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Abstract: The purpose of this paper was to determine the direct, indirect and total effect of age of calving 

(AC), year of calving (YC), calving season (SC) and lactation length (LL) on 305-day milk yield (305-DMY) 

in Jersey cows using path analysis. The data used included 1717 lactation yield records of 617 Jersey cows 

calving from 2002 to 2012 on the Samsun Karakoy State Farm in Turkey. The results showed that AC, YC, SC 

and LL had statistically important effects on the 305-day milk yield f the Jersey cows. The results further 

indicated that the direct and total effects of LL on 305-day milk yield were higher than the effect of AC, YC 

and SC, although the indirect effect of AC on 305-day milk yield was the highest. As a consequence, to 

facilitate increasing milk yield per cow, the use of the lactation length provides some useful knowledge for 

management and the genetic evaluation of Jersey cows. 
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Jersey İneklerinde 305 Günlük Süt Verimini Etkileyen Faktörlerin Belirlenmesi 

için Bir Path Analizi 

Öz: Bu çalışmanın amacı path analizi kullanarak Jersey ineklerinin 305 günlük süt verimleri üzerine 

buzağılama yaşının(BYaş) buzağılama yılının(BY), buzağılama mevsiminin(BM) ve laktasyon 

uzunluğunun(LU) doğrudan, dolaylı ve toplam etkilerini belirlemektir. Kullanılan veriler, Türkiye'de Samsun 

Karaköy Devlet Çiftliği'nde 2002'den 2012'ye kadar buzağılayan 617 Jersey ineğinin 1717 laktasyon verim 

kayıtlarını içermektedir. Sonuçlar BYaş, BY, BM ve LU’ nun Jersey ineklerinin 305 günlük süt verimi 

üzerinde istatistiksel olarak önemli etkileri olduğunu göstermiştir. Sonuçlar ayrıca LU’ nun 305 günlük süt 

verimi üzerindeki doğrudan ve toplam etkilerinin BYaş' nin, BY ve BM’ nin etkisinden daha yüksek olduğunu, 

ancak BYaş' ın 305 günlük süt verimi üzerindeki dolaylı etkisinin en yüksek olduğunu göstermiştir. Sonuç 

olarak, inek başına süt verimini arttırılmasını kolaylaştırmak için, laktasyon uzunluğunun kullanılması, Jersey 

ineklerinin yönetimi ve genetik değerlendirilmesi için bazı yararlı bilgiler sağlamaktadır. 

Anahtar kelimeler: Korelasyon, Jersey ineği, Path katsayısı 

 

1. Introduction 

The most important aspect of livestock 

production is to increase the yield achieved and 

to increase milk yield in dairy cattle. Milk yield 

is influenced directly or indirectly by various 

factors such as the age of calving, the year of 

calving, the season of calving and the length of 

lactation. Therefore, statistical analyses 

involving more than one feature can be used for 

purposes related to reproductive strategies 

(Unalan and Cebeci 2004; Choi et al. 2005).  

It is known that the relationship between 

statistical variables is determined by the degree 

and direction of the correlation coefficients, and 

the mathematical structure of the relationship is 

determined by regression analysis. However, 
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these approaches are often insufficient to fully 

account for the relationship between variables. 

The relationship between the two variables also 

depends on a third variable. In such a 

multivariate data structure, any dependent 

variable may depend on one or more other 

dependent variables and on independent 

variables. In this case, correlation and regression 

analysis may be insufficient to establish the 

cause–effect relationships. For this reason, this 

analysis is used to more accurately define the 

relationships between variables. Path analysis is 

very closely related to multiple regression 

analysis and is used to explain dependencies 

between variables (Anonymous 2015). 

Path analysis is the creation of a path 

diagram to show the relationship between 

variables, and it is used to determine the 

strength and direction of the linear relationship. 

It also includes an investigation of the effects 

(direct and indirect) on the relationships and the 

stages of interpretation of these relationships. 

The creation of the path diagram, which is the 

most important stage in the development of the 

path model, is a gradual step-by-step process. 

By using path analysis, each dependent variable 

is analyzed with each independent variable and 

more than one regression analysis is performed. 

In other words, path analysis is an expanded 

form of multiple regression analysis. For this 

reason, linear regression assumptions were 

applied for the path analysis (Anonymous 

2015). 

In animal breeding applications, studies 

using path analysis have begun to increase with 

the development and accessibility of statistical 

software (Curtis et al. 1985; Guneri et al. 2015). 

