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INTRODUCTION

Coriander (Coriandrum sativum) is a 
species belonging to the family Apiaceae, which has 
great value and commercial importance. Its seeds 
are widely consumed in several regions of Brazil, 
especially in the North and Northeast (WANDERLEY 
JÚNIOR; NASCIMENTO, 2008; SOUZA et al., 2011). 
Seed maturation is one of the physiological quality 
parameters, being a crucial point for the health and vigor 

of plants, which can be determined by seed coat color 
(HEMENDER et al., 2018; JUSTINO et al., 2015). 
According to Embrapa Pantanal (VAZ, 2007), coriander 
seeds are ready to be harvested when about 50 - 60% 
fruits are golden yellow or light brown, depending 
on the variety. In agreement with COŞKUNER & 
KARABABA (2007), coriander seeds must have 
uniform color and no stains as a characteristic. After 
drying, seeds are mostly brown, and may also vary 
between green, strawy or whitish. As manual seed 
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ABSTRACT: Coriander seeds have high socio-economic value in several regions of Brazil, especially in the North and Northeast. Seed 
maturation determined by color influences the seed quality. With this, digital image processing has become an important tool for separating 
seeds by color since this classification is usually performed by humans and is highly susceptible to error. The study  established parameters for 
separating coriander seeds by red green and blue  (RGB) image analysis, seeking a better selection of coriander seeds according to their color, 
and evaluating the physiological quality by the germination test. Separation was carried out from two coriander seed lots to obtain samples 
of 20 g each in three shades: yellowish, gray, and mixed. Images were acquired by the HP C4480 Scanner and processed in the MATLAB soft-
ware; then, a histogram was constructed for each color analyzed in each sample by the RGB system. ANOVA tested the averages of the scales 
to ratify the difference in the components’ distributions. The germination test was performed to confirm the results of seed separation using 
image analysis. The best selection of coriander seeds was achieved by the blue scale, and the germination test indicated that yellow seeds have 
a higher physiological quality than brownish/greyish seeds.
Key words: MATLAB, color, seed selection, physiological quality.

RESUMO: As sementes de coentro possuem alto valor socioeconômico em diversas regiões do Brasil, especialmente no Norte e Nordeste. 
A maturação de sementes determinada pela coloração influencia a qualidade da semente. Com isso, o processamento digital de imagens se 
tornou uma importante ferramenta para separação de sementes por meioda sua coloração, tendo em vista que essa separação normalmente 
é realizada por humanos e está altamente suscetível ao erro. O estudo tem como objetivo estabelecer parâmetros para separação de sementes 
de coentro por meio de processamento de análises de imagem red  green and blue (RGB), buscando uma melhor seleção de sementes de 
coentro em função da sua coloração, assim como, avaliar a qualidade fisiológica por meio do teste de germinação. A partir de dois lotes de 
sementes de coentro, realizou-se a separação para obter amostras de 20g cada, em três tonalidades: amareladas, cinzas e mistas. As imagens 
foram adquiridas através da Scanner HP C4480 e processadas através do programa MATLAB, em seguida gerou-se um histograma para 
cada coloração analisada em cada amostra, por meio do sistema RGB. Na sequência, os resultados das médias das escalas foram analisados 
por ANOVA com a finalidade de ratificar a diferença das distribuições das componentes. Realizou-se o teste de germinação para ratificar 
os resultados da separação de sementes de coentro por meio de análises de imagens. A melhor seleção das sementes de coentro ocorreu 
através da escala em azul e o teste de germinação indicou que as sementes amarelas possuem qualidade fisiológica superior as sementes 
amarronzadas/acinzentadas.
Palavras-chave: MATLAB, coloração, seleção de sementes, qualidade fisiológica.
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separation analysis methods are extremely exhausting 
and highly susceptible to failures, they have been 
replaced by image analysis technologies, especially 
in the post-harvest process (SANTANNA et al., 2014; 
HEMENDER et al., 2018). Image processing makes 
use of algorithms to extract objects, which can be 
developed with the help of several tools, including 
Matlab Mathematical® (ARAÚJO et al., 2015; 
MONTEIRO et al., 2019). 

Concomitantly, the RGB (Red, Green and 
Blue) system is used for seed selection bycolor using 
digital images. The smallest dot composing a digital 
image that contains color is the pixel, basic unit for 
digital images, as well as the entirety of a grouping 
of pixels constitutes an entire image. This method is 
characterized by each pixel having a three-dimensional 
space containing the three primary colors: red, green 
and blue, in which each color has 256 shades, thus being 
able to obtain 16.7 million colors (256 x 256 x 256), in 
which the interpolation of these colors generates a single 
color for each pixel (BARBOSA et al., 2016).

