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Figure 5. Effect of KBrO; concentration on the recovery of added
hydrogen peroxide from larval fish. Hydrogen peroxide was added
to boiled and half-dried larval fish at 1 ppm and was extracted
with various concentrations of KBrOj solution.

Table III gives comparative data of hydrogen peroxide
residues in foods and drinks determined by this method
and the improved 4-AA method. In most samples except
milk and milk products, the residue levels determined by
both methods were in good agreement, but in milk and
milk products the values of the improved 4-AA method
were higher than those obtained by this method. We are

now conducting experiments to determine the causes of
their discrepancy.

This method requires only 20 min for one analysis of
solid food and about 10 min for liquid food. The minimum
detectable level is 0.1 ppm for the former and 0.01 ppm
for the latter. Accordingly, as a routine analysis this is a
time-saving method and sufficiently sensitive.

LITERATURE CITED

Ito, Y.; Tonogai, Y.; Suzuki, H.; Ogawa, S.; Yokoyama, T.; Ha-
shizume, T.; Santo, H.; Tandka, K.; Nishigaki, K.; Iwaida, M.
dJ. Assoc. Off. Anal. Chem. 1981, 64, 1448,

Iwaida, M.; Ito, Y.; Tonogai, Y.; Suzuki, H.; Ogawa, S.; Hasegawa,
Y.; Tanaka, K.; Kondo, M.; Fujii, M. Nippon Nogei Kagaku
Kaishi 1981, 55, 483,

Ministry of Health and Welfare of Japan, Dec 28, 1959, Notifi-
cation No. 370.

Ministry of Health and Welfare of Japan, Feb 20, 1980, Ordinance
No. 24.

Office of the Federal Register, General Services Administration
“Code of Federal Regulations”; U.S. Government Printing
Office: Washington, DC, 1980; Title 21, Part 182, p 1366.

Ohashi, M.; Echigo, A.; Watabe, T. New Food Ind. 1976, 18, 17.

Received for review April 24, 1981. Revised manuscript received
September 15, 1981. Accepted October 27, 1981.

Heterogeneity and Properties of Heat-Stable Ovalbumin from Stored Egg

Jun-ichi Kurisaki,* Yasuyo Murata,! Shuichi Kaminogawa, and Kunio Yamauchi

The changes in the properties of ovalbumin during storage were examined, especially with regard to
the heat stability. Two fractions of heat-stable ovalbumin were separated from the stored egg. One
was a minor new protein which was slightly acidic compared with the fresh ovalbumin. Another major
ovalbumin could not be distinguished in properties, except for the stability to heat denaturation, from
native ovalbumin, since the major ovalbumin from the stored egg showed the same behaviors in elec-
trophoresis and chromatography as did the fresh ovalbumin. These results show that the transformation
of ovalbumin to the heat-stable form cannot be explained by the change in the net surface charge.

The occurrence of the more stable form of ovalbumin
(S-ovalbumin), first reported by Smith (1964), is one of
the most interesting changes in the white, as well as the
thinning, during the storage of eggs. No distinct difference
in physical and chemical properties, however, was found
by Smith and Back (1965, 1968b) between native ovalbu-
min and S-ovalbumin, except for the difference in the
stability to heat or denaturing agents (Smith and Back,
1968a).

Recently, during the transformation of ovalbumin to
S-ovalbumin, slight conformational changes were detected
by a Raman difference spectroscopy (Kint and Tomimatsu,
1979) and changes in the surface charge were reported
(Nakamura et al., 1980). However, the mechanism of the
conversion is still a matter of speculation.

In the present study, we examined the correlation be-
tween the heat stability and other chemical or physical
properties of ovalbumin from the fresh or stored eggs and
found that two types of heat-stable ovalbumin, more acidic
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ovalbumin and ovalbumin with the same surface charge
as the fresh ovalbumin, were formed during storage.

MATERIALS AND METHODS

Source and Storage of Eggs. Eggs from White Leg-
horn (Babcock) were supplied from the National Institute
of Animal Industry (Chiba, Japan). Only the eggs with
type AA ovalbumin of genetic variants (Lush, 1964) were
used to avoid confusion in the interpretation of the results.
Shell eggs were stored on a plastic tray at 30 £ 2 °C for
1, 2, 3, and 4 weeks. This temperature was chosen to
accelerate the formation of heat-stable ovalbumin. The
pHs of the white from fresh eggs and stored eggs were
8.52-8.80 and 9.35-9.62, respectively.

