein
En1 pH 6.8,37°C B-glucuronidase 1724.4 units/mg solid
En2 pH 5,37C B-glucosidase 2.1 units/mg solid
En3 pH 6.8,37°C a-glucosidase 5.7 units/mg solid
En 4 pH 5,37C cellulase 1600 EGU/mL >
En 5 pH 5,37C carbohydrases 83.3 FBG/g*
En 6 pH 5,37C pectolytic enzyme 26000 PG/mL°
En7 pH 6.5,37°C B-galactosidase 0.1 units/g
En 8 pH 5, 65C cellulase 700 EGU/g
HP-2 pH 5,37C B-glucuronidase, 104800 units/mL,
sulfatase = 1000 units/mL
H-2 pH 5,37C B-glucuronidase, 98800 units/mL,
sulfatase 702 units/mL

"Esterase, En 1, En 2, En 3, HP-2 and H-2 are esterase (from porcine Liver), p-glucuronidase
(from Escherichia coli), B-glucosidase (from almonds), a-glucosidase (from bakers yeast),
B-glucuronidase (from Helix pomatia, type HP-2) and B-glucuronidase (from Helix pomatia, type
H-2), respectively. Bakezyme L 40 BG, Bakezyme PH800 and Lipopan™ 50 BG are commercial
enzymes. En 4, En 5, En 6, En 7 and En 8 are commercial deglycosylated enzymes.

2PLI unit is the amount of enzyme needed to produce 1mol free acid per minute at pH 7.5 and
37°C for a neutral olive oil/water mulsion.

3 EGU means endo-glucanase units.

*FBG means fungal beta-glucanase activity.

> The standard activity PG is determined by the measurement of the viscosity reduction of a
solution of pectic acid at pH 3.5 and 20°C.
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i R B o 15 38 7 HPLC A 45 0 12 pd 2 B ##k EJ2 #718 ¢0 SDG 2,
E5100% #EM3 PR ARHpd2 238 d B 5V miz4f
%% 4 SDG enff s fis > Tt > Ay 3 WK pd2 2 h kR
A o
6. g fE 5 P2 A -KfRA Y (pd>S)
(1) FepEie2 b2 23 b i

f1* 2 FpsE k-kf2g 7 CAGFAG %2 SDG &% %q I; Jir sk 5
Podr o MUEFER G 7 kPR N CASFA 2 SECO 2 ¥4 - f#5-
0.1 gDFF>4c » 5mL INNaOH> & %8 F#+ 1] FF{s £ 4 » 3mL
02 M Efbrait » 2 15% )k HySO, I e 2§ 62 pH £ 13 3
F R EZEI I0mLe R i g BER T A BR4pfE2 Enl~En2-En
3“En4-~En5-En6-~En74-En8 & J& 8 - P& » ¥ & ehdeifi K 305
EORGRE TR ENT AL - 1T o RIS E AR e 15 4
SBRFEAAXEE AT FE £ 430 mL " B ART 10
Ao RISEF MRS > A 4T T iEE 10000xg B 15 A4k
Yo B F AR > A1 0.45 um i g i g (6 18 7 HPLC 4 47 o

(2) 4 B-glucuronidase from Helix pomatia (HP-2):& {7 i % -K ji#

%% Obermeyer et al. (1995)é= j 3 4v 11 i3 &7 2_ 0§28~ 0.1 g DFF
2 0.02gpd3 A %4 » 4mL 0.2 M i padh 3% B3 % (pH 5) » 21575
4 200% B-glucuronidase from Helix pomatia (HP-2) (v/w of DFF or pd
3 R3TCTF 24 BB AR e 1S B R R A ST
AP R o F A4 mL TR RUEEFHERES > A4CT NE
# 10000xg 3o 15 4 48 > ol R 0 A1* 045 um i R R
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{4 i& 7 HPLC A 45 o
(3) #7éFiE | £ &2 HP-2 150t )
e @40 5% En 4 (VW)E G 7 rhpE 2 i 4 o T R

R
CAGrFAG #3#  2pEA 1 CAfr FA» a3 SDG A 3 » # 3

Ik

7R F R (v g2 S SECO 5 A 200% HP-2 (viw)R|+
#- CAG~FAG v SDG it - ﬁ*?’",fﬂﬁ%fﬁﬁ #& 4% & CA~FA 4= SECO-
Flitie- H e EndfrHP-2 2 pE 2 # % kA A7 PEER @ * Ik
B4t DFF frpd 3 22 B85 12 2 v e d fif% 4 2 3 peocsd o #7728~ 0.1
g DFF £ 0.1 gpd3 > 4 » 10 mL 0.2 M fis fe 40 5 7% % (pH 5) > X 1S
A J’J‘éc 10% ~ 20% ~ 200% (v/w of DFF or pd 3)s7En 4 & HP-2 > ?
37CTF 24P B 2P Rip P e IS5 042 & 51 0 4 4P
IFE o FE A 10 mL 7 g RGBT EEAC 0 A 4CT g
10000xg & 15 248 > e f FER > 1% 0.45 um o036 g "B g 16
i& 7 HPLC 4 7 -

(4) M7 P End R RREFEEF KR

##7- 0.1 g DFF & 0.1 gpd3 > #4c » 10 mL 0.2 M fi 4 % #7% i

(pH5) 2R s % J‘},’]& 4r 50%~100%~200% (v/w of DFF or pd 3)s7 En 4 »
E37TCTE R24 [ BF o B AR e 1S AdBRPEE A ST
AErE R B Aer 10mL T AR AR{SEF MRS > A4CT N
i# 10000 xg & 15 248 > Jc B F &R o 1% 045 pm o538 g "B g
{61877 HPLC 247 > $$ 3 bif g o2 @ * kR -
(5) " Rt 2R kAL PR

F=2- 10 gpd 3 > 4 » 1000 mL 0.2 M fiz f 4 5 #8753 /% (pH 5) > X
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= 7 #r 200% (viwofpd3)shEn4> &37CT F 24 | > B » Aok
Y B NS A BREEZAEE 4TI R R Sv > 1020mL T fE
RisF MR > R 4CT g 10000 xg g 15 ~ 48 0 jc g b
it o VR R g "$ VERfS 0 BITE R AN TR R GG R
TR fE R OKRAL o
(Z)DFF §34o ¢ Apd 2 86 i &4 5 £ 2 502

