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ABSTRACT. The objective of this study was to estimate lactation curve parameters with Dijkstra 

mechanistic model and to evaluate genetic and phenotypic relationships between the parameters and the 

average somatic cell count in primiparous cows. The finding indicated that heritability estimates for 

partial milk yield (PMY1, PMY2 and PMY3), total 305-day milk yield (TMY305), decay parameter (λ2), age 

at first calving (AFC) and peak yield (PY) were moderate while the heritability of persistency (PS%), 

average somatic cell score (AVGSCS), time to peak yield (TP), initial milk production (λ0), specific rate of 

cell proliferation at parturition (λ1), and specific rate of cell death (λ3) were quite low. Genetic correlations 

between both AFC and PS% traits with average somatic cell scores was negative (-0.047 and -0.060) but 

low positive genetic correlation were between partial milk yields (PMY1 and PMY3) while negative genetic 

correlation (-0.06) was obtained between TMY305 and AVGSCS. Differences between TMY305 of cows 

with less than 100000 cells mL-1 and cows with >1,500,000 cells mL-1 was approximately 708 Kg and is 

equivalent to 8% loss of milk yield/cow during lactation period and also loss of persistency (11.1 %( was 

shown for the extreme classes of SCC in this study.  
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Introduction 

Milk production, reproduction performance and udder health are the most important traits in dairy cattle 

breeding programs. Relationship between these traits could have a major impact on dairy cattle production 

costs. Lactation curve refers to a graphic representation of milk production and lactation time starting at 

calving. One of the main mathematical models suggested for studying the lactation curve are mechanistic 

models like Dijkstra function. This model was developed to describe the growth pattern of the mammary 

glands during pregnancy and lactation. 

Somatic cell count (SCC) is one the critical traits that is an indicator of mastitis or mammary infection in 

heifers and dairy cattle (Jeretina, Škorjanc, & Babnik, 2017). Much research have been carried out to 

estimate phenotype and genetic parameters of SCS and its relationship with the other traits (Yamazaki et 

al., 2013; Chegini et al., 2015; Archer et al., 2013; Haile-Mariam et al., 2003; Strapakovaet al., 2016). Schutz, 

Hansen, Steuernagel, and Kuck, (1990) reported that SCS is high at the beginning of lactation and decreases 

gradually until 5 to 6 weeks of the lactation and after that it remains nearly constant or increases linearly in 

primiparous and multiparous cows towards the end of the lactation. Different estimates of SCS heritability 

in whole lactation have been reported in the literature for the first lactation. Reents, Dekkers, and Schaeffer 

(1995) and DeGroot et al. (2007) reported that heritability of SCS in the first lactation were 0.09 and 0.04 

respectively but the findings of Miglior et al. (2007) and Samore et al. (2008) showed that SCS heritability 

were 0.19 and 0.18 in Holstein primiparous cows. Evaluation of SCS heritability during the course of the 

lactation using random regression models by Zavadilova et al. (2011) showed an increase from 0.08 to 0.11 

in Holstein cows. Average heritability of SCS was found to be lowest at the beginning and highest at the end 

of lactation in different studies (Elsaid et al., 2011; Yamazaki et al., 2013). Negative genetic correlation was 

reported between SCS and persistency by Haile-Mariam et al. (2003). Also Yamazaki et al. (2013) found that 
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SCS increases along with increasing milk yield in early lactation of primiparous cows. Moreover, Archer et 

al. (2013) reported a negative correlation between SCS in the first month of milk production and cumulative 

milk yield (a unit increase of SCS was associated with 482Kg decrease of total milk yield). In this study a 

mechanistic model was applied for fitting the lactation curve (Dijkstra model) for better understanding the 

association between SCC, age at first calving (AFC) and biological lactation curve parameters in Iranian 

Holstein cows. 

Material and methods 

The data consisted of 274340 test day records of milk yield from 30,470 primiparous cows in 220 Iranian 

Holstein dairy herds which calved between 2012 and 2016 and collected by The Animal Breeding Center of 

Iran. Outliers and out of range production and reproduction records were deleted from the analysis. Records 

of days in milk (DIM) <5 and >305days were eliminated. AFC ranged between 18 to 36 months and the 

number of test day records per cow was from 8 to 10 and cows with daily milk production lower than 2 Kg 

day-1 were discarded. In order to make a normal distribution, the average number of SCC (AVGSCC) of 

different test days during lactation was transformed to average number of SCS (AVGSCS) using the 

following formula (Ali & Shook, 1980): 

                          

Mechanistic function of Dijkstra was applied for mathematical description of the lactation curve (Dijkstra 

et al., 1997). This model is based on a set of different parameters representing cell proliferation and 

apoptosis in mammary glands. The mechanistic model was superior to Wood, Wilmink and Rook functions 

for describing the lactation curve with significant parameter estimates and the lowest residual mean square 

(Val-Arreola, Kebreab, Dijkstra, & France, 2004). The mechanistic model and some functions that predict 

peak yields (PY), time to peak (TP) and TMY305 are as follow (Nasri et al., 2008):  

   
 
    

 


 
       

 
 
 
  

 
   

   
 

  
   

 


 
   

   
 
 

 


 
  


 


 
 

    
 
 

 


 
   

       
 
     

 
      

 
 
 
  

   

 

 
 
  

where: λ0= initial milk production, λ1= specific rate of cell proliferation at parturition, λ2= decay parameter 

and λ3= specific rate of cell death. 

