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Use of quantitative colorimetry and visual evaluation for
color characterization of triticale seeds after phenol reaction
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ABSTRACT: Quantitative colorimetry can be used to characterize the color of triticale seeds
submitted to the phenol test. This study aimed to characterize the color of triticale seeds
after the phenol test by visual color evaluation and quantitative colorimetry using the CIELAB
color space. The evaluated seeds came from 88 triticale genotypes from the IDR-Parana
Germplasm Bank. The colorimetric data for L (lightness) and chromaticity coordinates a*
and b* of the seeds before and after phenol reaction were obtained using a Minolta CR-
400 colorimeter. The score scale ranged from 1 (very weak or absent color) to 9 (very dark
color) and evaluated visually the seed color after phenol reaction. Seeds classified as score 1
showed mean values of 46.3, 6.6, and 16.4 for L, a*, and b*, respectively. On the other hand,
seeds classified as dark or very dark showed values equal to or lower than 28.4 for L, 5.6 for
chromaticity a*, and 6.0 for chromaticity b*. The use of colorimetric parameters showed a
practical application and low subjectivity in the classification of the color of triticale seeds
after phenol reaction.

Index terms: x Triticosecale Wittmack, color space, phenotyping, genetic diversity.

Uso de colorimetria quantitativa e avalia¢ao visual para caracterizagao
de cor de sementes de triticale apds reacao ao fenol

RESUMO: O uso de colorimetria quantitativa pode ser empregada para caracterizagdo
de cores em sementes de triticale submetidas ao teste de fenol. Este trabalho teve como
objetivo efetuar a caracterizagdo da coloragdo de sementes de triticale apds o teste de
fenol utilizando a avaliagdo visual de cores e colorimetria quantitativa utilizando o sistema
CIELAB. As sementes avaliadas foram provenientes de 88 gendtipos de triticale do banco de
germoplasma do IDR-Parand. Os dados colorimétricos para L (luminosidade), cromaticidade
a* e b* das sementes antes e apds a reacdo ao fenol foram obtidos usando um colorimetro
Minolta modelo CR-400. A escala de notas utilizada variou de 1 (coloragdo muito fraca ou
ausente) até 9 (coloragdo muito escura) para avaliagdo visual de cor nas sementes apods a
reacao ao fenol. As sementes classificadas como nota 1 apresentaram valores médios de
46,3; 6,6 e 16,4 para L, a* e b*, respectivamente. Em outro extremo, tem-se as sementes
classificadas como “escuras” ou “muito escuras”, e verificou-se valores iguais ou inferiores
de 28,4 paraL, 5,6 para cromaticidade a* e 6,0 para cromaticidade b*. O uso dos parametros
colorimétricos revela-se de aplicagdo pratica, com menor subjetividade na classificagdao da
coloragdo das sementes de triticale apds a reag¢do ao fenol.

Termos para indexacgdo: x Triticosecale Wittmack, espaco de cor, fenotipagem, diversidade
genética.
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INTRODUCTION

The process of morphological characterization of triticale seeds is laborious since a large number of common traits
in seeds make it difficult to differentiate between genotypes. The chemical phenol test has been used in the literature
to characterize and assist in the discrimination of several species of cereals such as wheat (Menezes and Bellé, 1995),
rice (Sing et al., 2017), barley and rye (Moya et al., 2006). One of the characteristics required when the request for
protection of a triticale cultivar is made at the National Plant Varieties Protection Service of the Ministry of Agriculture,
Livestock and Food Supply (SNPC—MAPA) is the response to the phenol reaction in seeds (Brasil, 2002).

The color due to the phenol reaction was first reported by Pieper in 1922, as the seeds treated with a phenol
derivative were dyed with different tones of brown when dried (Menezes and Bellé, 1995). The phenol test has the
advantage of speed, easy of characterization, and constant reaction for each cultivar. Information or data regarding the
morphological characterization of triticale genotypes are scarce in the literature, especially data dealing with genetic
variability for the trait color of seeds submitted to phenol reaction.

