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Fractionation of Antioxidative Constituents of “Okara’

Yasuhiko NAKAMURA
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1. DEAE-£/.0—-RICKBNE

0.5 M HCl & 0.5M NaOH ¢# 4L PO, #& L7z DEAE-% v — 2 (75 v ) % 2.8%20cm
DH 5 sicEED, 0.02M ) vEGEEK PH7.0) THAHCEE-70b, ERHWEER3~12%D B>
5O BN/ 10ml £ k% X€, 0.02M, 0.1 M, 05M D) ~EEE®R (pH7.0) & 01 M NaOH
CIHREH X7z, BHIKIZ 10ml 548 L, 280nm D RIL & HmIL HZRE Lo

2. MB{LHhORAE

(1) V7 —VBOEGKTR ) —VEKRERE LT 554

100ml D=f7 5 = 2iC, HHODFE KXD@ABULKY » —vEg CEHLFE) =g/ —n
YA 10ml, DEAE-+ v o — =T X 24 Filk 2ml, 0.1 M 1 v EEE®R (pH7.0) 8ml 2O REAE L
fed B, T2 LT 37°C OEEBHBHICKE L. 3HEIKED 0.05ml ZHY, v »gkik?
k@Rt EER L,

(2) REMIMBEERELTIHE

KEM CEHILE) 20g 12 05g DY 4 — 40~ 0.1 M ) v EEBHER (PH7.0) 20X T 80ml &
U, 2="=%rkeVF4F—TIOORHLELAAI S, FHELENKI TR -7 —THH
LI5S, 20 4ml % 100ml 0= 7 5 2 21ci), DEAE-+rvo —RICX B4 EHK 1ml 7
Bt777Fv272G10 IKXB4EK 2ml Z2MZ, LK TE2REZAALIE, THITHER
K OCREERE, BERK A) 2g ZMATIHALKERRNIE72, B%Z LIENT 60°C OERZEHIC
THEHEWZDL, Biff— 7/ vudrs (3@ 2) BiK 25ml 22 THEZEH» L, fafna v1L
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A )Y LK 1ml ZNATHEFICI0ABEKREL2DD, 001N 7 AWEF P ) v & THELK,
BEIw=t+7 774 —KXBHHERSORBILAWEZ, HE»SORFOFMBEITIIHLT, 4
MRS EEUCEBELZZOEIIAVTIT L -7 TRb L, BHERAELEEZ Rf Hick D10%
SUTRERY, 20% %, @3 BE 7/ — 122 —F A THHBELOBEERK 28 &
BE&LU, FAKERIE,

3. €777y 222G 10(CKBRNE

1.7x100ecm D+ 7 > 7 v 7 2 G-10 # 5 i, DEAE-t o — = iCk 3 4 EKD EiEY 7ml
ZO4, #i# 60ml/hr Tk, 0.1MNaOH, 0.1 M HCl CIEREH &7, #HHKIE 10ml F/24
S5mlFD4H L, 280nm %73 265nm DIRUN & FiEe L /12 BIE Lizo

4. HEI/OZ IS T4 —-[CKAHPE

HEIZ20X20cm D H 7 A re—R (A vy, 2o —2R3I 27wy ) RE) ) T0.5mm
DEIICEY, BRTRELTHW, 777 v 72 G-10 KX 24 EEEZEMHLTZD 0.075
ml 2 EiICRRICEA LD D, FiE 05cm IECHIDE & LTRMI S, BRBE I -7
4 ) —n—FEEE—K (4:1:5) Frld7=/—r—k B:1) %2, BHZOERSOBBITIE
=ve R ) YREELT Ve =T HMBRERELH N

5 73/BW '

HAEBEFH JLC-6AH #7 2 ) BEBMTFICX DIFE o7,

EBRRRELUEER

L ERAEONE L EYOMEILD

HEROMIEIZ, VWHWAERAMOX S ICIZIZMHAE 100% Tk Lic—RRHEE->THEHED
H50, BRMBFCETEDLRVBORSMICEIVBEBTSN, FML2Y, AE—iKaE Lz L
THRETAHEDZ V. COXIBARTIE, HEORILORT SBEBRELEIZV LR -T
(B EBbhE, T/, ALDEORBILN SEEPAUELEDENICLVEDSC EBMONTH
50 T THARRBD 1 2071 & LT, AMKEROTKEXKGEHERSE, ML, BEREK
KRN Z G- dDEMED, ThE) ) —1BOEGKZ 2 ) —VviRKELICHBILOET L L THE-
720