Dijkstra function was fitted to the test day records of individual cows using an iterative nonlinear curve 

fitting procedure (PROC NLIN of SAS software) (Statistical Analysis System [SAS], 2004) with Marquardt 

algorithm strategy. Moreover, estimated partial milk production from the first, second and third 100 days of 

lactation plus total 305 days milk yield (PMY1, PMY2, PMY3 and TMY305) were also calculated for each 

animal using PROC SQL of SAS. For the phenotypic analysis of PMY1, PMY2, PMY3, TMY305, and 

persistency traits, a general linear model was applied:
  

                            
        

where 

Yijkm=observation traits (λ0, λ1, λ2 λ3, TP, PY, PMY1, PMY2, PMY3, TMY305 and persistency) 

HYSi= fixed effect of herd- year-season of calving; 

b= quadratic regression coefficient of the trait on age at first calving; 

AFC=covariate effect of age at first calving in month (18 ,…., 36); 

AVGSCCj= fixed effect of different somatic cell count classes (k=1,…., 11); 

eijkm=random residual effect. 
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Somatic cell counts were categorized into 11 groups shown in the Table 1. 

Table 1. Different somatic cell count classes used in this study. 
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Calculation of persistency (PS %) was based on Johansson and Hansson formula (Johansson & Hansson, 

1940) as follow:
 

    
    

    
     

Genetic analysis (calculation of heritability and genetic correlation) of the traits was carried out by 

simple univariate and bivariate animal models using a restricted maximum likelihood method implemented 

in WOMBAT program (Meyer, 2007). The model and distributional properties were assumed are as follows: 

          

  
 
 
 
   

  
 
 

                 
 
 
   

   
  

    
    

  
  

  

where y were a vector of dependent variables, β is a vector of fixed effects (herd- year- season of calving 

and AFC as a covariate), a is a vector of additive genetic values of animals, e is a vector of random residual 

effects,
2
A is the additive genetic variance, 

2
e is the residual variance, X and Z are incidence matrices for 

fixed and random effects. 

Result and discussion 

Average lactation milk yield and SCS in primiparous cows was presented in Figure 1. The initial milk 

yield begins with 24.2 Kg and increased to 37.1 Kg in peak yield which was around 70 days of lactation and 

then gradually decreased till the end of lactation. The estimates of AVGSCS ranged from 1.94 to 3.06 for 

primiparous Holstein cows and the number of somatic cells is high immediately after parturition but drops 

rapidly during the first three week and reach minimum in the second month of lactation. 

 

Figure 1. Average milk yield and AVGSCS during lactation stages. 

The highest fluctuation in AVGSCS was shown during the first 100 days of lactation and then steadily 

increased till the end of lactation. Based on the study of Barkema et al. (1999) somatic cell cunt is high after 
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parturition and then decreases to normal level within 4-5 weeks after calving. Koc et al. (2008) showed that the 

lowest SCC was in the second and third lactation months of turkey Holstein dairy cows. The high somatic cell 

count at the beginning of lactation is due to the high immunoglobulin content in the colostrum (Saloniemi et al., 

1995) or high risk of intra-mammary infection from environmental pathogens (Detilleux et al., 1997).  

Although one of main factor for flatness of lactation curve in primiparous compare to multiparous cows 

is smaller increase in SCS during the first lactation. So it indicates that the pattern of SCS during different 

lactations can change the shape of lactation curve too. These trends in SCS and milk yield are similar to the 

result of previous studies (Jamrozik & Schaeffer, 2012; Weller et al., 1992; Yamazaki et al., 2013). 

Descriptive statistics of different parameters related to the Dijekstra model plus age at first calving, AVGSC 

and AVGSCC are presented in Table 2. Initial milk yield predicted by Dijkstra equation is more accurate than 

the Wood model because initial milk in the Wood model forced to be zero which is not acceptable 

biologically in mechanistic models (Nasri et al., 2008). In our study overall mean of initial milk production 

(λ0) or product of the number of differentiated parenchyma cells was 16.27±12.11 which was lower than 

those reported by Nasri et al. (2008) for Holstein cow (20.7) but it was higher than reported of Val-Arreola et 

al. (2004) (13.1) and Dijkstra et al. (2010) (14.3) for Mexican and England Holstein dairy cow respectively. 

Table 2. Some descriptive statistics for estimated parameters and the variables obtained from the mechanistic model in dairy cows. 

parameters Average SD Min Max 

λ0 16.27 12.11 9×10-4 50.14 

λ1 0.18 0.21 4×10-3 1.55 

λ2 0.06 0.05 4×10-4 0.35 

λ3 0.03 0.12 3×10-4 1.53 

TP (day) 71 22 30.02 109 

PY(Kg) 36.91 5.69 11.65 62.65 

PMY1 3217.57 525.90 780.07 5446.99 

PMY2 3396.62 540.90 1113.95 5531.63 

PMY3 3038.99 643.34 571.20 5583.09 

TMY305 9653.18 1572.52 2938.92 15864.77 

PS% 94.79 16.77 10.93 155.76 

AVGSCC 173579.11 232199.21 14500 2722571 

AVGSCS 2.30 1.10 0.20 7.58 

AFC(month) 25.41 2.43 18.33 36 

λ0= initial milk production, λ1= specific rate of cell proliferation at parturition, λ2= decay parameter and λ3= specific rate of cell death, PY= peak yields, TP= 

time to peak, milk yield production from 5-100 (PMY1), 101-200 (PMY2), 201-305(PMY3), total 305 days milk yield (TMY305), persistency (PS%), average 

SCC (AVGSCC) and average SCS (AVGSCS). 

