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Abstract

The major anthocyanin composition of normal purple wheat and heat stressed purple wheat were measured using HPLC, LC–MS/
MS and the pH differential method. The lignan secoisolariciresinol diglucoside (SDG) and melatonin content were also measured. Total
anthocyanin profile of normal purple wheat (491.3 mg/kg) was significantly (P < 0.05) lower than that of the heat stressed purple wheat
(522.7 mg/kg). Thirteen major anthocyanins were isolated and cyanidin 3-glucoside was the predominant anthocyanin in purple wheat.
Using the pH differential method, the total anthocyanin content of normal (500.6 mg/kg) and heat stressed (526.0 mg/kg) purple wheat
were similar to those observed using HPLC. The SDG content of normal and heat stressed purple wheat were 770 and 520 lg/kg, while
melatonin content was 4 and 2 lg/kg, respectively. The presence of SDG and melatonin in addition to anthocyanins may contribute to
the health benefits associated with consumption of coloured cereal grains.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Anthocyanins have been shown to have some beneficial
health effects on oxidative damage, detoxification enzymes,
and the immune system (Manach, Mazur, & Scalbert,
2005; Prior & Wu, 2006). They have anti-platelet aggrega-
tion and anti-inflammatory properties (Manach et al.,
2005). Anthocyanins not only scavenge free radicals, but
they also have the ability to bind heavy metals such as iron,
zinc, and copper (Li, Shan, Sun, Corke, & Beta, 2005; Prior
& Wu, 2006). Also they are an inducer of antioxidant
enzymes such as glutathione-S-transferase (GST) and
superoxide dismutase (SOD) (Duthie et al., 2006; Manach
et al., 2005). Anthocyanins appear to have a synergist effect
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on vitamin C and other flavonoids (Duthie et al., 2006;
Manach et al., 2005).

Anthocyanins are the largest group of water soluble
natural pigments that give red, violet, and blue colour
to many fruits, vegetables, and cereal grains (Choia,
Jeonga, & Lee, 2007; Hosseinian & Beta, 2007; Prior &
Wu, 2006). Anthocyanins are found in plants in glycosyl-
ated forms, generally linked with glucose, galactose, arab-
inose, rhamnose, xylose, and fructose (Choia et al., 2007;
Hosseinian & Beta, 2007; Mazza, Cacace, & Kay, 2004).
Cyanidin is the most common anthocyanidin (aglycone)
followed by delphinidin, peonidin, pelargonidin, petunidin
and malvidin (Oomah & Mazza, 1999). Delphinidin is
known to be responsible for the bluish colour, whereas cy-
anidin and pelargonidin are responsible for purple and red
colours in plants (Abdel-Aal el & Hucl, 2003; Lee, Durst, &
Wrolstad, 2005; Mazza et al., 2004). The basic structure of
anthocyanins is shown in Fig. 1, that includes C-6 (A-ring),
C-3 (C-ring), C-6 (B-ring). The A and C rings form the
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Fig. 1. Common anthocyanin structure and corresponding anthocyani-
dins (aglycones).
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chromane ring which is an additional contribution to the
aromaticity of the compound (Prior & Wu, 2006).

Secoisolariciresinol diglucoside (SDG) is a lignan
(diphenolic) that can be found in oilseeds, cereals grains,
fruits, and certain vegetables. SDG (Fig. 2) has been pro-
ven to have antioxidant and chemopreventive properties.
Flaxseed is the richest source of SDG (7–24 mg/g), which
contains �700–800 times more SDG than any other food
(Hosseinian, Muir, Westcott, & Krol, 2007).

