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INTRODUCTION

Anthocyanins are natural pigments responsible for red, 
purple, and blue colors in the plant kingdom. They are com-
mon components of  the  human diet as they are present 
in many foods, fruits, and  vegetables, especially in  berries 
and red wine. Anthocyanins add not only colors to the food, 
but also potential health benefi ts to consumers because 
of  their free radical scavenging capacity [Kähkönen & Hei-
nonen, 2003]. Health benefi ts associated with anthocyanins 
include enhancement of sight acuteness, treatment of various 
blood circulation disorders and neurodegenerative damages, 
anti-cancerous and anti-infl ammatory properties, controlling 
diabetes, and possibly others due to their diverse action on 
various enzymes and metabolic processes [Giusti & Wrol-
stad, 2003]. These qualities make anthocyanins attractive 
alternatives to synthetic dyes. However, anthocyanins incor-
poration to food is a certain challenge due to their low stabil-
ity regarding the  factors such as light, oxygen, temperature, 
and pH. The same applies to their fate in the digestive tract 
and their bioavailability.
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According to recent data, almost 1000 anthocyanins have 
been identifi ed in nature [Trouillas et al., 2016]. It is very rare 
that natural anthocyanins exist in  aglycon form (as antho-
cyanidins). There were 31  anthocyanidins found in  plants 
of  which only six: cyanidin (Cy), delphinidin (Dp), pelar-
gonidin (Pg), peonidin (Pn), malvidin (Mv), and petunidin 
(Pt), are widespread and usually found in fruits and vegeta-
bles [Andersen & Jordheim, 2010]. According to the  study 
of Kong et al. [2003], their distribution is: Cy 50%, Dp 12%, 
Pg 12%, Pn 12%, Mv 7%, and Pt 7%. Mostly, natural antho-
cyanins are present as various glycosides of Cy, Dp, Pg, Pn, 
Mv, and Pt differing from each other by  the  successive ad-
dition of one more hydroxyl group at 3’, 4’, and at 5’ that 
can be methylated. Among the  539  anthocyanins reported 
to be  identifi ed in a  review article by Andersen & Jordheim 
[2010], 97% are glycosidated. In addition to the differences 
in the aglycone structure and glycosylation, anthocyanins dif-
fer in acylation moieties. The sugar residues can be acylated 
by aliphatic acids or by aromatic acids [Giusti & Wrolstad, 
2003]. Generally, they are linked to sugar in its 6- or 3-posi-
tion but other substitutions are also present counting di-, tri- 
or poly- acyl substitution [Cortez et al., 2017]. Malonic acid 
and p-coumaric acid are the most frequent aliphatic and ar-
omatic acyl groups, respectively. By  2010, out of  the  total 
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Colored grains are rich sources of anthocyanins that could play an important role in the prevention of various diseases associated with oxida-
tive stress. Bearing in mind that cereals are widely grown crops, anthocyanins-rich colored grains could be used as a functional food ingredient that 
provides health benefi ts to a large part of human world’s population. This study investigated composition and content of anthocyanins in the grain 
of blue popping maize, deep purple maize, purple wheat, and black soybean. The relationship of acylated and non-acylated forms before and after 
alkaline hydrolysis of anthocyanin extracts has been studied as well. Deep purple maize had the highest content of total anthocyanins reaching as 
much as 4988.90 mg CGE/kg d.m. Ten anthocyanins were identifi ed in blue popping maize, of which two are isomers of cyanidin-3-(malonylglucoside) 
and three of cyanidin-3-(dimalonyl-β-glucoside). Seven, nine, and three anthocyanins have been identifi ed in the deep purple maize, purple wheat, 
and black soybean, respectively. Cyanidin derivatives were predominant and their acylated forms accounted for about 98, 29, 71, and 0% of the total 
anthocyanins content in the grains, respectively. According to the study, acylated derivatives were completely degraded under the effect of highly alka-
line pH. However, at the beginning of their degradation they were transformed to their non-acylated parents. 

The results could be useful to better understanding of the nature of anthocyanin in colored grains and, in that regard, their use for the derivation 
of food products with functional potential, as well as of natural dyes and pharmaceutical ingredients.
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number of the reported anthocyanins with properly identifi ed 
structures, 65% of them were acylated, whereby acylation with 
phenolic acids was 1.5 more frequent than with aliphatic acids 
[Andersen & Jordheim, 2010]. However, there are dissimilar 
results of  such modifi cations on anthocyanins stability. Gi-
usti & Wrolstad [2003] reported that acylated anthocyanins 
(mostly di- or poly-acylated) possessed higher color stabil-
ity to pH changes (from weakly acidic to slightly alkaline). 
Similar observations have been made by Torskangerpoll & 
Andersen [2005] at pH 1.1 to 10. Further, Zhao et al. [2017] 
provided an overview of numerous studies, which confi rmed 
that anthocyanin glycosyl acylation typically increased in vitro 
and in vivo chemical stability of acylated anthocyanins. How-
ever, unlike the  above-mentioned reports in  the  literature, 
Luna-Vital et al. [2017] reported that the malonyl glycoside 
forms of  the anthocyanins were more susceptible to degra-
dation caused by time and pH than the non-acylated forms. 
In addition, neither the malonoyl derivative in purple corn nor 
the coumaroyl derivative in grape pomace showed enhanced 
stability at pH 3 and 4 compared to their non-acylated parents 
[West & Mauer, 2013]. According to results of Mora-Rochín 
et al. [2016], nixtamalization processing increased the  rela-
tive percentage of glycosylated anthocyanins at alkaline pH 
and decreased the acylated anthocyanins. It has been estab-
lished that differences in hydroxylation, methoxylation, glyco-
sylation, and acylation patterns of anthocyanins had a critical 
impact on its color and antioxidant capacity, and, in this con-
nection, on their health-benefi cial effects expression in human 
body. Thus, in vitro activity of anthocyanidins in preventing 
the oxidation of human LDL decreased in the order delphini-
din = cyanidin > malvidin > peonidin > pelargonidin > pe-
tunidin, while glycosylation altered the activity order. Overall, 
glucosylated forms were less active than free forms in LDL 
suspensions [Kähkönen & Heinonen, 2003]. The  same au-
thors state that the quality of  the sugar substituent affected 
the activity of anthocyanins as well.