The difference in initial milk yield may be attributed to herd management, genetic group or even the 

parity in dairy cows (Chegini et al., 2015). The average rate of cell proliferation and death (λ1 and λ3) 0.18 

and 0.03 respectively. These parameters estimates per week for primiparous cows in the study of Dijkstra et 

al. (2010) were 0.52 and 0.017 respectively. The higher average cell proliferation rate indicating faster in 

secretory cell numbers in dairy a cow which is low in the first lactation compare to the subsequent parities. 

In contrast, the specific rate of cell death is lower than cell proliferation which means higher number of 

secretory cell number for production of milk yield and higher persistency as well. Predicted peak yields (PY) 

and time to peak (TP) are two important parameters in each lactation curve model. In Dijkstra model the 

highest milk yield (36.91 kg) was observed after the second months of lactation (71 days). The PY and TP 

estimated was higher than reported in literature for Holstein dairy cattle (Nasri et al., 2008) while Cunha et 

al. (2010) reported PY and TP using Dijkstra model for low, medium and high milk production farms. These 

amounts for the first lactation number were 15.10 kg and 25 days, 17.69 kg and 77 days and 29.90 kg and 77 

days respectively. Val-Arreolaet al. (2004) and Cunha et al. (2010) reported that Dijkstra model overestimate 

TP compare to other lactation model and this model is prefer for the lactations whose time to peak occurs 

on a day farther from the beginning of lactation. Based on Val-Arreola et al. (2004) and Nasri et al. (2008) 

estimation of maximum milk yield using Dijkstra equation is accurate. The PY and TP in the study of Nasri 

et al. (2008) were 40 kg and 29 days respectively which were completely different with the results of this 

study. This difference in PY and TP could be due to the management of herd and high environmental 

temperature in Iran. Estimation of total 305-days milk yield and partial milk yields (PMY1, PMY2 and PMY3) 

using mechanistic model are 9653.18, 3217.57, 3396.62 and 3038.99 kg respectively. In this study the 

proportion of PMY1, PMY2 and PMY3 from TMY305 are 33.33%, 35.18% and 31.48% respectively which 
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means that the highest and lowest total milk yield attributed to the second and third 100 days of lactation. 

The average persistency was 94.97% which indicate that milk production in PMY3 and PMY1 are similar. 

Persistency of milk yield in this study was higher than those of Cakilli and Gunes (2007) for Brown Swiss 

cows (59.91%). The average number of somatic cell count and AFC are 173579±232199 cells mL-1 and 25.41 

month respectively. The AVGSCC± SD in this study was lower than the study of Chegini et al. (2015) 

(245100±343800 cells mL-1) but higher than finding of Haile-Mariam et al. (2003) (119700±307600 cells mL-1). The 

role of average number of somatic cell count on causing clinical or subclinical mastitis is extremely important. So 

monitoring of SCC in dairy herds for the health of the cows and the quality of the milk yield is critical. 

Heritabilities 

Heritabilities of different mechanistic parameters plus genetic and environmental correlations of these 

parameters with AVGSCS are presented in Table 3. The point heritability estimates of main lactation curve 

parameters are low except for decay parameter (λ2). 

Table 3. Heritabilities, genetic and environmental correlations of Dijkstra parameters with AVGSCS. 

Parameters h2 
AVGSCS 

rg re 

λ0 0.025±0.01 -0.092±0.04 0.330±0.01 

λ1 0.024±0.01 0.079±0.00 0.026±0.01 

λ2 0.216±0.03 -0.091±0.01 0.404±0.01 

λ3 0.053±0.01 -0.067±0.15 0.043±0.01 

TP 0.024±0.01 -0.251±0.01 -0.051±0.01 

PY 0.181±0.02 0.078±0.10 -0.096±0.01 

AFC(month) 0.169±0.02 -0.047±0.01 0.053±0.01 

PMY1 0.158±0.02 0.087±0.02 -0.077±0.01 

PMY2 0.187±0.02 0.136±0.03 -0.168±0.01 

PMY3 0.132±0.01 0.069±0.04 -0.184±0.02 

TMY305 0.195±0.02 -0.059±0.01 -0.165±0.02 

PS% 0.072±0.01 -0.060±0.01 -0.128±0.01 

AVGSCS 0.092±0.01 - - 

λ0= initial milk production, λ1= specific rate of cell proliferation at parturition, λ2= decay parameter and λ3= specific rate of cell death, PY= peak yields, TP= 

time to peak, milk yield production from 5-100 (PMY1), 101-200 (PMY2), 201-305(PMY3), total 305 days milk yield (TMY305), persistency (PS%), average 

SCC (AVGSCC) and average SCS (AVGSCS). 

