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Abstract 
 

The maize grain with anthocyanin-type pigments does not present a homogeneous coloration on 

its surface, so the way the grain is presented to take the color reading affects the results. In this 

work, two ways of taking the color reading in samples of grain of different colors were compared. 

Grain samples of purple blue (PBL), cherry red (CR), brick red (BR), yellow (YE) and white 

(WHI), the latter as a control. The two procedures for measuring the coloration of the grain were: 

mounted on a base of plasticine, simulating the way it is on the cob (GMP) and grain in tray (GTR). 

The color was determined with a Hunter-Lab Mini Scan colorimeter. In the grain colors PBL, CR 

and BR, the procedure for taking the color reading affected the color variables. In PBL maize, the 

differences were present both in the luminosity and in hue and chroma, in the CR and BR, the hue 

variable was the most affected. In the YE and WHI maize grains, the values of luminosity, hue and 

chroma were numerically close between the two ways of taking the color reading in the grain. 

According to the results, in the maize PBL, CR and BR, the color should be taken in the GMP, to 

obtain values in the color variables, which are related to the visual appreciation of color, while in 

the maize with grain YE and WHI, the procedure for taking the reading, although it affects the 

color variables, the hue value corresponds to the visual appreciation of the color. 
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Color is a physical attribute of food or products, which can be detected visually, as the human eye 

is able to differentiate millions of colors. However, this assessment lacks objectivity and may vary 

according to the individual’s perception. Therefore, the use of instruments suitable for measuring 

color based on objective variables is elementary to establish characterizations and comparisons 

between products. 

 

The objective determination of the color of any solid or liquid product is carried out by means of a 

colorimeter, with which the variables are obtained: luminosity (L*, 0%= white, 100%= black), a* 

(green in negative values and red in positive values), and b* (yellow in positive values and blue in 

negative values). From a* and b*, the hue (h°) and the saturation index or chroma (C*) are calculated 

(McGuire, 1992). Visual color appreciation is highly related to objectively determined hue (Jha, 

2010; Owens et al., 2019). The way in which the sample is presented to perform the reading 

influences the values of the color variables. In solid products, whether translucent or opaque, color 

uniformity on their surface is important. If this is irregular, the area in which the reading is taken 

will influence the color data obtained (Wrolstad and Smith, 2010). 

 

The maize grain is integrated by the macrostructures of pericarp, endosperm, germ and pedicel. 

The pericarp surrounds the endosperm and the germ. In pigmented maize grains with the presence 

of polyphenols in the aleurone layer, it is common for the germ to lack pigment (Salinas et al., 

1999), so this area is seen in a different tone from the rest of the grain. 

 

This situation causes that when the color measurement is carried out on the surface of the grains, 

the hue values in red or purple-blue grain maize are similar to those associated with a yellow or 

greenish yellow tone (Espinosa-Trujillo et al., 2006). 

 

Currently, there is a renewed interest in the use and exploitation of native maize, which presents 

wide diversity in color, that is necessary to characterize in an objective and reproducible way, so 

the objective of the work was to evaluate two procedures (grain in tray and grain on a base of 

plasticines) to take the color reading in the grain of maize with different grain colors, and based on 

the results, define the most appropriate way so that the hue values obtained correspond to the visual 

appreciation of the color in pigmented maize grain. 

 

It was used 20 accessions of maize with purple/blue (PBL) grain of five races of maize in which 

this grain color is common, 14 accessions of maize with cherry red (CR) grain of four races in 

which this color is common, seven accessions of brick red (BR) grain of five races that present 

these colorations, seven improved yellow grain (YE) maize (commercial and experimental), and 

seven white grain maize (three commercial hybrids and four accessions of the Conical and 

Chalqueño races). Accessions were collected from different origins, but in all cases the color data 

was obtained in samples of recent harvest; the improved material came from INIFAP’s Centro 

Altos de Jalisco Experimental Field Maize Program. 

 

The samples of white maize were incorporated into the study as controls, being the most 

predominant color and of greater uniformity of color in its surface. The moisture content of the 

samples at the time of measurement was between 11 and 12.5%. For the determination of the color, 

a Hunter Lab MiniScan colorimeter was used, in CIELab scale, with illuminant 65 and an 
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observation angle of 10º. For grain color reading, the sample was presented in two forms: A) grain 

sample mounted on a gray plasticine base (GMP), simulating the way the grain is on the cob (Figure 

1A), B) grain sample (30 g) contained in an aluminum tray (GTR) (Figure 1B). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Way in which the maize grain sample was presented to take the color reading. A) grain 

mounted on a base of plasticine; and B) grain in tray. 