Tryptophan serves as the precursor for the synthesis of
serotonin (Karasek, 2004). Serotonin is a chemical that
helps to keep our moods under control by helping with
sleep, calming anxiety, and relieving depression (Karasek,
2004). The mammalian pineal hormone melatonin (N-
acetyl-5-methoxytryptamine), an aminoindole is produced
as a result of serotonin metabolism (5-hydroxytryptamine)
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Fig. 2. Structures of (a) SDG (C32H46O16, MW = 686.3), (b) serotonin (C10
(Karasek, 2004). Seratonin and melatonin (Fig. 2) have
been shown to have antioxidant, antiaging, and antidepres-
sent properties (Karasek, 2004; Kedziora-Kornatowska
et al., 2007). They behave as neuromodulators that play
an important role in communication within the nervous
system (Karasek, 2004).

The effects of environmental stress such as drought,
heat, solar radiation, and salt can affect the quality of crops
including wheat (Acevedo, Silva, & Silva, 2002; Mpofu, Sa-
pirstein, & Beta, 2006; Oncel, Keles, & Ustun, 2000). Water
stress is of common and wide occurrence in nature and is
inevitably related to grain yield (Majoul, Bancel, Triboi,
Ben Hamida, & Branlard, 2003). Environmental stress
likely affects the content of anthocyanin and other phyto-
chemicals in coloured wheats. The major objective of this
study was to measure anthocyanin composition of purple
wheat using HPLC, UPLC–MS/MS and the pH differential
method. The lignan SDG, and melatonin content of these
two samples were also measured.

2. Materials and methods

Two purple wheat samples of the same variety but
grown in different years were kindly provided from Infra-
Ready Products Ltd. (Saskatoon, SK, Canada) and were
used in this study. The dry conditions that prevailed in
2005 likely led to a darker appearance to the heat stressed
purple wheat compared to the normal purple wheat har-
vested in 2006. The purple wheat samples were ground
using the sample mill (Krups Type 202, Germany) to pass
through a 0.5 mm screen. The analyses were conducted on
the ground samples. The data were expressed on dry weight
basis.

2.1. Chemicals

The solvents: methanol, acetonitrile and formic acid
were HPLC grade (Fisher Scientific Co., Ottawa, ON).
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H12N2O, MW = 176.2) and (c) melatonin (C13H16N2O2, MW = 232.2).
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The standards, cyanidin 3-glucoside (Cy-3-glc), cyanidin 3-
galactoside (Cy-3-gal), malvidin 3-glucoside (Mv-3-glc),
pelargonidin 3-glucoside (Pg-3-glc), peonidin 3-glucoside
(Pn-3-glc) and cyanidin chloride (Cy-cl) were purchased
from Polyphenols Laboratories AS (Sandnes, Norway).
The standards were dissolved in acidified MeOH (1 N
HCl, 85:15, v/v) to obtain concentrations of 1 mg/mL each.
SDG was purchased from ChromaDexTM, Inc. (Santa Ana,
CA). Melatonin and serotonin were purchased from Sigma
(St. Louis, MO, USA). SDG, melatonin and seratonin
standards were dissolved in MeOH to obtain concentra-
tions of 1 mg/mL each.

2.2. Extraction and purification

The extraction and purification of anthocyanins were
accomplished according to a modification of the methods
reported in the literature (Mazza et al., 2004; Naczk &
Shahidi, 2006). Briefly, methanol acidified with HCl (1 N)
(ratio 85:15, v/v) was added to ground purple wheat (sam-
ple to solvent ratio of 1:8) and the pH adjusted to 1.0. After
shaking at 1800 rpm for 45 min, the supernatant was sepa-
rated from the pellet by centrifuging at 5000g. The super-
natant was evaporated to dryness at 40 �C and
reconstituted in methanol (5 mL). The extraction appara-
tus included a shaker (G-25, Eberbach Corporation, Ann
Arbor, MI, USA), centrifuge (SLA-3000) with Sorvall
GS-3 rotor (Sorvall� Instruments, ON, Canada), and
rotary evaporator (Yamato RE-51, Cole-Parmer Instru-
ment Company, IL, USA) with a water bath (Thermo-Lift,
Fisher Scientific, NJ, USA). To determine recovery of
anthocyanins, purple wheat samples were also spiked with
standards prior to extraction. The reconstituted extract was
filtered through a 0.45 lm syringe filter prior to HPLC
analysis.