The  use of  numerous potential food plants as com-
mercial sources of anthocyanins is  limited by the availabil-
ity of raw material, as well as by economic considerations. 
Some colored grains, such as blue/purple maize, blue/pur-
ple wheat, blue barley, black rice, as well as black soybean, 
hold promise as nutraceutical foods. Cereal processing can 
generate a  large amount of anthocyanins-rich by-products 
at low cost given that anthocyanins are located in the out-
er layers of  the grain, which could be separated. Although 
poorly represented in the diet, at present, colored grains are 
used for making blue or pink tortillas [Mora-Rochín et al., 
2016], pink cookies [Žilić et  al., 2016], multigrain bread 
[Bartl et al., 2015], and tea. Possibility of wide application 
of colored grains, especially in the bakery and confectionery 
industry, refl ects the need to better understand their antho-
cyanins profi le, as well as behavior of anthocyanins in dif-
ferent conditions of  grain processing. Therefore, the  aim 
of this study was to determine the composition of anthocya-
nins in the grain of blue popping maize, deep purple maize, 
purple wheat, and black soybean. In order to determine with 
certainty the presence of acylated derivatives in the colored 
grains, alkaline hydrolysis was used to separate aliphatic 
or/and aromatic acids from anthocyanins. Hence, the aim 

was to determine the effect of the applied alkaline hydroly-
sis method for the identifi cation of phenolic compounds on 
the content of acylated, as well as non-acylated derivatives 
in anthocyanin extracts.

MATERIALS AND METHODS

Plant materials
The genotype of blue popping maize, deep purple maize, 

purple wheat, and  black soybean used in  this study was 
obtained from the Maize Research Institute Zemun Polje 
(MRIZP) gene bank (Serbia). The grains of blue aleurone 
popping maize genotype were collected in the vicinity of Kra-
gujevac (Central part of Serbia). Deep purple standard-grain 
maize was bought recently at the market from local farmers 
from the vicinity of Santiago (Chile). The purple color of its 
grain, almost black, comes from a combination of anthocy-
anin genes for blue pericarp and  blue aleurone. The  used 
wheat cultivar Indigo, with light purple color of  aleurone, 
was released in United Kingdom. Soybean variety Black To-
kyo, with black seed coat and yellow cotyledons, originates 
from Japan. Although black soybean is native to tropical Asia 
and Southeast Asia where it is widely used as a basic ingredi-
ent of  food, Black Tokyo variety has been used extensively 
for the past fi ve years in the breeding process of the Maize 
Research Institute, Serbia. 

Analytical procedures

Chemicals and reagents
All chemicals and solvents were of the HPLC or analyti-

cal grade. Potassium persulfate (dipotassium peroxodisul-
fate), 2,2’-azino-bis/3-ethylbenzothiazoline-6-sulfonic acid 
(ABTS), delfi nidin-3-glucoside (De-3-Glu), cyanidin-3,5-
-diglucoside (Cy-3,5-diGlu), cyanidin-3-glucoside (Cy-3-Glu), 
petunidin-3-glucoside (Pt-3-Glu), pelargonidin-3-glucoside 
(Pg-3-Glu), malvidin-3-glucoside (Mv-3-Glu), and  for-
mic acid were purchased from Sigma-Aldrich (Steinheim, 
Germany). Methanol and  acetonitrile were purchased 
from J.T. Baker (Avantor, The Netherlands). Hydrochloric 
acid and potassium hydroxide were purchased from Merck 
(Darmstad, Germany). Ultrapure water was used through-
out the  experiments (LaboStar PRO TWF, Evaqua Water 
Technology, Germany).

Analysis of total anthocyanins 
Anthocyanins were extracted from 150, 40, 400, 

and 150 mg of blue popping maize, deep purple maize, purple 
wheat, and black soybean, respectively, by mixing with 10 mL 
of methanol acidifi ed with 1 M HCl (85:15, v/v) and shak-
ing for 30 min at ambient temperature. The crude extract was 
centrifuged at 10,000 rpm for 5 min at 4oC. Absorbance was 
measured at 535 and 700 nm to detect anthocyanins. A UV/
VIS spectrophotometer Agilent 8453 with Peltier Tempera-
ture Controller Agilent 89090A was used. Using the molar 
extinction coeffi cient of 25965 Abs/M×cm and a molecular 
weight of 449.2 g/mol the content of anthocyanins was calcu-
lated and expressed as mg of cyanidin 3-glucoside equivalent 
(CGE) per kg of dry matter (d.m.) [Lee et al., 2005].
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Analysis of total antioxidant capacity
The  antioxidant capacity of maize, wheat, and  soybean 

fl our were measured according to the QUENCHER method 
described by Serpen et al. [2008], using 7 mM aqueous so-
lution of  ABTS (2,2-azino-bis/3-ethil-benothiazoline-6-sul-
phonic acid) with 2.45 mM K2O8S2  as the  stock solution. 
The working solution of ABTS•+ was obtained by  diluting 
the  stock solution in water/ethanol (50:50, v/v). Depending 
on the sample, 6 to 9 mg of the fl our were mixed with 20 mL 
of ABTS•+ working solution, and the mixture was rigorously 
shaken for 25 min. After centrifugation at 9200×g for 5 min 
at 4oC the absorbance was measured at 734 nm. A UV/VIS 
spectrophotometer Agilent 8453  with Peltier Temperature 
Controller Agilent 89090A was used. The  total antioxidant 
capacity was expressed as Trolox equivalent antioxidant ca-
pacity (TEAC) in mmol of Trolox per kg of d.m. 

