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A B S T R A C T  A R T I C L E  I N F O  

In this study, the external quality characteristics of eggs belonging to Linda accidents, a 

poultry species, were investigated with a data mining approach. The 288 Linda goose eggs 

used in the study were 36 weeks old; Their width was 52.34 mm, egg length was 76.8 mm, 

egg weight was 120.43 g, and shape index value was 68.26. Eggs were clustered according 

to shape index and weight measurements using the K-means clustering algorithm, a data 

mining approach. Statistically significant differences were found between the clusters in 

width, height, shape index, and weight (p<0.05). The findings of our study showed that 

eggs with a low index had high- weight; eggs with a high index were low-weight eggs. 

According to the results of this study, it was concluded that the shape index value might be 

related to egg weight. More detailed inferences can be made using data mining algorithms 

for different poultry species. 
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INTRODUCTION 

It is accepted that geese are one of the first domesticated poultry species after the chicken (Kozák 2019). Although it 

seems to be a developed sector in some regions of Turkey, it is widely produced and consumed in Eastern Anatolia, 

especially in the provinces of Kars and Ardahan and its surroundings (Wilson and Yilmaz 2013, Saatci et al. 2021). 

Geese are generally divided into three classes according to their size. To light goose breeds; Chinese and Roman geese, 

medium-sized goose breeds; Pilgrim, Heavy bodied goose breeds; Examples are the Embden and Linda geese. Linda 

geese were obtained by combining the domestic geese of Russia and the goose breeds such as Adler, Gorky and 

Solnechnogorks, especially the Chinese goose. It is reported that the registration of this goose breed took place in 1994, 

which was recent. In addition, the annual egg production of Linda geese is low compared to other laying geese, and it 

is reported that the egg weight varies between 119.6-192.3 g (Sari et al. 2019; Karabulut 2021a; Saatci et al. 2021). 

Linda geese have been reported to be one of the preferred hybrids in Turkey in the last 10 years (Kaya and Yurtseven 

2021). There is a limited number of studies on Linda geese in geese raised in Turkey (Sarı et al. 2019, Karabulut 

2021a). Egg weight depend on age (Eroğlu and Yetisir 2022; Kucharska-Gaca et al. 2022), breed (Karabulut 2021a, 

Akın and Çelen 2022a), management methods (Saatci et al. 2021) and laying period factors (Kucharska-Gaca et al. 

2022) Since egg weight affects hatching performance and chick quality, it is one of the most important egg quality 

characteristics for the hatching sector (Uçar et al. 2022). 

Cluster Analysis 

Clustering methods are defined as unsupervised learning methods. They are methods that can make evaluations without 

needing a control variable to determine the densities of the distributions of similar observations in terms of the 

examined characteristics. While the observations within the clusters formed are similar, there are differences in 

observations between clusters (Altunkaynak 2022). Cluster analysis is divided into hierarchical and non-hierarchical 
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methods. In hierarchical clustering analysis, the number of clusters is not certain, and it is the examination of the data 

by combining or separating according to clustering around the determined centers. Non-hierarchical clustering analysis 

is based on the principle that densities suitable for the specified number of clusters form clusters. 

K-means Clustering Method 

The k-means clustering method is a non-hierarchical clustering method that can be applied to large and complex data 

structures. The number of clusters is determined by the experiments of the researcher and the approaches used to 

determine the optimal number of clusters, and each observation belongs to only one cluster. 

Steps of the K-means clustering algorithm; determining the number of clusters, choosing k centers randomly, assigning 

each observation to the nearest k center by calculating its distance from the k center, calculating the new center for the 

formed clusters, choosing the cluster structure of the observations in which the sum of the within-cluster error squares 

is minimum after the determined iteration is selected as the final clustering (Altunkaynak 2022). 

Metrics used in calculating distances in the K-means clustering algorithm; ıt can be listed as Euclidean distance, 

Manhattan distance, Pearson correlation distance, Spearman correlation distance, and Chebychev distance 

(Abdulhafedh 2021). The most commonly used measure among these is the Euclidean distance, and according to this 

measure, the i. observation and the j. The formula for the distance between the observations is given in the equation 

(Altunkaynak 2022, Lantz 2019). 

𝑑𝑖𝑗 = √∑(𝑋𝑖𝑚 − 𝑋𝑗𝑚)
2

𝑝

𝑚=1

 

In K-means clustering analysis, the determination of the number of clusters and the determination of the starting point 

cause the results to vary. Therefore, different cluster structures should be handled comparatively, and business 

information to be segmented should be prioritized. The optimum number of clusters is determined by comparing the 

Total Error Sum of Squares values calculated for each clustering study created according to different cluster values. In 

the literature, different hierarchical and non-hierarchical algorithms can be alternatives to K-means clustering methods. 

