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Surface Staining of Wheat Starch Granules with Remazolbrilliant Blue R Dye
and Their Extraction with Aqueous Sodium Dodecyl Sulfate and Mercaptoethanol
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ABSTRACT

Wheat starch granules were stained with Remazolbrilliant blue R
(RBB) dye. The RBB-stained starch granules (RBB-starch) were suc-
cessively extracted with 1% sodium dodecyl sulfate (SDS) solution
containing 1% 2-mercaptoethanol (2-ME) at room temperature for 1 day
(extraction 1), 5 days (extraction 2), and 15 days (extraction 3). The
stained molecules were solubilized first, an indication that the RBB dye
was bound to the granule surface. After each extraction with 1% SDS
solution containing 1% 2-ME, granules were examined by scanning
electron microscopy. The appearance of the residual starch structure
changed greatly between extraction 2 and 3. After extraction 3, only a
shell-like structure was present. X-ray diffraction analysis of this sample
indicated an absence of crystallinity. The SDS extracts were subjected to
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Sepharose CL-2B gel-filtration chromatography. Two blue peaks were
observed for extraction 1: one high and one low molecular size. The low
molecular weight peak decreased for extraction 2 and was absent for
extraction 3. The high molecular weight blue peak did not disappear,
although the ratio of unstained carbohydrate to RBB-stained carbohy-
drate increased with time. The low molecular weight blue peak was
further subjected to the Sephadex G-50 gel-filtration chromatography,
and the resulting single peak was analyzed for sugars, proteins and pep-
tides, and lipids. Only lipids were found. The main TLC spot was RBB
stained and indicated lysophosphatidylglycerol by Dittmer and periodate
spray reagents.

The effects of surfactants on the starch gelatinization has been
reported by many scientists (Harris and Sibblitt 1949, Lord 1950,
Leach et al 1959, Boumne et al 1960, Collison et al 1960, Gray
and Schoch 1962, Lorenz 1976, Ohashi et al 1980, Hoover and
Hadziyev 1981, Ghiasi et al 1982, Eliasson 1985, Eliasson 1986,
Doublier et al 1987, Takahashi and Seib 1988, Tester and Morri-
son 1990, and Hibi 1994). However, the washing effects of the
surfactants on the wheat starch granules are poorly known (Seguchi
and Yamada 1989). The importance of the role of the surfaces of
wheat starch granules in determining cake textures, e.g., the
degree of springiness and gumminess, has been studied and
reported by Seguchi and Matsuki (1977). Seguchi (1990) removed
the surface proteins from chlorinated and nonchlorinated wheat
starch granules and observed the differences in the extracts by
sodium dodecyl sulfate (SDS) slab gel electrophoresis and Seph-
adex G-200 gel-filtration chromatography. When the wheat starch
granules were continuously exposed to 1% SDS solution contain-
ing 1% 2-mercaptoethanol (2-ME) for 240 hr at room temper-
ature, colorless and transparent granules with a patterned appear-
ance were observed by phase-contrast light microscopy (Seguchi
and Yamada 1989). This interesting patterned appearance is indi-
cative of the granule structure. Hall and Sayre (1970), Fannon et
al (1992), and Fannon and BeMiller (1993) found surface pores
along the equatorial groove of the large wheat starch granules.
SDS solution containing 2-ME could dissolve and remove various
trace materials from the surface of the native wheat starch granules
(Seguchi and Yamada 1989), which could be key components of the
structural stability of the starch granule. Removal of certain trace
components would gradually loosen the framework of the granule,
which would allow the SDS-solution containing 2-ME to penetrate
the loosened granules and begin to the dissolution process.
Remazolbrilliant blue R dye (RBB) (synonyms; Diamirabrilliant
blue R, Ostazin brilliantblue R, Primazinbrilliant blue RL,
Remalanbrilliant blue R, Sumifixbrilliant blue R) binds to starch
covalently as shown in Figure 1. RBB starch is used for amylase
digestion tests (Rinderknecht et al 1967).
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In this work, the surface of wheat starch granules was stained
with RBB without granule swelling, and RBB was used as a
marker for surface molecules extracted by a 1% SDS solution
containing 1% 2-ME. The stained materials were analyzed in an
effort to determine the nature of the wheat starch granule surface.