Analysis of individual anthocyanins by HPLC
Individual anthocyanins were determined by  HPLC 

analysis from the  prepared extracts after their fi ltration 
through a nylon syringe fi lter of 0.45 μm. Pure anthocyanin 
compounds such as De-3-Glu, Cy-3,5-diGlu, Cy-3-Glu, 
Pt-3-Glu, Pg-3-Glu, and Mv-3-Glu were used as references 
for concentration, retention time, and  UV characteristic. 
Identifi ed non-acylated anthocyanin peaks were confi rmed 
and quantifi ed using the Thermo Scientifi c Dionex Chrome-
leon 7.2. chromatographic software and the results were ex-
pressed as μg per g of d.m. Stock standard solutions were 
prepared in methanol acidifi ed with 1 M HCl (85:15, v/v) 
at a  concentration of  1.0  mg/mL.  The  working solutions 
were prepared by diluting the  stock solutions with acidifi ed 
methanol to concentrations of  5.0, 10.0, 20.0, 40.0, 50.0, 
and 100.0 μg/mL. The HPLC analysis was carried out with 
the HPLC-DAD system (Thermo Scientifi c Ultimate 3000). 
Chromatograms were obtained at 530  nm after injection 
of 10 μL of the sample. Separation was performed on a Ther-
mo Scientifi c Hypersil GOLD aQ C18 column (150 mm × 
4.6 mm, i.d., 3 μm) using a  linear gradient elution program 
with a mobile phase containing solvent A (formic acid/H2O, 
1:99, v/v), and solvent B (formic acid/acetonitrile, 1:99, v/v) at 
a fl ow rate of 0.7 mL/min and the column oven temperature 
of 30oC. The following gradient was established: linear gradi-
ent elution from 10% B to 30% B, 0–30 min; linear gradient 
elution from 30% B to 100% B, 30–35 min; isocratic elution 
of 100% B, 35–38 min; linear gradient elution from 100% B 
to 10% B, 38–40 min; isocratic elution of 10% B, 40–45 min. 

In  order to confi rm the  presence of  acylated forms 
of anthocyanin, alkaline hydrolysis of  the  extracts was car-
ried out according to the method described by Pedreschi & 
Cisneros-Zevallos [2007] with slight modifi cations. 150  μL 
of 10% KOH was necessary for the appearance of a blue color 
in 1 mL of extract of anthocyanins. All hydrolysates were kept 
in darkness for 10 min. Then, 6 M HCl was added to the solu-
tion until stable red color appeared (a total of about 50 μL). 
After centrifugation at 10,000 rpm for 3 min at 4oC and fi ltra-
tion through a nylon syringe fi lter of 0.45 μm, the superna-
tants were used for the analysis of anthocyanins according to 
the HPLC method described above. The content of acylated 
derivatives of  cyanidin and pelargonidin was calculated af-

ter confi rmation of  their presence in extracts before and af-
ter alkaline hydrolysis by mass spectrometry. After compar-
ing the data obtained with HPLC and HPLC-MS analysis, 
the  acylated derivatives were quantifi ed using HPLC peak 
area values (mAU*min) and  external standard curves for 
Cy-3-Glu and Pg-3-Glu. The content of acylated derivatives 
of cyanidin and pelargonidin was calculated as equivalent to 
their glucoside forms and expressed as μg per g of d.m.

Analysis of individual anthocyanins by HPLC-MS 
As indicated above, anthocyanin compounds were de-

termined by  comparison of  the  spectroscopic and  chro-
matographic properties with those of  authentic anthocy-
anin standards (De-3-Glu, Cy-3-Glu, Pt-3-Glu, Pg-3-Glu, 
and Mal-3-Glu). The remaining compounds were tentatively 
identifi ed using a  combination of  the  retention time, peak 
spectra, mass-to-charge ratio and pattern of  fragmentation. 
Samples were injected into a Waters HPLC system consist-
ing of  1525  binary pumps, a  thermostat, and  a  717+ au-
tosampler connected to the Waters 2996 diode array and an 
EMD 1000  single quadrupole detector with an ESI probe 
(Waters, Milford, USA). Separation of  anthocyanins was 
performed on a Symmetry C-18 RP column 125 × 4 mm 
packed with 5 μm diameter particles (Waters, Milford, MA, 
USA) and connected to an appropriate guard column. Two 
mobile phases, A  (1% formic acid) and  B (acetonitrile), 
were used at a fl ow rate of 1 mL/min with the following gra-
dient profi le: initial 10% B; in 30 min linear rise to 30% B; 
from 30–35 min to 50% B; in next 10 min return to 10% B 
with additional 5 min of equilibration time. A post column 
fl ow splitter (ASI, Richmond, CA, USA) with a 5/1 split ra-
tio was used to obtain the optimal mobile phase infl ow for 
the ESI probe. For LC/MS analysis, signals for each com-
pound were detected in the positive ESI single ion recording 
(SIR) mode with the following parameters: capillary voltage 
of 2.5 kV, cone voltage of -30 V, extractor and RF lens volt-
ages of  3.0  and  0.2 V, respectively. Source and desolvation 
temperatures were 130oC and 400oC, respectively, with N2 gas 
fl ow of 500 L/h. Data acquisition and spectral evaluation for 
peak confi rmation were carried out by the Waters Empower 
2 Software (Waters, Milford, USA).

Statistical analyses
All analyses were done in  duplicate per genotype 

and the results were statistically analyzed using the Statistica 
software version 5.0 (StatSoft Co., Tulsa, OK, USA). The an-
alytical data are reported as the mean ± standard deviation. 
Signifi cance of  differences between genotypes means were 
analyzed by Tukey’s (HSD) test. Differences were considered 
signifi cant at p<0.05. 