2.3. HPLC analysis

The HPLC method for anthocyanin measurements was
based on modification of methods reported earlier (Mazza
et al., 2004; Naczk & Shahidi, 2006). Analyses were con-
ducted on an HPLC (Waters 2695) system equipped with
a photodiode array detector (PDA) (Waters 996),
Empower software, and autosampler (Waters 717 plus)
(Waters Corp., Milford, MA, USA). The separation of
anthocyanins was initially done at three different tempera-
ture (23, 35 and 40 �C) on a Luna 3u C18 column
(150 � 3 mm i.d., 3 lm) to which a guard column (Phe-
nomenex, Torrance, CA) was attached. An optimum tem-
perature of 35 �C was selected. Mobile phases were A,
4.5% formic acid in double deionized water and B, 100%
methanol. The gradient conditions were as follows: solvent
B: 0 min, 10%; 30 min, 25%; 40 min, 45%; 42 min, 90%; 45–
50 min, 10%. Spectral data (254–600 nm) was collected for
all samples. Elution of compounds of interest was moni-
tored at wavelength 520 nm for anthocyanins, at 280 nm
and 320 nm for other phenolics. Other chromatographic
conditions were as follows: flow rate, 0.4 mL/min; injection
volume, 10 lL and run time, 50 min. The separation was
performed on a C18 column (150 � 3 mm i.d. 5 lm)
(Waters Corp., Milford, MA, USA). Peak identification
of each anthocyanin was based on comparison of relative
retention time (RT), percentage peak area, and spectral
data with those of anthocyanin standards. For SDG, mel-
atonin and serotonin, the mobile phases were A, 0.1% ace-
tic acid in double deionized water and B, 0.1% acetic acid
in acetonitrile. The gradient conditions were as follows: sol-
vent B: 0 min, 10%; 5 min, 10%; 10–40 min, 40%; 41–
50 min, 10%. Other chromatographic conditions were as
follows: flow rate, 0.5 mL/min; injection volume, 10 lL
and run time, 30 min. Spectral data was collected at
280 nm and also (254–600 nm) for all samples. Under the
current chromatographic conditions, the limit of detection
(LOD) and limit of quantification (LOQ) were determined
to be 100 ng/mg (S/N > 5) and 200 ng/mg (S/N > 10),
respectively.

2.4. Ultra performance liquid chromatography/tandem mass

spectrometry (UPLC/MS/MS)

Liquid chromatographic separation was performed on
an ACQUITYTM UPLC system (Waters Corp, Milford,
MA, USA) with MassLynxTM Software and a PDA detector
set at 520 nm for anthocyanins and at 280 nm and 320 nm
for other phenolics. The ACQUITYTM UPLC BEH C18
column 1.0 � 100 mm, 1.7 lm was used for separation of
anthocyanins (0.2 ml/min). Samples (5 lL) were injected
into the liquid chromatograph. Prior to mass spectrometric
(MS) analysis, a binary mobile phase consisting of 0.1%
formic acid (A) and 100% methanol (B) was used under
the following gradient conditions: 0.0 min, 13% B;
8.0 min, 24% B; 22 min, 100% B and at 24.0 min until the
end of 26 min run, 13% B, for re-equilibration of the col-
umn before the next injection. The eluting stream from
the UPLC was introduced into a Waters Quatro MicroTM

atmospheric pressure ionization (API) mass spectrometer
(MassLynxTM Software, Waters Corp, Milford, MA,
USA) equipped with an electrospray ionization (ESI)
multi-mode ionization probe (ESI APCI). The MS param-
eters were optimized using the anthocyanins standards. All
spectra were obtained in both positive and negative mode
ESI and the scan was set at m/z 100-1900. MS parameters
were as follows: capillary voltage: 3 kV, cone voltage: 30 V,
extractor voltage: 3.3 V, source temperature: 100 �C, desol-
vation temperature: 210 �C, cone gas flow: 50 L/h, desolva-
tion gas flow: 600 L/h. Nitrogen gas was used for
desolvation and cone.

