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Abstract 

Pigmented maize is rich in phenolic compounds, carotenoids, and anthocyanins, which are linked to health-promoting and nutraceutical 
properties. Consequently, this type of grain is categorized as a functional food due to its high antioxidant activity and its potential preventive roles 
against cancer, diabetes, obesity, and neurodegenerative diseases. The numerous health advantages of anthocyanins in pigmented maize have 
recently drawn more attention from consumers. A better understanding of how genes influence anthocyanins is crucial for breeding initiatives 
aimed at increasing antioxidant levels. This study aimed to analyze the genetic influence on anthocyanin levels in the grain and cob of purple maize 
utilizing generation mean analysis, for which six generations (P1, P2, F1, F2, BCP1, and BCP2) were developed and planted in a randomized complete 
block design with three replications at the experimental station of the Facultad de Agronomía, Universidad Autónoma de Nuevo León in Marín, 
Mexico. A six-parameter model was used to estimate the genetic effects controlling the inheritance of anthocyanins, revealing the significance of 
all genetic effects for the studied traits in grain and cob, up to varying extents. Additive gene effects appeared to have a greater contribution in the 
inheritance of total monomeric anthocyanins and cyanidin-3-glucoside in grain and cob, indicating the possibility of making an early generation 
or recurrent selection, whereas dominant effects had a major contribution to total phenolic content in grain and cob. Moreover, among epistatic 
effects, the dominance x dominance gene interaction was important for all parameters in grain and cob, suggesting that the selection should focus 
on a strategy harnessing dominance, such as hybrid development.
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Introduction

 Mexico is the original center for the domestication and 
diversification of maize, maintaining a broad array of grain colors 
and traits, including growth speed, height of both plants and ears, 
physiological attributes, chemical makeup of grains, nutritional 
benefits, and various uses [1,2]. Consequently, the diversity of 
maize is primarily found among indigenous communities or 
ethnolinguistic groups [3]. There is a research bias concerning 
maize due to its commercial significance, with most investigations 
on maize grain composition concentrating on yellow and white 
varieties [4]; studies focusing on pigmented maize have only 
recently begun to receive attention over the last ten years [5].

Pigmented maize is rich in phenolic compounds, carotenoids, 
and anthocyanins, which are linked to health-promoting and  

 
nutraceutical properties. Consequently, this type of grain is 
categorized as a functional food due to its high antioxidant activity 
and its potential preventive roles against cancer, diabetes, obesity, 
and neurodegenerative diseases [6,7]. Although lutein, zeaxanthin, 
and α and β cryptoxanthin are the most frequently studied 
carotenoids in yellow maize [8], cyanidin-3-glucoside (C3G), 
cyanidin-3,5-diglucoside, pelargonidin, and peonidin-3-glucoside, 
along with their malonyl derivatives, are the main anthocyanins 
present in blue, red, and purple grains [9]. Anthocyanins, a 
kind of naturally occurring phenolic phytochemical found in 
many food sources, particularly fruits and vegetables, which 
have a well-established presence in the diet, are produced via 
the flavonoid pathway in plant tissues [10]. These compounds 
serve as pigments that display a spectrum of colors, including 
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red, orange, purple, and blue, which depend on pH levels and 
their chemical structure. The potency of these colors is reliant 
on the concentration of anthocyanins found in maize grain and 
cob. Although environmental variables also have a role, genetic 
factors are the main determinant of this pigment’s occurrence 
[11]. Reports state that water-soluble anthocyanins, reddish-
purple pigments found in a range of fruits and vegetables [12,13], 
as well as phytochemicals and antioxidants, are abundant in 
purple maize and its byproducts, including cobs, grains, silk, and 
husks [14]. Growing consumer demands may be met by maize, 
a scalable crop that might provide a natural supply of colorant 
[15]. However, large-scale commercial production will require 
breeding lines with the stability, color, and maximal anthocyanin 
production while maintaining yield and other agronomic qualities 
[12]. Finding lines that produce the most anthocyanins and have 
ideal anthocyanin profiles to backcross into existing elite inbreds 
will be necessary to achieve these objectives. Selections need 
to be made with every backcrossing cycle to minimize linkage 
drag without compromising any elements linked to anthocyanin 
synthesis. Backcrossing with non-pigmented lines may cause a 
variety of structural genes and regulatory systems necessary for 
anthocyanin production to become unfixed. The advantage of 
creating genetic resources to aid in breeding is demonstrated by 
the fact that losing any one of these elements might have varied 
effects on anthocyanin output.