The evaluation of different tones of colors observed in the plant or its parts is commonly used to carry out the
morphological characterization. Although the visual evaluation of color in plants is a common practice, the results are
subject to the evaluator effect since the results obtained by people with little experience may have low repeatability
and/or reproducibility. Color is a trait that is difficult to assess, as it is affected by the perception of each individual, and
also has a subjective nature. In this context, quantitative colorimetry has been used to characterize the color of several
plant species successfully (Jackson et al., 2018; 2019; Klasener et al., 2020; Gentallan et al., 2019; Bonfatti-Junior and
Lengowski, 2018). One of the most used colorimetric methods is the CIE LAB system, which was described in 1976 and
considers three spatial axes (L, a*, and b*) perpendicular to each other, whose points provide more uniform numerical
differences relative to visual differences (Commission Internationale de I'Eclairage, 2004).

The process of morphological characterization for colors can be carried out with greater objectivity, and this study
shows that colorimetric data can be used for this purpose. In this sense, this study aimed to characterize the color of
triticale seeds after the phenol test using both the visual evaluation and the quantitative colorimetry, which uses the
CIELAB color space.

MATERIAL AND METHODS

The seeds evaluated in this study came from 88 triticale genotypes of the Germplasm Bank of the Winter Cereals
Program of the Instituto de Desenvolvimento Rural do Parand - IAPAR - EMATER (IDR Parand). Among the genotypes are
recommended cultivars, lines, and introductions from other research institutions. The seeds of the 88 triticale genotypes
were obtained in the 2018 growing season, during the cultivation carried out in Londrina, PR, Brazil. Cultural practices
followed the technical recommendations for the crop in the State of Parand. The plots were harvested after physiological
maturation, and the seeds were maintained in a cold chamber until laboratory evaluations were carried out.

In the first stage, a 50-gram seed sample was randomly sampled for each triticale genotype, in which the color
parameters L, a*, and b* were evaluated in duplicate. In the second stage, a visual color evaluation was carried out in
the seeds subjected to the reaction with phenol solution, and the color parameters L, a*, and b* were also obtained. The
objective measurements of seed colors (L, a*, and b*) were obtained by a Minolta CR-400 colorimeter. The equipment
was calibrated using a white reference block provided by the manufacturer. The CIE 1976 color space was used and the
color parameters L, a*, and b* were evaluated. The L value indicates lightness, varying from black (L = 0) to white (L =
100), the a* value characterizes the color of the region from green (-a*) to red (+a*), and the b* value indicates the
color in the range from blue (-b*) to yellow (+b*).

The visual evaluation of colors was carried out according to the methodology described by the National Plant
Varieties Protection Service of the Ministry of Agriculture, Livestock and Food Supply (Brasil, 2002). The seeds were
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Figure 1. Color intensity in triticale seeds after phenol reaction was evaluated using a visual score scale ranging from 1
(absent or very weak color) to 9 (very dark color).

soaked in distilled water for 16 to 20 hours. After this period, the water was drained and the seeds with the crease positioned
downwards were placed in Petri dishes containing a sheet of filter paper, and a 1% phenol solution was added so that %
of the grains were submerged. The Petri dishes were closed and taken to a germinator for 4 hours at a temperature of 19
11 °C. Subsequently, the seeds were quickly evaluated without prior washing for the color presented in the pericarp. The
visual evaluation used a scale of grades that varied from 1 to 9, in which: 1) the seeds with no reaction or very weak brown
color caused by the phenol solution; 3) the seeds expressed a light brown color; 5) the seeds were classified as “medium”
color; 7) “dark brown” coloration was observed in the seeds; 9) it represents the very intense reaction to phenol, in which
the color of the karyopsis was shown as “very dark brown” (Figure 1). After this visual evaluation, the samples were taken
to a fume hood and the phenol solution was drained and the seeds were dried for approximately 20 minutes on a paper
towel. After this period, the color parameters L, a * and b * were again obtained in duplicate with the Minolta colorimeter.

Pearson’s correlation test was applied to obtain the magnitude and sense of associations between the studied
variables. The significance of the correlation coefficient estimates was assessed at 5, 1, and 0.1% probability using the
t-test with n-2 degrees of freedom. An analysis of variance was carried out considering the completely randomized
design. The means were compared using the LSD (least significant difference) test at the 5% probability level using the
statistical software Sisvar® (Ferreira, 2014).