2.5. Total anthocyanins measurement using pH differential

method

Total anthocyanins were measured according to a mod-
ification of the methods described earlier (Fuleki & Fran-
cis, 1968); (Lee et al., 2005). Two dilutions of the sample
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were prepared, one for pH 1.0 using potassium chloride
buffer (0.03 M, 1.9 g KCl into 980 mL distilled water)
and the other for pH 4.5 using sodium acetate buffer
(0.4 M, 54.4 g CH3CO2Na � 3H2O in 960 mL distilled
water). Samples were diluted 10 times to a final volume
of 2 mL. The absorbance of each sample was measured
at 520 nm against distilled water as blank. The samples
had no haze or sediment and thus correction at 700 nm
was omitted. The concentration (mg/L) of each anthocya-
nin was calculated according to the following formula and
expressed as Cy-3-glc equivalents:

A�MW�DF� 103

e� 1

where A is the absorbance = (Akvis-max)pH 1.0 � (Akvis-

max)pH 4.5, MW is the molecular weight (g/mol) = 449.2 g/
mol for Cy-3-glc, DF is the dilution factor (0.2 ml sample
is diluted to 2 ml, DF = 10), and e is the extinction coeffi-
cient (L � cm�1 � mol�1) = 26,900 for Cy-3-glc, where L

(pathlength in cm) = 1. For comparison, the same extinc-
tion coefficient was used for other standards to calculate
the concentration of each anthocyanin and thus results re-
ported is expressed as Cy-3-glc equivalents.

2.6. Statistical analysis

Samples were analysed in triplicate and one way analysis
of variance performed using SAS version 9.1. Significant
differences were detected at P < 0.05.

3. Results and discussion

3.1. Anthocyanins composition using HPLC and UPLC–

MS/MS

Interest in the anthocyanin content of coloured cereals
such as purple wheat has increased because of their poten-
tial as nutraceutical ingredients and functional foods (Cho-
ia et al., 2007). Anthocyanins can play a role as
antioxidants and provide other health benefits (Manach,
Scalbert, Morand, Remesy, & Jimenez, 2004; Prior &
Wu, 2006). Anthocyanins are also regarded as safe and
effective food colourants (Manach et al., 2004).

An advantage of the present study was that the quanti-
fication of the anthocyanins was performed by HPLC using
anthocyanin references (Fig. 3). The quantification is there-
fore based on different references and not by one single ref-
erence such as cyanidin-3-O-glucoside. However, some
peaks were still unlabeled due to unavailability of all stan-
dards. We selected nine major anthocyanin standards to
measure key anthocyanins in the purple wheat. Fewer
numbers of standards were reported in previous studies
(Kay, Mazza, Holub, & Wang, 2004; Naczk & Shahidi,
2006); however, a reasonable number of references were
selected for this study to identify individual anthocyanins
present in purple wheat samples. Some peaks were not
identified using HPLC due to lack of corresponding antho-
cyanin standards. The non-identified peaks were consid-
ered as anthocyanins using mass spectrometry and their
UV absorption at 520 nm. Major anthocyanins in purple
wheat and their m/z values are shown in Table 1. The total
anthocyanins reported include both identified and non-
identified HPLC peaks (Table 2).

Whereas organic solvents such as methanol and acetone
are usually used for extraction of anthocyanins, the acidi-
fied MeOH showed the highest extraction efficiency
(70–100%) (Kay et al., 2004; Mazza et al., 2004; Naczk &
Shahidi, 2006). To determine recovery of anthocyanins,
purple wheat samples were also spiked with standards prior
to extraction. The extraction efficiency ranged from 80 to
100% for the anthocyanins, which is within the range pre-
viously reported (Kay et al., 2004; Naczk & Shahidi, 2006).
In the calculation of the final results, these recoveries were
not taken into account since the identities of some peaks
were unknown. Although measuring the recovery% is use-
ful to validate the method for extraction, most studies use
only statistical analysis to show the reproducibility of the
extraction method (Seeram & Nair, 2002). In this study,
the coefficient of variation (CV) for the repeatability of
the HPLC injections was less than 10% (Table 2).