To develop the best breeding practices for enhancing the 
desired trait, plant breeders are interested in assessing gene 
effects [16]. Thus, breeders require knowledge of heritability, 
heterosis, inbreeding depression, predictability of genetic gain 
from selection for yield, and the mechanism of gene action [17]. 
Designing a suitable breeding process for genetic improvement 
requires an understanding of genetic behavior and the type 
of gene activity that governs nutraceutical properties [18,19]. 
Because quantitative characteristics are influenced by interactions 
between genes as well as between genotype and environment, in 
addition to the minor individual impacts of numerous genes, the 
inheritance of these traits has been characterized as a shifting 
target [20]. To study how certain features are inherited, genetic 
statistical models have been developed. Among these models, 
generation means analysis is a helpful method for estimating the 
effects of genes, variance components, and heritability-regulating 
characteristics of interest [21,22]. It provides information on 
the relative significance of dominance deviations, effects from 
non-allelic genetic interactions, and the average impact of genes 
(additive effects) in determining the genotypic values of individuals 
and, in turn, the mean genotypic values of families and generations 
[23]. A helpful method for estimating the impact of genes on 
quantitative variables, such as yield and yield components, is 
generation mean analysis. Estimating the three different forms of 
epistatic gene effects—additive × additive, additive × dominance, 
and dominance × dominance—has several advantages [24]. This 
approach facilitates understanding of the performance of selected 
parents and the potential of their progeny for use in pedigree 

selection or heterosis exploitation [25]. Numerous studies have 
documented the genetic pathways that control maize production, 
yield characteristics, and agronomic qualities [26-28]. On the 
other hand, data on the amounts of anthocyanins in maize cobs 
and grains are quite rare. This research was conducted to evaluate 
the relative importance of additive and non-additive gene effects 
in regulating the inheritance of anthocyanin and its derivatives in 
purple maize grain and cob.

Materials and Methods

Plant material 

This study utilized two native genotypes of maize (purple and 
white) gathered from farmers in San Luis Potosí and Hualahuises, 
Nuevo León, Mexico. The experiment was conducted at the 
experimental field of the Facultad de Agronomía, Universidad 
Autónoma de Nuevo León, in Marín, Mexico (located at 
24°19’16.71”N and 99°54’58.06” W).

Field management

The original native populations, Morado San Luis Potosí 
(purple grain and cob) and Blanco Hualahuises (white grain and 
cob), served as the genetic basis for the creation of backcrosses 
(BCP1, BCP2), F1 hybrids, and inbred lines. The parents were the 
inbred lines of purple maize (P1) and white maize (P2). Both 
parents were crossed to develop the F1 generation, which was then 
self-pollinated to produce the F2 generation. The F1 seeds were 
subsequently backcrossed with both parental lines to generate 
backcrosses (BCP1 and BCP2). Therefore, in March 2025, the six 
populations were set up in the field using a random complete 
block design with three replications. The genetic homogeneity of 
each generation determined the size of the experimental units. 
The experimental units were two rows for the non-segregating 
generations (P1, P2, and F1) and five rows for the F2 generation. 
Four rows were utilized for backcrosses. The row length was 5 
m, with 0.8 m and 0.25 m between rows and plants, respectively. 
For the parents, F1, and backcross generations, adjacent plants 
in each plot were manually pollinated to prevent contamination 
from stray pollen. For the F2 generation, individual self-pollination 
was performed. When they reached maturity, cobs were hand-
picked. Maize ears with a moisture level of less than 14% were 
allowed to air dry. Before being ground into whole-grain flour and 
cob powder, samples of cob from the parental and F1 generations 
were first hand-shelled into grain and cob. Samples were then 
bulked within replications in each generation. Additionally, the 
F2 and first backcross cob samples were hand-shelled and ground 
into a fine powder. Before examination, all ground materials were 
thoroughly mixed, sieved through a 30-mesh screen, and stored 
at -20°C.

Data collection

Total phenolic content

A colorimetric technique based on the Folin-Ciocalteau reagent 
reaction was employed to measure the total phenolic content, 
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following the methodology of Rodriguez-Salinas et al. [29]. After 
oxidizing with 0.2 mL of Folin-Ciocalteau reagent and neutralizing 
with 2 mL of a 7% Na2CO3 solution for 5 minutes, 2 mL of the 
phenolic extract was combined with 2.6 mL of distilled water. 
The samples’ absorbance at 750 nm was ultimately measured 
when the process was halted after 90 minutes. The results were 
expressed as milligrams of gallic acid equivalent per 100 grams of 
sample, using 0, 40, 80, 120, 160, and 200 mg L-1 of gallic acid as a 
reference for the calibration curve (mg GAE 100 g-1).