MATERIALS AND METHODS

Materials

Wheat prime starch granules were prepared from western white
flour by Sollar’s acetic acid (pH 3.5) fractionation technique
(Sollars 1958). The protein and moisture contents of the wheat
starch granules were 0.06 and 14.0%, respectively. RRB
(C,H¢N,0,;S:Na, ; MW 626) dye, sudan black dye, lysophos-
phatidyl glycerol 'and other standards were purchased from
Nacalai Tesque, Inc. (Kyoto, Japan). Other reagents were pur-
chased from commercial sources.

Preparation of RBB-Starch

All procedures were performed at room temperature. Following
the method of Rinderknecht et al (1967), starch (2 g) was sus-
pended in 1.0 ml of water and stirred vigorously. A solution (20
ml) of 10% aqueous RBB solution was added to the suspension.
During the following 45 min, sodium sulfate (4 g) was added in
several portions. The reaction mixture was then treated with a
solution of 200 mg of trisodium phosphate in 2 ml of water, and
stirring was continued for another 75 min. The mixture was cen-
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Fig. 1. Starch labeled covalently with Remazolbrilliant blue R (RBB)
(Rinderknecht et al 1967).



trifuged and the supernatant discarded. The dark blue RBB-starch
was resuspended in water and the supernatant discarded. Washing
in this manner was continued until the supernatant was com-
pletely colorless. The RBB-starch was freeze-dried.

Extraction of RBB-Starch with SDS and 1% 2-ME

RBB-starch (2 g) was mixed with 40 ml of 1% SDS solution
containing 1% 2-ME and stirred one day (extraction 1) at room
temperature. The mixed solution was then centrifuged, and the
pelleted starch was mixed with fresh 1% SDS solution containing
1% 2-ME and stirred for an additional four days (extraction 2).
This process was repeated once more with stirring for an addi-
tional 10 days (extraction 3). All three supernatants were dialyzed
against a large volume of water and freeze-dried (SDS-extracts).
The starch was washed with a large volume of water, collected by
centrifugation (SDS-starch), and freeze-dried.

Scanning Electron Microscopy
SDS-starch was coated with gold and viewed with a Hitachi S-
430 scanning electron microscope operated at 20 kV.

Microscopic Observation of I,-Stained Starch Granules

SDS extracted starch granules were stained with iodine
(Krisman 1962) and heated in boiling water for a few minutes.
One drop of the starch suspension was put between a slide and
cover glass, and subjected to light microscopic observation after
the cover glass was pressed to various degrees with a thumb.

Sepharose CL-2B and Sephadex G-50 Gel-Filtration
Chromatography of the SDS-Extracts

Each SDS-extract (5.3 mg) was placed in 1.0 ml of 90% dime-
thyl sulfoxide (DMSO) solution, boiled for 3 min, and subjected
to Sepharose CL-2B gel-filtration chromatography (1.0 x 95 cm).
The eluting solvent was DMSO and water (9:1, v/v) and flow rate
was 0.05 ml/min, or one column volume per 24 hr. The total car-
bohydrate (Dubois et al 1956) and the blue color (Ags,) of each
fraction were determined. Conditions for Sephadex G-50 gel-
filtration chromatography were the same.

X-ray Diffraction Analysis

X-ray diffraction analysis was performed with a JEX-7E dif-
fractometer (Japan Electron Optics Laboratory LTD). Starch (300
mg) was suspended in water and removed by filtration, then sub-
jected to x-ray diffraction analysis while wet (Sugimoto et al
1982). Operating conditions were: 30 kV and 15 mA and the
diffractograms of the samples were obtained at 26 angles from 4°
to 30°.

Determination of Reducing Power

Starch (10 mg) was suspended in 1 ml of 90% DMSO solution,
boiled for 3 min, and dialyzed against 90% DMSO solution. The
reducing power was then determined by the method of Hizukuri
et al (1981). The total sugar of the same samples was measured
by phenol sulfuric acid method (Dubois et al 1956).

Sudan Black Staining

Starch (500 mg) was suspended in 0.5 ml of 0.1% aqueous su-
dan black solution for several hours at room temperature (Seguchi
and Yamada 1989). The mixture was centrifuged and the super-
natant discarded. The starch pellet was washed with water until
the supernatant was completely colorless. SDS-starch after the
extraction 1 was also stained with sudan black in the same man-
ner, and freeze-dried.