RESULTS AND DISCUSSION

Total anthocyanins content and antioxidant capacity 
The  content of  total anthocyanins in  the  grain of  blue 

popping maize, deep purple maize, purple wheat, and black 
soybean, as well as the antioxidant capacity of the grains are 
shown in Table 1. According to our study, the content of to-
tal anthocyanins varied signifi cantly between colored grains. 
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FIGURE 1. Chromatogram at 530 nm corresponding to A – blue popping maize, B – Chilean deep purple maize, C – purple maize, and D – black 
soybean extracts a) before and b) after alkaline hydrolysis. The peak numbers show the major anthocyanins that are identifi ed in Table 2.



S. Žilić et al. 141

Chilean deep purple maize had the highest content of  total 
anthocyanins reaching as much as 4988.90 mg CGE/kg d.m. 
It was higher than that in chokeberry (Aronia melonocarpa E.) 
(4341 mg CGE/kg d.m.) [Jakobek et  al., 2007] and  signifi -
cantly higher than in other berry fruits [Jakobek et al., 2007]. 
In  comparison with the  blue popping maize, purple wheat 
and black soybean, Chilean maize had 5.5, 54.4, and 8.5 times 
higher content of  total anthocyanins, respectively. However, 
the  antioxidant capacity of Chilean deep purple maize was 
higher by only 5.5 and 2.5  times than that of purple wheat 
and black soybean, respectively. Having that in mind, it can 
be  concluded that the anthocyanins contained in  the grain-
-matrix of  deep purple maize exhibited a  lower antioxidant 
capacity compared to other bioactive compounds present 
in  grains of  wheat and  soybean. The  same applies to an-
thocyanins in  the grain of blue popping maize. In  the grain 
of  this maize, the  total anthocyanins content of  907.51 mg 
CGE/kg d.m. was higher by 10 and 1.5  times, while its an-
tioxidant capacity of  37.62 mmol TEAC/kg d.m. was even 
lower by 1.1 and 2.5  times compared to the values reported 
in the grain of wheat and soybean, respectively. Among other 
things, this can be  a  consequence of  a  synergistic, additive 
or antagonistic interaction that arises from the  coexistence 
of anthocyanins and numerous other antioxidant compounds 
in  the grains. For instance, it has been established that cat-
echin, which is relatively ineffi cient at inhibiting linoleic acid 
oxidation, regenerates the highly effi cient antioxidant Mal-3-
-Glu and, at a lower extent, peonidin-3-glucoside (Pn-3-Glu). 
The Mal-3-Glu recycling by catechin strongly increased the an-
tioxidant effi ciency of these two antioxidants [Rossetto et al., 
2002]. Such a high antioxidant capacity of black soybean can 
be a consequence of this catechin/anthocyanin interaction. As 
previously established [Žilić et al., 2013], the soybean variety 
Black Tokio, used in this study, had a high content of catechin 
in seed coat, accounting for over 2000 μg/g d.m. Contrary to 
the above, the study of Hidalgo et al. [2010] has shown that 
DPPH scavenging activities were reduced in  combinations 
of individual anthocyanins by promoted antagonistic effects. 

Composition of anthocyanins, their relative quantitative 
content, and relationship of acylated and non-acylated 
forms

It has been established that small differences in the chem-
ical structure of  anthocyanins may have an important im-

pact on spectral characteristics and  antioxidant properties 
of  the pigments [Kähkönen & Heinonen, 2003]. Therefore, 
the  composition of  anthocyanins in  grains was analyzed 
and HPLC chromatograms at 530 nm of  crude extract are 
shown in Figures 1A-1D. The results of HPLC and HPLC-
-MS analysis for anthocyanins are summarized in Tables 2 
and 3. The composition and content of anthocyanins in grains 
after alkaline hydrolysis are shown as well. 

Anthocyanins profi le of maize grain (blue popping and  deep 
purple standard-grain maize)

Anthocyanin profi les observed in  the grain of blue pop-
ping maize and  in  the grain of deep purple maize were dif-
ferent. Overall, the  identifi ed anthocyanins in maize grains 
were Dp, Cy, Pg, and Pn conjugated with glucose, and their 
acylated forms, including mono- and di-malonyl derivatives 
(Table 2, Figure 1Aa and 1Ba).

In the grain of blue popping maize, fi ve major anthocya-
nins were identifi ed, including cyanidin-3-glucoside (Cy-3-
-Glu; peak 1, m/z  449), pelargonidin-3-glucoside (Pg-3-
Glu; peak 2, m/z  433), peonidin-3-glucoside (Pn-3-Glu; 
peak 3 m/z 463), cyanidin-3-(malonylglucoside) (Cy-3-Mal-
-Glu; peaks 4 and 5, m/z 535), and cyanidin-3-(dimalonyl-
-β-glucoside) (Cy-3-diMal-Glu; peaks 6, 7 and 8, m/z 621). 
Pelargonidin-3-(6’-malonylglucoside) (Pg-3–6Mal-Glu, 
m/z 519) and peonidin-3-(6’-malonylglucoside) (Pn-3–6Mal-
-Glu, m/z 549) were present in traces (Table 2, Figure 1Aa). 
Some derived compounds had similar spectroscopic proper-
ties and  the same mass-to-charge ratio, but different reten-
tion times (Table 2). This could be explained by the presence 
of isomers of anthocyanins, hence two isomers of Cy-3-Mal-
-Glu and  three isomers of Cy-3-diMal-Glu were identifi ed. 
By comparing with published data [Wu & Prior, 2005], iso-
mers of Cy-3-Mal-Glu, peaks 4 and 5, sharing the same MS 
spectra at different retention times of 12.08 and 13.61 min, 
were identifi ed as cyanidin-3-(3’-malonylglucoside) (Cy-3-
-3Mal-Glu) and  cyanidin-3-(6’-malonylglucoside) (Cy-3-
-6Mal-Glu), respectively. In the grain of two landraces of blue 
Mexican maize, Mora-Rochín et al. [2016] reported the pres-
ence of three isomers of Cy-3-Mal-Glu, two isomers of cyan-
idin-3-(succinylglucoside) (Cy-3-Suc-Glu), and two isomers 
of  cyanidin-3-(disuccinylglucoside) (Cy-3-diSuc-Glu). Un-
like these studies, the previous research of Žilić et al. [2012] 
showed the  presence of  two di-glucosides (Cy-3,5-diGlu 
and Pg-3,5-diGlu) in the total of 10 anthocyanins identifi ed 
in the grain of blue popping maize. The most abundant an-
thocyanins in  the grain of blue popping maize used in  this 
study were Cy-3–6Mal-Glu (peak 5) and one of the isomers 
of Cy-3-diMal-Glu (peak 8) accounting for 41.01 and 23.06% 
of  the  total peaks area of anthocyanins, respectively. These 
results are consistent with the  previous research of  Sali-
nas-Moreno et al. [2012] for blue/purple grain of Mexican 
maize. In our study, the peak area of Cy-3-Glu (peak 4) was 
6-fold lower than that of Cy-3–6Mal-Glu. It  is evident that 
acylated forms of anthocyanins were dominant in  the grain 
of blue popping maize. Furthermore, they accounted for 85% 
of the total peaks area of all detected anthocyanins. Accord-
ing to the research of Urias-Lugo et al. [2015], acylation af-
fects the reduction of cancer cell viability in mammary glands, 