As we know, few researchers have used this 

method to estimate the correlation between 

some environmental factors and the milk yield 

traits of Jersey cows (Gorgulu 2011). This study 

aimed to describe the factors affecting 305-

DMY and to research the direct, indirect and 

total effects between the following 

factors/variables: age of calving (AC), year of 

calving (YC), calving season (SC) and lactation 

length (LL), on the 305-DMY of Jersey cows by 

means of path analysis. 

2. Materials and Methods 

In this study we used the data from Jersey 

cattle on the Samsun Karakoy State Farm in 

Turkey. Three lactation official milk yield 

records containing monthly recordings of 1717 

lactations between May 2002 and June 2012 

were used.  In addition to this data, the 305-

DMY considered to be affected by the AC, YC, 

SC and LL of the Jersey cows were used.  

An analysis by Orhan and Kasıkcı 2002; 

Gorgulu 2011; Guneri et al. 2015 established the 

direct and indirect effects of some 

environmental factors on milk yields in animal 

breeding. Thus, we used that analysis in this 

paper to explore the direct, indirect and total 

effects of AC, YC, SC and LL on the 305-DMY 

of Jersey cows. Path coefficients were used to 

define the relative importance of the different 

direct and indirect causal paths on the dependent 

variables Korkut et al. 1993; Garson 2008). The 

coefficients are standardized models of linear 

regression weights. If taken into consideration in 

a path diagram, the figure can be used to 

illustrate the relationship between response 

variables and independent variables (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The path diagram for independent 

variables, X1 to X4, and response variable Y. rij 

is the correlation coefficient, PYXi is the path 

coefficient (direct effect), e is the residual effect 

Şekil 1. Bağımsız değişkenler, yanıt değişkeni, 

korelasyon katsayısı, Path katsayısı ve hata 

etkisi için Path diyagramı 
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It is known that path analysis is based on a 

multiple regression model. The equation for a 

multiple regression model is shown below: 

 

Yi=β0+β1Xi1+β2Xi2+…+βpXip+ei    i=1, 2, 3,…,n  (1) 

 

In this study, the standardized linear 

regression equations were used 

 

                                                                         (2) 

where: 

 variable,response predicted  the=iŷ  

=ib  standardized regression coefficients, 

= xip  independent variables (AC, YC, SC 

and LL) 

 

                                                                         (3) 

where: 

=ib
iyxP = Path coefficient, 

ib̂ = Non standardized regression 

coefficient, 

ixS = Standard deviation of Xi 

 

                                                                    (4) 

 

Sy = Standard deviation of Y 

 

                                                                    (5) 

 

The ib term in equation (3) is the same as 

the standardized coefficient estimates (Bring 

1994). 

The data for year of calving, age of calving, 

lactation length and season of calving were 

standardized. Thus, the estimated partial 

regression coefficients from the above equation 

are called path coefficients. The coefficients or 

standardized partial regression coefficients can 

be easily calculated with the following matrix 

system: 

 

                                                                         (6) 

 

In Equation (3), the coefficients given by 

 were path coefficients (the direct effects) 

between the independent variable and 

responsible variable, and  symbolizes 

the indirect effects of the ith independent 

variable on the responsible variable via the jth 

independent variable; the term  symbolizes 

the Pearson correlation coefficients between the  

ith and jth traits (Topal and Esenboga 2001) 

 

3.Results and Discussion 

Descriptive statistics for the properties of 

Jersey cows (AC, YC, SC, LL and 305-DMY) 

are presented as sample size (n), mean ± 

standard deviation, minimum and maximum 

values that are given in Table 1. 

. 

Table 1. Descriptive statistics for the examined traits of the Jersey cows 

Çizelge 1. Jersey ineklerinin incelenen özellikleri için tanımlayıcı istatistikler 

Traits n Mean SD Min Max 

305-day milk production 1717 4015.8  945.7  867  6988 

Age of calving (Monthly) 1717 52.8  20.9  21.9  110.6 

Year of calving 1717 2004*    - 2002  2012 

Season of calving 1717 2.3  1.0  1        4 

Lactation length 1717 299.2  44.9  153    400 

n: Number of lactation    
*: Mode value instead of mean, SD: Standard Deviation, Season of calving(1: Winter 2: Spring 3: Summer 4:Autumn) 

 

Table 2 shows the bivariate correlations that 

relate to the properties of the Jersey cows. All 

the correlations between 305-DMY and AC, 

YC, SC and LL were found to be positive and 

statistically significant (P<0.01). The 

relationships between LL and YC and SC were 

insignificant. 
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Table 2. Bivariate correlations for the traits of the Jersey cows 