Paper chromatography (PC), SDS-Slab Gel Electrophoresis,
and Thin-Layer Chromatography (TLC)

PC was performed by the double ascending method using a
solvent system of pyridine, n-BuOH, and water (4:6:3, v/v) and

components were visualized by aniline hydrogen phthalate spray
(Partidge 1949). SDS-PAGE was performed as reported previ-
ously (Seguchi and Yamada 1989). TLC was performed using a
solvent system of chloroform, methanol, and water (65:25:4, viv)
and visualization was achieved by the periodate-Schiff reagent
(Warner and Lands 1963) and Dittmer reagent sprays (Dittmer
and Lester 1964).

RESULTS AND DISCUSSION

Preparation of RBB-Starch and Extraction with 1% SDS
and 1% 2-Me

Wheat starch granules were stained with RBB at room tem-
perature without apparent damage to the granule and judged by
their size (Fig. 2). SDS-starch extracted for 1, 5, and 15 days was
observed by SEM (Fig. 3B-D). After 1 day (extraction 1) (Fig.
3B), virtually no changes in the granules were found when com-
pared to control starch granules (Fig. 3A). However, a small cen-
tral depression was observed in large granules (Fig. 3B). After 5
days (extraction 2), the central hollow of the granules was clearer,
and granules had become flatter and more lenticular (Fig. 3C).
When the SDS-extracted starch granule was stained with I, fol-
lowed by boiling for several minutes, a small crevice (arrow) in
the center and surrounding portions of the granule was observed
by light microscopy (Fig. 4A). When pressure was applied to the
I, stained starch granules between a slide and cover glass, the
granules appeared to undergo peeling where an outer shell was
removed easily (Fig. 4B) as evidenced by broken pieces of outer
shell and hole-like structures (Fig. 4E arrow). The inside center
portion appeared separated from the surrounding portion of the
granules (Fig. 4B arrow). When even stronger pressure was
applied to the cover glass, smaller debris could be observed (Fig.
4C and D). But non-SDS extracted starch granules, after the same
I, treatment, did not break apart even after applying high pres-
sure. Instead, they maintained their original round granular shape,
which suggested that the structure in the starch granules was
changed from a packed structure to a hollow structure by SDS
extraction. First, the SDS solution containing 2-ME dissolved the
starch granule surface polymers that had been stained with RBB,
then the aqueous KI-I, solution could easily penetrate into the
granule to produce a hollow structure. Using phase-contrast
microscopy, Seguchi and Yamada (1989) observed concentric
circles in both flat and round granules of the same SDS-starch,
indicating a contrast in refractive indices between crystalline and
amorphous regions. After 15 days (extraction 3), native granular

Fig. 2. Light micrograph of Remazolbrilliant blue R (RBB) stained
starch granules (RBB-starch). Bar = 10 um.
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structure could not be observed, and almost all of the granules
were eroded away to give only shell-like structures (Fig. 3D).

X-ray Diffraction Analysis of the SDS-Starch
and Measurement of Reducing Power

The SDS-starch was subjected to x-ray diffraction analysis
(Fig. 5). The unextracted control starch showed the typical A-type
pattern of wheat starch, in which separation of peaks 4a and 4b is
typically observed. After the extraction 1, the A-type structure
was maintained. However, the intensity of the diffraction was
lower, indicating a decreased crystallinity. When the SDS-
extraction was continued for five or more days, the SDS-starch
lost all identifiable or measurable crystallinity, probably
depending on penetration of SDS-solution into crystalline
portion. Lack of observation of any V-type structure indicated
that lipid-amylose complexes are not present. The reducing power
of SDS-starch preparations were measured by the method of
Hizukuri et al (1981). The reducing power of the preparations
(Table I) gradually increased with increasing extraction time,
which may mean that oxidation is occurring by the shear force
(Seguchi et al 1994).