Total monomeric anthocyanin content

Sample extraction

Anthocyanins extraction was performed using the protocol 
of Lao & Giusti [30] with some modifications. A 200 mg sample 
of powdered corn kernels was taken, and 10 mL of 70% aqueous 
acetone acidified with 0.01% (v/v) 6-N HCl was added. The 
samples were purged with nitrogen at 4 oC for 30 seconds and 
stirred for 30 minutes. The solution was filtered using Whatman 
No. 4 filter paper. 10 mL of chloroform was added, and the samples 
were allowed to stand overnight. The colored upper phase was 
collected the next day and placed on a rotary evaporator at 40 
oC under vacuum to remove any remaining acetone. Finally, the 
remaining extract was topped up to the known volume with water 
acidified with 0.01% HCl.

Quantification by the pH differential method

For the pH differential method, a protocol by Yang & Zhai 
[31] was followed. In this method, the absorbance of purple 
maize pigments diluted in buffer at pH = 1.0 (0.025 M potassium 
chloride) and pH = 4.5 (0.4 M sodium acetate) was measured at a 
wavelength of maximum absorbance (around 520 nm) and 700 
nm using a DLAB SP-UV1100 spectrophotometer (DLAB Scientific, 
Beining, China). The total monomeric anthocyanin was calculated 
using the molecular weight of cyanidin-3-glucoside (449.2) and 
its molecular absorptivity of 26,900 in an aqueous buffer solution. 
The measurement was performed in triplicate. The anthocyanin 
content of each sample was calculated using the following 
equation:

( )         1 000/
   

A x MW x DF x V xC mg kg
x Sample weightε

=

Where,

C = Anthocyanin concentration.

A = (A520nm – A700nm) pH 1.0 – (A520nm – A700nm) pH 4.5.

MW = Molecular weight of cyanidin 3-glucoside (449 g M-1).

DF = Dilution factor.

V = Final Volume. 

ε = Molar absorptivity of cyanidin 3-glucoside (25,965 cm-

1M-1).

l = 1 cm path length

Quantification of anthocyanins by HPLC

Anthocyanins (Cyanidin-3-glucoside) quantification was 
performed based on the methodology described by Rodriguez-
Salinas et al. [29], on an Agilent Technologies 1260 Infinity HPLC 
with an Agilent 1260 diode array detector (DAD) (G4212B) and an 
Agilent 1260 quaternary pump (G1311B), with a ZORBAX Eclipse 
Plus C-18 reversed-phase analytical column (100 mm x 3 mm i.d., 
5 µm). The mobile phase was 4.5% acidified water with formic 
acid (solvent A) and acetonitrile (solvent B). The gradient used 
was as follows: 0-1 min, 97% A and 3% B; 1-51 min, 60% A and 
40% B; 51-53 min, 50% A and 50% B; 53-60 min, 97% A and 3% 
B. The post-run time was 5 min. The flow rate used was 0.8 mL 
min-1 with a 50 µL injection, and the wavelength was monitored 
at 520 nm. The spectrum of the compounds was obtained in the 
UV region (200-400 nm). Cyanidin-3-glucoside in the samples was 
identified by comparing its relative retention time with that of the 
standard compound.

Statistical Analysis

This study employed a randomized complete block design. 
The normality of the repeated data was evaluated by the Shapiro-
Wilk test. Following the normal distribution, the data were then 
submitted to a two-way analysis of variance (ANOVA) using 
Statistix 10 software (Analytical Software, FL, USA). The mean 
comparison was determined using the Tukey test (p ≤ 0.05). 

Generation mean analysis (GMA) was carried out individually 
for each trait to identify the type of gene action influencing their 
expression. To assess the suitability of the additive-dominance 
model and determine the existence of epistatic effects, scaling tests 
A, B, C, and D were employed, as outlined by Hayman & Mather [32]. 
Epistasis was present if one or more of the scales were significant. 
The genetic parameters, namely mean [m], additive gene effects 
[a], dominance gene effects [d], and three types of non-allelic gene 
interactions, namely additive x additive [aa], additive x dominance 
[ad], and dominance x dominance [dd], were thus estimated using 
the six-parameter genetic model proposed by Mather & Jinks 
[21]. The significance of the above genetic parameters was tested 
using the t-test. First, the standard error was worked out for each 
component separately by taking the square root of the variance of 
the respective element. The significance of the genetic effect was 
tested similarly using the t-test as in the case of the scaling test. All 
computations for the generation mean analysis were conducted 
using the Microsoft Excel software.

Results 

The analysis of variance (ANOVA) revealed that the impact of 
different generations on all parameters studied was statistically 
significant (p ≤ 0.05), as shown in Table 1.

