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Sesame (Sesamum indicum L.), otherwise known as sesamum or benniseed, member of the family 
Pedaliaceae, is one of the most ancient oilseeds crop known to mankind. Based on Food and 
Agriculture Organization of the United Nations (FAO) projections, sesame number of world consumption 
will increase to about 500 tons per year until 2012. Therefore, it is necessary to study inheritance of 
sesame seed coat color for improving quality. One was to get the highest quality sesame is by plants 
breeding. In germplasm sesame, seed coat colour of sesame is commercially an important trait and it 
can also indicate the general quality. Research on seed coat color inheritance is mostly through 
qualitative observations. Qualitative research conducted by separating the sesame seeds manually 
based on the seed coat color. The results of qualitative observations need to be compared with 
quantitative observations. Grouping process based on color or other properties ca be done using cluster 
analysis. The cluster analysis algorithm used in this study is K-Means (KM). Grouping of sesame seed 
based on seed coat color properties of the KM cluster analysis method are not significantly different 
when compared with the results of previous research. So this method can be used as a alternative 
method (model) to grouping the sesame seed based on seed coat color properties. The results of this 
research able to be the validation of the results of previous research that considered not using the 
method (model) as appropriate. From this research it is known that grouping on previous research using 
a quantitative approach performed the results are not significantly different from the results of grouping 
of in this study 
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INTRODUCTION 

Sesame (Sesamum indicum L.), otherwise 
known as sesamum or benniseed, 37 member of 
the family Pedaliaceae, is one of the most ancient 
oilseeds crop 38 known to mankind (Tunde-
Akintunde et al. 2017; Kafiriti and Mponda, 2010). 
The seeds of the crop are used both as condiment 
and oil source (Hwang, 2005). The Babylonians 
made wine and cakes with sesame seeds, 
whereas sesame oil was used for cooking, 
medicinal, and cosmetic purposes; Ancient 

Indians used sesame oil as lighting oil, and 
sesame seeds were commonly used in the 
religious rites of Hindus; The Chinese believed 
that sesame seeds could promote health and 
longevity. Sesame, an ancient oilseed crop, is 
termed as a ‘queen of oilseeds’ (Bedigian and 
Harlan, 1986) as it is rich in polyunsaturated fatty 
acid, proteins, vitamins, niacin, minerals and 
lignans (Budowski and Markley, 1951; Yamashita 
et al. 1992). 

Based on Food and Agriculture Organization 
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of the United Nations (FAO) projections, sesame 
number of world consumption will increase to 
about 500 tons per year until 2012. Therefore, it is 
necessary to study inheritance of sesame seed 
coat color for improving quality. One was to get 
the highest quality sesame is by plants breeding. 
In germplasm sesame, seed coat colour of 
sesame is commercially an important trait 
(Pandey et al. 2013) and it can also indicate the 
general quality (Adikadarsih, 2015). The seed 
coat color of healthy sesame seed ranges from 
black to white through different intermediates like, 
dark brown, brown, light brown, beige, and cream 
(Pandey et al. 2013). Sesame seed coat color 
difference relates to the composition of amino 
acids, antioxidants, oil content, biochemistry, and 
the level of disease resistance (Adikadarsih, 
2015). Seed coat color is also relates to consumer 
tastes. 

Research on seed coat color inheritance is 
mostly through qualitative observations. 
Qualitative research conducted by separating the 
sesame seeds manually based on the seed coat 
color. Qualitative observations can be done simply 
anywhere, but the observer subjectivity and 
stamina will greatly affect the grouping result. The 
results of qualitative observations need to be 
compared with quantitative observations 
(Adikadarsih, 2015). In quantitative observation, 
sesame seed coat color is measured using 
chromameter or colorimeter. Color measuring 
device in this study is chromameter. The color 
measurement results with chromameter is 
CIELAB color value format. Previous studies 
comparing quantitative and qualitative observation 
has been done, but there is no specific models 
used in quantitative observations. Necessary 
research to find a model that can be used to 
group the sesame seeds by seed coat color 
properties quantitatively (Adikadarsih, 2015). 

Grouping process based on color or other 
properties ca be done using cluster analysis. 
Cluster analysis groups data objects based only 
on information found in the data that describes the 
objects and their relationships (Tan et al. 2006).. 
Cluster analysis is prevalent in any discipline that 
involves analysis of multivariate data (Jain, 2010). 
The goal is that the objects within a group be 
similar (or related) to one another and different 
from (or unrelated to) the objects in other groups 
(Tan et al. 2006).. The greater the similarity (or 
homogeneity) within a group and the greater the 
difference between groups, the better or more 
distinct the clustering. It is explained that cluster 
analysis can be applied to the sesame seed coat 

color data. The cluster analysis algorithm used in 
this study is K-Means (KM). 