Sepharose CL-2B Gel-Filtration Chromatography
of SDS-Extracts

The color (Agsp) and carbohydrate contents (CH) in the SDS
extracts from RBB-starch were measured (Table II). The concen-
tration of blue color in the extracts decreased with each extraction
period. These data indicates that 1% SDS solution containing 1%
2-ME solubilized the starch polymers from the outside to the
inside of the granules, assuming that the RBB dye was mainly
bound to the granule surface. Figures 6A-C show the profiles of
Sepharose CL-2B gel-filtration chromatography of the SDS
extracts of extractions 1, 2, and 3, respectively. Fig. 6A shows
two clear peaks (fractions 20 and 37) in both carbohydrate and
Agso fractions 20 and 37 were same the positions of V,, (the void
volume) and Vi, respectively, in the column. The concentration
of color in fractions 20 and 37 were 6.11 and 8.33, respectively.
In extractions 2 and 3 (Fig. 6B and C), the high molecular weight
peak was present, while the low molecular weight peak gradually
decreased. At the same time, the concentration of color in the
high molecular weight peaks decreased from 6.11 to 0.85 to 0.47,
respectively, in extractions 1, 2 and 3. The Sepharose CL-2B gel-
filtration chromatography profile of the SDS extracts of extraction

Fig. 3. Scanning electron micrographs. A: unextracted starch; B, C, and D: sodium dodecyl sulfate (SDS) starch after extractions 1, 2, and 3,

respectively. Bar = 10 um.
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3 (Fig. 6C) showed virtually no stained low molecular weight
peak, and the high molecular weight peak had a color concentra-
tion of only 0.47. When the high molecular weight peak was
treated with KI-I,, its A, showed 510-520 nm, indicating almost
all amylopectin. These results suggest that low molecular weight
materials which are mainly extracted in extraction 1 are located at
the starch granule surface, along with some high molecular
weight carbohydrates. RBB stained high molecular weight carbo-
hydrates did dissolve in the first SDS extracts, followed by
unstained high molecular weight carbohydrates gradually dissolv-
ing afterward. Morrison and Gadan (1987) reported that there
should be gradients of amylose and lysophospholipid composi-
tion along the outer radii of wheat starch granule, and some of
these would be easily extracted with SDS solution. With the
removal of these starch granule surface materials, the SDS solu-

tion could gradually penetrate the granules and make a hollow
structure (Fig.4E).

Analysis of the Low Molecular Weight Materials

During extraction 3, the low molecular weight materials virtu-
ally disappeared in the SDS-extracts and the appearance of the
starch granules changed dramatically (Fig. 3D). Perhaps then, the
low molecular weight materials are important in maintaining
granule form. The low molecular weight materials (fractions 35—
43) from Sepharose CL-2B gel-filtration chromatography (Fig.
6A) were pooled, concentrated, and subjected to Sephadex G-50
gel-filtration chromatography. One sharp peak was obtained. This
peak was concentrated and analyzed by PC for sugars, by SDS-
PAGE for proteins and peptides, and by TLC for lipids. Neither
sugars, proteins, or peptides were detected by PC and SDS-PAGE

Fig. 4. Light micrographs of sodium dodecyl sulfate (SDS) extracted (5 days) starch granules after staining with I, and boiling in water for several
minutes. A: glass cover slip lightly pressed; B, C, and D: glass cover slip gradually pressed harder; E: glass cover slip heavily pressed. Note hollow

structure of crushed granules. Bar = 10 pm.

Vol. 72, No. 6, 1995 605



Fig. 5. X-ray diffraction analysis of sodium dodecyl sulfate (SDS)
starch. A: unextracted starch; B, C, and D: starch after extractions 1, 2,
and 3, respectively.

TABLE I
Changes of Reducing Power of SDS*-Extracted
Wheat Prime Starch Granules

Extraction Time Reducing Power
(days) (umoles/g x 100)
0 1,130

1 772

5 2,950

15 9,940

1 1% sodium dodecyl sulfate solution containing 1% 2-mercaptoethanol.

TABLE II
Color (Agsy) and Total Soluble Carbohydrate from Wheat Starch
Granules Extracted with 1% Sodium Dodecyl Sulfate Solution
Containing 1% 2-Mercaptoethanol®

Solubilized Agsp of Soluble

Soaking Time  Carbohydrates Carbohydrates
Extraction (days) (ng)/gh (mg)
1 1 388 371
2 5 412 0.55
3 15 962 0.23

# Three replicates. Standard deviation 15.
b Solubilized carbohydrate determined by phenol sulfuric acid method
(Dubois et al 1956).