Few research have undertaken on the estimation of the parameters of a mechanistic function. Difference 

between heritabilities, reported by researchers, attributed to differences in statistical models, different data 

structure and genetic variation between populations, variation of the breeds in different environmental 

conditions, estimation methods, type of the lactation curve function and effects used in the model as well 

(Makgahlela et al., 2007). The heritability of peak time (0.02) is absolutely lower that peak yield (0.18) in this 

study. This is different with the result of Farhangfar and Rowlinson (2007) who founded 0.1and 0.3 

heritability for peak time and peak yield respectively in Iranian primiparous Holstein cows using the Wood 

incomplete gamma function. Also heritability estimates for TP (0.099) and PY (0.259) in the study of 

Chegini et al. (2015) were similar to the result of Farhangfar and Rowlinson (2007). 

The lower heritability of TP and PY indicates that there is considerably lower genetic variation in these 

parameters in mechanist model compared to the empirical function like incomplete gamma function. 

Heritability of AFC, PS % and AVGSCS in this study are 0.17, 0.072 and 0.092 respectively (Table 3). The 

estimation of heritability for persistency measure and AVGSCS are low but AFC has moderate heritability. 

Low to medium heritability amount of different persistency measures were reported by Atashi et al. (2006) 

and Boujenane and Hilal (2012). Considerable variations in heritability of AFC are reported in different 

studies. The estimate of heritability of AFC obtained in the study of Nilforooshan and Edriss (2004) in 

Iranian Holstein was 0.086 but the estimate of AFC heritability in our study was lower than finding of 

Makgahlela et al. (2007) and Goshu et al. (2014) which calculate it 0.24 and 0.53 respectively. These 

variations indicate that there was wide genetic variation for AFC in different cattle population under various 

management systems. The heritability estimates of partial (PMY1, PMY2, PMY3 andTMY305) ranged 

from0.13 to 0.19. The highest heritability was showed in PMY2 and TMY305 respectively (0.187 and 0.195). 

Heritabilities of these traits in the study of Chegini et al. (2015) were 0.16, 0.29, 0.27 and 0.29 respectively 

and the highest heritability was obtained in the second parts of lactation. Moreover, in both studies, 
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heritability of total 305-d milk yield and the second 100 day period are similar. Heritability of persistency 

which depends on the definition of the trait, range from low to high value in different studies. The lower 

level of milk production at the end compare to the beginning of lactation affects the estimate of persistency 

heritability. Heritability of AVGSCS in this study was low (0.092) (Table 3). Heritability estimates for 

AVGSCS in different studies ranged from 0.03 to 0.17 (Chegini et al., 2015; Odegard et al., 2003; Carlen et 

al., 2004). Based on different researches, this variation in heritability can be attributed to several factors like 

differences in trait definition, statistical models, populations and estimation methods (Rupp & Boichard, 

1999; Zavadilovaet al., 2011). 

Genetic and environmental and correlations 

The range of genetic and environmental correlations between lactation curve parameters with AVGSCS 

are between -0.25 to 0.13 and -0.18 to 0.33 respectively (Table 3). Negative genetic correlation between λ0 

and AVGSCS indicate that cows with higher initial milk yield have lower mean somatic cell score. In other 

words increasing somatic cell counts in the beginning of lactation and causing health problem like mastitis, 

decrease initial milk yield in dairy cows (Dijkstra et al., 2010). Low positive and negative genetic correlation 

among λ1 and λ3 with AVGSCS was obtained in this study (0.079 vs. -0.067). The positive genetic correlation 

between the rate of cell proliferation at parturition and AVGSCS indicate that cell higher proliferation 

increase slightly somatic cell count in dairy cattle and negative genetic correlation of specific rate of cell 

death with AVGSCS demonstrate that higher apoptosis of mammary cell glands decrease the number of 

somatic cell counts in primiparous Holstein cows. 

Peak time and peak yield are two important characteristics of lactation curve and genetic correlations of 

AVGSCS with these traits are -0.251 and 0.078, respectively. Based on this study, the more importance of 

genetic relationship of somatic cell counts on peak time compare to peak yield is obvious in primiparous 

Holstein cows. It means that cows with higher somatic cell count show earlier peak time during first 

lactation. So selection of cows with lower somatic cell count and consequently latter peak time, make flatter 

lactation curve and more resistant to subclinical mastitis. Moreover, the low genetic correlation between 

peak yield and somatic cell counts suggested that these traits are influenced by less similar genes. Chegini 

et al. (2015) reported that the genetic correlation between peak time and peak yield with average somatic 

cell count and Ln Somatic cell score are -0.23±0.15, 0.07± 0.12 and -0.19±0.12, -0.02±0.09 respectively. 

Negative genetic correlations between both AFC and PS% traits with average somatic scores (-0.047 and 

-0.060) was obtained in this study (Table 3). This negative genetic correlation between AFC and AVGSCS 

was reported in the study of Chegini et al. (2015). There are many studies that estimate the genetic 

correlation of SCSs and persistency in dairy cattle with different methodologies (Yamazaki et al., 2013; 

Haile-Mariam et al., 2003; Strapakova et al., 2016; Harder et al., 2006). Cows with high mean somatic cell 

counts tend to have low yield persistency in different lactations. Based on the result of Yamasaki et al. 

(2013) selection of cows with higher persistency might help to diminish SCS in the later stage of the first 

and second lactations. Our result with in agreement with the finding Haile-Mariam et al. (2003) who 

reported unfavorable and low genetic correlation between somatic cell count and persistency (-0.050). 