KM is the most popular and simple cluster 
analysis algorithm. In spite of the fact that KM was 
proposed over 50 years ago (in 1955) and 
thousands of clustering algorithms have been 
published since then, KM is still widely used (Jain, 
2010). KM is an algorithm that partitioning an N-
dimensional population into k sets on the basis of 
a sample (Mac Queen, 1967). KM result will be 
tested by MSE and silhouette coefficient to 
determine the grouping result. MSE is a signal 
fidelity measure,the goal of a signal fidelity 
measure is to compare two signals by providing a 
quantitative score that describes the degree of 
similarity/fidelity or, conversely, the level of 
error/distortion between them (Wang, 2009).. 
Silhouette refers to a method of interpretation and 
validation of consistency within clusters of data 
(Rousseeuw, 1987). KM result compared with 
results of previous studies to determine the 
pattern of sesame seed coat color inheritance. It 
is also to determine whether the cluster analysis 
with KM can be used as an alternative method for 
grouping sesame seed based on seed coat color 
properties. 

 
MATERIALS AND METHODS 

Crossing in Sesame 
Seed coat color is important morphological 
character at sesame which has an economic 
value. It can also indicate the general quality of 
the seed so that it can be used as a selection 
basis. The differences of seed coat color related 
to its oil content and quality (Adikadarsih, 2015). 
Research to study the genetic and segregation of 
sesame seed coat color from crosses between 
'SBR2' × 'SBR3' and 'SBR3' × Turkey 'Det 36' and 
to understanding difference of seed coat color 
grouping based on quantitative and qualitative 
method conducted by (Adikadarsih, 2015). . 
Qualitative research conducted by separating the 
sesame seeds manually based on the color of 
seed coat. Quantitative research was conducted 
by measuring the seed coat color using 
chromameter. Chromameter generates 
trichromatic color data, namely L*, a*, and b*. 
Grouping results conducted by (Adikadarsih, 
2015).  shown in Table 1 
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Table 1. Sesame seeds grouping result based on seed coat color 
 

 
 
 
 
 
 
 

Parent        
Cultivars SBR3 × SBR2  SBR2 × SBR3 
Genotype TT [A]  tt [B]  tt [B]  TT [A] 
Phenotype brown  white  white  brown 
    ↓    
  F0 (F1 seeds generation)  
Genotype 
embryo 

 Tt [A]    Tt [B]  

Seed coat 
phenotyope 

 brown    White  

    ↓    
  F1 (F2 seeds generation)  
Genotype 
embryo 

⅟4 TT ⅟2 Tt ⅟4 tt  ⅟4 TT ⅟2 Tt ⅟4 tt 

Seed coat 
phenotyope 

 brown    brown  

    ↓    
  F2 (F3 seeds generation)  
Genotype 
embryo 

[⅟4 TT (⅟8 TT ⅟4 Tt ⅟8 tt) ⅟4 

tt] 

 [⅟4 TT (⅟8 TT ⅟4 Tt ⅟8 tt) ⅟4 

tt] 
Seed coat 
phenotyope 

¾ 
brown 

 ⅟4 

white 

 ¾ 
brown 

 ⅟4 

white 

 
Figure 1. Model from the plot of inheritance sesame seeds coat color on a cross between SBR3 × 

SBR2 and its reciproc  
Parent        

Cultivars SBR3 × Dt36  Dt36 × SBR3 
Genotype TT [A]  tt [B]  tt [B]  TT [A] 
Phenotype brown  white  White  brown 

    ↓    
  F0 (F1 seeds generation)  

Genotype 
embryo 

 Tt [A]    Tt [B]  

Seed coat 
phenotyope 

 Brown    White  

    ↓    
  F1 (F2 seeds generation)  

Genotype 
embryo 

⅟4 TT ⅟2 Tt ⅟4 tt  ⅟4 TT ⅟2 Tt ⅟4 tt 

Seed coat 
phenotyope 

 brown    brown  

    ↓    
  F2 (F3 seeds generation)  

Genotype 
embryo 

[⅟4 TT (⅟8 TT ⅟4 Tt ⅟8 tt) ⅟4 

tt] 

 [⅟4 TT (⅟8 TT ⅟4 Tt ⅟8 tt) ⅟4 

tt] 
Seed coat 

phenotyope 
¾ 

brown 
 ⅟4 

white 

 ¾ 
brown 

 ⅟4 

white 

Figure 2. Model from the plot of inheritance sesame seeds coat color on a cross between SBR3 × 
Dt36 and its reciproc 