FHARICEY, BHPONKDBKSIE DEAE-tron—220= 757 4 —iCk->TXLAH
TEAZ LDMHEIPDSNIZDT, ¥3° DEAE-% v — 2 T4 L7 (Fig. 1, Fig. 2), KEH# L
B—= — FEEETE, FRRBAKERS 3ES No. 11~14 (A) & & No. 81~87 (B) T
LT B Lpi@@dohic, 7z No.23, 35, 46,59, 77 75 ¥ IS LI EINTH - 20—
T, V7 =rBEKTE ) —VIEK—m X VERETIZEI No. 12~17 XL X No. 105~107 &4
O TENRIEGE SN, 0.5M ) YBEER CAHI NS ES SRBHC K D R ITENVEE
BABLLHB. TOLIWEAPES C 13, )/ —VBREBICEMUA % 2~4 +95C
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Lo B BBLXUCODE7 77 v 72 G-10 ¥ vigia % — i3 Fig. 4, Fig. 5 1IT/;R L7z, BD
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Fig. 1. Column Chromatography Pattern of Dialyzable Constituents of ‘“Okara” on
DEAE-Cellulose and Antioxidative Activity of Each Fraction for Linoleic Acid.

A 10ml of the outer solution, which was obtained by dialyzing a water-extract
of “Okara” and concentrated to a solids content of 39, was applied to a
column (2.8 X 20 cm) equilibrated with 0.02 M phosphate buffer (pH 7.0), and
eluted at a flow rate of 50 ml/hr by exchanging stepwise the concentration or
the pH of eluents as follows: I, 0.02 M phosphate buffer (pH 7.0); II, 0.1' M
phosphate buffer (pH 7.0); III, 0.5 M phosphate buffer (pH 7.0); IV, 0.1 N
NaOH. The fraction volume was 10 ml.

A ‘mixture containing an-aqueous éthanol solution of linoleic acid (10 ml),
eluates (2 ml), and 0.1 M phosphate buffer of pH 7.0 (8 ml) was incubated in a
tightly stoppered 100-ml flask at 37°C for 3 days. After the incubation, an
aliquot (0.05 ml) was withdrawn, and the peroxide content in it was estimated
by ferric-thiocyanate method. Antioxidative activity is indicated by the dec-
rease in absorbance at 500 nm.

@——@, absorbance at 280 nm; O---Q, absorbance at 500 nm.
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Fig. 2. Column Chromatography Pattern of Dialyzable Constituents of “Okara’” on
DEAE-Cellulose and Antioxidative Activity of Each Fraction for Soybean Oil.

A sample of solids content of 129, was applied to the column. Chromatog-
raphic conditions were the same as in Fig. 1. Fractions No. 11~14 (A), No. 81
~87 (B), and No. 105~ 107 (C) were pooled for the subsequent step on repeated
runs.

A mixture containing soybean oil (20 g), Tween 40 (0.5 ml), and 0.1 M phos-
phate buffer of pH 7.0 (18 ml) was homogenized with the universal homogenizer

“for 90 sec. The resulting emulsion (4 ml) and eluates (1 ml) were pipetted in a
100-m] flask, mixed vigorously, and then cellulose powder (2 g) was added to the
flask. After the incubation of 7 days at 60°C, a chloroform-acetic acid (2: 3)
mixture (25 ml) was added, and the peroxide value was estimated by iodometric
method.

@®——@, absorbance at 280 nm; O------ O, peroxide value.

CNoDT EDPS, BhODENNKFOUBILERASD > bEEIZL DT A KHFETLTWS
LEZONI, T T, A ZEDBHW LT n-7"4 7 —v—HEBE—/K (4:1:5) ZEHBELT
L5HBEr o~ b7 774 —ICXDSHE LU, &OBOFERLHEIX RI0.1~02 O v FITHDN,
Rf0.2~0.3 D4 b HiE %R L (Fig. 6a), CD220HH = ) Y RIGHEED
WEEETY, AT vE=7HBEBATOIEA LI, RI01I~02 DS (A) 27 =/ ——
K @B:1) ZEBHMBEELTIEE/ v~/ 5 74— PFBL, ISIKNKD2PD=vEF) ¥
RISBHDRES &7 v = 7 HEERSEICBE O K2 U7cbs (Fig. 6b), fiEgbidE L LT
Rf0.2~0.3 (A;-1), 0.3~0.4 (A,-II) 38 & X 0.7~0.8 (A,-III) O cBED SN,

2. BH7 I/ BENAORBILN | |

A 2o A FTORBE v —2EE/ v~/ 574 —ICKVEMTAE Fig. 7 D&k 1IC
B0, AT i3 Rf07~08 d=ve ) YRIEBHD R Xy F BERSTH B LBbh,
Ay-IL A-TT B BB OEABBELTHT, FERFIOHNITEREP -7, UL, Tr=
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60

Gel-Filtration Pattern of Fraction A
on Sephadex G-10 and Antioxida-
tive Activity of Each Fraction.

A 7 ml of the concentrated solu-
tion of fraction A (Fig. 2) was
applied to a column (1.7 x 100 cm)
of Sephadex G-10, and eluted
successively with water (I), 0.IN
NaOH (II), and 0.1N HCI (III) at
a flow rate of 60 ml/hr. Fractions
of 10 ml were collected. The deter-
mination of antioxidative activity
was the same as in Fig. 2 except
that 2 ml of the eluates was added.
Fraction No. 14 (A,) was pooled for
the subsequent step.