Ak 2 Hi gt £z £ %3 Eliasson ef al. (2003)e07
2 B 2 BS5SFADFFE B4 1150%2 pedh % > pe®lE R 9 5 1 mg/mL
otk w5k 0 £ 1% HPLCA 4720 0 #7i¢ * g 41 % Luna Sy C18(2)
RoA7 g4 B2 5 250x4.6 mm 0 R F A £ K T 5280 nm > Tiad ]
mL/min > L 588 4% 5 20 uL > # #4003 /% @ 35 A=5% acetonitrile in 0.01
M phosphate buffer, pH 2.8 2 B=100% acetonitrile > i& {7 - & 4~ 47 » 01
304 48 0 AU R 0 SR Brend 4o BiA R 2 1 100% ATE T 70%
A>30132~ 481 R 4eB3iR @ H70%A% M130%A 32145448
#30%A > 454 485 0k 247 o th& ¢ SDG ~ SECO ~ CAfrFAz. 7 € &_
BAEE R BB R B 150% Al < kA 550
pg/mL o XA CAGfrFAGZ 15 3F & 2 pEiF > Bt 1 CA{rFAZ R4
SHREMRK G E & ? CAGIrFAGZ 7 £ (Cacace & Mazza, 2006) ; #-
CA{rFAZ {52 573 % (1 mg/mL) 11 50% 7 f} i 7 AR > fe il &k &
%25~50~100 ~ 200 pg/mL > £ i& FHPLCA 7 » #-ff &4 o f B &+
~ Excelfa= {84 R > 72t 8 Iw b M2 AN K G EEEY

CAG{-FAGz % £ -
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(2 )DFF B4 ¢ Mpssgic L4 5 £ 2 0 %

BESHE I £y £ %% Julkunen-Titto (1985)e53 j2 Bl 2.2 ; #-
5# DFF 5 B~ 11 50%¢ fa4p % > pe®ER 9 5 1 mg/mL ik 5%
RO R EBEFRRFEC S 7 E 2P T o B 50 ul & &% % (1 mg/mL) >
4v ~ 1 mL H,O 4= 0.5 mL Folin-Ciocalteu’s phenol reagent & » £ 4v »
25mL20% Na,CO3323 /R &>+ 2 B T#E 20 ~4af A kLR
B 735 nm 2ok {E o U A ek B gallic acid A B AR o 5T
B2 28 e ERNIEE < gallicacidz § £ kR » HH =
i F Lk &2 gallicacid 2. 4 £ % 5. #ic(mg GAE/g Sample) -
(Z )DFF %34 ¢ Fg i 52 ip 2

#-5 48 DFF %X B~4 12 50%¢ f3fR% » pe®lER 95 1 mg/mL >
£ 12 50%2 Rk SRR A k& 5 50~100~150~200~250 pg/mL
2 kiR BT R BRI
1. Trolox & # 4% & # (TEAC)Z ip| Z_

DFF % B~3 cn TEAC B = H_% % Arnao et al. (1996)=17 2 & 4r 12
i AFZ_ 5 B4~ 1.5mL 2 33 -k ~ 0.25 mL 1000 uM ABTS 7% 7% ~
0.25 mL 500 uM H,0, %# 0.25 mL peroxidase (44 unit/mL)3= 3 ;& & > >t
BETHE | EFALETESI 2 ABTS B4+ pd A5 £ 4
> 025mL 2 7 kRO Trolox tei- > #FE 10 ~ 451 14 Kk R
B 734 nm 2. ¥ K B0 A Trolox 2. ¥ £ %> DFF 3 B4 (g B e + o
RS E d Trolox g £ > E HApd kR o — 4 TEAC ¥ ¢
mM : H > FH &S TEAC 7 2mM > & vk 1 mM P85 40 %
%+ 2 mM # Trolox < TEAC ﬁ B RA L Py L Iiﬁ B o
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2. KL LT Y LRl

DFF % B chic & T 435 i 4 2% % Dinis ef al. (1994)h- i
Bl E 2 B~025 mLik&3® o 4o 0.8 mL P fE323 R E 5 4o x
0.025 mL 2 mM FeCL-4H,0 » & if 30 #%5 » £ ¢ » 0.05 mL 5 mM
ferrozine » > F JE T Y 10 A 45 = T A kR B 2P 562 nm 2. vk
kg o Fral e 50%e fig B~ 5 o Fe’ e ferrozine 25 & c4f & &
562 nm F s Z ek > EFeck BARK > A TR EA S T#aS i
4% -
Chelating effects % (capacity to chelating the ferrous ions)
= [1-(Asample at 562 nm=Ablank at 562 nm) / (Acontrol at 562 nm=Ablank at 562 nm) ] X 100%
3. B R4 2Rl

DFF %24 iRl 4 #_%4 Oyaizu (1986)77 % Bl 2 2 ; B~ 0.25
mL # 573 7% » 4~ 0.25 mL 0.2 M #4578 % =% (pH 6.6)% 0.25 mL
1% potassium hexacyanoferrate (III) > >+ 50°C-Kix ¥ & 20 & 45 > P:#
/£ P15 4 ~ 0.25mL 10% TCA i3 i (73 % 95%2 fiR)> 12 10000 xg <
3 A4 B R 05 mL 4er 05 mL 245 k2 0.1 mL 1%
FeCly6H,0 7 i (73 %+ 3.5% HCI)R £ 355 4 3 10 4 482 ™ 10000xg
oo 3 048 0 U EREZER 700 nm 2o rx kB 0 PRk B ,ﬁr’s‘ % 7 iR
Rt g e
4. 3 % pod A fsé“ 2Rl

DFF 5% ¢4 % p o éi"/f 4 & %3 Ghieselli et al. (1998)
1 Epl w2 5 B 00 mL R i3k 0 4o r 069 mL 7 2.5 mM
2-deoxyribose 2. 0.2 M #ifis B & =iz (pH 7.4) > £ 4 » 0.1 mL 7z 1.04
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mM EDTA 2. 1.0 mM FeCly ki3 > 323 R & > 3 37C-Kip T 4 »
0.1 mL 10 mM ascorbic acid 2 10 uL 0.1 M H,O, ° * & 10 » 45 > £ “¢
> 0.5mL 1% TBA 2 1 mL /4 28% TCA > 323 R &1 » B » A -KiE
Podvgh 8 AR o R AEE s B ora A Rk B 2R 532 nm 2 vk kB o 3
#1202 50%2 fg B~ R &
% Inhibition = [1-(Asample at 532 nm) / (Acontrol at 532 nm)]X100%
5. 4% g (SOD—like)iFi“,f e 20 0P

DFF 534 cidg § 1485 A #_%% Robak fr Gryglewski
(1988) e 2 Bl % 2 5 12 0.1 M Bife 3 3 7% (pH 7.4)fe %l 240 uM 2.
PMS ~ 1872 uM 2. NADH % 600 pM 2. NBT %37 » X {8 P-ff -
TR EeR S5 0% 0.5 mL & B &2 Z 84 2 PMS ~ NADH 2 NBT %
RIBIRE S AZETEE S AR WL kR PE 560 nm

Ak G o o]t S0%e PRE R R Rk g IR TR 4

'

a2

3% ©
Scavenging effect % (#r4|NBT:R J cic 4 )
= [1-(Asample at 560 nm) / (Acontrol at 560 nm)]¥100% ©
f—, (%) 4 % % /i“fic,i EHLF A4 g e