Genotype Quantitive Qualitative 

Brown white Brown white 

F2 SBR3 × SBR2 231 60 237 54 

F2 SBR2 × SBR3 236 92 234 94 

F2 SBR3 × Dt36 384 38 380 42 

F2 Dt36 × SBR3 117 29 113 33 
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. 
Crossing cultivars SBR3 and Dt36, when brown 
SBR3 as female (TT), crossed with white Dt36 as 
male (tt), produces a population of whole brown 
seeds (Tt), while its reciproc, white Dt36 as 
female (tt) and brown SBR3 as male (TT), 
produces a population of whole white seeds (Tt). 
It shows that the inheritance of coat color is 
affected by female seeds genotype. Crossing 
brown parent Tt, with white parent Tt, produces a 
population of whole brown seeds (TT Tt tt), with a 
ratio of genotype 1 : 2 : 1. Tt result of crosses 
returned crossed produces a population of brown 
and white seeds, with a ratio of 3 : 1. 

Sesame seeds coat color data 
Research to study the genetic and segregation of 
sesame seed coat color from crosses between 
'SBR2' × 'SBR3' and 'SBR3' × Turkey 'Det 36' 
conducted by (Adikadarsih, 2015). . Qualitative 
research conducted by separating the sesame 
seeds manually based on the color of seed coat. 
Quantitative research was conducted by 
measuring the seed coat color using 
chromameter. Chromameter generates 
trichromatic color data, namely L*, a*, and b* (Gu 
et al. 2005). Data collection process by using 
chromameter shown in Figure 3. 
L* ranges value between 0-100, 0 indicates that 
the object did not reflect light absolutely (black), 
and 100 indicates the opposite (white). a* ranges 
value between -100 to 100 , indicating the degree 
of pigmentation of red and green, high value of a* 
positive and show the high level of the degree of 
red pigment and reverse. b* ranges value 
between -100 to 100 , indicating the degree of 
pigmentation of blue and yellow, high value of b* 
positive and show the high level of the degree of 
blue pigment and reverse. 
Data simulation in this research is the seeds coat 
color data from crosses between ‘SBR3’ × ‘SBR2’. 
The data consists of 291 data and 3 attributes. 
Sesame seed coat color data used in this 
research are shown in Table 2. 
Table 2. Sesame seed coat color data from 
crosses between ‘SBR3’ × ‘SBR2’ 

Data n L* a* b* 

1 
2 
3 
4 
5 
… 

291 

31,7800 
28,3900 
51,8600 
27,7900 
28,2800 

… 
56,0750 

10,5700 
11,0200 
9,1850 
5,2100 
10,2900 

… 
11,9650 

13,3200 
11,6700 
18,2650 
4,0350 
10,3350 

… 
23,6350 

 

K-Means (KM) 
The method used to classify the sesame seeds is 
a cluster analysis. K-Means (KM) is a cluster 
analysis algorithm used in this study. KM is the 
most popular and simple cluster analysis 
algorithm. In spite of the fact that KM was 
proposed over 50 years ago (in 1955) and 
thousands of clustering algorithms have been 
published since then, KM is still widely used (Jain, 
2010).. KM partitions data into k sets data, and 
the solution is a set of k data (Utaminingrum and 
Robbani, 2016). The membership function is each 
data point belongs to it’s nearest center, forming a 
Voronoi partition of the data (Hamerly and Elkan, 
2002). Steps of the KM algorithm can be outlined 
as mentioned below (Bradley and Fayyad, 1998): 
Initialization k number of clusters. 
Choose k number of points randomly and make 
them initial centroids. 
Select a data point from the collection, compare it 
with each centroid and if the data point is found to 
be similar with the centroid then assign it into the 
cluster of that centroid. 
When each data point has been assigned to one 
of the clusters, re-calculate the value of the 
centroids for each k number of clusters. 
Repeat steps 2 to 3 until no data point moves 
from its previous cluster to some other cluster 
(termination criterion has been satisfied). 
Initial centroids at KM determined by choosing a 
random number. There are several methods that 
are well known for generating random numbers, 
physical methods, computational methods, 
probability distribution, and by humans (Park and 
Miller, 1988). 
Euclidean distance used to calculate the distance 
between each of data to each of centroids. 
Euclidean distance is a method for detecting 
similarity between 2 objects. For 2 objects in the p 
dimensional area, x and y, if x = (x1, x2, . . ., xp) 
and y = (y1, y2, . . ., yp), with the output of the 
Euclidean Distance process is deuc. Euclidean 
distance between x and y describe in Equation 1 
(Deza and Deza, 2009). 

          [∑ (     )
 

 

   
]

 
 

 

Given an initial set of KM m1
(1)

, …,mk
(1)

 (see 
below), the algorithm proceeds by alternating 
between two steps (Mackay, 2003): 
Assignment step: Assign each observation to the 
cluster whose mean yields the least within-cluster 
sum of squares (WCSS).  
 
