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Abstract. Most research studies in food science have been focused in the field of dietary
polyphenols or phenolic compounds, but there is an important part of polyphenols not
extracted with organic solvents and the reports are few of those compounds. Pigmented maize
(mainly blue and red) have presented significant anthocyanins content and antioxidant
capacity; however, the studies about phytochemical content of pigmented maize in Mexico
and their biological effects are limited. The aim of this study was to evaluate the antioxidant
capacity of extractable and non-extractable polyphenols of blue and red maize. Total
polyphenols was determined, as the sum of the polyphenols present in methanol: acetone:
water extracts (extractable polyphenols), condensed tannins and hydrolysable polyphenols
(non-extractable polyphenols) in the corresponding residues of maize samples. The nonextractable polyphenols content was higher than extractable polyphenols. It was estimated that
high percentage of phenolics could be more bio-accessible in the large intestine. In general,
blue and red maize presented an antioxidant capacity (FRAP and ABTS assays). These results
are important for the use of maize-based foods, industrial and pharmaceutical products.
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INTRODUCTION
Maize is one of the most diverse food crops found in nature and one of the most widely cultivated cereals in
the world. Also, maize and milled maize including meals, flours, and bran have been integral parts of the diet
of all socioeconomic classes worldwide1. Native white and pigmented maize have been cultivated in South
6

JCBPS; Section A: Food Biotechnogy; Special Issue; 30 Nov. 2014, Vol. 4, No. 5, 06-13.

Antioxidant…

Gustavo A. Camelo-Méndez et al.

America, mainly in Peru, Bolivia and Mexico2, 3, and used for the preparation of traditional drinks, desserts,
pasta and bakery products. However, multicolored, red, purple, blue, and black maize kernels are currently
produced only in small amounts for making specialty foods, regional foods or for use in ornamentation due to
their colorful appearance1.
Currently, pigmented maize has received increased attention from a nutraceutical perspective owing to its
potential health benefits. Phytochemicals such as phenolics, anthocyanins, amongst others have been
previously reported in several genotypes4. Also, these compounds are considered of interest because their
antioxidant and bioactive properties as free radical inhibitors that protect the cells against oxidative damage20.
In recent years, the use of pigmented maize (mainly blue) had a significant increase in the development of
functional foods in nature, such as tortillas5-9 and cookies10 due to their anthocyanin content and indigestible
carbohydrates.
Polyphenols content in foods and its implications on health have been widely studied11-12, but only extractable
polyphenols (EPP), which are extracted using aqueous organic solvents, have been considered in the current
research11, 13. On the other hand, it has been reported that an appreciable amount of polyphenols, named nonextractable polyphenols (NEPP), can remain in the neglected residues of aqueous organic extraction13 due to
the ability to bind with macromolecules by covalent bonds, hydrogen bonding, and hydrophobic and
hydrophilic interactions.
The aim of this study was to evaluate the antioxidant capacity of extractable and non-extractable polyphenols
of blue and red maize.
METHODS
Plant material: Pigmented maize were obtained from the experimental field of INIFAP Texcoco, Edo.
México, México during 2012-2013 season. Maize was named according to their pigmentation characteristics.
Samples were pulverized in a cyclone mill (A10 analytical mill, Tekmar Co., Cincinnati, OH, USA), it was
stored in airtight and opaque containers at 4°C.
Extraction procedure of polyphenols: Extraction procedure was performance by the method used by
Ovando-Martínez et al.14 with some modifications. Samples were extracted by shaking at room temperature
with methanol: water acidified with HCl (70:30 v/v) and acetone: water (70:30 v/v). After centrifugation (10
min, 25 °C, 3000g) supernatants were combined and used to determine extractable polyphenols content and
antioxidant capacity.
Determination of total anthocyanins and polyphenols content: Total anthocyanins content (TAC) were
evaluated using the methanol: water extraction, they were determined spectrophotometrically by differential
pH method15, results were expressed as mg of cyanidin 3-glucoside/100 g dry matter. Extractable polyphenols
were determined with Folin–Ciocalteau reagent12 with some modifications16. Determination was performed at
a wavelength of 765 nm in a spectrophotometer, total polyphenol content was expressed as mg of gallic acid
(GA)/g dry matter, using a calibration curve.
Condensed tannins: Residues from the methanol/acetone/water extraction were treated with 10 ml/l HCl in
butanol for 3 h at 100°C17 for condensed tannins determination. Condensed tannins were calculated from the
absorbance at 550 nm of the anthocyanidin solutions.
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Hydrolysable polyphenols: Hydrolysable polyphenols were determined by a methanol/H2SO4 9:1 (v/v)
hydrolysis at 85 °C for 20 h on the residues of the methanol/acetone/water extraction18. After centrifugation
10 min, 25 °C, 3000g) supernatants were combined and used to determinate the hydrolysable polyphenols by
Folin–Ciocalteu method19.
Antioxidant capacity. ABTS method: Inhibition of ABTS free radical (2, 2′-Azino-bis (3ethylbenzothiazoline-6-sulfonic acid)) was performed by the methodology proposed by Re et al. 20, it was
carried out measuring the absorbance at 0 and 4 min at 593 nm. Results were expressed in mg equivalent of
Trolox/g of dry weight, using a calibration curve of trolox.
FRAP method: Ferric reducing antioxidant power (FRAP) method was performed by the methodology
proposed by Benzie and Strain21 with some modifications; it was carried out measuring the absorbance at 0
and 6 min at 593 nm. Results were expressed in mg equivalent of Trolox/g of dry weight, using a calibration
curve of trolox.
Statistical analysis: Results were expressed as means ± standard deviation (SD). All experiments were
randomized, analysis of variance (ANOVA) was performance using Statgraphics Plus version 5.1®
(Manugistics, Inc., Rockville, MA, USA).
RESULTS
Extractable and non-extractable polyphenols: Food polyphenol data usually correspond to polyphenols
analyzed in aqueous organic extracts of foods (extractable polyphenols), while significant amounts of
potentially bioactive polyphenols that remain in the residues (non-extractable polyphenols) are ignored. The
presence of important amounts of non-extractable polyphenols has been reported in specific foods and
vegetables22, 23. Non-extractable polyphenols are high molecular weight proanthocyanidins and phenolics
associated with dietary fibre and indigestible compounds that are not taken into account in chemical and
biological studies11, 13, 22-24. Due to this, the methodology proposed by Saura-Calixto11 was used, where
extractable and non-extractable polyphenols and antioxidant capacity of blue and red corn are quantified
(Figure 1).
Supernatant:
-Anthocyanins content
-Extractable polyphenols
An oxidant ac vity of extractable
and non-extractable polyphenols:
-Free radical inhibi on
-Reducing power

