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Antioxidative Activity of Water-Soluble and Dialyzable
Constituents of ““Okara”

Yasuhiko NAKAMURA
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732,000 L7532 F TRBILI ¥/ TNEAMT —FT v e 2 & ) —ov e 7K (400:400:70) OLEE LT
JE%& 50ml ZFANT6 DS K= — F CHWARL, TEEZLOTEEOKEML, Al -T2
THIE U, Kk, Bk, BETICBEERE L. o MLHPO @ POV 45,200 T3 - 7z
2, TN LORBERITSOTICARICH L.

3. MELHORIE

1) BREBILICHT 353

50ml D=f7522ic) ) - 017g, =% /) —nr4ml, 1M ) VEREERK (pH 7.0) 1 ml,
PV % 7o B E PUBRALAIZAIE 1 ml, /K 3.8ml Z ANBAEM LIt, T 2R THBL, 45°C Off
REFICTHEZEI0HBMBKE Lz CONEWE7 v o krs 10ml THIE L, MKREREZE=S
77221y, BEE 15ml Lfafa vy ) v 25K 1ml 202 TREFTIC 1040 B 0 728,
7K 30ml 2% TOO0IN FAREEF ) v 2 THEL, POV 2Rk, ERBAANE 2 » —
AEBE UTMA, TOLEESROBE LA LARICES %5, Kb k=4 — v EME Lo
% 72 POV OREBHEAZHNS L &E, 300ml D=7 5 2 a2 FH20EFE TRIGEZTEHYE,
Z O 5 10ml ZE D R ICHIE Lizo

(2) Fe?* OEpLIREIER T 2%0%R

Yy ) =B 17g, v 4 — 60 2ml, IMEEER B (pH 5.5) 20ml, /K 138ml ZE& L, ®EY
FAY —T3H5MNEL AT Eico TOFLK Iml Z HRELLBEICID, WBE %KD
50% =& 7 —AVEW, %7 BEERE — 8k & SN (% 7o BRETRRILAD L ORAW (=2 —n
50%) 1ml Zhnz, 20 BHE#M L - TRA L, 30°C OERSZPICKE L. ek, cn
iC7mekrs 10ml ZMATOHMEELS) L, ELIC1ISBELCHMLUTTEEE <y F TRO
WYy, Hikicky POV 2Rwi,

@O, @QonFhiCENTY, REBREIRICK P ORBETRL, ENMKDOBHEEZ O OE
R OBE L UTHEKDb Ui, BILIEBE OFEICE POV 013 REB O POV OB O %z ekt 3
BAa®R (POV%) ZRH i,

4. KBEHBEUEDRE

2,2-V7z=n-1-¥7 Yyre 3 (DPPH) 8mg % 50ml ®x 4 » —VITIEBEL, Th
IC 50ml DKEM % F# UTHE Uz DPPH #A#K 5ml 283 00BE IRy, ARk
EPBRILFI O 2 ) — Vgl 25ml, =& ) —n GEERBAAFBRMO L OlEK) 256ml 2z T
e H5EAL, 528 nm OIEIELEZHIE Lizo

5. BEtMSREEDAIE

100ml D=7 5 = a2t MLHPO = % J — vigi#k (3.2g/100ml) 7.5ml, = % J = 16.5ml,
IM ) EEER (pH 7.0) 6ml, 7Kk 24ml, 5k 6ml 2 Y BEBRHEL, = 2% 1T 30°C OfF
HeaPick s, HERMICZO 10ml ZRYHBLTIOml O7vaesra THEL, HEIKLD
POV 25 Uico
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Fig. 1. Antioxidative Activity of Water Extracts.

A mixture of linoleic acid (0.17 g), an aqueous sample solution (1 ml), ethanol (4 ml),
IM potassium phosphate buffer (1 ml, pH 7.0) and water (3.8 ml) was incubated in a
tightly stoppered 50 ml flask at 45°C for 10 days. The incubated mixture was extracted
with 10 ml of chloroform, and the peroxide value (POV) of the extract was measured by
a general iodide-acetic acid method. The control experiment was carried out by addition
of water (1 ml) instead of the sample solution. Antioxidative activity was represented as

o POV of sample . 100 @ .. . P N . .
POVY, ( POV of control 100). ® @ outer solution, O O inner solution,

O—C0 precipitate.
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Fig. 2. Antioxidative Activity of Dialyzable Constituents.

A 100 ml of the mixture of the same composition as in Fig. 1 was incubated in
a 300 ml flask. At 2 or 3-day intervals, the POV of 10 ml aliquots was measured.
a: control, b:0.019%, c:0.025%, d:0.05%, e:0.19%, f:0.29%.