RESULTS AND DISCUSSION

Table 1 shows the results of descriptive statistics for visual color score and colorimetric parameters (L, a*, and b*)
evaluated in triticale seeds before and after reaction with phenol solution. The color of triticale grains is a phenotypic
criterion used to characterize or select genotypes in breeding programs. The visual evaluation of colors after phenol
reaction showed that the scores ranged from 1 (absence/very light) to 9 (very dark), and the overall mean score was
5.82. Chromaticity a* ranged from 5.52 to 7.49, with a mean value of 6.35 before phenol reaction. The a* value varied
from 4.30 to 7.56 after phenol reaction and presented a mean value of 5.87. Positive a* values tend towards red
and negative values tend towards green. Moreover, positive b* values indicate a trend towards yellow and negative
towards blue. The samples had a higher mean b* value (16.07) before phenol reaction. The evaluation of colorimetric
parameters showed a higher variance and standard deviation for L, a*, and b* after phenol reaction (Table 1).

Figure 2 shows that the Y-axis corresponds to L, which refers to the lightness of the sample, with values close
to 100 representing white and values close to 0 representing black. The darkening observed in the seed pericarp
can be quantified by L, which showed a mean value before phenol reaction of 42.78 and a reduction to 30.86 after
treatment with phenol (Table 1). In general, triticale seeds after phenol reaction had a darker color with different
tones of brown, which can vary from ivory to very dark brown. The phenol reaction in seeds is based on the activity
of polyphenol oxidases, and the reaction is controlled primarily by the enzyme tyrosinase (Joshi and Banerjee, 1969
apud Menezes and Bellé, 1995). The color change is due to the formation of dark insoluble pigments (melanin), and the
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characterization of genotypes can be performed according to the intensity of melanin production, in which the seed
would present different tones of brown (Moya et al., 2006). The color formation in the aleurone layer occurs due to the
phenol oxidation in two reactions. In the first reaction, the phenol aromatic ring can be hydroxylated to form catechols or
quinols, respectively. In the second reaction, quinols or catechols undergo oxidation to form quinones (Sing et al., 2017).

Figure 3 shows Pearson’s correlation coefficient estimates. The correlation estimates ranged from —-0.89*** (visual
score x b* after phenol) to 0.96*** (visual score x L after phenol). The visual score showed a negative correlation
with high magnitude and high significance (P<0.001) with L, a*, and b* obtained from seeds submitted to phenol.
This result indicates that the higher the visual score, the lower the L, a*, and b* values in seeds after treatment with
phenol. Another question that was raised was whether seeds with a lighter color would show less response in brown
intensity when submitted to phenol. This fact was not observed, as the correlation estimate found was positive, but of
low magnitude (r = 0.27*, P<0.05) for the L of the seeds before and after phenol (L x L after phenol). The correlation
estimates between the color parameters in the seeds after phenol reaction were positive and significant from each
other (a* x b* = 0.95***; L x a* = 0.69***; L x b* = 0.95***),

Table 1. Mean, minimum, maximum, variance, and standard deviation (SD) for color scores and color parameters (L,
a* and b*) evaluated in seeds of 88 triticale genotypes before and after phenol reaction.

Characteristic Mean Minimum Maximum Variance SD

Score/f 5.82 1.00 9.00 3.37 1.8354

L 42.78 40.42 45.48 0.81 0.9027

a* 6.35 5.52 7.49 0.12 0.3501

b* 16.07 14.17 18.36 0.53 0.7250

L/f 30.86 24.87 46.29 11.44 3.3818

ax/f 5.87 4.30 7.56 0.45 0.6704

b*/f 7.71 3.41 16.39 5.77 2.4018

Scores and color parameters (L, a*, and b*) evaluated after seed treatment with phenol solution.

a*

Figure 2. Values of the color parameters L (lightness), a* (green-red), and b* (blue-yellow) evaluated in seeds of 88
triticale genotypes after reaction with phenol solution (A) and raw seeds (e).
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Figure 3. Estimates of Pearson’s correlation coefficients in triticale seeds. Evaluated characteristics: X1) scores through
visual evaluation; X2) L (lightness); X3) chromaticity a*; X4) chromaticity b*; X5) L (lightness); X6) chromaticity
a*; X7) chromaticity b*. The characteristics X1, X5, X6, and X7 were evaluated after the seeds were treated
with phenol solution.

Table 2. Color parameters L, a*, and b* after reaction with phenol solution in triticale seeds evaluated for each color
score in 88 triticale genotypes.