BLUE AND RED
MAIZE

Residue (non-extractable
polyphenols):
-Condensed tannins
-Hydrolysable polyphenols

Figure 1: Schematic of the methodology used to evaluate the antioxidant capacity of red and blue maize.
Extractable and non-extractable polyphenols of samples were evaluated (Table 1). Blue and red maize did not
present significant differences (p<0.05) in polyphenols content. Samples presented a high content of
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condensed tannins, those are not bioaccesible in the small intestine, and they could travel through the
gastrointestinal tract as insoluble substrates reaching the colon, where they release single polyphenols and
different bioavailable metabolites by the action of bacterial microbiota13.
Table 1: Extractable and non-extractable polyphenols content (mg/g)
Maize

TA

EP

HP

CT

Blue

0.20±0.09ª

7.65±2.21ª

13.55±4.04ª

209.54±23.81a

Red

0.17±0.05ª

7.15±0.47ª

11.65±3.00a

207.85±13.16ª

* Mean ± SD (n=4), dry matter. TA: total anthocyanins, EP: extractable
polyphenols, HP: hydrolysable polyphenols, CT: condensed tannins. Same
letters indicate not significant differences (p<0.05), LSD test.

Antioxidant capacity of pigmented maize: The antioxidant activity of extractable and hydrolysable
polyphenols and condensed tannins of pigmented maize was measured by spectrophotometric methods: free
radical inhibition (ABTS) and reducing power (FRAP), results are presented in Figure 2. It is important to note
that this biological activity cannot only be attributed to the antioxidant characteristic of each molecule per se.
Antioxidant activity of samples is remarkable, since they are rich in polyphenolic compounds, which play an
important role in the kidnapping of free radicals25 . Very few data on bioavailability of hydrolysable
polyphenols are available in the literature. It is known that condensed tannins have low bioaccessibility in the
small intestine, but polyphenols become available in the large intestine11, 13.