The maximum total phenolic content of 115.41 ± 2.46 in 
grain and 89.71 ± 2.34 in cob was recorded in purple maize corn. 
In contrast, the white maize genotype had the minimum total 
phenolic content of 54.74 ± 2.85 and 36.08 ± 2.91 in grain and cob, 
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respectively (Figure 1a & 2a). The average total phenolic content 
for the F1 generation of maize grain and cob was 91.31 ± 2.64 
and 70.41 ± 3.88 mg GAE 100g-1 DW, respectively, representing 
increases of 7% and 11% over the mid-parent values. In contrast, 
the average total phenolic content for the F2 generation of maize 
grain and cob, measured at 64.38 ± 8.51 and 54.84 ± 9.25 mg 
GAE 100g-1 DW, respectively, represented reductions of 32% and 
15% compared to the mid-parent averages. The average values 
for the backcrosses were either situated between those of the F1 
generation and the first backcross generation with a white parent, 
or they fell below the averages of the F1 and F2 generations for both 
grain and cob. Conversely, the backcross that included the F1 and 
the first backcross generation with a purple parent surpassed the 
average values of the F2 generation for both grain and cob (Table 
2). These findings suggest that dominance deviations have a lesser 
influence. In contrast, additive effects have a more significant 
impact on the total phenolic content in the purple maize grain and 
cob.

The maximum total monomeric anthocyanin content of 
103.53 ± 2.02 in grain and 82.83 ± 2.94 in cob was recorded in 
purple maize; meanwhile, the white maize genotype had the 
minimum total monomeric anthocyanin content of 0.39 ± 0.58 and 
0.22 ± 0.58 in grain and cob, respectively (Figure 1b & 2b). The 
average total monomeric anthocyanin content in the F1 generation 
of maize grain (85.83 ± 3.67 mg CGE 100g-1 DW) exceeded the 

mid-parent value by 39%; similarly, the maize cob (62.01 ± 2.65 
mg CGE 100 g-1 DW) was 33% higher than the mid-parent figure. 
In the F2 generation, the average total monomeric anthocyanin 
content for maize grain and cob (48.43 ± 8.53 and 39.35 ± 8.76 
mg CGE 100g-1 DW, respectively) showed a 7% and 6% decrease 
compared to the mid-parent values. The means of the backcrosses 
fell between those of the F1 and the recurrent parents or were 
lower than the means for both the F1 and F2 generations in terms of 
grain and cob (Table 2). These findings suggest that the effects of 
additive variance and dominance deviations on total monomeric 
anthocyanin content in purple maize grain and cob vary in their 
relative significance.

The maximum cyanidin-3-glucoside of 30.92 ± 1.43 in grain 
and 16.35 ± 1.59 in cob was recorded in purple maize (Figure 1c 
& 2c). The average concentration of cyanidin-3-glucoside in the F1 
generation of maize grain (16.38 ± 1.21 mg 100g-1 DW) was 6% 
greater than the mid-parent value, while in the maize cob (11.37 ± 
2.02 mg 100g-1 DW), it was 28% above the mid-parent value. For 
the F2 generation, the average cyanidin-3-glucoside in maize grain 
(12.96 ± 5.25 mg 100g-1 DW) was 19% lower than the mid-parent 
value; likewise, in the maize cob (7.56 ± 3.75 mg 100g-1 DW), 
it was 8% lower than the mid-parent value. The means of both 
backcrosses fell between the values of the F1 and the recurrent 
parents or were lower than the means recorded for the F1 and F2 
generations in both grain and cob (Table 2).

Table 1: Mean squares of different maize generations for total phenolic content (TPC), monomeric anthocyanin content (MAC), and cyanidin 3 
glucoside (C3G) in grains and cobs.

Variables Mean Square (Grains) Error Mean Square (Cob) Error

TPC 1827.89* 16.63 1150.03* 2.04

MAC 3905.63* 1.63 2463.83* 1.90

C3G 297.71* 0.18 91.01* 0.02

Note: *indicates significance levels at p ≤ 0.05.

Table 2: Mean values and standard errors of six developed generations for total phenolic content, monomeric anthocyanin content, and cyani-
din-3-glucoside.

Generations TPC MAC C3G

Grain

P1 115.41 ± 2.46 103.53 ± 2.02 30.92 ± 1.43

P2 54.74 ± 2.85 0.39 ± 0.58 0.00 ± 0.00

F1 91.31 ± 2.64 85.83 ± 3.67 16.38 ± 1.21

F2 64.38 ± 8.51 48.43 ± 8.53 12.96 ± 5.25

BCP1 71.48 ± 7.82 64.68 ± 10.14 13.78 ± 6.45

BCP2 50.54 ± 8.82 43.64 ± 7.82 11.26 ± 5.82

Mean Parent Value 85.08 51.96 15.46

Cob

P1 89.71 ± 2.34 82.83 ± 2.94 16.35 ± 1.59

P2 36.08 ± 2.91 0.22 ± 0.58 0.00 ± 0.00

F1 70.41 ± 3.88 62.01 ± 2.65 11.37 ± 2.02
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F2 54.84 ± 9.25 39.35 ± 8.76 7.56 ± 3.75