Fractionation of Ovalbumin. Eggs were broken
carefully and egg white was separated. Egg white was
homogenized with a Polytron (Kinematica, Switzerland)
at scale 5 for 15 s at 5 °C, dialyzed against deionized water,
and lyophilized. The dried sample (1500 mg) was dissolved
in 0.05 M imidazole hydrochloride buffer (pH 6.20) con-
taining sodium azide (200 mg/L) and centrifuged at 15000
rpm for 60 min at 15 °C. The supernatant was equili-
brated with the same buffer for at least 24 h and frac-
tionated by ion-exchange chromatography on DEAE-Se-
phacel (Pharmacia Fine Chemicals). The column was 21
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Determination of Isoflavones in Soybean Flours, Protein Concentrates, and Isolates

Arthur C. Eldridge

The individual and total isoflavone content in commercial soybean protein products has been determined
by high-performance liquid chromatography. Dehulled, defatted soybean flours contain the following
mean isoflavone content (mg/100 g): daidzin, 61.7; glycitein 7-8-glucoside, 12.9; genistin, 119.8; daidzein,
32.8; genistein, 26.7. The same isoflavones were found in soybean protein concentrates and soybean

protein isolates but in decreased amounts.

Soybeans contain isoflavones (Naim et al., 1974) that
have several known activities, including estrogenic (Drane
et al., 1980; Kitts et al., 1980), fungitoxic (Wyman and
VanEtten, 1978), and antioxidant (Pratt and Birac, 1979)
properties. Because of the ever increasing use of soybean
protein products in foods and feeds, it is necessary to know
the concentration of these biologically active compounds
in various commercial products. Only one report in the
literature (Naim et al., 1974) gives any quantitative data
on the concentration of isoflavones in soybeans. Therefore,
this study has been conducted to determine the amount
of these compounds in soybean flours, protein concen-
trates, and isolates.

MATERIALS AND METHODS

Samples. A dehulled, defatted soybean flour was pre-
pared in the laboratory (Eldridge et al., 1971) from Amsoy
soybeans that were grown in 1978. In addition, one sample
of commercial soybean meal and eight texturized soybean
flours were obtained from various manufacturers. Five
commercial samples of soybean protein concentrates
{products containing a minimum of 70% protein) were
obtained from four manufacturers. Three processors each
use a different procedure for the preparation of their
concentrates (Circle and Smith, 1972). Five soybean
protein isolates (products containing a minimum of 30%
protein) were procured from one manufacturer.

Trade names and sources of samples are given in Table
I. All samples were ground to pass a 60-80-mesh screen.

Preparation of Extracts. Ground defatted soybean
flour was extracted with several solvents to determine the
most suitable solvent for dissolving the soybean iso-
flavones. Solvents investigated were 50%, 80%, and ab-
solute ethanol, 50%, 80%, and absolute methanol, ethyl
acetate, and acetonitrile. Refluxing with 80% methanol
gave the most reproducible results and maximum extrac-
tion.

Northern Regional Research Center, Agricultural Re-
search, Science and Education Administration, U.S. De-
partment of Agriculture, Peoria, Illinois 61604.

Table I. Identity of Samples Used in the Study

samples trade name or description source?

flours
A hexane, defatted Amsoy variety,
1978 crop

Nutrisoy 7B
unflavored TVP
Textratein
Centex 300
Centex 300 SL
Centex 400
Centex 400 SL
Mira Tex
Promote III, SL

centrates
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Food protein concentrate

Pro Con 2000

Promosoy 100

GL-301

i tes
Edi ProN
Edi Pro A
Supro 610
Supro 620
Supro 710

% 1, Northern Regional Research Center; 2, Archer-
Daniels-Midland Co.; 3, Cargill, Inc.; 4, Central Soya Co.;
5, A, E. Staley Manufacturing Co.; 6, Griffith Laboratories,
Inc.; 7, Swift and Co.; 8, Ralston Purina Co,
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In the analysis of soybean products, n-butyrophenone,
which served as an internal standard, was dissolved in 80%
aqueous methanol, and an accurate volume was added to
the sample. A 1-g sample with 25 mL of 80% aqueous
methanol containing the internal standard was heated
(boiling) on a steam bath for 4 h, cooled, and filtered
through a Type AP prefilter followed by a Type HA,
0.45-uM filter (Millipore Corp., Bedford, MA).

Chromatography. The previously published chroma-
tographic procedure (Eldridge, 1982) was followed, using
a linear methanol gradient from 25 to 50% in 20 min
followed by an isocratic hold period of at least 30 min.
Response factors for the individual isolated glucosides and
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