TABLE 1. Content of anthocyanins and antioxidant capacity of colored 
grains. 

Sample Total anthocyanins 
(mg CGE/kg d.m.)

Antioxidant 
capacity of fl our 

(mmol Trolox Eq/kg d.m)
Blue popping 
maize 907.51±9.8b  37.62±3.39d

Deep purple 
maize 4988.90±450.1a 230.88±1.83a

Purple wheat 91.72±4.3d  41.13±0.80cd

Black soybean 583.42±26.3c  92.74±1.47b

Means followed by the same letter within the same column are not signifi -
cantly different, according to Tukey’s test (p=95%).
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liver, colon, and prostate. These authors point out that an 
appropriate extraction method of maize anthocyanins must 
be selected to obtain a high yield of Cy-3-Mal-Glu more than 
only Cy-3-Glu. Taking into account the high level of Cy-3-
-Mal-Gly in old blue popping maize from Balkan used in this 
study, and the poor adaptability of colored maize originating 
from South America to growing conditions in Europe, it can 
be used in breeding of modern hybrids for temperate areas 
as a source of genes that play a structural or regulatory role 
in anthocyanin biosynthesis [Vancetović et al., 2014].

In  contrast to the  blue popping maize, the  glucosidic 
forms of anthocyanins were dominant in  the grain of Chil-
ean deep purple maize. Seven major anthocyanins were 
identifi ed in the grain of this maize, while different isoforms 
of certain anthocyanins were not detected. Four of them were 
glucosides: De-3-Glu (peak 1, m/z 465), Cy-3-Glu (peak 2, 
m/z 449), Pg-3-Glu (peak 3, m/z 433), and Pn-3-Glu (peak 
4, m/z  463), while three of  them were acylated forms: Cy-
-3-6Mal-Glu (peak 5, m/z  535), Pg-3–6Mal-Glu (peak 6, 
m/z 519), and Pn-3–6Mal-Glu (peak 7, m/z 549) (Table 2, 
Figure 1Ba). Cy-3-Glu (peak 2), in terms of peak area, rep-
resented the major type of anthocyanin in the grain of Chil-
ean deep purple maize comprising 35.22% of  the  total an-
thocyanins, followed by the acylated Cy-3-Glu (peak 5) that 
represented 14.38%. Similar composition and mutual relative 
relation of the present anthocyanins was found by Pedreschi 
& Cisneros-Zevallos [2007] in  the  grain of Andean purple 
maize, in which Cy-3-Glu and  the  corresponding acylated 

TABLE 2. Anthocyanins composition in grains of blue popping maize, 
deep purple maize, purple wheat, and black soybean. Chromatographic 
characteristics of peaks in Figure 1A-1D.

Peak tR
(min)

Area (%)
(530 nm)

[M+]
(m/z)

MS/MS
(m/z) Identity

Blue popping maize

Before alkaline hydrolysis

2 8.87 6.68 449 287 Cyanidin 3-glucoside

3 10.73 1.40 433 271 Pelargonidin 3-glucoside

4 11.70 1.74 463 301 Peonidin 3-glucoside

5 12.08 6.14 535 287 Cyanidin 
3-(3’-malonylglucoside)1

6 13.61 41.01 535 287 Cyanidin 
3-(6’-malonylglucoside)1

7 15.63 9.73 621 438/287 Cyanidin 3-(dimalonyl-
β-glucoside)2

15.71 trace 519 303 Pelargonidin 
3-(6’-malonylglucoside)

9 16.19 5.00 621 438/287 Cyanidin 3-(dimalonyl-
β-glucoside)2

10 16.60 trace 549 301 Peonidin 
3-(6’-malonylglucoside)

11 16.77 23.06 621 438/287 Cyanidin 3-(dimalonyl-
β-glucoside)2

After alkaline hydrolysis

2 8.87 84.95 449 287 Cyanidin 3-glucoside

3 10.73 3.72 433 271 Pelargonidin 3-glucoside

Deep purple maize

Before alkaline hydrolysis

1 6.99 13.79 465 303 Delphinidin 3-glucoside

2 8.86 35.22 449 287 Cyanidin 3-glucoside

3 10.79 3.90 433 271 Pelargonidin 3-glucoside

4 11.74 12.73 463 301 Peonidin 3-glucoside

6 13.61 14.38 535 287 Cyanidin 
3-(6’-malonylglucoside)

8 15.71 3.17 519 303 Pelargonidin 
3-(6’-malonylglucoside)

10 16.60 6.09 549 301 Peonidin 
3-(6’-malonylglucoside)