which indicates no amylose and surface and internal protein in
the stained low molecular weight peak. Starch granule surface
protein (Seguchi and Yamada 1989) would be excluded by the
Sephadex G-50 gel-filtration step. TLC analysis revealed several
RBB stained blue spots (Fig. 7). These were identified as phos-
pholipids by the Dittmer reagent. Components 3, 4, and 5 in Fig-
ure 7 gave a positive Dittmer blue color. Components 3 and 4 in
Figure 7 gave a positive red-purple color with the periodate-
Schiff reagent, an indication of lysophosphatidylglycerol. A
known sample of lysophosphatidylglycerol showed a different Rf
value than the RBB-stained material. Lysophosphatidyl serine
and lysophosphatidyl choline did not stain with RBB, but
appeared on the same TLC plate (Seguchi and Yamada 1989).
The presence of lysophospholipids in the wheat starch granule is
widely known (Eliasson and Larsson 1993). However, the role of
these lipids in the starch granule structure is poorly understood.
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Fig. 6. Profiles of Sepharose CL-2B gel-filtration chromatography of
sodium dodecyl sulfate (SDS) extracts. A-C: extractions 1, 2, and 3,
respectively.

The starch granule surface also stained with sudan black dye (Fig.
8A) that stains lipids. After extraction, the granules with 1% SDS
solution containing 1% 2-ME (extraction 1), sudan black did not
stain the starch granule surface (Fig. 8B), indicating removal of
surface lipids.

From those results, it is reasonable to think that some
lysophospholipids such as lysophosphatidylglycerol prohibit the
penetration of the SDS-solution into starch granules. The
lysophospholipids are complexed with amylose and would be
present on or near the surface of the granules (Morrison and
Gadan 1987) and would keep the form of the starch granule from



Fig. 7. Thin-layer chromatograph of sodium dodecyl sulfate (SDS)
extract of Remazolbrilliant blue R-stained starch granule. Two columns
are the same.

Fig. 8. Sudan black stained starch (A) and starch from extraction 1 (B)
dried in petri dishes and photographed.

collapsing. The SDS-solution initially dissolves the starch granule
surface lysophospholipids and reduces the surface tension of the
granule or the SDS complexes with amylose. At the same time,
surface high molecular weight carbohydrate is gradually dis-
solved, which could change the nature of the starch granule sur-
face and allow the solution to penetrate the granule and form the
hollow structure (Fig. 4E).

ACKNOWLEDGMENTS
I thank James BeMiller of Purdue University for helpful advice.

LITERATURE CITED

BOURNE, E. J.,TIFFIN, A. 1., and WEIGEL, H. 1960. Interaction of
starch with sucrose stearates and other antistaling agents. J. Sci.Food
Agric. 11:101-109.

COLLISON, R., CAMPBELL, J. D., and ELTON, G. A. H. 1960. The
effect of surfactants on swelling and gel properties of wheat starch,
Chem. Ind. 40:1230-1231.

DITTMER, J. C., and LESTER, R. L. 1964. A simple,specific spray for
the detection of phospholipids on thin-layer chromatograms. J. Lipid
Res. 5:126-127.

DOUBLIER, J. L., PATON, D., and LLAMAS, G. 1987. A rheological
investigation of oat starch pastes. Cereal Chem. 64:21-26.

DUBOIS, M., GILLES, K. A., HAMILTON, J. K., REBERS, P. A., and
SMITH, E. 1956. Colorimetric method for determination of sugars and
related substrates. Anal. Chem. 28:350.

ELIASSON, A. C. 1985. Starch-lipid interactions studied by differential
scanning calorimetry. Thermochim. Acta 95:369-374.

ELIASSON, A. C. 1986. Viscoelastic behavior during the gelatinization
of starch. II. Effects of emulsifiers. J.Texture Stud. 17:357-375.

ELIASSON, A. C., and LARSSON, K. 1993. Page 32 in: Cereals in
Breadmaking. Marcel Dekker: New York.

FANNON, J. E., HAUBER, R. J., and BeMILLER, J. N. 1992. Surface
pores of granules. Cereal Chem. 69:284-288.

FANNON, I. E.,, and BeMILLER, J. N. 1992. Structure of corn starch
paste and granule remnants revealed by low-temperature scanning
electron microscope after cryopreparation. Cereal Chem. 69:456-460.

GHIASI, K., HOSENEY, R. C., and VARRIANO-MARSTON, E. 1982.
Gelatinization of wheat starch. Amylograph viscosity. Cereal Chem.
59:262-265.