BCP1 61.74 ± 7.18 53.10 ± 7.52 6.98 ± 3.13

BCP2 41.88 ± 9.18 28.05 ± 7.78 5.70 ± 3.36

Mean Parent Value 62.89 41.52 8.18

Note: P1= Morado San Luis Potosí; P2= Blanco Hualahuises; F1= First filial generation of crossing between parents; F2= Second filial generation 
of crossing; BCP1= First backcross between F1 and P1; BCP2= First backcross between F1 and P2; TPC= Total phenolic content; MAC= Monomeric 
anthocyanin content; C3G= Cyanidin-3-Glucoside. Values within the same column sharing different letters are indicated as significantly different 
(p ≤ 0.05).

Table 3: Estimates of different gene effects with standard errors for total phenolic content (TPC), total monomeric anthocyanin content (MAC), and 
cyanidin-3-glucoside (C3G) in maize grain and cob.

Parameters TPC MAC C3G

Grain

m 53.65 ± 3.64* 19.37 ± 2.64* 14.64 ± 1.43*

[a] 21.23 ± 2.22* 21.04 ± 2.56* 2.51 ± 2.08*

[d] 46.91 ± 8.18* -57.19 ± 8.58* -0.82 ± 7.23*

[aa] -14.07 ± 7.90* N.S -12.95 ± 7.08*

[ad] -9.10± 8.82* -30.53 ± 6.76* -3.01 ± 6.12*

[dd] 525.35 ± 11.82* 385.13 ± 12.88* 105.47 ± 10.49*

Cob

m 43.48 ± 4.63* 10.82 ± 1.56* 7.56 ± 1.54*

[a] 19.87 ± 2.44* 25.05 ± 2.41* 1.28 ± 2.42*

[d] 31.46 ± 8.65* -25.60 ± 7.95* -1.69 ± 7.88*

[aa] N.S 4.90 ± 7.87* N.S

[ad] N.S -16.25 ± 9.57* N.S

[dd] 406.51 ± 13.12* 264.29 ± 11.69* 64.23 ± 11.58*
Note: m: mean effect; [a]: additive effect; [d]: dominance effect; [aa]: additive x additive effect; [ad]: additive x dominance effect; [dd]: dominance x 
dominance effect. *Significance from zero at p ≤ 0.05. N.S.: non-significant.

Table 4: Anthocyanins detected in HPLC-DAD in genotype Mordo San Luis Potosí (P1).

Peak no. Compound Peak area Quantification (mg C3GE 
100g-1 DW)

Grain

1 Cyanidin-3-glucoside (C3G) 1680.43 30.92

2 Pelargonidin-3-glucoside (Pg3G) 193.19 8.13

3 Cyanidin-3-malonylglucoside (C3MG) 135.65 7.25

4 Cyanidin-3-malonylglucoside (C3GM) 149.47 7.46

5 Peonidin-3-glucoside (Pn3G) 152.64 7.51

6 Cyanidin-3-(6”-malonylglucoside) (C3-6’MG) 1695.1 31.14

Total 4006.48 92.40

Cob

1 Cyanidin-3-glucoside (C3G) 30.92 16.35

2 Pelargonidin-3-glucoside (Pg3G) 8.13 7.07

3 Cyanidin-3-malonylglucoside (C3MG) 7.25 5.53

4 Cyanidin-3-malonylglucoside (C3GM) 7.46 6.64

5 Peonidin-3-glucoside (Pn3G) 7.51 6.46

6 Cyanidin-3-(6”-malonylglucoside) (C3-6’MG) 31.14 10.96

Total 1436.86 53.02
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Table 5: Quantification of detected anthocyanins in HPLC-DAD from maize grain and cob in six generations (P1, P2, F1, F2, BCP1, and BCP2).

Generations Quantification (mg C3GE 100g-1 DW) Detected anthocyanins

Grain

P1 92.4 All

F1 59.34 All

F2 42.38 All

BCP1 47.36 All

BCP2 34.62 1-3, 5, and 6

Cob

P1 53.02 All

F1 51.63 All

F2 33.4 1-3, 5, and 6

BCP1 31.08 1, 2, 5, and 6

BCP2 22.41 1,2,5 and 6

Note: 1: Cyanidin-3-glucoside (C3G); 2: Pelargonidin-3-glucoside (Pg3G); 3: Cyanidin-3-malonylglucoside (C3MG); 4: Cyanidin-3-malonylglu-
coside (C3GM); 5: Peonidin-3-glucoside (Pn3G); 6: Cyanidin-3-(6”-malonylglucoside) (C3-6’MG). The P2 generation was omitted from the data 
presentation because it had a value of 0.00 for both grain and cob.