6. Frilfg Fa s it 42 =2 Pl

DFF ¥ P~ cnndr| fq & 8§ i 4 2 & £ %< Mitsuda e al.
(1996) 1= 2 ip) % 2 ; B~0.5 mL 7 I ik B chfE 573 5% » 4¢ » 2.5 mL 0.02
M linoleic acid emulsion;% ;% 2 2 mL 0.2 Mgific B % fiFie (pH 7.0) > =
E 13T CHRYT & - KPR P-4 kfr & f4s2 (ferric thiocyanate)
PIEHTEE b o HPla 2 24e™ 1B 2 i 50R £7%0.1 mL >
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& B 4e ~4.7mL 75%¢2 fgi5 % ~ 0.1 mL 30% ammonium thiocyanate 2
0.1 mL 0.02 M FeClyi3 % (i3 *t3.5% HCl) » r i € H323 R & » # 5 3
A gl kR R 3 RI500 nmzo sk (8 o dr ] el 50% e fig B Rk
Fe o Wk AR MR o R S ARy T PRARSE o R endry 1A 4 e
FaE A idEF 144 2 4t (Inhibition of lipid peroxidation; IP %) #
o0 HEARF &7 ki (b a0 4 4&5% o 225 238407 (Duh et al,
1999) :
Inhibition of peroxidation (IP %)
(capacity to inhibit the peroxide formation in linoleic acid)
= [1-( Asample at 500 nm) / (Accontrol at 500 nm)]*100%.
T~ B3t AT

WEEE TR BRI E 2 4 N T 5E £ % L (Mean +
SD)# -+ » ¥ 4% * Statistical Analysis System (SAS) 8.0 < 2_ %3t fic 48
7 % B #ics 5 (ANOVA)E? Duncan’s multiple range test 4 45 2 +“ fi k2.

P ELBfRR o
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3 4L by 2 1 =)
R

7

=~ BRI el 4 A (DFF) el

B 4ok = 5 3000 g h; g A5 8 B R 6 (517 1) 2260.71 g ¢h
TREB A A5 5 7536%  FIRREARL T RlEp AR? b
0.5 mm chéF e ST A T 8 25%A S o L A G D 2
E B L A ARRE 2 (40°C)is % 14 9 5] 1212.19 ¢ DFF > &
F 5 A4041% 0 L RRERAY BT RS 46.38% ¢
= ~DFF 324 chfl if if 4353

pAAA? SDG * F MERESF AL T & SDG 2 F A w2
HMGA #) S it g o - A2 - iR EAFEREF gl ¥ &4 5
® SDG %2 4 B HMGA # & 4p 3 &t 4% & = ch(Kamal-Eldin et al.,
2001) - R £+ £ 59 sk /ed2eik SDG & HMGA 2. B enfig4t >
4 i %) SDG 48> @ SDG 17 4 e pERE A58 » #7102 & % SECO
B kg 2475 ﬁ%ﬁ*-@é—ﬁvkﬁi o FIPt AFTE A B R E P L R R
B gAY s BEST fofE R K f2 % 2 2 % DFF ¢ chisdEit 2 4 54
ks B AL S Epdl~pd2-pd3~pd4dfrpd5e HY pdl 5
ERETEARZIEI ) FEETEIRERSS FicEn Fopd2 5

%% Shukla er al. (2003):0= 2@ @ &% > pd 3 5 %3 Eliasson et al.

»

(2003)i= =@ G - 13 pd4 2 pd 5 PGl iF AR R AT S
(- )pd4‘§ilﬁn+z x 31
I dig A gT BT 1 G e E B E R SDG o A R g 4 R

A F %2 A 4 lysinoalanine % & % (Schwass & Finnley, 1984) » % #&
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Table 2. Preparation of defatted flaxseed flour

Weight Yield'
Sample 0
(2) (%)
Whole flaxseed 3000 100
Milled and sieved flaxseed flour 2260.71 75.36
Defatted flaxseed flour 1212.19 40.41

"Yield (%) = (sample weight/whole flaxseed weight)x100%.
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& % 7 cysteine 3 serine > > pH >10 T ¢ & 4 dehydroalanine » ¢ ¥

A4 € £ 2 lysine ¥ s A5 = lysinoalanine> v £ 5 £ B A& v 4 >
Flet g A G e At ag S Bl TR 2 gl R
& = fi¥ % 4r lysyl-tRNA-synthetase » & pd 3 %l & & 42 ¢ "f 7

1\“‘

)

LY Aoz U R AJE > BRART ML S Horhden TR T koo i
"% ™ lysinoalanine %% § > & AFT 3 (v Hp F R R fo iR B 2 dod
REE AL AP R L R R AR R AR AR

HA o
1. # ST %2 4573

W~ 5432 FiE AR 2 pH 3 DFF ¢ SDG i cd 2 g5
R @ A peai el e pHZ 02 M % #% %(pH 6 ~ pH 8 ~ pH 9
2 pH 10) > ** 7 |8 & (30°C ~ 40°C ~ 60°C ~ 80°C 2 100°C)™ ¥ J& 2
P EE B B R i 7 HPLC 4 470 12 DFF ® ¥k BJd? #1718 0 SDG
BE 5 100% 0 12tk B A b #UGZIE 2 4 DFF 2 SDG f#2c % >
B% BT oY pH 6 BFAEF 4o 2R B i Se B SDG %k B ¥ ey
4v 5 pH 8 PFiF 4 100°C shiJ® e 8 SDG 822 & &8 ¥ (P < 0.05):%
W H @ A HGE R 5 A ¥ pHO 22 pH 10 BFSE % e #08 B 0 4c 2 SDG
B AR 280 CH SDGHE FHFFHLOER » A4
4 82.25%%7 88.2% B P 1 pH 10 ch SDG i f g » e gt 2k
B BFHaFaL o F R pH 9~ 80 CHF 5 i se ot
pa -

Bl 543 pHO80CT™ % iP5 4 DFF # SDG 3% &
2. 325 DFF *t 0.2 M Fpadp % 673 R (pH9)2 80°C ™ » 57 IF 4t
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Figure 8. Effects of different temperature and pH on the release of SDG
from defatted flaxseed flour (DFF). The heating time is 2 hours. The
amount of SDG released from DFF using alkaline treatment is defined as
100%. Each value is mean + standard derivation of three replicate
analyses. Means with different letters are significant differences (P<0.05)

by the Duncan's multiple range test.
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Figure 9. Effect of heating time on the release of SDG from defatted
flaxseed flour (DFF) in pH 9, 80°C. The amount of SDG released from
DFF using alkaline treatment is defined as 100%. Each value is mean +
standard derivation of three replicate analyses. Means with different
letters are significant differences (P<0.05) by the Duncan's multiple range

test.
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FRO~05-~1-2~43% 6] )5 » gr.w Bt %27 HPLC 4 47 »
v DFF B #4k &32 717 cn SDG 28 5 100% > 11t 3 5 37 fo 4o £4
P54+ DFF 2. SDG #c % » % % A or > " F e P ehs 40 2 SDG
Boxg s FRH A B FLEE T 47 SDG e F 5 75.61%
Fpt AR 7 W # pd4 eniE it 5 pHO ~ 80°C et 2 /| P& o