After alkaline hydrolysis

1 6.99 4.95 465 303 Delphinidin 3-glucoside

2 8.86 51.96 449 287 Cyanidin 3-glucoside

3 10.79 8.08 433 271 Pelargonidin 3-glucoside

4 11.74 27.43 463 301 Peonidin 3-glucoside

Purple wheat

Before alkaline hydrolysis

2 8.86 18.17 449 287 Cyanidin 3-glucoside

3 10.73 2.58 433 271 Pelargonidin 3-glucoside

4 11.71 8.76 463 301 Peonidin 3-glucoside

6 13.61 31.08 535 287 Cyanidin 
3-(6’-malonylglucoside)

Before alkaline hydrolysis

7 15.64 8.15 621 438/287 Cyanidin 3-(dimalonyl-
β-glucoside)2

8 15.71 trace 519 303 Pelargonidin 
3-(6’-malonylglucoside)

9 16.19 3.58 621 438/287 Cyanidin 3-(dimalonyl-
β-glucoside)2

10 16.60 trace 549 301 Peonidin 
3-(6’-malonylglucoside)

11 16.75 19.08 621 438/287 Cyanidin 3-(dimalonyl-
β-glucoside)2

After alkaline hydrolysis

2 8.86 82.03 449 287 Cyanidin 3-glucoside

3 10.79 4.92 433 271 Pelargonidin 3-glucoside

4 11.78 12.99 463 301 Peonidin 3-glucoside

Black soybean

Before alkaline hydrolysis

1 6.99 26.71 465 303 Delphinidin 3-glucoside

2 8.86 69.30 449 287 Cyanidin 3-glucoside

3 10.79 1.74 433 271 Pelargonidin 3-glucoside

After alkaline hydrolysis

2 8.86 87.25 449 287 Cyanidin 3-glucoside

3 10.79 3.10 433 271 Pelargonidin 3-glucoside

1–2Compounds with identical m/z ratio within superscript.
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form represented 44.37  and  26.87%, respectively. In  our 
study, compared with blue popping maize, the relative peak 
area of Cy-3-Glu and Cy-3-6Mal-Glu presented in the grain 
of  deep purple maize was about 5-fold higher, i.e. 3-fold 
lower. Taking into account the same comparison, Pn-3-Glu, 
as well as its corresponding acylated form (peaks 4 and 7) 
were found in relatively high proportions in the grain of deep 
purple maize (17.73 and 6.09% of the total peaks area of an-
thocyanins, respectively).

Anthocyanins profi le of wheat grain
Purple wheat used in  this study had an almost identical 

anthocyanin profi le as the  blue popping maize. Cy-3-Glu 
(peak 1, m/z  449), Pg-3-Glu (peak 2, m/z  433), Pn-3-Glu 
(peak 3 m/z 463), Cy-3–6Mal-Glu (peak 4, m/z 535), three 
isomers of Cy-3-diMal-Glu (peaks 5, 6 and 7, m/z 621), as 
well as Pg-3–6Mal-Glu and  Pn-3–6Mal-Glu in  trace were 
identifi ed (Table 2, Figure 1Ca). In the same purple variety In-
digo, Liu et al. [2010] detected only Cy-3-Glu. In turn, using 
newly developed HPLC-MS method, Bartl et al. [2015] man-
aged to separate and defi ne 19 anthocyanins in the blue wheat 
and 26 in the purple wheat. As in the grain of popping maize, 
acylated forms of anthocyanins were dominant in  the grain 
of  purple wheat. However, they accounted for about 62% 
of the total peak area of anthocyanins that was 23% lower than 
their proportion in the grain of blue popping maize. The acyl 
derivative of anthocyanins viz Cy-3–6Mal-Glu (peak 4) was 
the most abundant compound in  purple wheat accounting 
for 31.08% of the total anthocyanins. Other predominant an-
thocyanins included isomer of Cy-3-diMal-Glu (peak 7), Cy-
-3-Glu (peak 1), and Pn-3-Glu that represented 19.08, 18.17, 
and 8.76% of  the  total peaks area of anthocyanins, respec-
tively. Abdel-Aal et al. [2006] identifi ed De-3-Glu and Cy-3-
-Glu as the major anthocyanins in Canadian blue and purple 
wheat, respectively. According to the results of these authors, 
eight of the 10 anthocyanins identifi ed in the grain of purple 
wheat were acylated by malonic and succinic acid but no acyl-
ated anthocyanins were found in the blue wheat.

Anthocyanins profi le of soybean
Three anthocyanins were detected in black soybean. They 

were De-3-Glu, Cy-3-Glu, and Pg-3-Glu (peaks 1, 2 and 3) 
(Table 2, Figure 1Da). No acylated anthocyanins were found 
in  the  soybean that is  consistent with the fi ndings reported 
by Zhang et al. [2011]. Cy-3-Glu was the major anthocyanin 
representing 69.30% of the total peaks area of anthocyanins, 
followed by De-3-Glu and Pg-3-Glu with 26.71 and 1.74%, 
respectively. Interesting, in addition to the three major antho-
cyanins, in the grain of two black soybean varieties Koh et al. 
[2014] identifi ed cyanidin, as well as acylated Pg-3-Glu (Pg-
-3-6Mal-Glu) in trace amounts.

Quantifi cation of anthocyanins 
As shown in Table  3, cyanidin derivatives, in  the  total 

amount of  465.2, 1460.3, 80.1, and  254.0  μg/g d.m., were 
predominant anthocyanins in  the  grain of  blue popping 
maize, Chilean deep purple maize, purple wheat, and black 
soybean, respectively. Acylated forms of cyanidin derivatives 
accounted for 431.99, 423.09, 61.88, and  0  μg/g d.m., i.e. 

for about 98, 29, 71, and  0% of  the  total content, respec-
tively. According to results of Zhao et al. [2008], the  total 
content of cyanidin derivatives in fi ve Chinese purple maize 
hybrids ranged from 87.1 to 2248.3 μg/g d.m., while the acyl-
ated forms constituted between 59.3 to 86.1% of this content. 
Small amounts of  pelargonidin derivatives were detected 
in  the  grain of  popping maize, wheat, and  soybean, while 
their total content in  the grain of Chilean maize was high 
(330.5 μg/g d.m.). The content of De-3-Glu in this maize was 
about 4 times higher than that in the grain of soybean, where 
it was also identifi ed. 