Table 1. Comparison of Dialyzable Constituents with Legal Antioxidants.

POVYy,
Antioxidants
Final concentration of antioxidants (%)
0.0001 0.001 0.01 0.1
D.C.® 100 85 81 7
BHAY 95 7 6 9
BHT® 80 4 3 3
GG? 97 21 6 2
NDGA?» 101 80 8 9
PG¥ 101 96 21 5

a) The reaction mixture was prepared as shown in Fig. 1.

b) Water (1 ml) and legal antioxidants in ethanol (4 ml) were added instead of the
sample solution and the ethanol, respectively.

¢) Incubation was carried out for 7 days.

D. C.: dialyzable constituents, BHA: fert-butyl-4-hydroxyanisole,

BHT: 2, 6-di-tert-butyl-p-cresol, GG: guaiac gum,

NDGA: : nordihydroguaiaretic acid, PG: gallic acid n-propylester.

V& DMERICEBEY DT & b M OHiERL I D1/2, FEENEBREY (77 4V¥) O
ZV 0120 L eI N, BRESEKRDOL DL LT ZNREEL S0,

2. KEREHtEM

— R L A OEIIEE LTIk, 7V — 7 VA v ORffiiR, BRBRILH DN R, &8 OREkL
BEBELOLNTOS, ZTHROBILERBOBIELZBRT 5 0OFHROE LT, 7%
DK FEBE % DPPH ic L D l5E Uico #5F 1 Fig. 3 iR Lk 91T, ko DPPH & DR
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Fig. 3. Reactivity of Dialyzable Constituents and Legal Antioxidants with DPPH.

To 5 ml of 100mgY%, solution of 2, 2-diphenyl-1-picrylhydrazyl in 509, ethanol was added 5 ml
of 509, ethanol containing a legal antioxidant (A) or an outer solution (B), and the absorbance of
the mixture was periodically measured at 528 nm.

A: The concentration of the antioxidant was 0.0003%. (O——Q dialyzable constituents,

® ®GG O-OBHT, @——@BHA, O——0O NDGA, @—@ PG.

B: The concentration of the dialyzable constituents was as follows. O——0O 0.019%,

® @003, O001% @——@03%, O——0 1.0%.

ISR FERICEE L, RIBE0.01% TR Y /7 — v DFIIABRILIZ A7 béﬂlib hTu’s (Fig. 2) ic
dhdb b3, DPPH Otz L A LR LN 5720 0.3% DK £0.0003% O #:5E il 1k
Flic &1 3050 % OBOLE OBV ED LETET 5 &, ko DPPH Bifahid, F— BEHER
nyPG@lﬂM&PHBA@l@%,HM&H@%,MHWM%%,GG@U%4&&D,ﬁt
B 2R TEEICRE LT LEREENRBRILAIDL1/100~1/10TH %, - THED BHE, 7
) — 7 VA IR ER OWRBILIER~OFERIEF OIS VWEELLNS, %7 DPPH & ORIE
WEIZEL, COHIZBHA KM LT, PG, NDGA R Dz v+ — iAo d O
PR IC RIS T 2 DL BHIEY RIT > TN 5,

3. Fe?* OELRE/ERICHT 2HR

Fe?* 2z U Cu?, Co?*, Mn?* 12 K DEB A A » 13ihiE - Ie ik OBLE e+ 5 T L 13RS
HMbNTO5S. EBHBEEHOD 2L8WEZ DL 5 BEickt UTHIESRBSD, EB7 =
B IRBILAD LR YA vFR P ELUTHEHINTOS, SHRITD Z DL ) SR BBIRET
50T, Fe? it L D= W A BALICH T 2K DB ER R Tco B—BRENB T & 7 — VITER
LIt »woT, #FEEUTRAMLMKZMLTHAL LK) 7 —vBER O,

) ) —NBEOT=NY 3 VICHREBE—SE 107 M L85 L5iKmaBb s, EbiK) 2 —vEED
Bibasihzy, POV 2RI LR L, 2040 RiBICBAMEICE L. Z D% D POV OELizEMT
H 505, Fer* ZMaisnd D304 Mic 10% BEOH A& CEMRWICHEM T ZIcTERZnDT, &
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Fig. 4. Inhibition of Fe?*-Catalyzed Oxidation by Dialyzable Constituents.