10 g DFF X pH 9~ 80°C4c# 2 /[ FF 2 ¥ R 5B~ ~ 3p.w ~ 1 B R

LRicEs o rE A i HPLC 4 47 > H SDG 'E' ¥4 348

=

mg/g > #% % %) 21.79% (data not show) » +* % if i 2 £ 24 th % (0.1 g
DFF)ip £ ¥ % > fap|#E2 05 A ¢ wF B A E SOCTFR4F &>
it 17 DFF ¢ SDG A it i o[ PFp Sva anff 2 d koo Fpt e £ H 4
BERFL 4 )P 3 pH I~80C T4 4 [ pF > L7 BRED 32
ooy FERL KicES o TESAP S pd 4 SDG % £ % 7.48
mg/g > 35 K 46.84% o
2. Pk AL © 2 4F7

AT EE AR PRt o NF EERES P 2 B R
B AP PR E ¥ pd2 ¢ SDG 2 2B Bl 5 7 k%
% 28 pd2 @ SDG fxg 2 B8 #-0.1% (w/v) pd 2 i3 3% & &%
25 pHEZEB3 R AW Fio 4Bk 10%* "o R B% % (W/w of
pd 2) » # 3% Bakezyme L 40 BG ~ Bakezyme PH800 ~ Lipopan™ 50 BG
% esterase > il B A TR B8P B M Ak S 15 4Tk
F¥ % 4 515 0 BBt B iR 7 HPLC A 45 0 12 pd 2 E 454k A2 #7
Fe1SDG BE 5 100% > 38 07 g E A2 ¥ pd 2 22 SDG #

o HRBA P ARG A dle s SDG 2 2
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Figure 10. Effects of different enzyme treatments on the release of SDG
for ethanol extracts from defatted flaxseed flour (pd 2). The amount of
SDG released from pd 2 using alkaline treatment is defined as 100%.
Optimum pH and temperature for enzymes: Bakezyme L 40 BG, pH 7,
50°C; Bakezyme PHS800, pH 8, 50°C; Lipopan™ 50 BG, pH 7, 50°C;
Esterase (from porcine Liver, EC 3.1.1.1), pH 7, 25°C. Each value is
mean =+ standard derivation of three replicate analyses. Means with
different letters are significant differences (P<0.05) by the Duncan's

multiple range test.
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0.56-11.9% > 2 @ 11 % /,"J‘ 4v Bakezyme PH800 srd-+| e kg 5 3 H T
fe endydlie » T  FIS 4 mdpdley g B o0 A oRiEY el 15 2
48 > F 7‘;‘7’124\: Bakezyme PHS800 #7+#]% % 4 pH 8 T ~ & » @ H i» f%
etz F R E A pH 70 d kBN S EIT R %V B R
R jckkac AL R B L b enfigsan B H A SDG o Flpt @ A R 4
Bakezyme PH800 4l H SDG 2. f#xFF 3> H virdle o
Bakezyme L 40 BG ~ Lipopan™ 50 BG % esterase t1f% % 2 2 22 H 1

s (without enzyme)'* # > % ¥ A% FRalk¥Faoi® ; m Bakezyme
PH800 =i 2 /o g2 e £2 4] % (without Bakezyme PH800)'" & » —JF",
1SDG % B F g 0 (5% A 8] 5 30.37% 11.99% o 5 & 14 b
% % ¥ 4 Bakezyme PH800 % 5 *7 % % B & 4 ¥ fadliz it 4 - fe SDG
B S 19% 0 Tt AFT A AR AT s N K pd 4o @ 4R
HMAESE B4 #5135 pHO ~ 80CCT se#t 4 | P o
(=)pdS @ i

@ fed 14 fepE AL AR SECO hfid ook Bpiepbl A A
SDG % (Prasad, 2000b) > @ SDG 3 EpERE255" » ot 5 & % SECO #
T RF R A TIPSR @ F £ 1% B-glucuronidase (from
Helix pomatia):& {7 f% % -K f#(Obermeyer et al., 1995) & %% T & {7
fé-K f#(Mazur et al., 1996) 2 fﬁi{ kit Efenitiz » Ra % R
PR EIRKIEIAZF AP R F AT LRI B EREE KB
it B-glucuronidase (from Helix pomatia) » -K &% " 7 Fir 4k 3 4 11 8

i3 BB S AT 1 & d7 4o CA ~ FA 2 SECO -
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1. pepEiy3 “,fﬁ%z’%i %% &3
302 LA AR E KRNy I 4k 5 3 (DFFa)$t 8 s 47 1
&Y kB2 P DFFa i DFF E 4% Tl s #T {7 chE Bogr
DFFa 7 fepE48 CAG~FAG 2 SDG- ¥ T 5 f¥ % 2 X F » # 1% (W/V)
DFFa > >t 2 WpEZ2 B g pH EZ2 B R T vk - ) /,,\EAJ;?J&%‘: En1 ~ En
2~En3-En4~En5-En6~En7 % En8> # ¥ En4-~En5-Ené6 -~
En7 2 En8 &7 %p¥% > Jteihik & & 5% (v/w of DFFa)> @ En 1
En 2 2 En 3 % % i p-glucuronidase (from Escherichia coli) -
B-glucosidase (from almonds) % a-glucosidase (from bakers yeast) » 7t ¢
gk B 5 0.1% (w/w of DFFa) ; DFFa &2 i 2 ~ Jis 8 /| BF1s » & » Aok
EP RIS A EBREFAE P ETHBERE R ERES
HPLC » 47> B %4c& = »En1~En3 2 En7 -k fEi8% » $fs 5
it &4 CAG~FAG-~SDG -~ CA~FA 4= SECO z 7 £ &4 8t &
alpFaoLBeom En2-En5 % En6 vk fE] s 4 “,f CAG % FAG
Friim i A CAZ FA; En2ivkfzic? & # CAG 2 FAG eh3 £

Byl et BB F AT R T 90.72%2 100% 47 41 CA 2 FA

3

FEL B F a4 0 27 o En 240 %td % CAG 2 FAG A&
miEE s CAZ FA; F#EnS+ ¥ &8 CAG %2 FAG oz £ 284
EOLREF RN > BT 100%% 18.49% 0 4p¥en CA 2 FA 13
B4 BEFSHeod ¥ EnS i F ook K,f CAG A = 3 = CA>
e ¥ FAG R Z 384 2 “fﬁ%z’%rﬁ #i = FA, FHaEn6» ¥ i CAG
2 FAG eh3 R E 48 Bg ¥ e 145 25 7 69.14%% 5.34% >
IPHNCA R FA g B4 B F enff4e - 27 o En6 BI04 2 %
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Table 3. Effect of different enzymes hydrolysis of 1% (w/v) DFFa' on the content of

phenolic compounds

Phenolic compounds® (ug/mL)

