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ABSTRACT
Wheat seed color is often associated with a variety of properties, such as
ﬂour production and pre-harvest sprouting. Therefore, it is important for wheat
breeders to have the capability of performing simple procedures to easily distinguish white wheat seeds from red wheat seeds. Three processes commonly used
for seed color diﬀerentiation are: treating whole seeds with NaOH to extract
bound phenolics, staining seeds with vanillin-HCl to detect proanthocyanidins,
and extracting free phenolics from bran using cold 80% EtOH. In this study we
evaluated and compared these three techniques and identiﬁed beneﬁcial protocol
modiﬁcations, speciﬁcally time and temperature incubation requirements. In
order to quantify results, spectrophotometric analysis was performed to obtain
UV-Vis spectra for comparing free and bound phenolics. In conclusion, we determined that all three tests eﬀectively distinguish the true color of wheat kernels,
but the level of clariﬁcation is the most pronounced using the NaOH procedure.
In addition, the NaOH protocol generates suﬃciently interpretable results from
boiling water bath incubation times greater than or equal to ten minutes.
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INTRODUCTION
Simple procedures for discriminating red and white wheat (Triticum aestivum) seed coat color are useful to farmers and wheat breeders for numerous
reasons. It is said that red wheat has a much higher resistance to pre-harvest
sprouting than white wheat, which can in turn reduce grain quality (McCaig and
DePauw 1992). However, white wheat lines with greater tolerance to pre-harvest
sprouting, such as Clark’s Cream, have been developed (Upadhyay, Morris, and
Paulsen 1987). Dependent on milling techniques, hard white wheat has the
potential to produce greater amounts of ﬂour than hard red wheat and many
cultures around the world prefer its characteristics for food production (MatusCàdiz et al. 2008).
Three techniques that can be used for seed color determination are: NaOH
treatment of whole seeds with n-butanol extraction of bound phenolics, vanil-
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lin-HCl staining, and extraction of free phenolics using cold 80% EtOH. The
NaOH protocol for seed coat color determination is a simple procedure that
eﬀectively diﬀerentiates red and white wheat grain (Matus-Càdiz et al. 2008).
In NaOH, red grains typically become brownish-orange while white grains turn
straw yellow. Vanillin-HCl staining is widely accepted for its use in identifying
proanthocyanidins, a type of ﬂavonoid (Aastrup et al. 1984). The vanillin-HCl
stain displays red upon binding to subunits of proanthocyanidins, which are
more abundant in the seed coat of red wheat seeds. Free phenolics can be extracted by mixing bran with cold 80% EtOH (Matus-Càdiz et al. 2008). In order to
further analyze seed coat color, spectrophotometric analysis was performed on
extracts from the NaOH treatment and cold 80% EtOH treatments in order to
determine presence of particular ﬂavonoids in seed coats. All three procedures
were performed in order to determine the positive and negative aspects of each.
METHODS
Plant Material—Seeds from hard red winter wheat cv. ‘Winoka’ (Wells et
al. 1969) and a mutant-derived hard white winter wheat (Keneﬁck 2009) were
harvested, threshed, and stored at 5 °C before use.
Whole Seed NaOH Treatment and N-Butanol Extraction—Three replicates
of nine seeds from both the red-grained wheat (RW) and white-grained wheat
(WW) lines were placed in separate tubes containing 2 mL of 1.25 M NaOH,
with caps loosely threaded, and incubated for 15 min in a 90-100°C water bath.
Due to solidiﬁcation of the extract upon cooling, light vortexing was used on
some samples to allow for easier separation of seeds from the extract. The extract
was placed in new micro-centrifuge tubes, and 6 N HCl (1/4 vol) was used to
lower the pH to 3.0. N-butanol (1/3 vol) was then added to each sample, vortexed, and centrifuged at 20,000g for 10 min. Seeds were transferred to ﬁlter
paper to dry for visual inspection. In order to quantify results, liquid from each
sample underwent n-butanol extraction and was analyzed spectrophotometrically in order to verify seed color (Figure 4).
In order to improve the eﬃciency of the NaOH treatment, a 90-100 °C hot
water bath and a 70 °C shaking incubator were compared; time requirements for
both were also evaluated. A 2 mL volume of 1.25 M NaOH was added to eight
tubes containing ten WW seeds and eight tubes containing ten RW seeds, and
samples were placed in either a hot water bath or a shaking incubator (Shake ‘N’
Bake Hybridization Oven from Boekel Scientiﬁc) for time periods of 2.5, 5, 10,
and 20 min. After treatment the remaining extracts were transferred to new 2.0
mL micro-centrifuge tubes, while seeds were left to dry on ﬁlter paper for visual
inspection. Analysis of incubation requirements was strictly limited to observation of seed color after heating.
Bran Flavonoid Extraction—To obtain bran from RW and WW, seeds were
ground separately using the second coarsest setting on a Hamilton Beach Custom
Grind coﬀee grinder. Bran was collected by sifting the ground seeds through a
1 µm wire. Bran (50 mg) was placed in each tube and 250 µl of cold 80% EtOH
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if there is damage to the wheat germ from the use of either the NaOH
HCl staining; in the future this
effect could be analyzed. Overall, the thre
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