Coriander is widely consumed in Brazil 
and despite its economic importance (SOUZA et al., 
2011), there are still few data and studies related to the 
color of its coat, indicating the need for furtherstudies.

This study established coriander seed 
separation parameters by RGB image analysis, 
seeking a better selection of seeds according to color. 
As well as evaluating its physiological quality by the 
germination test.

MATERIALS   AND   METHODS

Image processing was performed at the 
Agrotechnology Laboratory, Engineering Center, 
Federal University of Pelotas, Capão do Leão Campus, 
Pelotas, state of Rio Grande do Sul. From two lots of 
Verdão coriander seeds, called Lot 1 (Figure 1) and 
Lot 2 (Figure 2), manual separation was performed 
to obtain samples with 20 g seeds each (around 2,000 
seeds per sample), in three shades, which are yellow, 
gray and mixed.

Images were obtained by the HP Scanner 
C4480, basing its methodology on image capture. 
Seeds were delimited by a rectangle of white drawing 
sheet, with 5x7cmdimensions, and with a background 
of the same material and the same color. Previously, 
background colors were tested, of which white was 
the most suitable. Then, images were introduced 
and processed in MATLAB (Student License), with 
script in algorithmic language (Figure 3), according 
to MONTEIRO et al. (2019).

Through the script, a histogram was 
constructed for each color analyzed in each sample, 
through color bands (grey, red, green and blue 
scale) and graphs were produced and averages were 
calculated for each color, thus, we obtained a single 
frequency value for each lot. For statistical analysis, 
a completely randomized experimental design was 
used, considering as repetition the averages found 
through the color bands. Afterwards, the results of 

Figure 1 - Lot 1 sorted into three shades: yellow, gray and mixed.
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the averages of the scales were analyzed by ANOVA 
in order to ratify the difference in the distributions of 
the components.

After digitally processing the images, coriander 
seeds were subjected to germination test at the Laboratório 
Didático de Análise de Sementes “Flávio Farias Rocha”, at 
the Faculdade de Agronomia Eliseu Maciel, Universidade 
Federal de Pelotas (UFPEL), at Capão do Leão Campus, 
Pelotas, state of Rio Grande do Sul, Brazil.

Coriander seeds (n=200) were placed in a 
plastic Gerbox and pleated germitest paper moistened 
to 2.5 x their mass, using 50 seeds per subsample. 
Then, seeds were taken to the germinator, at 20 °C-30 
°C, for 21 days for the germination test, according 

to RAS. The first germination count (PCG) was 
performed on the seventh day after sowing, also 
according to RAS (BRASIL, 2009).

For statistical analysis, a completely 
randomized design with four replications was used. 
The collected data were tested by ANOVA at 5% 
significance and subjected to comparison of means 
by Tukey’s test, at a probability level of 5%, using the 
Sisvar software.

RESULTS   AND   DISCUSSION

In Lot 1 (Figure 4), the frequency values 
demonstrated that the blue scale shows a significant 

Figure 2 - Lot 2sorted into three shades: yellow, gray and mixed. 

Figure 3 - Digital image processing steps for coriander seed sorting 1. Samples, 2. Scanning, 3. Image capture, 4. 
Processing, 5. Analysis.
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variation between lots, thus enhancing the difference 
between all scales. While, in Lot 2 (Figure 5), the 
significant frequency variation is demonstrated in the 
green and blue scales, contrasting with the other scales.

In the ANOVA analysis, the gray scale in 
Lot 1 showed no separation (Table 1). The red scale 

separated the lots; however, the green as well as the 
blue scale could be used for the separation as they 
have the same trend. Table 1 and figures 4 and 5 show 
that the blue scale is the most suitable for separating 
the lots due to greater differences in pixel frequencies 
and the separation of colors by ANOVA in both lots.

Figure 4 - Average pixel distribution of lot 1 coriander seeds of the color scale 
within each color scale.

Figure 5 - Average pixel distribution of lot 2 coriander seeds of the color 
scale within each color scale.
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The red scale in Lot 2 (Table 2) showed 
no similar separation between Lot 2 gray and Lot 2 
mixed. The gray, green and blue scales have the same 
trend. However, again, ANOVA evidenced that the 
blue scale is the most suitable for separating the lots, 
due to the contrast between the samples.

It can be concluded that the blue scale is 
the most interesting for coriander separation. The gray 
scale, the most used in color sorting machines, may 
not be the most effective. And a grayscale machine 
can be easily adapted to RGB colors.