Enzyrne2
CAG FAG SDG CA FA SECO

En1

without 724+0.19°  3.06+0.07° 33.06+0.75° ND* 1.23 £0.04° ND

with 7.40+£0.19°  3.55+0.08*  34.03+0.81° ND 1.40 + 0.04° ND
En2

without 6.57+022°  2.76+0.09° 31.83+1.03° ND 1.11+0.12° ND

with 0.61 +0.01° ND 3210+ 1.01°  5.12+0.14* 371 £0.10° ND
En3

without 628 £0.06° 2.87+0.06° 27.95+0.71° ND 1.14 +0.03° ND

with 6.21 £0.10° 2.82+0.01* 27.87 +0.58° ND 1.22 +0.01° ND
En 4

without 567+0.04  2.61+0.03* 31.41+051° ND 1.23+0.01° ND

with ND 1.38+0.01° 26.48+020° 6.53+0.03° 2.54+0.02° ND
En>5

without 520+0.15°  238+0.07°  29.50 +0.92° ND 1.13+0.03" ND

with ND 1.94+0.03° 28.95+0.52* 5.85+0.16° 1.62+0.03° ND
En 6

without 580+023"  2.62+0.12* 27.28+1.17° ND 1.12 + 0.06° ND

with 1.79+0.03°  248+0.01° 27.92+0.25" 4.49+0.03" 1.66+0.01° ND
En7

without 599+0.04° 279+0.03* 27.38+0.24 ND 1.08 + 0.02° ND

with 621+£0.16° 2.77+0.05° 27.15+0.33° ND 1.14 +0.03° ND
En 8

without 567+031° 274+0.16° 27.44+139 ND 1.10 £ 0.07° ND

with 420+0.10°  2.60+0.07° 21.48+0.40° 0.68+0.02° 1.02+0.03" ND

" DFFa means defatted flaxseed flour (DFF) by direct alkaline hydrolysis (IN NaOH, 25°C, 1hr).

2En 1, En 2 and En 3 are p-glucuronidase (from Escherichia coli), B-glucosidase (from almonds) and
a-glucosidase (from bakers yeast) which use 0.1% (w/w), respectively. En 4, En 5, En 6, En 7 and En 8
are commercial deglycosylated enzymes which use 5% (v/w). The hydrolysis time is 8 hours.

3 Each value is mean + standard derivation of three replicate analyses. Means with different superscript
letters between the without enzyme versus the with enzyme are significant differences (P<0.05) by the
Duncan's multiple range test.

*ND means not detectable.
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#3143 F kR End 2 EnS8 @it £F kR 2B -

4w 5333+ F kRS En4d % En 8 KfZ DFF & pd 3 ¥+ faug
CErERZFEDFF S R EF > @ pd3 7 fepEd CAG ~ FAG
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=) 4 End & En8 > HIER A S 5 10%F- 20% (v/w of DFF or pd
3)r F 24 [ B B o AREY AR ISABRREE RS LT
FR¥ B2 3Bt %27 HPLC 445 > %% &+ » 4 "2 En4 2 En
S kiEDFFF Bt £ s 2o dle v ¥ i g 4
TS fERER T R MERES Y A ok Rd ko F 2 End
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Table 4. Effect of hydrolyzing 1% (w/v) DFF or 1% (w/v) pd 3 by En 4 and En 8 with different

concentrations on the content of phenolic compounds'

Phenolic compounds® (ug/mL)

Enzyme2
CAG FAG SDG CA FA SECO
En4
DFF
without ND* ND ND ND ND ND
with (10%) ND ND ND ND ND ND
with (20%) ND ND ND ND ND ND
pd3
without  38.99+0.47° 17.26+0.09° 198.39+2.55* 5.08+0.04" 3.47+0.12° ND
with (10%) ND 7.20+0.03°  152.87+0.72° 15.68 +0.00* 5.05+0.02* 19.93 +0.01°
with (20%) ND 3.04+0.00° 121.88+0.13° 17.61 £0.04* 4.75+0.00° 41.10 = 0.24%
En 8
DFF
without ND ND ND ND ND ND
with (10%) ND ND ND ND ND ND
with (20%) ND ND ND ND ND ND
pd3
without ~ 41.10+0.33* 20.49+0.33" 198.98+0.42° 6.13+0.01° 2.34+0.58" ND
with (10%) 28.39+0.01° 19.77+0.01° 187.51+0.79° 7.53+0.07* 1.43+0.03" ND

with (20%) 17.32+0.06° 17.32+0.06° 178.58+0.94° 7.36+2.02° 1.91+0.03" ND

" DFF means defatted flaxseed flour; pd 3 means alkaline and methanol extract from DFF.

>En 4 and En 8 are commercial deglycosylated enzymes. The hydrolysis time is 24 hours. Percentage (%, v/w)
in the bracket means (volume of enzyme)/(weight of DFF or pd 3).

3 Each value is mean + standard derivation of three replicate analyses. Means with different superscript letters
between the without enzyme versus the with enzyme or between the with (10%) versus the with (20%) are
significant differences (P<0.05) by the Duncan's multiple range test.

*ND means not detectable.
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7 R aAES 0 2 10% En 4 @ 0 4 B[ KT 100% ~ 58.29% %
22.94% 4p $F 51 CA~FA % SECO 7 ¥+ B ¥ crf 4> % 4 57 10% En
403 vt %k CAG pEk A f4 & CA» %2 4% FAG # SDG ik #
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E'Jﬁ&ﬁ"%ﬁjﬁéf’?ﬁ{ /%)imEnél-g /’J(ﬁZF’FA;gU En
8 Kf2pd3 P& "EEFFEZ ik
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‘-\\}

FEAZ 2 Aw g%k GENEn 4L RERpEWEE e
Tﬁ%;ﬂ;? x4 5% En4 ¥ g ¥ CAG = > # 3 = CA>» FAG R 4 &
= FA > &% 4% SDG # 3 = SECO > 2 10% En 4 35 #- SDG 308 4
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(Obermeyer et al.,1995) > #7252 3 %+ H > ;2 HP-2 &k -k f# DFF
g pd 3o gttt > w fI* B-glucuronidase from Helix pomatia (type H-2)
KiE{TEEE-KfE 0 v 7 F A & 90 B-glucuronidase 2. 2 s > H-2
¥ HP-2 5 4pF kiR 2 I 3] i e B-glucuronidase » ‘& 5 M4 & HfE
% > HAxE A A w5 98800 units/mL £# 104800 units/mL o & En 1
% B-glucuronidase (from Escherichia coli) » % * R g2 » Hpt 2
&1 5 1724.4 units/mg solid » F]pt + #-i2— H v @ HP-2 2 En 1 2 2
BE R 2% > 343 I % Reh B-glucuronidase 2 2 pEr»cF » % HP-2 i
3 4 SECO 2. ¥ 5t |n F] o