Dp-3-glc showed the shortest RT (13.7 min) while Cy-cl
showed the longest RT (33.1 min) (Fig. 3). The UV profile
at 520 nm was used to distinguish anthocyanins from other
phenolics (280 nm). All mass spectra data indicated antho-
cyanins were present as their glycoside forms (Table 1). No
aglycones were observed in the wheat samples. Thirteen
major anthocyanins were isolated from these samples and
Cy-3-glc was the predominant anthocyanin in both samples
(Table 2 and Fig. 3). Total anthocyanin profile of heat
stressed purple wheat (522.7 mg/kg) were significantly
(P < 0.05) higher than the normal purple wheat
(491.3 mg/kg) (Table 2). Thus a �7% increase in the antho-
cyanin content of heat stressed purple wheat was observed
in comparison with the normal purple wheat sample. There
were also some unidentified peaks (�29–44%) observed for
both normal and heat stressed purple wheat that showed
UV absorption at 520 nm (Table 2). Recently, a study on
purple corncob anthocyanins showed that the anthocya-
nins could be acylated accounting for 35.6–54.0% of total
anthocyanins (Jing, Noriega, Schwartz, & Mónica Giusti,
in press). Thus the unknown anthocyanins in the purple
wheat samples could be due to the presence of acylated
anthocyanins (Fig. 3). Furthermore, it was reported the
environmental factors such as growing location affected
anthocyanin levels and antioxidant activities (Mpofu
et al., 2006; Jing et al., 2007) of cereals. The present study
suggests that the environmental conditions likely affected
the anthocyanin levels of the normal and heat stressed pur-
ple wheat.

The most abundant anthocyanins in coloured cereal
grains are reported to be Cy-3-glc followed by Pg-3-glc,
Pn-3-glc (Naczk & Shahidi, 2006; Prior & Wu, 2006). In
the present study, Cy-3-glc was also the most abundant
anthocyanin in purple wheat; however, this was followed
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by Cy-3-gal and Mv-3-glc. Some grains such as blue and
purple corn are reported to contain more complex anthocy-
anins in comparison to red rice and black rice (Choia et al.,
2007; Naczk & Shahidi, 2006). Anthocyanins are relatively



Table 1
Mass spectra (m/z) of anthocyanin, secoisolariciresinol (SDG), melatonin
and seratonin standards used for identification of phytochemicals in pur-
ple wheat

Phytochemical RT (min) Major ions (m/z)

Anthocyanina [M+H]+

Dp-3-gal 3.8 465, 303
Dp-3-ara 5.2 435, 303
Cy-3-ara 8.3 419, 287
Pt-3-glc 10.2 479, 317
Cy-3-gal 15.1 449, 287
Cy-3-glc 17.6 449, 287
Pg-3-glc 21.6 433, 271
Pn-3-glc 25.6 463, 301
Mv-3-glc 28.8 493, 331
Cy-cl 33.1 323, 287
Pg-3-gal 35.9 433, 287
Pg-3-ara 37.8 403, 271
Pn-3-ara 39.9 449, 301
Lignan [M�H]�

SDG 31.4 685, 361
Other [M�H]�

Melatonin 27.4 231, 175
Seratonin 7.4 175

a Delphinidin 3-galactoside (Dp-3-gal), Delphinidin 3-arabinoside (Dp-
3-ara), Cyanidin 3-arabinose (Cy-3-ara), Petunidin 3-galactoside (Pt-3-
glc), cyanidin 3-galactoside (Cy-3-gal), Cyanidin 3-glucoside (Cy-3-glc),
pelargonidin 3-glucoside (Pg-3-glc), peonidin 3-glucoside (Pn-3-glc), mal-
vidin 3-glucoside (Mv-3-glc), cyanidin chloride (Cy-cl), pelargonidin 3-
galactoside (Pg-3-gal), pelargonidin 3-arabinoside (Pg-3-ara) and peonidin
3-arabinoside (Pn-3-ara).
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unstable and often undergo degradation during processing
and storage (Jing et al., 2007). The total anthocyanin con-
tent in plants is also affected by factors such as genetics,
light, temperature, and agronomic conditions (Majoul
et al., 2003; Jing et al., 2007). Environmental stresses such
as drought, heat, salt and UV can adversely alter the nutri-
tional and functionality of crops (Jing et al., 2007). Stress
due to drought can cause rupturing of the cell thereby dam-
aging the cell membrane (Majoul et al., 2003). This can
cause lipid peroxidation as well as osmolyte leakage. Heat
and UV exposure may be associated with free radical for-
mation and singlet oxygen production (Keles & Öncel,
2004). Elevated levels of free radicals and singlet oxygen
may increase the oxidative stress in wheat. As a result, spe-
cific activities of antioxidant enzymes can increase to pro-
tect the plant against environmental stress (Keles &
Öncel, 2004). The findings that the anthocyanin content
increased due to temperature stress in heat stressed purple
wheat strongly suggests the need for future studies investi-
gating the environmental and physiological factors that
may affect phenolic composition of purple wheat.

The efficiency of anthocyanin separation was accom-
plished by raising the column temperature up to 35 �C as
previously reported (Hosseinian & Beta, 2007). At present,
the most satisfactory method for mixture analysis is the
multistep method of separation, isolation, and quantifica-
tion by HPLC with peak identification by mass spectrom-
etry (MS) (Mazza et al., 2004). Thus HPLC in
combination with MS (discussed below) provided elaborate
techniques for analysis of anthocyanins in purple wheat
samples.

The identity of each anthocyanin compound in samples
and standards was confirmed by the using an ACQUITYTM

UPLC–MS/MS equipped with an electrospray ionization
source. The mass spectrum of each individual anthocyanin
standard was recorded in the positive ESI mode. The mass
spectra fragmentation of the anthocyanin present in purple
wheat samples showed the same fragmentation patterns as
those found in standards and thus supported the identifica-
tion of each compound.

The major mass fragmentation ions of anthocyanins
present in purple wheat samples were associated with their
corresponding aglycones (Table 1). Cy-3-glc or Cy-3-gal
had m/z 449 while the cyanidin (aglycone) part of the mol-
ecule had m/z 287, suggesting the loss of a glucose or gal-
actose (m/z 162) from the above anthocyanins (Wu &
Prior, 2005). Since MS cannot make a distinction between
these two sugars the RT of each standard observed from
HPLC was used for their identification (Fig. 3). Pn-3-glc
showed m/z 463 while its fragmented ion had a value of
m/z 301 (Table 1). The ion at m/z 301 corresponded to
methylation of cyanidin (287 + 14 = 301) in Pn-3-glc (Ab-
del-Aal el, Young, & Rabalski, 2006; Wu & Prior, 2005).

3.2. Anthocyanin composition using pH differential method

Anthocyanin pigments undergo reversible structural
transformations with a change in pH manifested by strik-
ingly different absorbance spectra (Fuleki & Francis,
1968; Lee et al., 2005). The oxonium (orange-purple) form
predominates at pH 1.0 and the hemiketal (colorless) form
at pH 4.5. The pH-differential method is based on this reac-
tion, and permits accurate and rapid measurements for the
total amount of anthocyanins, even in the presence of poly-
merized degraded pigments and other interfering com-
pounds (Fuleki & Francis, 1968; Lee et al., 2005). Since
Cy-3-glc was the most abundant anthocyanin in two purple
wheat samples, the extinction coefficient of Cy-3-glc
standard was used to measure the total anthocyanins
(Cy-3-glc equivalent). Levels of individual anthocyanins
were significantly different (P < 0.05) in the two samples
except for Pg-3-glc (Table 2). The total anthocyanin con-
tent of heat stressed purple wheat (526.0 mg/kg) was signif-
icantly (P < 0.05) higher than that of normal purple wheat
(500.6 mg/kg). The total anthocyanin contents observed
from HPLC (522.7 and 491.3 mg/kg, respectively) were
not significantly different (P > 0.05) from the results
observed using pH differential method (Table 2). The sim-
ilarity observed in the results of the purple wheat samples
indicates their precision using the two different methods.