In their study, MONTEIRO et al. (2019) 
on the classification of rice defects (heat damage, 
chalky, stained and broken and husk rice) indicated 
intermediate values, concluding that there is a 
possibility of using other color scales for selection 
of rice defects. The blue scale can separate chalky 
kernels in either white or parboiled rice. The green 
scale can be used to separate different defects in 
parboiled rice and the red scale is not suitable for 
separating different defects in white or parboiled rice. 
To identify damage to soybean seeds, MONTEIRO 
et al. (2021) concluded that the red scale is more 
interesting for greenish seeds.

In order to quantify the areas that present 
stains on coffee seeds, it is necessary to perform the 
LERCAFE test, where the seeds are immersed in a 

sodium hypochlorite solution for a present time and 
temperature. As this is a visual assessment, RIBEIRO 
et al. (2016) used image processing to make this 
classification through Fisher’s linear discriminant 
function, concluding the method’s potential efficiency.

As for physiological quality, table 3 lists 
the results of the germination percentage and the 
first germination count. In both lots, the yellow 
seeds had higher values for germination percentage 
and first germination count, indicating higher 
physiological quality, in contrast to the gray seed lot. 
This is because yellowish coriander seeds are less 
deteriorated than brown/gray seeds, as the latter have 
this color because they remain in the field exposed to 
adverse weather conditions for a long period. Broken 
coriander seeds had a more brownish color, according 
to NASCIMENTO et al. (2006), due to exposure to 
weather for a longer period in manual harvesting.

When comparing the separation by 
physiological quality (germination and first 
germination count) and the separation by the color 
component, the trends of the gray, green and blue 
color components are similar. The ash must be 
excluded, because in a specific lot, this component 
was not efficient.

In a study by RIBEIRO et al. (2013), white 
clover seeds with red-yellow coat performed well 

Table1 - Mean values of yellow, gray and mixed coriander seeds oflot 1as a function of color scales. 
 

  Gray scale Red scale Green scale Blue scale 

Lot 1 Yellow 131 a B 147 a A 126 c C 112 c D 
Lot 1 Gray 131 a B 142 c A 129 a C 120 a D 
Lot 1 Mixed 131 a B 145 b A 127 b C 114 b D 

 
*mean values followed by different lowercase letters, in the same column, are significantly different by Tukey’s test at 5% probability. 
 

 

Table 2 - Mean values of yellow, gray and mixed coriander seeds of lot 2 as a function of color scales. 
 

 Gray scale Red scale Green scale Blue scale 

Lot 2Yellow 127 c B 142 b A 123 c C 110 c D 
Lot 2Gray 136 a B 145 a A 133 a C 125 a D 
Lot 2Mixed 135 b B 145 a A 125 b C 123 b D 

 
*mean values followed by different lowercase letters, in the same column, are significantly different by Tukey’s test at 5% probability. 
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in germination tests and in first germination count 
compared to a sample of seeds that were not separated 
by color (mixed), thus, seeds with red-yellow coat 
have superior physiological quality. Ferreira et 
al. (2020) concluded that the brownish-yellowish 
color of Brachiaria brizantha (cv. Marandu) seeds 
commercialized presented high physiological quality, 
compared to darker seeds.

In their research, TEIXEIRA et al. (2020) 
showed that the color of seeds directly influences 
their physiological quality, where green soybean 
seeds have lower viability and vigor than yellowish 
seeds, which causes a decrease in their physiological 
quality. In peas, Atak et al.(2008) verified that color 
shades of seeds analyzed, which are light, medium 
and dark green, influenced germination and seedling 
growth in the different wrinkled pea genotypes cv. 
Rondo, Carina and Jof, in which the dark green seeds 
showed the greatest vigor. These studies confirm that 
the color of the seed testa is an important indicator of 
maturity and; therefore, of physiological quality and 
that identification techniques should be studied.

Another important point is that the national 
standards for the production and marketing of coriander 
seeds require a minimum germination percentage of 
65 and 70% for basic and certified seeds of first and 
second generation and S1 and S2 (MAPA, 2011). In 
this study, the germination percentage in yellowish 
seeds obtained values higher than the value required 
by the Ministry of Agriculture, Livestock and Supply 
- MAPA and; therefore, the sorting by color separated 
seeds of superior quality in the analyzed lots.

CONCLUSION

The parameters for separating coriander 
seeds by RGB image analysis, seeking a better 

selection of seeds according to color should be 
performed using the blue color scale. The germination 
test corroborates the result of seed sorting, where 
yellow seeds have higher physiological quality than 
brown/gray seeds.
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