4 % 2477 %4 Obermeyer et al. (1995)=73 % > 2 HP-2 2 H-2
%-Kj%2 DFF 2 pd 3 #F:t s iRz HE R P ERZBE
He%yodk T > LA fEFEE % 7% DFF ¢ R R 453 inpigi &
P~ pEA TR k4o CA~FA 2 SECO > ¥ 12 HP-2 /K fZ 5748 3

s €3 H2;2=x>12% % CAG~FAG 2 SDG ¢hpd3 it 5 p

T
\aw
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F2 R TR VHERL A BRI MREEPECLFIEA &
# % CA~FA 2 SECO - * HP-2 3 g g >t H-2 ¥]SDG 7 &
A B ST 96.19%% 92.22% 0 d pt ¥ & 200% HP-2 shpxae 3 rxind
“,f CAG ~ FAG %2 SDG pE s m #4 = CA ~ FA 2 SECO > it HP-2 #
R FrRr g F APy - HIFEH I FIRAR G HP-2 Hps g
CEFERZEE AR HP2 i * kR 0 F s - A E S
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SDG fiepE 84 ' chld 4275 %
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# I ~J1* B-glucuronidase -k 5% #5 &; JirdF 45 & 2% 0 Fg T FedF ok 7 % 5 B~ 1 H Ao

Ef kR 2R
Table 5. Effect of hydrolyzing DFF or pd 3 by B-glucuronidase on the content of phenolic

1
compounds

Phenolic compounds® (pg/mL)

B-glucuronidase’
CAG  FAG SDG CA FA SECO
H-2
DFF
without ND* ND ND ND ND ND
with (2.5% S, 200% E) ND ND ND 037 +0.01* 3.81+0.06 19.60 +0.28°
pd3
without 20.82°  11.07*  101.38° 0.96° 5.53° ND

with (0.5% S, 200% E) ND ND  7.89+0.04" 15.06+0.12* 9.49+0.10° 6221 +0.51°

HP-2
DFF
without ND ND ND ND ND ND
with (2.5% S, 200% E) ND ND ND 0.30+0.01* 4.08+0.22" 26.46+0.11°
pd3
without 23.628"  12.68"°  109.93° 1.13° 6.05° ND

with (0.5% S, 200% E) ND ND 4.19+0.05° 15.56+0.15* 10.35+0.10* 68.16 + 0.55

" DFF means defatted flaxseed flour; pd 3 means alkaline and methanol extract from DFF.

? The hydrolysis time is 24 hours. 2.5% S means (weight of DFF)/(volume of buffer), 200% E means
(volume of enzyme)/(weight of DFF). 0.5% S means (weight of pd 3)/(volume of buffer), 200% E means
(volume of enzyme)/(weight of pd 3). Both H-2 and HP-2 are B-glucuronidase from Helix pomatia.

> Means with different superscript letters between the without enzyme versus the with enzyme are
significant differences (P<0.05) by the Duncan's multiple range test.

*ND means not detectable.
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Table 6. Effect of hydrolyzing 1% (w/v) DFF or 1% (w/v) pd 3 by En 1 and HP-2 with

different concentrations on the content of phenolic compounds'

Phenolic compounds® (pg/mL)

Enzyme2
CAG FAG SDG CA FA SECO
En 1
DFF
without ND* ND ND ND ND ND
with (1%) ND ND ND ND ND ND
pd3
without ~ 14.03+0.02° 8.30+0.03* 195.24+0.64"° 4.94+0.02* 2.85+0.01° ND
with (1%) 12.72+0.01° 3.46+0.01° 69.78 +0.05° ND ND ND
HP-2
DFF
without ND ND ND ND ND ND
with (10%) ND ND ND ND ND ND
with (20%) ND ND ND ND ND ND
pd3
without  39.29+0.30° 18.89 +0.11* 197.30 +0.75" 5.59+0.08" 2.59+0.15" ND
with (10%) ND 129+0.01° 158.39+0.73° 19.56+0.19° 5.27+0.08" 30.01 +0.32°
with (20%) 0.34 +0.01° ND 127.51 £0.34° 19.75+0.47° 5.46+0.32" 45.99+1.97°

' DFF means defatted flaxseed flour; pd 3 means alkaline and methanol extract from DFF.

2En 1 and HP-2 are B-glucuronidase (from Escherichia coli) and B-glucuronidase (from Helix pomatia, type
HP-2), respectively. The hydrolysis time is 24 hours. 1% (w/w) means (weight of enzyme)/(weight of DFF
or pd 3). 10% (v/w) means (volume of enzyme)/(weight of DFF or pd 3). 20% (v/w) means (volume of
enzyme)/(weight of DFF or pd 3).

3 Each value is mean + standard derivation of three replicate analyses. Means with different superscript
letters between the without enzyme versus the with enzyme or between the with (10%) versus the with
(20%) are significant differences (P<0.05) by the Duncan's multiple range test.

*ND means not detectable.
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Table 7. Effect of hydrolyzing 1% (w/v) pd 3 by En 4 and HP-2 with different concentrations

on the content of phenolic compounds'

Phenolic compounds® (pg/mL)

Enzyme2
CAG FAG SDG CA FA SECO
En 4
without 38.66 + 0.46° 17.26 +0.10° 198.39 £2.55° 5.07+0.04" 3.46+0.12¢ ND
with (10%) ND* 7.20+0.03° 152.87+0.72° 15.68+0.00% 5.05+0.02> 19.93 +0.01°
with (20%) ND 3.04+0.00¢ 121.88+0.13° 17.61 £0.04° 4.75+0.00° 41.10 + 0.24°
with(200%) ND ND ND 17.35+0.04° 3.59+0.33% 130.48 + 0.06°
HP-2
without 39.29+0.30* 18.89+0.11° 197.30+0.75° 5.59+0.08° 2.59+0.15 ND
with (10%) ND 129+£0.01° 158.39+0.73° 19.56+0.19* 527+0.08° 30.01 +0.32°
with (20%)  0.34 +0.01° ND 127.51 +0.34% 19.75+0.47° 5.46+0.32° 45.99+1.97°
with(200%) ND ND 8.38+£0.10" 31.04+0.30" 20.70+0.10° 136.32 + 1.09°

"pd 3 means alkaline and methanol extract from DFF.

2En 4 and HP-2 are commercial deglycosylated enzyme and B-glucuronidase (from Helix pomatia, type
HP-2), respectively. The hydrolysis time is 24 hours. Percentage (%, v/w) in the bracket means (volume of
enzyme)/(weight of pd 3).

3 Each value is mean + standard derivation of three replicate analyses. Means with different superscript
letters in the same column are significant differences (P<0.05) by the Duncan's multiple range test.