®—@, absorbance at 280 nm;
O---0, peroxide value.

Fig. 4. Gel-Filtration Pattern of Fraction B
on Sephadex GG-10 and Antioxida-
tive Activity of Each Fraction.

Exp:rimental conditions were the

same as in Fig. 3.

®——@©®, absorbance at 280 nm;
O---0, peroxide value.
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Gel-filtration was carried out
by the method described in
Fig. 3. The determination of
antioxidative activity was the
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@——@, absorbance at 265 nm;
O---0, peroxide value.
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b Fig. 6. Fractionation of Antioxidative Activi-
a F --------------------- ties of Fractions A; and A; by Thin-
.................... = Layer Chromatography.

r"_ (a) The concentrated solution of
30k L fraction A, (Fig. 3) was spotted on a
— | | _ thin-layer plate (20x 20 cm, 0.5 mm
F thick) prepared with cellulose (Merck,
T Cellulose microcrystalline) and de-

D
S
]
T
]

veloped by the ascending method with
a solvent system of n-butanol-acetic
acid-water (4:1:5, v/v). After dry-
ing, the developed layer was divided

Peroxide value

—
o
T
T

horizontally into ten equal sections and
scraped off. Each section was mixed
with 2 g of cellulose powder (Toyo,
Cellulose powder A). The antioxida-
A, AsIAT Al tive activity of this mixture was deter-

c (MNIEN ] CENENEN] b g, e o the procedure in
Fig. 2.

0 0.5 1.0 0 0.5 1.0
Rf value

(b) The constituents contained in
Rf 0.1~0.2 zone of the above chroma-
togram were extracted with water, and the extract (A;) was concentrated and rechromatographed on cellulose
plates by use of phenol-water (3: 1, v/v) as a solvent system. The layer scraped in the manner mentioned in
Fig. 6(a) was washed with ether (2 x 7ml) in order to remove the phenol, and then the antioxidative activity
was determined.

(c) Schematic diagrams showing the location of the ninhydrin-positive substances on the plate.

------ , peroxide value of the control.



i % B (FefcEE 430%) 47

1.0 ; T
1 2 8 1 2
O
= 0 R i
90 |00
0 V" WV
O{BO s -% %
. 000 o0

A A A A A ATATATA: ATA T AT

Fig. 7." Thin-Layer Chromatograms of Fractions Ay, Az, and As.
Solvent system: I, n-butanol-acetic acid—water (4:1:5, v/v);
II, phenol-water (3: 1, v/v).
Detection: 1, ninhydrin; 2, alkaline silver nitrate.
For other abbreviations, see Fig. 3 and Fig. 6.

Table 1. Amino Acids Contained in Fraction Ajg.

Amino acid analysis was carried out with an automatic
amino acid analyzer (JEOL, Type JLC-6AH).
For abbreviations, see Fig. 7.

. . Content (mol/100 mol)
Amino acid

Ag-1 As-11 Ag-III
Arginine 42 6
Serine ' 21
Glycine 17 3
Aspartic acid 10
Lysine 6
Glutamic acid 4 5
Histidine
Unknown 12 85
Unknown 2 75
Unknown 3* 25

a) Unknowns were shown as leucine equivalent.

=7 HHBRBARICHBEO RS 13 A—A—Ay EAMBELIKONTRA LTWBEDT, Hilgbiic
FELTOEIHRS T AL A-IL IKBOWTd=ve P ) YRICBHWE THS LIEEINS, ZC
T, AMWEE 7 o~ 7 7 74— KXW U AT, Ay-ILL Ag-TILICDWTCZDEET I 7 B
ZER U, #R% Table 1 IT/RT o Al HSR6EDOT I ) BEREBINIZA, TAr¥Fr=ri
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TINOSDEMIE, 7YV vy, TVF=y, FAUEIVER, )y, TANSF VR, )YV,
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Summary

The outer solution obtained by dialyzing a water-extract from “Okara’” was frac-
tionated by a combination of several chromatographic procedures, and the antioxidative
activity of the fractions was determined by use of an aqueous ethanol solution of linoleic
acid or a emulsion of soybean oil as substrate.

The antioxidative constituents were separated into 3 groups on DEAE-cellulose. The
group which was not adsorbed to the column in 0.02 M phosphate buffer of pH 7.0 was the
most effective in inhibiting the oxidation of both substrates. This group was eluted foremost
from a Sephadex G-10 column with water. This was further separated into many bands,
which were visualized with ninhydrin reagent and/or alkaline silver nitrate reagent, by
preparative thin-layer chromatography with cellulose. The antioxidative activity was
detected mainly in the sections containing ninhydrin-positive bands. Amino acid analysis
showed these ninhydrin-positive constituents were glycine, arginine, glutamic acid, serine,
aspartic acid, lysine, histidine, and a few unknowns.