Çizelge 2. Jersey ineklerinin özellikleri için iki değişkenli korelasyonlar 

Traits 305-DMY AC YC SC 

AC 0.148**    

YC 0.279** -0.050*   

SC -0.089**  0.048* -0.067**  

LL 0.596**    0.082** 0.034 -0.010 

** (P<0.01) *(P<0.05) 

 

Regression analysis results are given in 

Table 3. These results show partial regression 

coefficients, P values, VIF (Variance Inflation 

Factor) and tolerance values to explain the 

relationship between the other properties and the 

305-day milk yield of the Jersey cows. The 

effect of all the selected properties had a 

significant effect on the 305-day milk yield 

(P<0.001). Furthermore, multicollinearity 

problems were not seen because the VIF values 

for the independent variables were smaller than 

10 in Table 3. So, according to F statistics, the 

regression model is statistically significant at the 

1% level (F=337.17). 

 

Table 3.  The partial regression coefficients 

Çizelge 3. Kısmi regresyon katsayıları 

Parameters AC YC SC LL 

Coefficient (bi) 0.117 0.261 -0.071 0.577 

Significant Level (P) <0.001 <0.001 <0.001 <0.001 

VIF values 1.012 1.008 1.007 1.008 

Tolerance 0.988 0.992 0.993 0.992 

Dependent variable: 305-day milk yield 

 

The path coefficients of the independent 

variables for 305-DMY in Jersey cows are 

shown in Table 4. The direct effect of LL on 

305-DMY was significant and higher than the 

other traits. In addition, the direct effect (0.577) 

in 305-day milk yield was found to be higher 

than the total indirect effect (0.019). However, 

the direct effect of SC on 305-DMY was 

negative and statistically significant. The highest 

indirect effect was the LL in AC, while the LL 

in SC had the lowest indirect effect. 

 

Table 4. The correlation coefficients and effects of some properties on the 305-day milk yield in 

Jersey cows 

Çizelge 4. Jersey ineklerinde korelasyon katsayıları ve bazı özelliklerin 305 günlük süt verimi 

üzerine etkileri 

Trait 

Correlation 

coefficient 

with 

305-DMY  

Direct 

effect 

Indirect effect 

AC YC SC LL Total 

AC 0.148** 0.117**  -0.013 -0.003 0.047 0.031 

YC 0.279** 0.261** -0.006  0.005 0.019 0.018 

SC -0.089** -0.071** 0.006 -0.017 - -0.006 -0.018 

LL 0.596** 0.577** 0.010 0.008 0.001 - 0.019 

** (P<0.01) 
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The essential aim of this analysis as regards 

the selection plan was to get information on 

indirect variable (Cankaya and Abaci, 2012). 

AC, YC, SC and LL, which are recorded 

variables in dairy research,  

 are important indicators for 305-day milk yield 

in cows. 

The highest correlation was estimated 

between YC and the 305-DMY of Jersey cows 

(0.279, P<0.01), and the lowest correlation was 

between SC and LL (−0.010, P>0.05). 

Additionally, the correlations between the 

investigated traits and the 305-DMY are similar 

to the results of previous papers in Table 2 

(Choi et al. 2005; Cankaya et al 2011; Gorgulu 

2011; Guneri 2015).  

It is clear that LL had the highest effect on the 

305-DMY of Jersey cows, while SC had the 

lowest effect on the model. Multicollinearity 

problems were not seen between the 

environmental factors since initial analysis 

showed that the VIF values (from 1.007 to 

1.012) were smaller than 10 and the tolerance 

values (from 0.988 to 0.993) were greater than 

0.1 in all the data in Table 3. 

According to the path analysis results in this 

paper, the selection of LL can be used as an 

estimation index for the 305-DMY of Jersey 

cows. The results are similar to the findings of 

Orhan and Kasıkcı 2002; Mendes et al 2005; 

Tahtali et al. 2010; Güneri et al. 2015, and also 

similar to the results of Gorgulu 2011, and Bakır 

and Cetin 2003. 

 

4. Conclusions 

Correlation between 305-DMY and some 

environmental factors might be misleading if 

this analysis is not taken into consideration. For 

this reason, the analysis is very important for 

determining the factors affecting 305-DMY in 

Jersey cows. The result showed that the LL can 

be used as a forecast index for the 305-DMY of 

Jersey cows, because the direct effect of the LL 

on 305-DMP of Jersey cows was both positive 

and higher than AC, YC and SC. So, based on 

that data a decision can be made on whether a 

cow can be kept in the herd in terms of its 305-

DMY. In conclusion, it can be said that the LL 

can be used as a selection criteria for both 

management decisions and the milk yield in 

Jersey cows. 
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