Figure 2: Reducing power (FRAP assay) and free radical inhibition (mM Trolox/g) of extractable and nonextractable polyphenols of blue and red maize. Mean ± SD (n=4), dry matter. EP: extractable polyphenols,
HP: hydrolysable polyphenols, CT: condensed tannins. Same letters indicate not significant differences
(p<0.05), LSD test.
Methodologies used in this study have been widely used for antioxidant activity in food science. However, it
is important to mention that they cannot be compared because each one measures the inhibition of different
radicals and reducing power of Fe3+. Kondo et al.26 reported that the antioxidant activity in foods are
remarkable, since they are rich in polyphenolic compounds and vitamins, which play an important role in the
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kidnapping of free radicals. Very few data on bioavailability of hydrolysable polyphenols are available in the
literature. In order to compare with the methodologies used here, the results were presented as percentages of
inhibition of free radicals and reducing capacity (Figure 3). FRAP assay presented higher antioxidant capacity
(%) than ABTS assay, this could be associated with the molecules present in the extracts. FRAP assay
demonstrated that red maize presented major reducing power than blue maize while in ABTS assay results
were similar in percentage of inhibition.

Figure 3: Antioxidant capacity (%) of extractable and non-extractable polyphenols of blue and red maize.
EP: extractable polyphenols, HP: hydrolysable polyphenols, CT: condensed tannins.
Therefore, correlations between the polyphenol and tannin contents with each antioxidant methodology were
evaluated. Pearson coefficients indicate significant correlations (p<0.05) between extractable and nonextractable polyphenols and antioxidant activity are showed in Table 2, suggesting a direct relationship
between polyphenol content and antioxidant activity. Differences in Pearson coefficients among the
antioxidant methodologies used in this study are due to the polarity of compounds and sensitivity
characteristics of each technique.
Table 2: Correlation coefficients between assay a
AT
EP
HT
CT
F-EP
F-HP
F-CT
A-EP
A-HP
A-CT

AT
1
-

EP
0.77
1
-

HP
0.36
0.67
1
-

CT
-0.40
-0.31
-0.32
1
-

F-EP
0.02
0.12
0.33
-0.84
1
-

F-HP
0.12
-0.10
-0.11
-0.85
0.70
1
-

F-CT
0.77
0.38
0.38
-0.31
-0.02
0.16
1
-

A-EP
-0.01
-0.37
-0.38
-0.63
0.65
0.80
0.03
1
-

A-HP
-0.19
-0.59
-0.82
0.33
-0.46
0.15
0.04
0.22
1
-

a

A-CT
0.31
0.39
-0.07
0.38
-0.37
-0.62
-0.15
-0.37
-0.25
1

F-EP: FRAP assay of extractable polyphenols, F-HP: FRAP assay of hydrolysable polyphenols,F-CT: FRAP assay of
condensed tannins,A-EP: ABTS assay of extractable polyphenols, A-HP: ABTS assay of hydrolysable polyphenols,A-CT:
ABTS assay of condensed tannins.Significant correlations (p<0.05) are denoted by the use of italics and bold face.
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Also, it is important to note that this biological activity cannot only be attributed to the antioxidant
characteristic of each molecule per se (double conjugate bonds, number and position of methyl and hydroxyl
groups). Further, this activity can be attributed to the complex effects of the molecules (synergistic, additive
or antagonist) present in each extract and the affinity of each molecule to inhibit free radicals or reduce metals.
The methods used to determine antioxidant capacity are complementary, and their sensitivity depends on the
different macromolecules and bioactive compounds present in the food27.
CONCLUSIONS
The present study revealed that extracts of blue and red maize demonstrated high phenolic content and potent
antioxidant activity, achieved by free radical scavenging and reducing power assays. The results obtained
shows that the phytochemical compositions do not varies greatly between the different maize samples
analyzed. These differences may be explained by genetic make-up, since all varieties were grown under the
same environmental conditions. The large variations observed in this study may be important for the optimum
utilization of these materials for food and industrial uses.
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