Negative genetic correlation between somatic cell count and persistency in primiparous Holstein cows was -

0.23 in the study of Yamazaki et al. (2013) and -0.123 in the study of Strapakova et al. (2016) indicated that 

the genetic correlation between these traits is low to moderate based on persistency measures, method of 

data analysis and population structure. 

Low positive genetic correlation observed between partial milk yield (PMY1, PMY2, and PMY3) and 

AVGSCS but genetic correlation between AVGSCS and 305-day milk yield was negative (Table 3). In the 

study of Chegini et al. (2015), genetic correlation between mean loge somatic cell count with 305-day milk 

yield, the first, second and third 100-day milk yield was -0.08, 0.03, -0.08 and -0.16 respectively. Negative 

genetic correlation (-0.084) between SCS and milk production in Chinese Holstein cattle was reported by 

Guo et al. (2010). Based on the finding of Koivula et al. (2005) negative genetic correlation between SCC 

milk yields is due to high somatic cell count which damage to the udder texture and this led to lower milk 

yield especially in latter parities. Mrode et al. (1998) and Rupp and Boichard (1999) reported favorite 

positive genetic correlation between SCC and milk yield. Also Kheirabadi and Razmkabir, (2016) founded 

that genetic correlation between milk yield and SCS ranged from 0.006 to 0.139 and with an average of 0.07 

while environmental correlation between milk yield and SCS was negative in Iranian Holstein cows. Small 
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positive genetic correlation between these traits suggested some antagonism between increasing milk yield 

and decreasing SCS. But Sharma et al. (2016) explained that positive unfavorable genetic correlation 

between milk yield and high somatic cell count (clinical mastitis) indicate that genetic improvement of milk 

yield is accompany with increasing genetic susceptibility to mastitis. 

In our study the sign of environmental and phenotypic correlations are similar (negative). Dadpasand et 

al. (2013) mentioned that this situation resulted from optimum hygiene and management practices which 

can support increasing milk yield and controlling SCS. In a different study Jattawa et al. (2012) showed that 

genetic correlation between milk yield and lnSCC was 0.26 using bivariate animal model methodology which 

means that high somatic cell count observes in high producing cows and the consequence is high rate of 

mastitis in these animals. The reason of change in genetic correlation from low positive to negative is due to 

high positive and negative genetic correlation between these traits in early and at the end of lactation 

respectively (Haile-Mariam et al., 2001). 

Mean estimated breeding value (EBV) for SCS and 305-d milk yield was -0.012(SE =0.0035) and 18.369 

(SE= 2.398) respectively (Figure 2). Based on this figure, during these years, average EBV 305-day milk yield 

increased from 11.5 in the first year and increased till 2015 and then gradually decreased. The mean EBV 

SCS decreased slightly from 0.111 in 2012 and reached -0.187 in 2016 in our dataset. Decreasing EBV SCS 

between 2012 and 2016 indicate the better health status of dairy cows and better management and 

environmental control to maintain high milk production and less mastitis susceptibility. 

 

Figure 2. Means EBV for average somatic cell score and 305-d milk yield during consecutive calving years. 

Phenotypic trends 

Least square means of SCC in various AFC was shown in Figure 3. The maximum number of somatic cell 

obtained in 18 months (266720 cells). Based on the results, with increasing AFC from 18 to 22 months, 

average number of SCC decreased (the lower value observed in 22 months of calving) and from 22 to 26 

months a steadily trend was observed in least square means of SCC and average SCC gradually progress till 

36 months of calving. The change in least square means of SCC during consecutive AFC showed as a 

polynomial function with the relatively high coefficient of determination (0.77). Cubic regression quantified 

this progress as -34000 cells mL-1 during AFC 18 to 36. The reason of finding of negative polynomial 

coefficient related to high amount of SCC before 22 months of calving in primiparous Holstein. Cows calving 

at younger age (18 to 21 months) were expected to have higher SCC in the milk while calving between 22 

and 26 months resulted to minimum SCC, so with respect to SCC, AFC between 22 till 26 months could be 

the optimum calving time for Iranian primiparous Holstein. Nilforooshan and Edriss (2004) suggested that 

the optimum AFC in Holstein for maximum profit and 305-d milk yield should be 23 to 24 months of age. In 

the study of Eastham et al. (2018) they reported that the lowest SCC was observed in AFC of 21 months 

(72,764 cells mL-1) and SCC increased steadily till 41 months of calving with the highest least square mean 

of 99,558 cells mL-1. 
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Figure 3. Least square means (±SE) of SCC (×1000ml) for different first calving ages. 

It seems that factors that affect increasing SCC such as udder infection, incomplete milking, hygienic 

problems, keeping sick cows with healthy cows and any other stress (Alhussien & Dang, 2018) are more harmful 

on younger heifers calved before 22 months. In an opposite study reported by Juozaitiene and Juozaitis (2005) 

they found that there is no significant relationship between AFC and SCC in Lithuanian Black-and-White cattle. 

Least square means of cumulative milk yield in the first, second and third 100 days of lactation plus total 305 –

day milk yield and persistency in different SCC groups are presented in Figure 4 and 5. 