Genetic Effects

In the F1 generation, utilizing purple-colored grains and cobs 
from a female parent and white-colored grains and cobs from a 
male parent resulted in progeny that all exhibited purple-colored 
grains and cobs. This outcome implies that the inheritance of 
purple maize coloration is primarily maternal. The color of the 
grains and cobs in the F2 generation varied from white to purple, 
displaying various intensities, which made it challenging to 
classify them into specific categories. The observed segregation 
pattern did not align with a single-gene or two-gene model, but 
rather displayed continuous variation, indicating that it follows 
a quantitative inheritance pattern. Additionally, the grain color 
within backcross generations leaned towards one of the parents. 
This suggested that the changes (whether an increase or a 
decrease) in color tendency depend on the selection of the P1 
parent.

There is a strong interest in breeding maize with higher 
levels of anthocyanins due to their potent antioxidant properties 
and associated health benefits. To enhance anthocyanin levels 
through traditional hybrid breeding approaches, it is essential to 
comprehend the genetic influences associated with anthocyanins. 
One implication of the varying gene influences on selecting a 
breeding methodology is that the resulting hybrid, from crossing 
with a high parent, is anticipated to increase anthocyanin levels 
in maize due to prevailing additive gene effects. The model was 
expanded to include six parameters, demonstrating a good fit to 
the data.

The inheritance of various traits was significantly influenced 
by additive [a], dominance [d], and epistasis, highlighting the 
importance of both additive and dominance effects (Table 3). For 
total phenolic content in grain, the significant gene effects included 
additive [a] (21.23 ± 2.22), dominance [d] (46.91 ± 8.18), additive 

× additive [aa] (-14.07 ± 7.90), additive × dominance [ad] (-9.10 ± 
8.82), and dominance × dominance [dd] (525.35 ± 11.82). In the 
case of cob, the significant gene effects were additive [a] (19.87 ± 
2.44), dominance [d] (34.46 ± 8.65), and dominance × dominance 
[dd] (406.51 ± 13.12). Regarding monomeric anthocyanin content, 
all gene effects, including additive [a], dominance [d], and the three 
epistatic effects, were significant for total monomeric anthocyanin 
content in cob. In contrast, the additive x additive [aa] gene effect 
was found to be non-significant in grain.

Notable epistatic gene influences were detected for all traits 
in both maize grain and cob, although to varying extents (Table 
3). For cyanidin-3-glucoside in the maize grain, all three types of 
epistatic effects—additive × additive [aa] (-12.95 ± 7.08), additive 
× dominance [ad] (-3.01 ± 8.12), and dominance × dominance [dd] 
(105.47 ± 10.49)—were significant. In contrast, in the maize cob, 
the dominance × dominance [dd] [64.23 ± 11.58] epistatic effect 
was the most prominent.

Identification of anthocyanins by HPLC-DAD

In the analysis of anthocyanin extraction and purification, 
chromatograms recorded at 520 nm revealed the presence of six 
glycosylated anthocyanins in the grain and cob of the pigmented 
maize genotype. The first peak is identified as cyanidin-3-
glucoside, while the second peak corresponds to pelargonidin-3-
glucoside. The third peak represents cyanidin-3-malonylglucoside, 
and the fourth is an isomer of cyanidin-3-malonylglucoside. The 
fifth peak is attributed to peonidin-3-glucoside, and the sixth peak 
is identified as cyanidin-3-(-6”-malonylglucoside) (Figure 3).

These six identified compounds were quantified, with the 
findings expressed in mg C3GE 100g-1 DW for genotype Morado 
San Luis Potosí in grain and cob, as shown in Table 4. In Table 
5, the six identified anthocyanin compounds are quantified and 
presented for each generation in both grain and cob.

http://dx.doi.org/10.19080/ARTOAJ.2025.29.556455


How to cite this article:  Saba Y, Francisco Z-G, Guillermo N-M, Pablo Alan R-S, Adriana G-D. Generation Mean Analysis of Phenolic Content in 
Pigmented Maize (Zea mays L.) Grain and Cob. Agri Res & Tech: Open Access J: Open Access J. 2025; 29(3): 556455. 
DOI: 10.19080/ARTOAJ.2025.29.556455