3.3. SDG and melatonin

HPLC chromatograms of serotonin, melatonin and SDG
standards are illustrated in Fig. 3 and their mass spectra (m/z)



Table 2
Anthocyanin composition (mg/kg) of normal purple wheat versus heat stressed purple wheat using HPLC method and pH differential method

Compound Anthocyanina Normal purple wheat
HPLC methodb

Normal purple wheat pH
differential method

Heat stressed purple wheat
HPLC method

Heat stressed purple wheat pH
differential method

1 Dp-3-gal 38.3a ± 0.6 36.4b ± 0.3 37.7a ± 0.4 39.4b ± 0.1
2 Dp-3-ara 16.7a ± 0.4 15.1a ± 0.9 16.0a ± 0.8 15.3a ± 0.5
3 Cy-3-ara 25.1a ± 0.1 23.2a ± 0.3 26.5a ± 0.8 25.5a ± 0.6
4 Pt-3-glc 40.4a ± 0.3 38.3b ± 0.6 40.7a ± 0.3 40.1a ± 0.3
5 Cy-3-gal 72.0a ± 0.10 76.1a ± 0.7 66.0b ± 0.3 71.3a ± 0.1
6 Cy-3-glc 103.0b ± 0.4 109.2a ± 0.1 104.9b ± 1.4 110.8a ± 0.4
7 Pg-3-glc 28.8a ± 0.0 29.3a ± 0.0 27.3a ± 0.0 32.2a ± 0.1
8 Pn-3-glc 2.7a ± 0.1 3.3a ± 0.4 3.5b ± 0.0 6.0a ± 0.2
9 Mv-3-glc 51.6b ± 0.7 60.3a ± 0.3 85.7a ± 0.2 90.4a ± 0.6
10 Cy-cl 5.2a ± 0.1 6.8b ± 0.2 9.8a ± 0.0 9.2a ± 0.1
11 Pg-3-gal 26.1a ± 0.5 22.1b ± 0.7 25.6a ± 0.2 21.5b ± 0.1
12 Pg-3-ara 9.3a ± 0.3 11.3b ± 0.3 10.3a ± 0.6 10.2a ± 0.5
13 Pn-3-ara 28.4a ± 0.4 29.3a ± 0.8 27.7a ± 0.8 26.1a ± 0.2

Total known 447.6a ± 1.0 460.7a ± 0.9 481.7a ± 0.3 499.1a ± 1.2
Total
unknown

43.5a ± 0.5 39.9a ± 2.7 41.0a ± 0.1 29.1b ± 1.8

Total, all 491.1a ± 1.4 500.6a ± 3.5 522.7a ± 1.9 526.0a ± 3.0
LSD 1.6 0.1 0.9 1.1
CV% 0.30 0.05 0.05 0.05

P < 0.05 using Fisher’s least significance difference (LSD).
a Delphinidin 3-galactoside (Dp-3-gal), Delphinidin 3-arabinoside (Dp-3-ara), Cyanidin 3-arabinose (Cy-3-ara), Petunidin 3-galactoside (Pt-3-glc),

cyanidin 3-galactoside (Cy-3-gal), Cyanidin 3-glucoside (Cy-3-glc), pelargonidin 3-glucoside (Pg-3-glc), peonidin 3-glucoside (Pn-3-glc), malvidin 3-
glucoside (Mv-3-glc), cyanidin chloride (Cy-cl), pelargonidin 3-galactoside (Pg-3-gal), pelargonidin 3-arabinoside (Pg-3-ara) and peonidin 3-arabinoside
(Pn-3-ara).