 In general, the results showed a negative phenotypic relationship between SCC and milk yield 

production or persistency which observed in many studies (Rupp & Boichardm, 1999; Durr et al., 2008; 

Archer et al., 2013). Changes in PS% as increasing SCC are significant in dairy cows. The least square mean 

(LSM) of persistency in completely healthy cows is 95% (SCC< 100,000 cells mL-1) and gradually decreased to 

minimum amount when SCC> 1,500,000 in cows with high mastitis (83.9%). As mentioned in the last 

paragraphs, different studies showed that high SCC had considerable but negative impact on persistency in 

both primiparous and multiparous cows. 

 

Figure 4. Least square means of the first (PMY1), second (PMY2) and third (PMY3) 100 days of lactation in different SCC classes. 
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Figure 5. Least square means TMY305 with 95% confidence limit and persistency ± SE in different SCC classes. 

The least square means of PMY2, PMY3 and TMY305 decreased slightly as the number of SCC increased 

in primiparous cows. Least square means of milk yield for PMY1 in the first class of SCC is around 2965 kg 

and decreased gradually to 2,895 kg in the last class of SCC. The extreme LSM of milk yield for PMY2 and 

PMY3 are 3,133 to 2,889 kg and 2,820 to 2,424 kg milk production respectively. 

The different of LSM for the first and last class of SCC in PMY1, PMY2 and PMY3 are70, 244 and 396 kg 

respectively. This is in agreement with finding of Hagnestam-Nielsen et al. (2009) who denoted that the 

most extensive milk loss related to increase in SCC was observed in late lactation. Also LSM of TMY305 

decreased from 8918 (95% CI=8,838-8,918 kg) in the first class of SCC to 8,210 (95% CI=7,859-8,561 KG) 

milk in the last class. It has been suggested that cows with SCC less than 100,000 cells mL-1 are healthy and 

are not to be infected by pathogens (Hand et al., 2012). With respect to this assumption, a large number of 

dairy cows in Iran suspected to suffer from mastitis during the first lactation and it could be a major factor 

in diminishing milk yield in Iranian dairy cows. The difference of TMY305 between cows with less than 

100000 cells mL-1 (healthy cows) and cows with >1500000 cells mL-1 is approximately 708 kg which 

equivalent to 8% loss of milk yield/cow during standard lactation period. As high producing primiparous 

cows are more susceptible to mastitis, it is predicted that elevation of SCC had a worse effect on milk loss in 

multiparous cows. 

Estimation of 305-day milk yield and persistency for healthy cow were 8918 kg and 95.52% respectively. 

Also least square means of milk loss in cows with 400,000 to 500,000 cells mL-1 and >1500000 cells mL-1 

classes were 378 and 708 kg respectively which equal to a production loss of 4.23% and 7.92% in 

primiparous Holstein. Consequently daily milk loss of SCC at 400,000 to 500000 cells mL-1 and >1,500,000 

cells mL-1 classes are 1.22 and 2.32 kg in first lactation cows. Hagnestam-Nielsen et al. (2009) reported that 

Daily milk loss at an SCC of 500,000 cells mL-1 ranged from 0.7 to 2.0 kg in primiparous Swedish Holstein 

cows. Another study showed that daily milk loss at 400000 cells mL-1 varied between 0.8 to 3.1 kg in 

primiparous cows (Horter & Seegers, 1998). With respect to high level of SCC in Iranian Holstein cows, low 

heritability of AVGSCS and negative relationship between this trait and other economic performance which 

resulted to high mastitis probability, the following recommendations are appropriate:  

1- Regular udder health monitoring is an essential component for prevention of subclinical and clinical 

mastitis. 2- management factors like type of housing, bedding and stall maintenance and manure handling 

also have a critical influence on high rate of SCC which is an index of udder health and 3- regular estimate 

of genetic parameters for SCC using advance models like random regression test day model for increasing 

the accuracy of selection against mastitis in dairy cattle in Iran. 
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Conclusion 

Genetic parameters of Dijkstra mechanistic model and their relationship with average somatic cell count 

were investigated in this study. The heritability of somatic cell count is low and unfavorable correlation was 

obtained between this trait and lactation parameters. Low genetic correlation between average somatic cell 

score and partial or 305-day milk was obtained in this study and critical negative phenotypic trend was 

shown between milk yield performance and persistency with somatic cell count. Somatic cell count is 

relatively high in Iranian dairy herds and therefore it is important that seek a selection programs to decrease 

somatic cell count and improve mastitis resistance in all parities. Proper milking techniques and 

management, monthly control of SCC in dairy cows, and increase the profitability of production system are 

needed to reduce SCC in dairy cattle farms. 

References 

Ali, A. K. A., & Shook, G. E. (1980). An optimum transformation for somatic cell concentration in milk. 

Journal of Dairy Science, 63(3), 487-490. doi: 10.3168/jds.S0022-0302 (80)82959-6 

Alhussien, M. N., & Dang, A. K. (2018). Milk somatic cells, factors influencing their release, future 

prospects, and practical utility in dairy animals, an overview. Veterinary World, 11(5), 562. doi: 

10.14202/vetworld.2018.562-577 

Archer, S. C., Mc Coy, F., Wapenaar, W., & Green, M. J. (2013). Association between somatic cell count after 

first parturition and cumulative milk yield in dairy cows. The Veterinary Record, 173(13), 316. doi: 

10.1136/vr.101558 

Atashi, H., Moradi Shahrbabak, M., & Abdolmohammadi, A. (2006). Study of some suggested measures of 

milk yield persistency and their relationships. International Journal of Agriculture and Biology, 8(3), 387-

390. doi: 10.1017/S1752756200017658 

Barkema, H. W., Deluyker, H. A., Schukken, Y. H., & Lam, T. J. G. M. (1999). Quarter-milk somatic cell count 

at calving and at the first six milkings after calving. Preventive Veterinary Medicine, 38(1), 1-9.  