007

Agricultural Research & Technology: Open Access Journal 

Figure 1: Mean values of studied traits in the maize grain of six developed generations (P1, P2, F1, F2, BCP1, BCP2). a) Total phenolic content 
(mg GAE 100g-1); b) Total monomeric anthocyanin content (mg C3GE 100g-1)) and c) Cyanidin-3-glucoside (mg C3GE 100g-1). The different 
letters on the bars show significant differences (p ≤ 0.05). The P2 generation recorded a value of 0.00 ± 0.00 for cyanidin-3-glucoside (C3G).
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Figure 2:   Mean values of studied traits in the maize cob of six developed generations (P1, P2, F1, F2, BCP1, BCP2). a) Total phenolic content 
(mg GAE 100g-1); b) Total monomeric anthocyanin content (mg C3GE 100g-1) and c) Cyanidin-3-glucoside (mg C3GE 100g-1). The different 
letters on the bars show significant differences (p ≤ 0.05). The P2 generation recorded a value of 0.00 ± 0.00 for cyanidin-3-glucoside (C3G).
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Figure 3: HPLC-DAD chromatogram of genotype Morado San Luis Potosí (P1) with six identified anthocyanins present at a wavelength of 
520nm. a) maize grain; b) maize cob.

Discussion 

The glycosylated anthocyanins observed in the chromatograms 
of the six generations of maize grain and cob align with the order 
of detection as noted by Lao & Guisti [30]. The differences in 
retention times are primarily attributed to adjustments in the 
methodology and conditions applied, which are influenced by the 
column length utilized in this research.

The ANOVA indicated significant differences in means for 
total phenolic content, total monomeric content, and cyanidin-3-
glucoside in both grain and cob across all four crosses, suggesting 
a considerable level of genetic variability for all traits examined 
among the segregating populations derived from contrasting 
parental lines. This study observed a downward trend in the 
average values of all traits assessed in maize grain and cob across 
the four crosses, except the F1 generation, where a rise was noted 
compared to the mid-parent value in both grain and cob. Oladipo 
& Abe [33] found a 7% increase in total phenolic content in the F1 
generation, while a 3% decrease was noted in the F2 generation 
compared to the mid-parent value in maize. Moreover, a separate 
study by Pfeiffer & Rooney [34] in sorghum reported increases of 
25% and 15% in total phenolic content for F1 and F2, respectively, 
compared to the mid-parent value. In contrast to our findings, 
Noubissié et al. [35] observed a 5% reduction in mean phenolic 
content in the F1 generation relative to the mid-parent value. 
Previous studies assessed mean values from backcrosses between 
the F1 and recurrent parents, which were lower than those of 
the F1 and F2 generation means. Regarding total monomeric 
anthocyanin content, both grain and cob showed an increase 

in the F1 means. A decrease in the F2 mean is aligned with the 
findings of Harakator et al. [36], who noted increases of 38% and 
reductions of 30% in mean total monomeric anthocyanins for F1 
and F2, respectively, in maize cob, while in maize grain, reductions 
of 15% and 80% were recorded for F1 and F2 means, respectively. 
Our analysis revealed that mean cyanidin-3-glucoside levels in the 
F1 generation exceeded the mid-parent value for both grain and 
cob, whereas a decline was seen in the F2 generation. Harakator et 
al. [36] found decreases of 28% and 25% in cyanidin-3-glucoside 
concentrations in the grain for F1 and F2 generations, respectively. 
For maize cob, they reported an increase of 45% and a decrease 
of 18% in F1 and F2 generations, respectively. These findings 
highlight the differing relative influences of additive effects and 
dominance deviation on cyanidin-3-glucoside levels in purple 
maize grain and cob. Additionally, the variances observed in the 
parents and F1 generation were minimal, suggesting a consistency 
in this anthocyanin derivative across these generations. 

Epistasis refers to any non-allelic interaction [37,38]. In this 
context, a thorough understanding of gene actions and interactions 
can facilitate the selection of breeding strategies that effectively 
leverage genetic variance, which can also assist in interpreting 
the influence of breeding systems on crop evolution [39]. The 
presence of notable epistasis can distort the estimation of variance 
components. For instance, polygenic inheritance models featuring 
a wide range of allelic interactions can lead to underestimations 
or overestimations of heritability, primarily of the narrow-sense 
type, which may further result in additional inaccuracies in 
predicted gains. Generation mean analysis incorporates several 
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foundational generations from crosses between two inbred lines 
and provides estimates for epistatic effects. To evaluate these 
effects, we utilized the six-parameter model proposed by Hayman 
[40] in our current study, we applied it to analyze four crosses. 
In our results, we observed a higher magnitude of additive effect 
for monomeric anthocyanin content and cyanidin-3-glucoside in 
both grain and cob, compared to the dominance, indicating the 
gene correlation. In other words, we can say that one parent had 
genes with high performance, whereas the other one had genes 
with low performance. For the total phenolic content in grain and 
cob, dominant effects were greater than additive ones, indicating 
the use of hybrid development to harness heterosis. Significant 
additive and dominance genetic effects were consistently observed 
for all examined traits across all four crosses, suggesting that both 
additive and non-additive genetic effects substantially influence 
the inheritance of genes related to phenolic content, monomeric 
anthocyanin content, and cyanidin-3-glucoside in maize grain 
and cob. Our findings demonstrated that all three epistatic effects 
were significant for each trait analyzed in grain; however, for 
cob, the total phenolic content exhibited non-significant additive 
x additive and additive x dominance interactions, while the 
additive x additive interaction was non-significant for cyanidin-3-
glucoside. Similar findings were documented by Pfeiffer & Rooney 
[34], who reported that additive, additive × dominance, and 
dominance × dominance gene effects significantly contributed to 
the inheritance of total phenols in black sorghum, whereas, unlike 
our results, Oladipo & Abe [33] indicated that all gene effects were 
non-significant for total phenolic content in maize. Harakator 
et al. [36] noted the existence of additive, dominance, and all 
three epistatic gene effects for cyanidin-3-glucoside in grain and 
for monomeric anthocyanin content in cob. They found a non-
significant additive x additive effect for monomeric anthocyanin 
content in grain and a non-significant additive x additive and 
additive x dominance effect for cyanidin-3-glucoside in cob.