 

In each case, six readings were made (this number was defined to have a standard error of the mean 

≤5%) with the equipment, at different points on the sample surface. Luminosity values (L*), a* and 

b* were obtained. From the values of a* and b*, the variables of hue (h°) and color saturation index 

(Chroma) were calculated (McGuire, 1992). The data for each grain color were analyzed by 

comparison of means between the two procedures for taking the color reading, the number of 

samples analyzed for each grain color was considered as repetitions. 

 

In PBL grain maize, the luminosity values (L*) were lower and of greater variability in the GMP, 

in relation to the GTR, which means that the colorimeter detected the GTR as lighter than the GMP. 

The average value of this variable was lower when the color was taken in the GMP in relation to 

the GTR (Table 1). In the variable a*, the GMP showed values from -0.63 to 6.28, while in the 

GTR, it showed only positive values (0.41 to 3.62). This means that, in the GMP, the colorimeter 

detected tones from green (-0.63) to red (6.28), while in the GTR, it only detected red tones when 

presenting positive values (Jha, 2010). 

 
Table 1. Values of the color variables of maize grains obtained with two procedures for taking 

the reading. 

Grain color Statistical criterion 

Color variables 

L* (%)  a*  b* 

GMP GTR  GMP GTR  GMP GTR 

Purple blue (n= 20) Minimum value 16.91 39.32  -0.63 0.41  -1.02 5.96 

Maximum value 31.21 49.39  6.28 3.62  2.78 13.91 

Mean 25.18 b 44.39 a  2.81 a 1.72 b  0.73b 10.19a 

CV (%) 14.8 71.4  149.8 6.5  50.9 22.9 

HSD 2.13  1.01  1.17 
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Grain color Statistical criterion 

Color variables 

L* (%)  a*  b* 

GMP GTR  GMP GTR  GMP GTR 

Cherry red (n= 14) Minimum value 26.59 31.42  11.57 7.0  5.32 9.3 

Maximum value 46.52 55.94  20.03 17.32  13.37 16.18 

Mean 34.41 b 42.66 a  17.12 a 11.26 b  9.14 b 12.97 a 

CV (%) 19.9 14.3  27.0 15.8  29.6 17.1 

HSD 5.27  2.27  1.82 

Brick red (n= 7) Minimum value 18.5 27.34  14.24 13.14  7.04 11.69 

Maximum value 26.61 40.71  23.01 23.43  18.93 22.15 

Mean 22.93 b 35.23 a  19.05 a 16.98 a  11.87 b 17.5 a 

CV (%) 18.2 17.6  33.3 13.7  21.1 20.8 

HSD 5.24  4.04  4.42 

Yellow (n= 7) Minimum value 57.3 60.24  7.65 11.02  41.04 36.2 

Maximum value 70.81 63.5  19.6 16.4  55.7 46.6 

Mean 63.30 a 61.94 a  13.78 a 13.33 a  49.92 a 40.71 b 

CV (%) 8.4 39.6  10.3 2.2  12.6 10.3 

HSD 4.52  4.71  5.46 

White (n= 4) Native Minimum value 60.1 57.22  3.51 3.59  19.55 18.87 

Maximum value 65.92 62.14  11.01 9.47  45.55 22.35 

Mean 63.02 a 60.4 a  6.64 a 5.52 a  33.05 a 20.27 a 

CV (%) 4.4 67.5  51.5 3.7  75.2 8.5 

HSD 4.34  5.4  14.2 

White (n= 3) Improved Minimum value 73.9 68.6  1.2 2.7  20.7 24.4 

Maximum value 74.7 70.7  1.8 2.8  22.3 25.9 

Stocking 74.38 a 69.65 b  1.46 b 2.75 a  21.59 b 25.24 a 

CV (%) 0.6 18.6  3.6 1.5  3.1 3 

HSD 1.86  0.46  1.73 

Means with equal letters in rows, for each color parameter, are not statistically different (MSD, 0.05). HSD= honestly 

significant difference (p≤ 0.05). 