Boujenane, I., & Hilal, B. (2012). Genetic and non-genetic effects for lactation curve traits in Holstein-

Friesian cows. Archive Animal Breeding, 55(5), 450-457. doi: 10.5194/aab-55-450-2012 

Cakilli, F., & Guneş, H. (2007). Researches on milk production of Brown Swiss. Journal of Veterinary 

Medicine, 33, 43–58. 

Carlen, E., Strandberg, E., & Roth, A. 2004. Genetic parameters for clinical mastitis, somatic cell score, and 

production in the first three lactations of Swedish Holstein cows. Journal of Dairy Science, 87(9), 3062-

3070. doi: 10.3168/jds.S0022-0302(04)73439-6 

Chegini, A., Shadparvar, A. A., & Ghavi Hossein-Zadeh, N. (2015). Genetic parameter estimates for lactation 

curve parameters, milk yield, age at first calving, calving interval and somatic cell count in Holstein 

cows. IranianJournal of Applied Animal Science, 5, 61-68. 

Cunha, D. D. N. F. V., Pereira, J. C., Campos, O. F. D., Braga, J. L., & Martuscello, J. A. (2010). Selection of 

models of lactation curves to use in milk production simulation systems. Revista Brasileira de Zootecnia, 

39(4), 891-902. doi: 10.1590/S1516-35982010000400026 

Dadpasand, M., Zamiri, M. J., & Atashi, H. (2013). Genetic correlation of average somatic cell score at 

different stages of lactation with milk yield and composition in Holstein cows. Iranian Journal of 

Veterinary Research, 14(3), 190-196. doi: 10.22099/ijvr.2013.1680 

DeGroot, B. J., Keown, J. F., Van Vleck, L. D., & Kachman, S. D. (2007). Estimates of genetic parameters for 

Holstein cows for test-day yield traits with a random regression cubic spline model. Genetics and 

molecular research, 6(2), 434-44. 

Detilleux, J., Leroy, P., & Volckaert, D. (1997). Alternative use of somatic cell counts in genetic selection for 

mastitis resistance. Interbull Bulletin, 15, 34–44. 

Dijkstra, J., France, J., Dhanoa, M. S., Maas, J. A., Hanigan, M. D., Rook, A. J., & Beever, D. E. (1997). A model 

to describe growth patterns of the mammary gland during pregnancy and lactation. Journal of Dairy 

Science, 80(10), 2340-2354. doi: 10.3168/jds.S0022-0302(97)76185-X 

Dijkstra, J., López, S., Bannink, A., Dhanoa, M. S., Kebreab, E., Odongo, N. E., & France, J. (2010). Evaluation 

of a mechanistic lactation model using cow, goat and sheep data. Journal of Agricultural Science, 148(3), 

249-262. doi: 10.1017/S0021859609990578 

https://doi.org/10.3168/jds.S0022-0302(80)82959-6
https://dx.doi.org/10.14202%2Fvetworld.2018.562-577
https://doi.org/10.3168/jds.S0022-0302(04)73439-6
http://dx.doi.org/10.22099/ijvr.2013.1680
https://doi.org/10.3168/jds.S0022-0302(97)76185-X
https://doi.org/10.1017/S0021859609990578


Lactation yield and somatic cell score 11 of 12 

Acta Scientiarum. Animal Sciences, v. 42, e50181, 2020 

Durr, J. W., Cue, R. I., Monardes, H. G., Moro-Méndez, J., & Wade, K. M.( 2008). Milk losses associated with 

somatic0 cell counts per breed, parity and stage of lactation in Canadian dairy cattle. Livestock Science, 

117(2-3), 225– 232. doi: 10.1016/j.livsci.2007.12.004 

Eastham, N. T., Coates, A., Cripps, P., Richardson, H., Smith, R., & Oikonomo, G. (2018). Associations 

between age at first calving and subsequent lactation performance in UK Holstein and Holstein-Friesian 

dairy cows. Plos One, 13(6), e0197764. doi: 10.137/journal. Pone. 0197764 

Elsaid, R., Sabry, A., Lund, M. S., & Madsen, P. (2011). Genetic analysis of somatic cell score in Danish dairy 

cattle using random regression test-day model. Livestock Science, 140(1-3), 95-102. doi: 

10.1016/j.livsci.2011.02.013  

Farhangfar, H., & Rowlinson, P. (2007). Genetic analysis of Wood’s lactation curve for Iranian Holstein 

heifers. Journal of Biological Science, 7, 127-35. doi: 10.3923/jbs.2007.127.135 

Goshu, G., Singh, H., Petersson, K. J., & Lundeheim, N. (2014). Heritability and correlation among first 

lactation traits in Holstein Friesian cows at Holeta Bull Dam Station, Ethiopia. International Journal of 

Livestock Production, 5(3), 47-53. doi: 10.5897/IJLP2013.0165 

Guo, J. Z., Liu, X. L., Xu, A. J., & Zhi, X.I A. (2010). Relationship of somatic cell count with milk yield and 

composition in Chinese Holstein population. Agricultural Sciences in China, 9(10), 1492-1496.  