The fact that these algorithms are handled with different scenarios according to business information and determined 

purposes affects the quality of the knowledge levels of the clusters. 

In this study, the variation of egg weight according to shape index in Linda goose eggs was investigated with the k-

means clustering method, which is a non-hierarchical clustering algorithm. In the comparisons made for the cluster 

structures, there were differences between the clusters in terms of external quality characteristics. In particular, it was 

concluded that the eggs in the cluster with a high shape index had low weight. 

MATERIALS AND METHOD 

Material 

The material of this study consists of 288 fresh eggs obtained from a 36-week-old Linda goose flock of the same 

breeder reared with traditional methods in the Konya region. Laying goose feed (17% HP) and water were given ad 

libitum. 

Methods 

Each egg was numbered, and egg weights were determined with a balance with a precision of 0.01 g. The distance 

between the blunt and sharp end of the eggs is the length of the egg; The width of the equatorial region was evaluated 

as egg width and measured with a digital caliper with 0.01 mm precision (Karabulut 2021b). The shape index value, 

one of the egg's external quality characteristics, was determined by the formula "Shape index = (Egg length / Egg 

width) x 100". 

Statistical analysis 

The descriptive statistics of the quantitative variables used in the study were reported with mean, standard deviation, 

minimum, maximum, and interquartile range. Cluster structures were created with the K-means clustering algorithm, 

one of the clustering algorithms. The Kolmogorov-Smirnov test was used to examine normality. Welch's F test was 

used when the homogeneity of the variances was not met to determine the mean differences between the clusters and 

the differences between the clusters Games-Howell Post-Hoc test was performed the as the multiple comparisons. IBM 

SPSS 22 and R studio (version 4.1) were used for the study's statistical analysis. A p-value less than 0,05 was 

statistically significant. 
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RESULTS  

A summary of the descriptive statistics of eggs for width, height, weight, and Shape Index measurements were given in 

Table 1.  

Table 1. Descriptive statistics of eggs for width, height, weight, and Shape Index measurements 

Parameter Mean 

Standard 

Deviation Minimum Maximum 

Interquartile 

Range (IQR) 

Egg Width  52,34 1,49 47,47 56,24 1,74 

Egg Length 76,8 3,61 66,99 89,47 4,07 

Egg Weight 120,43      10,13 92,86     147,67 12,36 

Shape Index 68,26 3,02 58,21      75,3 3,61 

No outlier observations were detected when examining the shape index and weights of the observations together. In 

Figure 1, the distribution of measurements can be seen in the histogram graphs of the frequency of the variable 

separately. It has been seen that the standard deviation of the weight variable was higher than the other variables, and 

standardized data were used to perform the clustering. 

 

Figure 1: Histogram plots of some external quality characteristics of eggs 

K-means cluster structures were formed using weight and shape index measurements of 288 Linda goose eggs. The 

optimal number of clusters was determined using mathematical metrics (Elbow and Silhouettes methods) (Kassambara 

2017, Rençber 2019). The results of the two approaches used to determine the optimal cluster number were given in 

Figure 2. The optimal number of clusters has been determined as four according to the silhouette width in Figure 2(a). 

In Figure 2(b), the within-cluster sums of squares value gradually decreases after four, so it was the appropriate number 

of clusters. 

http://www.journals.manas.edu.kg/


118 

Yonar et al. / Manas Journal of Agriculture Veterinary and Life Sciences 12 (2) (2022) 115-121 

MJAVL Volume 12 (Issue 2) © 2022 www.journals.manas.edu.kg 

 

  

Figure 2. Determination of the optimal number of clusters using the Elbow and Silhouette methods 

It was examined using the weight and shape index of 288 eggs to determine the optimal number of clusters. The 

number of observations in the clusters consists of 76, 55, 131, and 26 observations, respectively, and the cluster 

structures were given in Figure 3. 

 

 

Figure 3. Clusters resulted by fitting K-means clustering based on the eggs' weight and Shape Index measures 

When the cluster structures were examined, the weights of the observations in the third and fourth clusters were high, 

while those in the first and second clusters consisted of lower-weighted observations. It was seen that the eggs with 

high weight consist of observations with a higher shape index than those in the fourth cluster. When the first and 

second groups, which have low weight, were examined, it was observed that those in the second cluster had high shape 

index measurements. Regarding both dimensions, the observations were concentrated in a certain area for the second 
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and fourth clusters. The examination of weight and shape index measurements was carried out through standardized 

observations; It was determined that the cluster with a high weight and shape index had the most observations (131); 

although they had a high weight, it was determined that the cluster consisting of a low shape index had the least 

number of (26) observations. 