b Different letters in the rows are used to show significant differences among anthocyanins (mean ± stdev) in HPLC method and pH differential method
for each sample.
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are shown in Table 1. The mass spectra of SDG showed m/
z 685.6 [M�H]� and thus MW = 686.6 (Table 1). The m/z
708 [M�H]� corresponded to (SDG + Na+). The frag-
mented ion with m/z 361 [M�H]� corresponded to the
aglycone SECO (Hosseinian et al., 2007). Melatonin
showed m/z 231.1 [M�H]� and thus MW = 232.1, and
the fragmented ion with m/z 175.1 [M�H]� corresponded
to serotonin molecule with MW = 176.1 (Table 1).

HPLC chromatograms for purple wheat are shown in
Fig. 3. The SDG content of the normal purple wheat
(770 lg/kg) was significantly (P < 0.05) higher than that
of heat stressed purple wheat (520 lg/kg) (Table 3), indi-
cating that environmental conditions likely affected the lev-
els of phytochemicals in coloured wheats. The SDG
content of purple wheat was within the range reported pre-
viously for total lignans 70–7640 lg/kg (Milder, Arts, van
Table 3
SDG and melatonin content (lg/kg) of normal purple wheat and heat
stressed purple wheat

Compound New purple wheata Old purple wheat

SDG 770.0a ± 0.1 520.0b ± 0.1
Melatonin 4.0a ± 0.1 2.0b ± 0.3

a Different letters in same row are used to show significant differences in
SDG and melatonin contents (±standard deviation, triplicate determina-
tions) in two purple wheat samples at P < 0.05.
de Putte, Venema, & Hollman, 2005) and 80–2990 lg/kg
(Smeds et al., 2007) in the whole grain. There is scanty lit-
erature on the content in various grains. In wheat, lignans
are found mainly in the bran layer. SDG, the major lignan
in wheat bran is present in amounts ranging between 421
and 821 (lg/kg) (Qu, Madl, Takemoto, Baybutt, & Wang,
2005). Other peaks at 280 nm most likely corresponded to
other phenolics (e.g. phenolic acids) since they are com-
monly detected at 280 nm.

The levels of serotonin and melatonin in purple wheat
have not been previously reported. The melatonin con-
tent of normal purple wheat (4 lg/kg) was significantly
higher (P > 0.05) than that of heat stressed purple wheat
(2 lg/kg) (Table 3) and no serotonin was observed in
these samples. This suggests that serotonin was probably
converted to melatonin or the amount was below the
detection limit of the HPLC (0.1 lg/mg). Corn, rice, bar-
ley grains, and ginger showed melatonin concentrations
of 187.8, 149.8, 87.3, 142.3 ng/100 g, respectively (Badria,
2002). The presence of melatonin in cereal grains is
important, given that melatonin has been linked to
mood, happiness, and brain neuromodulation (Ferrari,
2004). Cereal grains are important daily source of diet
and adding colored cereals to the diet may provide addi-
tional health benefits with the consumptions. Future
studies will help to understand the mechanism of action
of phytochemicals in colored cereals.
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4. Conclusion

Qualitative and quantitative anthocyanin compositions
of colored cereals such as purple wheat are important fac-
tors in determining the functionality and health benefits of
foods enriched with anthocyanins. Cy-3-glc was the pre-
dominant anthocyanin in the normal and heat stressed pur-
ple wheat. The heat stressed purple wheat showed higher
anthocyanin content in comparison to normal purple
wheat. Measurement of total anthocyanin contents, using
HPLC and the pH differential methods showed similar
results and hence reproducibility of the methods. The pres-
ence of SDG in purple wheat may contribute to antioxi-
dant activity. Furthermore, the presence of melatonin in
purple wheat samples suggests that cereal grains are poten-
tial sources of phytochemicals that may contribute additive
health benefits. Future research needs to be conducted in
order to determine the heath benefits of such bioactive
components in vitro and in vivo.
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