If the main anthocyanins are compared with literature 
data, it  can be  concluded that the  content of  Cy-3-Glu 
and its malonyl derivatives (Cy-3-Mal-Glu) was signifi cantly 
higher in  the grain of blue popping and Chilean deep pur-
ple maize than in Mexican blue genotypes where it  ranged 
from 2.6  to 19.8  μg/g and  from 3.4  to 26.0  μg/g d.m., re-
spectively [Mora-Rochín et al., 2016], and similar to those 
in the grain of some Chinese purple maize genotypes (12.1 to 
916.0 μg/g and 55.0 to 1100. 3 μg/g d.m., respectively) [Zhao 
et al., 2008]. The study of Zhao et al. [2008] is one of the few 
in which the presence of Cy-3-diMal-Glu in maize grain was 
reported at a high concentration of 20.0 to 628.4 μg/g d.m. 
In our study, the content of the dominant isomer of Cy-3-di-
Mal-Glu, identifi ed in blue popping maize, was 113.50 μg/g 
d.m., while the  content of  its two isomers occurring at re-
tention times of 15.63 and 16.19 min was 2.4 and 5.4 times 
lower, respectively. Although Bartl et  al. [2015] identi-
fi ed a  large number of  anthocyanins in  the  grains of  blue 
and purple wheat, they measured the  low content of Cy-3-
-Glu in  them, only at about 1.0  to 1.7 μg/g d.m. However, 
our results are comparable with the values obtained by Ab-
del-Aal et  al. [2006] for the  content of Cy-3-Glu amount-
ing to 20.3  μg/g d.m. in  the  grain of  blue wheat. In  turn, 
two Canadian genotypes of  purple wheat were found to 
contain Cy-3-Glu at 103.0  μg/g [Hosseinian et  al., 2008]. 
In these genotypes, the authors did not identify the presence 
of malonyl derivatives of cyanidin which, according to our 
investigations, were dominant in purple wheat with a  total 
content of 50.1 μg/g d.m. Very low content of Cy-3-Mal-Glu 
at 1.2  μg/g d.m. was measured by Abdel-Aal et  al. [2006] 
in purple Canadian wheat. In the grain of black soybean used 
in this study, the content of the dominant anthocyanins, Cy-
-3-Glu and De-3-Glu, can be compared with those in the seed 
coat of some Korean genotypes. Namely, the content of Cy-
-3-Glu and De-3-Glu in seed coat of 56 genotypes of black 
soybean ranged from 122 to 12073 and from 0 to 2164 μg/g 
d.m., respectively [Lee et al., 2016]. Only one anthocyanin, 
Cy-3-Glu, was detectable in  the whole kernel of black soy-
bean by Xu & Chang [2008a], and its content amounted to 
86.3 μg/g d.m. The same authors in one of their studies in-
dicated the content of Cy-3-Glu in whole grain of black soy-
bean at 356.8 μg/g d.m. [Xu & Chang, 2008b]. As Abdel-Aal 
et al. [2008] already observed, the variation in anthocyanin 
content and composition in colored maize, wheat and soy-
bean may be  due to the  differences between genotypes. 
Furthermore, Zhao et al. [2008] confirmed that in addition 
to the variety, growing conditions of  the purple maize also 
influence their anthocyanin content. 
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Effects of  the  applied alkaline hydrolysis method for 
the identifi cation of phenolic compounds on the content 
of acylated and non-acylated derivatives in anthocyanin 
extracts

According to our results, total degradation of all acylated 
forms of anthocyanins identifi ed in the grain of blue popping 
maize, Chilean deep purple maize, and purple wheat occurred 
during alkaline hydrolysis (Tables 2 and 3, Figure 1Ab-1Cb). 
The  extreme alkaline environment caused the  breakdown 
of  ester bonds and  the  separation of  the  acyl groups from 
the  anthocyanins. Hence, acylated derivatives were trans-
formed to non-acylated forms. It has already been indicated 
that acylated forms can transform to non-acylated forms at 
the beginning of  the anthocyanins degradation [Riaz et al., 
2016] under the  infl uence of different conditions. The study 
of West & Mauer [2013] has shown that about 68% of the pu-
rifi ed cyanidin 3–6Mal-Glu was lost during storage at 40°C 
and converted primarily to Cy-3-Glu. According to the  lat-
est research of Simić et al. [2018], the proportion of Cy-3-
-Glu and its acylated derivative in blue popping maize fl our, 
also used in  this study, as well as in crumb of bread baked 
at 230°C for 20 min and its crust amounted to 25 and 75%, 
42, and 58% and fi nally 58 and 42% of the total cyanidin de-
rivatives, respectively. This conversion of cyanidin derivatives 
probably contributed greatly to the preservation of attractive 
pinkish color of bread. According to our results, in blue pop-
ping maize and purple wheat samples, which had low con-
tent of Cy-3-Glu and high content of its malonyl derivatives 
in grains, about 62 and 40% of the acylated cyanidin deriva-
tives were transformed into non-acylated ones, respectively. 
(Table 3). In the case of Chilean deep purple maize and black 
soybeans, it can be concluded that the applied method sig-

nifi cantly reduced non-acylated forms of  anthocyanins. 
The  content of Cy-3-Glu was lower by  65% after alkaline 
hydrolysis of the black soybean extract. However, in the case 
of Chilean deep purple maize, Cy-3-Glu reduction was lower 
and amounted to about 36% (Table 3). It can be speculated 
that the 6M HCl, which was used after alkaline hydrolysis to 
achieve a stable red color of extracts, affected the separation 
of aglycons and degradation of anthocyanin glucosides. After 
alkaline hydrolysis of  soybean and Chilean maize extracts, 
the  content of De-3-Glu was reduced by 100 and 80%, re-
spectively. On the other hand, although the content of the ac-
ylated form of pelargonidin was not high in maize and wheat 
samples, after alkaline hydrolysis of their extracts the content 
of Pg-3-Glu was increased (Table 3). Pedreschi & Cisneros-
-Zevallos [2007], whose modifi ed alkaline hydrolysis method 
has been applied in this study, quantifi ed anthocyanins only 
in the non-hydrolyzed samples. 