 

The native WHI-grain maize had equal values of the color variables between the GMP and GTR, 

so it is not possible to take the reading in GTR and avoid the work of putting it on plasticine. In 

improved WHI maize, which are of the dent type, the floury fraction of the endosperm is 

concentrated in the crown of the grain, so when taking the color reading in the GMP, the L* values 

are higher than when taken in the GTR. In a* and b*, on the other hand, the values were higher in 

the GTR in relation to the GMP. 
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With the variable b*, in the GMP the variability was from -1.02 (blue tone) to slightly yellow (2.78), 

while for the GTR, the variability was greater (5.96 to 13.91), but in the yellow tone. Statistical 

differences were present for a* and b* between the GMP and the GTR. In CR grain maize, 

something similar to that observed in PBL grain maize occurred. According to the color variables, 

the grain is darker (lower value of L*) and red (lower value of b*) (Wrolstad and Smith, 2010) when 

the reading is taken in the GMP than when taken in the GTR. In the three variables of color, there 

was a statistical difference (p< 0.05) between the two ways of presenting the grain to take the color 

reading. 

 

In BR grain maize, L* and the value of b* were lower (p< 0.05) in the GMP in relation to the GTR, 

so they were seen as darker. In YE grain maize, the average values of the variables L* and a* were 

equal (p< 0.05) between the GMP and the GTR. The variable b* was higher in the GMP in relation 

to the GTR, which means greater yellow tone in the former. 

 

Figure 2 presents the hue-chroma results, which represent the chromaticity (Jha, 2010) of the 

samples analyzed for each grain color, with the two procedures in which the reading was taken. In 

PBL maize, a clear difference in the hue values between the two procedures for taking the color 

was observed (Figure 2A). In the GMP, the values are related to purple-blue and purple-red tones, 

while, in the GTR, they are associated with yellow tones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Distribution in the hue vs chroma plane of the maize grain samples of the colors analyzed. 

 

The chroma values in the GMP were less than 7, while in the GTR, they varied between 6 and 14. 

This means greater presence of gray tones in the GMP in relation to the GTR. Of the chromaticity 

variables, hue is the most associated with visual color perception (Jha, 2010; Wrolstand and Smith, 

2010), so the results in this variable can serve as a guide to know if the color is determined in the 

right way. Espinosa-Trujillo et al. (2006) reported average hue and chroma values of 108.5 ±9.7º 

and 5.8 ±1.5, in that order, in 18 populations of maize with blue grain. These values correspond to 

a greenish-yellow tone, with a low color saturation index. 
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The authors took the color on a sample of grains contained in a tray. In purple-grained maize, with 

the pigment concentrated in the pericarp, the hue values in 20 outstanding lines varied between 

10.2 and 73.5º, which according to the authors did not correspond to the observed visual color, 

which was intense purple to purple (Mendoza-Mendoza et al., 2017). This latest study does not 

mention the way the grain was presented to take the reading with the colorimeter. 

 

In CR grain maize, the differences in the procedure for taking the reading appeared in the hue 

values. When taken in the GMP, hue was associated with a red tone, while when taken in the GTR, 

it was associated with a yellow orange tone (Figure 2B). In the chroma values, the data obtained 

between the two ways of taking the reading were close, being located between 15 and 20.  

 

In BR grain maize, the hue values were slightly lower, and therefore associated with redder tones 

for the GMP than the GTR, whose hue values correspond to an orange tone (Figure 2C). The hue 

and chroma values reported by Espinosa-Trujillo et al. (2006) for red grain maize were 75.7 ± 7.1º 

and 5.7 ±1.1º, respectively. These values are similar to those obtained in CR maize with the GTR 

procedure and are associated with orange-yellow tones. 

 

In YE grain maize, no clear difference in the chromaticity variables was observed between the two 

procedures for measuring the color of the grain (GMP and GTR). Hue values varied between 69.3 

and 81.6º in the GMP, and between 68.3 and 74.8º in the GTR, which are similar to the average 

value of 70 ±0.75º reported by Vázquez-Carrillo et al. (2011) in six hybrids with this grain 

coloration. In WHI grain maize, where both native and hybrid were included, the hue value was 

similar between the two ways of taking the reading. The samples that soared in their chroma values, 

in the GMP, correspond to native maize, which presented among them wide variations in the values 

of a* and b*, and which are rather creamy in color (Table 1). 

 

Conclusions 
 

In the purple-blue, cherry-red, and brick-red grain colors, the procedure for taking the color reading 

on the grain affected the color parameters. The hue values obtained when the reading was taken in 

the grain on a base of plasticine corresponded to the visual color of the grain, so in this maize, it is 

recommended to take the color reading on the surface of grains mounted in plasticine, when the 

cob is no available. In yellow and white grain maize, the hue was similar between the two 

procedures for taking the color, so it can be performed with either procedure. 
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