GRAY, V. M, and SCHOCH, T. J. 1962. Effects of surfactants and fatty
acid adjuncts on the swelling and solubilization of granular starches.
Staerke 7:239-246.

HALL, D. M., and SAYRE, J. G. 1970. A scanning electron-microscope
study of starches. Part II. Cereal starches. Text. Res. J. 40:256-266.

HARRIS, R. H., and SIBBLITT, L. D. 1949. Some effects on swelling
power of wheat starch of (1) soxhlet extraction with methanol and (2)
composition of the cooking liquid. Food Res. 14:190-194.

HIBI, Y. 1994. Effect of lipids on the viscoelastic properties of rice
starch gel. Starch/Staerke 46:44-48.

HIZUKURI, S., TAKEDA, Y., YASUDA, M., and SUZUKI, A. 1981.
Multi-branched nature of amylose and the action of debranching
enzymes. Carbohydr. Res. 94:205-213.

HOOVER, R., and HADZIYEV, D. 1981. Characterization of potato
starch and its monoglyceride complexes. Starch/Staerke 33:290-300.
JANE, 1., and SHEN, J. J. 1993. Internal structure of the potato starch
granule revealed by chemical gelatinization. Carbohydr. Res.

247:279-290.

KRISMAN, C. R. 1962. A method for the colorimetric estimation of
glycogen with iodine. Anal. Biochem. 4:17.

LEACH, H. W., McCOWEN, L. D., and SCHOCH, T. J.1959. Structure
of the starch granule. I. Swelling and solubility patterns of various
starches. Cereal Chem. 36:534-544.

LORD, D. D. 1950. The action of polyoxyethylene monostearate upon
starch with reference to its softening action on bread. J. Colloid Sci.
5:360-375.

LORENZ, K. 1976. Physico-chemical properties of lipid-free cereal
starches. J. Food Sci. 41:1357-1359.

MORRISON, W. R., and GADAN, H. 1987. The amylose and lipid con-
tents of starch granules in developing wheat endosperm. J. Cereal Sci.
5:263-275.

OHASHI, K., GOSHIMA, G., KUSUDA, H., and TSUGE, H. 1980.
Effect of embraced lipid on the gelatinization of rice starch.
Starch/Staerke 32:54-58.

PARTIDGE, S. M. 1949. Aniline hydrogen phthalate as a spraying rea-
gent for chromatography of sugars. Nature 164:443.

RINDERKNECHT, H., WILDING, P, and HAVERBACK, B. J. 1967. A
new method for the determination of a-amylase. Experientia 23:805.

SEGUCHI, M., and MATSUKI, J. 1977. Studies on pan-cake baking. L.
Effect of chlorination of flour on pan-cake qualities. Cereal Chem.
54:287-299.

SEGUCHI, M., and YAMADA, Y. 1989. Studies of proteins extracted
from the surface of wheat starch granules with sodium dodecyl sul-
fate. Cereal Chem. 66:193-196.

SEGUCHI, M. 1990. Study of wheat starch granule surface proteins
from chlorinated wheat flours. Cereal Chem. 67:258-260.

Vol. 72, No. 6, 1995 607



SEGUCHI, M., HIGASA, T., and MORI, T. 1994. Study of wheat starch
structures by sonication treatment. Cereal Chem. 71:636-639.

SOLLARS, W. F. 1958. Fractionation and reconstitution procedures for
cake flours. Cereal Chem. 35:85-99.

SUGIMOTO, Y., NISHIHARA, K., INOUE, M., and FUWA, H. 1982,
Some properties of starch granules from different plant species. J. Jap.
Soc. Starch Sci. 29:19-26.

TAKAHASHI, S., and SEIB, P. A., 1988. Paste and gel properties of

prime corn and wheat starches with and without native lipids. Cereal
Chem. 65:474-483.

TESTER, R. F,, and MORRISON, W. R. 1990. Swelling and gelatiniza-
tion of cereal starches. I. Effect of amylopectin, amylose, and lipids.
Cereal Chem. 67:551-557.

WARNER, H. R, and LANDS, W. E. M. 1963. Metabolism of
plasmalogen: II. The determination of alkenyl ethers in the presence
of free aldehydes. J. Lipid Res. 4:216-220.

[Received February 27, 1995. Accepted August 30, 1995.]

608 CEREAL CHEMISTRY