Alkaline hydrolysis was performed under extreme condi-
tions in  this study. However, many other authors observed 
the behavior of anthocyanins under the infl uence of different 
pH conditions. According to results of McDougall et al. [2007], 
all of the anthocyanins were reduced after pancreatic digestion 
in the alkaline environment but the acylated forms were notably 
more stable than the non-acylated ones. There was also a re-
lationship between the type of acylated hydroxycinnamic acid 
and resistance to pancreatic digestion. The study of Cabrita 
et al. [2000] revealed that, for some of the anthocyanin-3-glu-
cosides (e.g. malvidin-3-glucoside), the bluish color was rather 
intense and  its stability was relatively high in the alkaline re-
gion. As presented in the study of Torskangerpoll & Andersen 
[2005], aromatic acylated cyanidin derivatives showed higher 
color stability than the non-acylated forms at pH values vary-

TABLE 3. Content of individual anthocyanins from colored grains extracts before and after alkaline hydrolysis.

Compounds* tR

Blue popping maize Deep purple maize Purple wheat Black soybean

BAH AAH BAH AAH BAH AAH BAH AAH

De-3-Glu 6.99 n.d. n.d. 518.41±18.1a 112.65±4.7b n.d. n.d. 124.93±6.3b n.d.

Cy-3-Glu 8.86 33.21±1.1g 299.53±11.9c 1037.24±36.3a 927.98±38.9b 18.17±0.9g 42.67±2.2fg 254.04±13.9d 87.25±2.6e

Pg-3-Glu 10.73 11.06±0.4cd 20.80±0.8c 182.25±6.4b 229.15±9.6a 2.58±0.13d 4.11±0.22d 10.11±0.55cd 3.10±0.09d

Cy-3–3Mal-Glu 12.08 45.81±3.8a n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Cy-3–6Mal-Glu 13.61 203.36±9.2b n.d. 423.09±14.8a n.d. 31.08±1.6c n.d. n.d. n.d.

Cy-3-diMal-Glu 15.63 48.13±3.1a n.d. n.d. n.d. 8.15±0.41b n.d. n.d. n.d.

Pg-3–6Mal-Glc 15.71 trace n.d. 148.21±5.2a n.d. trace n.d. n.d. n.d.

Cy-3-diMal-Glc 16.19 21.19±0.9a n.d. n.d. n.d. 3.58±0.19b n.d. n.d. n.d.

Cy-3-diMal-Glc 16.77 113.50±4.3a n.d. n.d. n.d. 19.07±1.0b n.d. n.d. n.d.

Total anthocyanins 476.26±21.4c 320.33±8.2d 2309.20±80.8a 1269.78±53.3b 82.63±4.3e 46.78±2.5e 389.08±21.4cd 90.35±2.7e

Total cyanidin derivatives

Non-acylated 33.21±1.1g 299.53±11.9c 1037.24±36.3a 927.98±38.9b 18.17±0.9g 42.67±2.2fg 254.04±13.9d 87.25±2.6e

Acylated 431.99±19.6a n.d. 423.09±14.8a n.d. 61.88±3.2b n.d. n.d. n.d.

*- μg/g d.m.; BAH-before alkaline hydrolysis; AAH-after alkaline hydrolisys; n.d.-not detected. Means followed by the same letter within the same row 
are not signifi cantly different, according to Tukey’s test (p=95%).
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ing from 1.1 to 10.5 during 98-day period at 10oC. Contrasting 
with many reports in  the  literature, some of  them are listed 
above, the malonyl glycoside forms of the anthocyanins from 
purple maize pericarp were more susceptible to degradation 
caused by time (12 weeks) and pH (2.0 to 6.0) than the non-
acylated forms [Luna-Vital et al., 2017]. In turn, Howard et al. 
[2016] reported that acetylated derivatives in blueberry juice 
were more prone to losses during storage than glycosides, es-
pecially in acidifi ed juices.

CONCLUSIONS

It  can be  concluded that the blue popping maize, deep 
purple maize, purple wheat, and black soybean used in  this 
study differ signifi cantly both by composition and by content 
of individual anthocyanins. The acylated forms of anthocya-
nins were dominant in  the grain of blue popping maize, as 
well as purple wheat and represented 85 and 62% of the total 
peaks area of anthocyanins, respectively. In the grain of Chil-
ean deep purple maize, that was the richest in anthocyanins, 
the  glucosidic forms were dominant. Cy-3-Glu represented 
the major type of  anthocyanin in  the  grain of  deep purple 
maize constituting 35.22% of  the  total peaks area of antho-
cyanins. Furthermore, no acylated anthocyanins were found 
in  the black soybean. Rich in  anthocyanins, colored grains 
could be  used as functional food ingredients that provide 
health benefi ts to a large part of human world’s population.

The  extreme alkaline environment caused the  break-
down of  the  ester bonds, the  separation of  the  acyl groups 
from the anthocyanins, complete degradation of acylated de-
rivatives, and their partial transformation to its non-acylated 
parents. On the other hand, partial degradation of glycosides 
in all samples could be a consequence of the acid that is added 
to the base hydrolysate. These studies confi rm that the applied 
alkaline hydrolysis method can be used only for the identifi ca-
tion of acylated anthocyanins. Moreover, this study confi rms 
the importance of plant sources with a high content of antho-
cyanins precisely because of their low stability.
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