A mixture of linoleic acid (17 g), Tween 60 (2 ml), 1M acetate buffer (20 ml, pH 5.5) and
water (138 ml) was homogenized for 3 min, and 9 ml of the resulting emulsion was placed in

a centrifuge tube with a glass stopper. Then 1 ml of a ferrous sulfate solution or 1 ml of an
outer solution mixed previously with ferrous sulfate was added. The contents were mixed by
shaking for 20 sec, allowed to stand at 30°C for 20 min, and extracted with 10 ml of chloro-
form. The POV of the extract was measured as in Fig. . O——Q Fe?* only, @ ®
Fe?* plus outer solution.

100

10 10°° 107 107" 1

Concentration of antioxidants (%)

Fig. 5. Inhibitory Effect of Antioxidants on Fe?*-Catalyzed Oxidation.

Antioxidative materials in 509, ethanol solution were added instead of the outer solution in
Fig. 4. The final concentration of ferrous sulfate was 107* M. QO——Q GG, Q- O
BHT, @—@ BHA, @ - ® PG, O——O NDGA, @—-—@ outer solution.

B EIMPAD, Wi bR, BH Fe* OfEHICL B3 DTHA bbb, Z T THMT
% Fe?* OEEA» 2 T304#% D POV ZHlE+ 5 &, Fig.4 DX 5, stz Fe?t oEE &L ikic
POV #$@E L 18 57288, A EM2 723 DIR2X 107 M 58 Tk & A Y ERAET, HHdt Fe?t
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ORI AL LT3 & & 280 b1 ico SO Fe* RN, 0.02% L ETHAR
BRUCEERBRIEFAONTNLID I B, 3HZOBEICIZED N2 - EY 7)) —1VTH
% NDGA izl Tl 7z (Fig.5) L UNDGA S E DY 7 =/ —nid Fe?t L L —F 2R L
ML EBTAZEBMONTEY, FHE, NDGA & PG RHiBE—BREBEA L E EFRAIC
BERULE, METRZOL ) BRENMEEAD LN L -7DT, BMELUTKBELZRORY) 72/
— v TH B REHEIRED,

4. BEE{EY ) rERE

HEIBRILOBRETHERT 2 BBILYOMRICIE, 7V -5V hEERTEHMERS Vo
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ETRWHINDE, BEELT I VB L OBERICERY L 4 3 v B, OFEE < =541 O
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Fig. 6. Effect of Dialyzable Constituents on MLHPO.

Crude methyl linoleate hydroperoxide (MLHPO, 0.43 g) in ethanol (7.5 ml), ethanol (22.5
ml), an outer solution (7.5 ml), IM potassium phosphate buffer (6 ml, pH 7.0) and water
(18 ml) were placed in a 100 ml flask, and the flask was tightly stoppered and kept at 30°C
in the dark. Each 10 ml of the mixture was withdrawn and its POV was measured.

@®—@ control, ©—@0.1%, P—@P0.5%, O—0O 2%.

2%BMTHEAMMBLO DT PIEL B> RICTES, 2K LELTHBEDRERZZR O LNL
B o Teo RISHH © MLHPO 1cit3 2 Sk B 08l &1, MKERY OFEE S TR&%2200L 5 3
&, 0.1, 0.5, 2%DOHENENEN0.23/1, 1.1/1, 4.5/10enhe 35, 2 BBETRNED
B2 MLHPO 13 L2 TH B2 EEZ2bNBDT, VI L3 DX I RRTR, SkiZERIL
M REEEFRE IR N L2 B,

INLOHRPOLAB L, NEROVBILIEREELE LTZOEEAERILIERAZE L TREI L
TWBLEEZXDDPEETHSL )0 LD LABREHEE I v< 75774 —KPITBE, ZLDT 3
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Summary

The antioxidative activity of the dialyzable constituents which were obtained by di-
alysis of a water extract from ““Okara’’, was investigated using linoleic acid as substrate,
and compared with that of some legal antioxidants.

In case of 0.29, constituents in a reaction mixture, no increase in the peroxide
value was found at 45°C for more than 3 weeks. Even in a lower concentration, the rise
of the peroxide value was suppressed in the initial stage of oxidation. The antioxidative
potency was estimated to be about 1/100 of both BHA and BHT, 1/100 to 1/10 of GG,
1/10 of NDGA, and more than 1/10 of PG. The constituents reacted very weakly with
2, 2-diphenyl-1-picrylhydrazyl, and scarcely decomposed methyl linoleate hydro-
peroxide. On the other hand, they inhibited more strongly the oxidation of linoleic
acid catalyzed by Fe2?+ than the legal antioxidants examined.