Visual cvaltion  PRETotpicdescriptin . ivele —Coorpmnmees
1 adsent / very clear brown 1 46.3 ac 6.6a 16.4 a
2 - 1 419b 6.2 abc 13.8b
3 light brown 3 355¢ 6.5 ab 109c
4 - 22 33.3d 6.5 ab 9.7cd
5 brown (medium tone) 15 31.6de 6.1 abc 8.5de
6 - 11 30.7 e 5.8 bcd 7.5 ef
7 dark brown 15 284 f 5.6 cde 6 fg
8 - 14 27.8f 5.3de 54¢g
9 very dark brown 6 269 f 49e 45g

Overall mean 30.86 5.86 7.71
Coefficient of variation (%) 3.84 7.68 13.62

Means within columns followed by different letters are significantly different according to the LSD test (p < 0.05).

Table 2 shows the mean values of the colorimetric parameters per score. The L, a*, and b* values increase as the
scores increase, indicating an increase in the contribution of the primary colors black, red, and yellow. The presence of
representatives for all scores was verified in the evaluated genotypes. Score 4, which corresponds to the light brown/
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medium color, was the most frequent class, with 22 individuals. Classes located at the extremes had the lowest number
of individuals, in which scores 1 (absent/very light color) and 9 (very dark) included only one and six individuals,
respectively (Table 2).

The visual evaluation allowed the easy detection of extreme scores, such as score 1 (very light color), score 9 (very
dark brown color), and the midpoint, which corresponds to score 5. However, the assignment of intermediate scores
to these values is complicated because training is necessary to understand the differences in the gradation of more
subtle colors on the seed outer surface. The visual evaluation of color using a score scale requires attention from the
evaluator due to its difficulty. The assignment of scores for the intensity of brown color presented by the seeds after
phenol reaction depends on the perception of the individual. Therefore, describing color using quantitative parameters
avoids this type of adversity and ensures a more accurate characterization, and facilitates its comparison with other
genotypes mentioned in the literature. For this reason, we proposed to group the mean values of the color parameters
(L, a*, and b*) obtained using the colorimeter according to the score obtained through the visual evaluation (Table 2).

The visual scores ranged from 1 to 9, representing color tones from very light to very dark (Table 2). Among the 88
triticale genotypes, score 1 was observed only in one genotype, which presents as a phenotypic description the phenol
reaction absent/very weak. This information could be used as a reference in case of doubts in a later evaluation in the
description of seeds classified as very lighter color by the visual evaluation and jointly by the parameters obtained using
the colorimeter, in which the values 46.3, 6.6, and 16.4 could be used for L, a*, and b*, respectively. Genotypes whose
seeds were classified as dark to very dark are found at the other extreme, corresponding to scores higher than 7. Scores
7, 8, and 9 did not differ statistically from each other for L (LSD test at 5%). Seeds classified as dark presented values
equal to or lower than 28.4 for L, 5.6 for chromaticity a*, and 6.0 for chromaticity b*. Twenty-two triticale genotypes
were assigned with an intermediate score (score 4), which corresponds to the phenotypic description from light to
medium, with mean values of 33.3, 6.5, and 9.7 for L, a*, and b*, respectively. The other genotypes were found in the
other groups shown in Table 2.

The use of instrumental techniques for quantifying color in products has been used for several decades, and the use
of color space for this characterization seems appropriate for germplasm phenotyping (Jackson et al., 2018; 2019). The
CIE LAB color space and other color spaces have been used successfully to quantify color parameters in various plant
species, such as sweet potato (Jackson et al., 2018; 2019), bean (Klasener et al., 2020), fruits (Gentallan et al., 2019),
forest species (Bonfatti-Junior and Lengowski, 2018), and medicinal plants (Gasparin et al., 2014). An objective color
classification scale for triticale grains can be applied in the breeding program routine, especially in the characterization
of germplasm or evaluation of a complementary characteristic of competition tests. It is expected that the quantification
of colors could facilitate the comparison of information between databases of different studies in the literature.

CONCLUSIONS

There is variability for color expression after the seeds were submitted to phenol solution, as observed in the visual
evaluation and quantified by the color parameters L, a*, and b*. The use of colorimetric parameters (L, a*, and b*)
had a practical and simple application in the color classification of triticale seeds after phenol reaction and allowed the
formation of a database, facilitating the comparison of data from other studies in the literature.
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