*ND means not detectable.
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Table 8. Effect of hydrolyzing 1% (w/v) DFF or 1% (w/v) pd 3 by En 4 with different

concentrations on the content of phenolic compounds
Phenolic compounds® (pg/mL)

Substrate'
CAG FAG SDG CA FA SECO
DFF
without ND’ ND ND ND ND ND
with (50%) 2.35+0.01° ND ND 1.04+0.11° ND ND
with(100%) 2.68 + 0.33° ND ND 2.48 +0.44° 2.35+0.01° ND
with(200%) 2.58 +0.01° ND ND 401 £038 2.64+029"° 2.26+0.39
pd3
without 43.68 +0.83" 21.83 +0.18* 204.96 + 1.66* 5.66+ 1.09° 1.84+0.19° ND
with (50%) 1.78 +0.07° ND 78.11+5.01° 36.55+0.33" 15.54+0.57° 81.20 + 8.05°
with(100%) 1.79 +0.12° ND 27.04+0.04° 17.05+0.41° 3.78 +0.46" 116.94 +2.77°
with(200%) ND ND ND 17.35+0.04° 3.59+0.33" 130.48 + 0.06"

" DFF means defatted flaxseed flour; pd 3 means alkaline and methanol extract from DFF. En 4 is a
commercial deglycosylated enzyme. The hydrolysis time is 24 hours. Percentage (%, v/w) in the bracket
means (volume of enzyme)/(weight of pd 3).

? Each value is mean + standard derivation of three replicate analyses. Means with different superscript
letters between the without enzyme versus the with enzyme or between the different concentrations of
enzyme are significant differences (P<0.05) by the Duncan's multiple range test.

*ND means not detectable.
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Figure 11. HPLC chromatogram (280 nm) of extract solutions (1 mg/mL)
from defatted flaxseed flour (DFF). Extracts include pd 1, pd 2, pd 3, pd 4
and pd 5. Pd 1: water extract from DFF; pd 2: ethanol extract from DFF;
pd 3: alkaline and methanol extract from DFF; pd 4: heat treatment and
methanol extract from DFF; pd 5: enzymatical hydrolysate from pd 3 by
En 4.
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Table 9. Phenolic compounds and total phenolic contents of the DFF extracts

Phenolic compounds® (mg/g dry matter)

Total phenolic content’

Sample'
CAG FAG SDG CA FA SECO (mg GAE/g dry matter)
Pd 1 ND* ND ND ND ND ND 11.30 +2.05¢
Pd 2 ND ND ND ND ND ND 31.70 £2.17°
Pd 3 10.73£0.03°  591+1.23° 4226+223° ND 3.20 +0.08° ND 13.89 +0.72¢
Pd 4 5.11+0.01° 3.11+0.01°  7.48+0.01¢ ND ND ND 3.61+1.12F
Pd 5 ND ND ND 570+0.01* 3.85+0.02>  7.32+0.08" 6.59 + 0.46°
Pd 1-AT 3.31+0.29¢ 1.41+0.12¢ 1597+ 1.16° ND ND ND 27.07 + 2.09°
Pd 2-AT 21.85+0.09° 11.77+0.06° 60.33 +6.15 ND ND ND 66.04 + 3.57°

' Samples include pd 1, pd 2, pd 3, pd 4 and pd 5. Pd 1: water extract from DFF; pd 2: ethanol extract from DFF; pd 3: alkaline and methanol
extract from DFF; pd 4: heat treatment and methanol extract from DFF; pd 5: enzymatical hydrolysate from pd 3 by En 4. Pd 1-AT or Pd 2-AT
means pd 1 or pd 2 by direct alkaline treatment (1N NaOH, 25°C, lhr).

? Phenolic compounds include coumaric acid glucoside (CAG), ferulic acid glucoside (FAG), secoisolariciresinol diglycoside (SDG), coumaric

acid (CA), ferulic acid (FA) and secoisolariciresinol (SECO). Each value is mean =+ standard derivation of three replicate analyses. Means with

different superscript letters in the same column are significant differences (P<0.05) by the Duncan's multiple range test.

3 Total phenolic content is expressed as milligram of gallic acid equivalent (GAE) per gram dry matter.

4 ND means not detectable.
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Figure 12. Trolox equivalent antioxidant capacity (TEAC) of the DFF
extracts with different concentrations. Pd 1: water extract from DFF; pd 2:
ethanol extract from DFF; pd 3: alkaline and methanol extract from DFF;
pd 4: heat treatment and methanol extract from DFF; pd 5: enzymatical
hydrolysate from pd 3 by En 4. Each value is mean + standard derivation
of three replicate analyses. Means with different superscript letters are

significant differences (P<0.05) by the Duncan's multiple range test.
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Figure 13. Trolox equivalent antioxidant capacity (TEAC) of the pd 1, pd 2, pd 3 and pd 5 with different concentrations.
Pd 1: water extract from DFF; pd 2: ethanol extract from DFF; pd 3: alkaline and methanol extract from DFF; pd 5:

enzymatical hydrolysate from pd 3 by En 4.
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Figure 14. Trolox equivalent antioxidant capacity (TEAC) of the BHT

and Vit. C with different concentrations.
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Table 10. BHT and Vit. C equivalent antioxidant capacity of the DFF

extracts at the same concentration (200 pg/mL)

Equivalent antioxidant capacity” (ug/mL)

Sample' -
BHT Vit. C
200 (ug/mL
pd 1 10.93 + 0.39°¢ 15.62 % 0.40°
pd 2 25.99 + 0.89" 30.90 = 0.90
pd3 13.58 £ 0.47° 18.34 £ 0.47°
pd 4 3.78 £ 0.43¢ 8.41 + 0.44¢
pd 5 1126 £0.21° 15.99 +0.21°¢

'Pd 1: water extract from DFF; pd 2: ethanol extract from DFF; pd 3: alkaline and
methanol extract from DFF; pd 4: heat treatment and methanol extract from DFF;
pd 5: enzymatical hydrolysate from pd 3 by En 4.

? Each value is mean + standard derivation of three replicate analyses. Means with
different superscript letters in the same column are significant differences (P<0.05)

by the Duncan's multiple range test.
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Figure 15. Chelating effects of the DFF extracts, EDTA, BHT and Vit. C
with different concentrations. Chelating effect (%) = [1-(Asample-Abiank) /
(Acontrol ~Aplank)]*100%. Pd 1: water extract from DFF; pd 2: ethanol
extract from DFF; pd 3: alkaline and methanol extract from DFF; pd 4:
heat treatment and methanol extract from DFF; pd 5: enzymatical
hydrolysate from pd 3 by En 4. Each value is mean + standard derivation
of three replicate analyses. Means with different superscript letters are

significant differences (P<0.05) by the Duncan's multiple range test.
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Figure 16. Chelating effects of the EDTA with different concentrations.
Chelating effect (%) = [1'(Asample'Ablank) / (Acontrol 'lAblank)]>< 100%.
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Figure 17. Reducing power of the DFF extracts, BHT and Vit. C with
different concentrations (150 pg/mL, 250 ug/mL). Pd 1: water extract
from DFF; pd 2: ethanol extract from DFF; pd 3: alkaline and methanol
extract from DFF; pd 4: heat treatment and methanol extract from DFF;
pd 5: enzymatical hydrolysate from pd 3 by En 4. Each value is mean =+
standard derivation of three replicate analyses. Means with different
superscript letters are significant differences (P<0.05) by the Duncan's

multiple range test.
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Table 11. Scavenging effects of the DFF extracts, BHT and Vit. C on

hydroxyl radical and superoxide anion radical with different concentrations

Scavenging effect (%)’