 



Adikadarsih et al.,                                                                         Sesame seed grouping based on seed coat color 

 

    Bioscience Research, 2018 volume 15(2): 988-995                                                             992 

 

 
Figure 3. Data collection process using chromameter 

 
 

 
Since the sum of squares is the squared 
Euclidean distance, this is intuitively the "nearest" 
mean. (Mathematically, this means partitioning the 
observations according to the Voronoi diagram 
generated by the means). 
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Calculate the new means to be the centroids of 
the observations in the new clusters. 
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RESULTS AND DISCUSSION 

Testing and analysis on the K-Means method 
The first test is iteration test. Iteration test is 

between 2 and 64. It is to find out when KM 
method can work stable and optimal. Cluster 
targets used is two clusters. Table 3 and Figure 4 
shows the error value measurement by using 
MSE on a sesame seed grouping based on seed 
coat color properties using KM. Average value of 
the error indicates better results according with 
the increase of iteration number. At the iteration 
number 8 already not improved. The results in this 
test indicates iteration number is ideal for use in 
sesame seed grouping based on seed coat color 
properties using KM method is greater than or 
equal to 8. 

Table 4 and Figure 5 shows the group 
cohesiveness measurement by using silhouette 
coefficient on a sesame seed grouping based on 
seed coat color properties using KM. Average 

value of the group cohesiveness indicates better 
results according with the increase of iteration 
number. At the iteration number 4 already not 
improved. The results in this test indicates 
iteration number is ideal for use in sesame seed 
grouping based on seed coat color properties 
using KM method is greater than or equal to 4. 

Sesame seed grouping using cluster analysis 
Previous research conducted by (Adikadarsih, 

2015).  has successfully proved that the sesame 
seed grouping result based on seed coat color 
properties by using both qualitative and 
quantitative results are not significantly different. 
In this research grouping of sesame seeds 
conducted by cluster analysis using KM methods. 
Comparison of results between research grouping 
of sesame seeds earlier and using KM can be 
found in Table 5. Shown in Table 5, it can be 
concluded that:  

Grouping of sesame seed based on seed coat 
color properties of the KM cluster analysis method 
are not significantly different when compared with 
the results of previous research. So this method 
can be used as a alternative method (model) to 
grouping the sesame seed based on seed coat 
color properties. 

The results of this research able to be the 
validation of the results of previous research that 
considered not using the method (model) as 
appropriate. From this research it is known that 
grouping on previous research using a 
quantitative approach performed the results are 
not significantly different from the results of 
grouping of in this study. 
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Table 3. The average value of MSE on the iteration test 

Iteration 
number 

Experiments number Average 

1 2 3 4 5 

2 12,9082 10,0823 13,4278 9,5926 17,3401 12,6702 

4 10,4262 11,8053 10,4262 11,8053 11,9813 11,2889 

8 10,4262 10,4262 10,4262 10,4262 10,4262 10,4262 

16 10,4262 10,4262 10,4262 10,4262 10,4262 10,4262 

32 10,4262 10,4262 10,4262 10,4262 10,4262 10,4262 

64 10,4262 10,4262 10,4262 10,4262 10,4262 10,4262 

 

 
 

Figure 4. The average value of MSE on the iteration test 
 
 

Table 4. The average value of silhouette coefficient on the iteration test 

Iteration 
number 

Experiment number Average 

1 2 3 4 5 

2 0,7309 0,7697 0,7194 0,7746 0,4839 0,6957 

4 0,7660 0,7550 0,7660 0,7550 0,7535 0,7591 

8 0,7660 0,7660 0,7660 0,7660 0,7660 0,7660 

16 0,7660 0,7660 0,7660 0,7660 0,7660 0,7660 

32 0,7660 0,7660 0,7660 0,7660 0,7660 0,7660 

64 0,7660 0,7660 0,7660 0,7660 0,7660 0,7660 

 
Table 5. Research comparison 

Method C1 C2 

Qualitative 54 237 

Quantitative 60 231 

K-Means 60 231 
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Figure 5. The average value of silhouette coefficient on the iteration test 
 

CONCLUSION 
In this research grouping sesame seeds 

conducted by cluster analysis using KM methods. 
From this research we can conclude that KM 
methods can be used as an alternative 
quantitative methods for grouping sesame seed 
based on seed coat color properties. It is proved 
by the results of grouping using KM method was 
not significantly different with grouping in previous 
research. Referring to the results of this research, 
researchers suggest: 

It is possible to conducted research for 
sesame seeds grouping based on seed coat color 
properties using another method to obtain a better 
grouping results. 

It is possible to do research by combining the 
basic clustering algorithm grouping and 
optimization algorithm. 

It is possible to use cluster analysis for 
grouping based on color properties in another 
plant breeding segregation research. 
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