It is crucial to recognize that the negative dominance value 
observed for total monomeric anthocyanin content and cyanidin-3-
glucoside in both grain and cob signifies that this gene effect tends 
to reduce anthocyanin levels, depending upon the selection of the 
parental line designated as P1. The sign of the dominance effect 
correlates with the mean value of the F1 generation in relation to 
the mid-parent value, indicating that alleles from the parental line 
with high anthocyanin content (Morado San Luis Potosí) played 
a significant role. Similar findings were presented by Harakator 
et al. [36]. The predominance of dominance [d] and dominance 
× dominance [dd] epistatic effects for the total phenolic content, 
total monomeric anthocyanin content, and cyanidin-3-glucoside 
in both purple maize grain and cob suggests that the expression of 
these traits is primarily governed by genes exhibiting dominance 
characteristics. Furthermore, the significance of dominance 
and its epistatic effects on these traits in maize grain and cob 
suggests that breeding and selection strategies for purple maize 

could be adapted to take advantage of this dynamic epistatic 
effect by postponing selection to subsequent generations, thereby 
stabilizing additive genes. This breeding strategy can preserve 
larger populations before selection, maximizing chances for 
favorable gene combinations to emerge [41]. The dominance × 
dominance [dd] epistasis was found to contribute to the levels of 
anthocyanin and its derivatives, which aligns with expectations, 
given that the F1 generation exhibited substantial heterosis. In 
contrast, additive × additive [aa] and additive × dominance [ad] 
epistatic effects showed no contribution to heterosis activity. 
This finding offers valuable insights for corn breeders seeking to 
enhance populations or hybrids with higher levels of anthocyanin 
and its derivatives. Duplicate gene interaction in the form of 
epistatic effects was evident for all traits in both maize grain and 
cob, displaying contrasting signs for the estimates of dominance 
[d] and dominance × dominance [dd] effects. The contrary signs 
between additive [a] and additive × additive epistatic effects for 
cyanidin-3-glucoside in the maize grain imply that there exists an 
oppositional nature in the interactions of these traits (Table 3). 
Epistatic effects and linkage can enhance dominance, leading to 
partial dominance that may appear as pseudo-overdominance 
[42,43]. These findings are based on a single growing season and 
may be subject to some bias due to environmental factors and 
their interactions, necessitating further research. Nonetheless, 
prior studies have indicated that genotype represents the 
primary source of variation in anthocyanin levels in colored maize 
germplasm [44].

Conclusion 

In this research, the genetic factors influencing the inheritance 
of total phenolic content, anthocyanin, and its derivatives were 
examined in the six fundamental generations resulting from 
a cross between purple and white maize. To summarize, the 
majority of additive [a], dominance [d], and interaction effects 
were found to be significant for all traits analyzed in both the 
maize grain and cob. These findings highlight the crucial role of 
additive [a], dominance [d], and epistatic gene actions in governing 
the inheritance of anthocyanin levels in purple maize. Given the 
strong presence of nonadditive gene effects found in this study for 
all traits in the grain and cob, it was concluded that the selection 
process in maize could be altered to stabilize additive genes by 
postponing selection until subsequent generations. Furthermore, 
the most effective method to elevate anthocyanin levels to their 
maximum potential is to utilize inbred lines with purple kernels 
and cobs as the maternal parent for creating purple-hued hybrid 
maize. In cases of duplicate epistasis identified in the inheritance 
of all observed traits, employing a combination of various breeding 
strategies that ensure the accumulation and stabilization of 
favorable alleles—such as recurrent selection and selection from 
early to advanced generations—would be essential for enhancing 
these traits.
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