Sample’
Hydroxyl radical Superoxide anion radical
250 pg/mL 1000 pg/mL 250 pg/mL 1000 pg/mL

BHT —? — 25.43 +2.93° —

Vit. C — — 21.48+£227* 20.30+20.29"
pd 1 — — — —

pd2 — — — —

pd3 0.03+2.87° 2.53+1.04™ — —

pd 4 — — — —

pd 5 14.96 + 1.44*  429+1.07° — —

! Scavenging effects % (capacity to scavenging the radical) = [1-(Asmple- Ablank) /

(Acontrol- Ablank)]*100%. Each value is mean + standard derivation of three replicate

analyses. Means with different superscript letters are significant differences (P<0.05)

by the Duncan's multiple range test.
2Pd 1: water extract from DFF; pd 2: ethanol extract from DFF; pd 3: alkaline and

methanol extract from DFF; pd 4: heat treatment and methanol extract from DFF;

pd 5: enzymatical hydrolysate from pd 3 by En 4.

3

— means no scavenging effect
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Figure 18. Antioxidant activity of the DFF extracts, Trolox, BHT, Vit. C
with different concentrations in the linoleic acid emulsion system: (a) 50
ug/mL, (b) 250 ng/mL by the thiocyanate method-linoleic acid emulsion
system. The reaction without sample was as the control. Pd 1: water
extract from DFF; pd 2: ethanol extract from DFF; pd 3: alkaline and
methanol extract from DFF; pd 4: heat treatment and methanol extract

—&— Control
—#&— Trolox-50 ppm
BHT-50 ppm
Vit. C-50 ppm
—%—pd 1-50 ppm
—o— pd 2-50 ppm
—+— pd 3-50 ppm
—— pd 4-50 ppm
—— pd 5-50 ppm

—&— Control
—#— Trolox-250 ppm
BHT-250 ppm
Vit. C-250 ppm
—%—pd 1-250 ppm
—&— pd 2-250 ppm
—+—pd 3-250 ppm
—— pd 4-250 ppm
—— pd 5-250 ppm

from DFF; pd 5: enzymatical hydrolysate from pd 3 by En 4.
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Figure 19. Antioxidant activity of the DFF extracts, Trolox, BHT, Vit. C

with different concentrations in the linoleic acid emulsion system.

Inhibition of peroxidation (IP %) (capacity to inhibit the peroxide

formation in linoleic acid at 48 h) = [1-(Asample at 500 nm) / (Acontrol at 500

m)]%100%. The reaction without sample was as the control. Pd 1: water

extract from DFF; pd 2: ethanol extract from DFF; pd 3: alkaline and

methanol extract from DFF; pd 4: heat treatment and methanol extract

from DFF; pd 5: enzymatical hydrolysate from pd 3 by En 4.
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Appendix 1. List of abbreviations

Abbreviation English name

ABTS 2,2'-azino-bis(3-ethylbenthiazoline-6-sulfonic acid
BHT butylated hydroxytoluene

CA p-coumaric acid

CAG coumaric acid glucoside

DFF defatted flaxseed flour

END enterodiol

ENL enterolactone

En 1 B-glucuronidase from Escherichia coli

En2 B-glucosidase from almonds

En3 a-glucosidase from bakers yeast

En4—-En8 commercial deglycosylated enzymes

FA ferulic acid

FAG ferulic acid glucoside

GAE gallic acid equivalent

H-2 B-glucuronidase/sulfatase (type H-2 from Helix pomatia)
HP-2 B-glucuronidase/sulfatase (type HP-2 from Helix pomatia)
NADH B-nicotinamide adenine dinucleotide

NBT nitro blue tetrazolium

pd1 water extract from DFF

pd 2 ethanol extract from DFF

pd 3 alkaline and methanol extract from DFF

pd 4 heat treatment and methanol extract from DFF
pd5 enzymatical hydrolysate from pd 3 by En 4
PMS phenazine methousulphate

SDG secoisolariciresinol diglycoside

SECO secoisolariciresinol

TBA 2-thiobarbituric acid

TCA trichloroacetic acid

TEAC trolox equivalent antioxidant capacity

Trolox 6-hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid
Vit. C Vitamin C

100



(a)

50

=y
[p*]

50

25 I8

(b)

200 200

)
I

100 4 | 100

e~ AR RA R 2 B PR R AR R 4T B

Appendix 2. HPLC chromatogram (280 nm) of standard solutions (50
ng/mL): (a) SDG, SECO; (b) CA, FA. 1=secoisolariciresinol diglycoside
(SDG); 2=secoisolariciresinol (SECO); 3=coumaric acid (CA); 4=ferulic
acid (FA). Column Luna C18(2), 250 mmx4.6 mm, 5 pum particle size
(Phenomenex, Torrance, CA, USA). Eluent A: 5% acetonitrile in 0.01 M
phosphate buffer (pH 2.8); B: 100% acetonitrile. Gradient elution of A—B:
0 min (100:0, v/v), 30 min (70:30, v/v), and 32 min (30:70, v/v) at a
flow-rate of 1 mL/min.
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Appendix 4. Standard calibration curves for phenolic compounds in the

range of 25-200 pg/mL

Phenolic compound Standard curve R?

SDG y=4280.3x—29082 0.9829
CA ¥ =91949x—404679 0.9974
FA y=57556x—156837 0.9993

Phenolic compounds contain secoisolariciresinol diglycoside (SDG), coumaric acid
(CA) and ferulic acid (FA).
Correlation coefficients of equation y = kx + m, where x is yield (ug/mL), y is the peak

area (mAu), k is the slope and m is the intercept.
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Appendix 5. Preparation of extracts from defatted flaxseed flour

| Weight of DFF Weight of sample Yield®
Sample 0
(g) (2) (%)
Pd 1 10 6.5 65
Pd2 100 14.62 14.62
Pd 3 100 40.66 40.66
Pd 4 10 6.06 60.60
Pd 5 24.6° 8.99 36.58

"'Samples (pd 1, pd 2, pd 3 and pd 4) were derived from defatted flaxseed flour by
different processes; pd 5 was derived from 10g of pd 3. Pd 1: water extract from
DFF; pd 2: ethanol extract from DFF; pd 3: alkaline and methanol extract from DFF;
pd 4: heat treatment and methanol extract from DFF; pd 5: enzymatical hydrolysate
from pd 3 by En 4.

210 g of pd 3 can be prepared from 24.6 g of DFF. Pd 5 was prepared from 10 g of pd
3.

3 Yield (%) = (sample weight/DFF weight)x100%.
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