The cluster structures' width, height, weight, and shape index measurements were examined, and statistically 

significant differences were found between the clusters (p<0.05). In the mean comparisons made for each cluster, there 

is no difference between the third and fourth clusters for width measures; no statistically significant difference was 

detected for height measures in the second and third clusters (p>0.05). The statistics of the differences between the 

means were given in Table 2. 

Table 2. ANOVA(Welch’s F) test results for clusters of egg external quality traits measures 

  

 Parameter 
Cluster N Mean Std. Deviation p Post-Hoc; p 

Egg Width 

1 76 51,48 1,17 

<0,001*a 

1-2; 0,012 *b  1-3; <0,001*b    1-4;<0,001 *b   

2 55 50,87 1,08 2-3; <0,001*b  2-4; <0,001*b   

3 131 53,27 0,98 3-4 ;>0,05*b   

4 26 53,27 1,29   

Egg Length 

1 76 72,71 1,85 

<0,001*a 

1-2; <0,001*b    1-3; <0,001*b    1-4; <0,001*b   

2 55 77,93 1,97 2-4; <0,001*b  2-3;>0,05*b   

3 131 77,24 1,51 3-4; <0,001*b   

4 26 84,22 2,73 
 

Egg Weight 

1 76 109,87 6,28 

<0,001*a 

1-2;<0,001*b  1-3; <0,001*b    1-4; <0,001*b   

2 55 115,21 5,16 2-3; <0,001*b  2-4; <0,001*b   

3 131 125,43 5,34 3-4; <0,001*b   

4 26 137,14 5,79   

Shape 

Index 

1 76 70,84 1,72 

<0,001*a 

1-2;<0,001*b  1-3; <0,001*b    1-4; <0,001*b   

2 55 65,31 2,08 2-3; <0,001*b  2-4; 0,010*b   

3 131 68,98 1,52 3-4; <0,001*b   

4 26 63,32 2,68   

*p<0,05;  *a (Welch’s F test); *b  Games-Howell Post-Hoc test 

DISCUSSION        

It is an essential source of animal protein, with many amino acids and critical nutritional contents for the continuity of 

generations of egg poultry species (Sun et al. 2019). In various studies on goose eggs (Tilki and İnal 2004a; 

Mazanowski et al. 2005; Tilki et al. 2005; Chang et al. 2016; Kumbar et al. 2016; Alaşahan et al. 2019; Sarı et al. 2019; 

Karabulut 2021a); Akın and Çelen 2022b; Kucharska-Gaca et al. 2022) shape index value was reported to vary 

between 65-70.98 . In this study, the egg shape index value was determined as 68.26 and it is compatible with the 

literature.  

Egg weights in geese Alaşahan et al. (2019) 124.11g; In white Chinese geese, Sun et al. (2019) 139.37 g; In Linda 

goose, Sarı et al. (2019) calculated the average egg weight value was 122.09, and it was found to be similar to the value 

in this study. On the other hand, Karabulut (2021a) reported the average egg weight value of the same breed as 192.3 g 

in his research. The average egg weight determined in this study was lower than what Karabulut (2021a) results. Since 

the egg weight increases with the increase in age in geese (Tilki and İnal 2004b, Biesiada-Drzazga 2016), it can be said 

that this difference occurs due to the use of eggs from animals of different ages.  

Karabulut (2021a) measured Linda geese's egg length and width values as 5.32-6.13 cm and 7.89-9.73 cm, 

respectively. Chang et al. (2016) reported the same variables as 56.9-57.3 mm and 86.6-87.7 mm in white roman geese, 

respectively. When compared with these values, egg width was determined as 52.34 mm and egg length as 76.80 mm 

in the present study. According to this, in terms of egg width, Karabulut (2021a) and Alaşahan et al (2019) were lower 
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than that Chang et al. (2016). The fact that egg width and length values were not similar may be due to genotype and 

age differences. 

CONCLUSIONS 

In this study, cluster analysis, a data mining method, was used to segment Linda's geese's eggs according to external 

quality characteristics. Cluster structures were created based on the use of shape indexes and weights of eggs. The 

cluster with heavy eggs' shape index values was low; low-weight eggs were those with a high shape index value. In 

addition to the low shape index of heavy eggs, it was also determined that the eggs were longer than those in other 

clusters. 

Eggs with a low shape index are pointed shape; It was determined that eggs with a higher index were more oval-shaped 

eggs. It was predicted that the shape index value could be related to the egg weight. In addition, it was concluded that it 

could be used for egg weight estimation with data mining methods for different poultry species. In this sense, modeling 

studies can be done using different data mining algorithms and predictive variables. 
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