10.1016/S1671-2927(09)60243-1 

Haile-Mariam, M., Goddard, M. E., & Bowman, P. J. (2001). Estimates of genetic parameters for daily 

somatic cell count of Australian dairy cattle. Journal of Dairy Science, 84(5), 1255-1264. doi: 

10.3168/jds.S0022-0302(01)74587-0 

Haile-Mariam, M., Bowman, P. J., & Goddard, M. E. (2003). Genetic and environmental relationship among 

calving interval, survival, persistency of milk yield and somatic cell count in dairy cattle. Livestock 

Production Science, 80(2), 189-200. doi: 10.1016/S0301-6226(02)00188-4 

Hand, K. J., Godkin, A., & Kelton, D. F. (2012). Milk production and somatic cell counts: a cow-level 

analysis. Journal of Dairy Science, 95(3), 1358–1362. doi: 10.3168/jds.2011-4927 

Hagnestam-Nielsen, C., Emanuelson, U., Berglund., & Strandberg, E. (2009). Relationship between somatic 

cell count and milk yield in different stages of lactation. Journal of Dairy Science, 92(7), 3124-3133. doi: 

10.3168/jds.2008-1719 

Harder, B., Bennewitz, J., Hinrichs, D., & Kalm, E. (2006).Genetic parameters for health traits and their 

relationship to different persistency traits in German Holstein dairy cattle. Journal of Dairy Science, 89(8), 

3202-3212. doi: 10.3168/jds.S0022-0302(06)72595-4 

Horter, P., & Seegers, H. (1998). Calculated milk production losses associated with elevated somatic cell 

counts in dairy cows: Review and critical discussion. Veterinary Research, 29,497–510. 

Jamrozik, J., & Schaeffer, L. R. (2012). Test-day somatic cell score, fat-to- protein ratio and milk yield as 

indicator traits for sub-clinical mastitis in dairy cattle. Journal of Animal Breeding and Genetics, 129(1), 

11–19. doi: 10.1111/j.1439-0388.2011.00929.x 

Jattawa, D., Koonawootrittriron, S., Elzo, M. A. & Suwanasopee, T. (2012). Somatic cells count and its 

genetic association with milk yield in dairy cattle raised under Thai tropical environmental conditions. 

Asian-Australasian journal of Animal Science, 25(9), 1216-1222. doi: 10.5713/ajas.2012.12159 

Jeretina, J., Škorjanc, D., & Babnik, D. (2017). A new somatic cell count index to more accurately predict 

milk yield losses. Archive Animal Breeding, 60, 373-383. doi: 10.5194/aab-60-373-2017 

Johansson, I., & Hansson, A. (1940). Causes of variation in milk and butter fat yield in dairy cows. Kungliga 

Lantbruksakademiens Handlingar, 79(62), 1-127. 

Juozaitiene, V., & Juozaitis, A. (2005). The influence of somatic cell count in milk on reproductive traits and 

production of Black-and-White cows. Veterinary Archive, 75(5), 407-414. 

Kheirabadi, K., & Razmkabir, M. (2016). Genetic parameters for daily milk somatic cell score and 

relationships with yield traits of primiparous Holstein cattle in Iran. Journal of Animal Science and 

Technology, 58(1). doi: 10.1186/s40781-016-0121-5 

Koc, A. (2008). A study of somatic cell counts in the milk of Holstein-Friesian cows managed in 

Mediterranean climatic conditions. Turkish Journal of Veterinary and Animal Science, 32(1), 13-18. 

Koivula, M., Mäntysaari, E. A., Negussie, E., & Serenius, T. (2005). Genetic and phenotypic relationships 

among milk yield and somatic cell count before and after clinical mastitis. Journal of Dairy Science, 88(2), 

827-833. doi: 10.3168/jds.S0022-0302(05)72747-8 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.livsci.2007.12.004?_sg%5B0%5D=JVxKaludd51SWWyHg3lNqiOdfEqzh_OKJeI2DK_kj65zmKLZvcu0cKAsMDAxYnWoWedU2gZGTPlW7XMQZkrAd7Werg.SMjIpp9cxSIScaFK0QA8w2u-GCniAwdBh23cPq8-L6iz1aeKC_AnhXfJTzq2uXmvREWi2ViVTm8M_svzjNGALw&_sg%5B1%5D=MJSXFlOvvsS7g-uX_0MVWvMpAjjFU3tdQTnyPz7xNTQqoXx16UwSB36mMOLKvdmHP61uGPRsxe1N.funsRLJJSuZi1QRpT7gDMXD8oYvmSej_S-bF765Zc3vF4Yec3OvHwChCJbKjL5TvXOtdJXngSlL2jIbNxU7R0Q
http://dx.doi.org/10.3923/jbs.2007.127.135
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5897%2FIJLP2013.0165?_sg%5B0%5D=oqE6KgI7mgTGDrWqDwjit_aIrrC49ytJpJLwGNLYAei0Gp3yks8ODcTMi7FBknFppmLxENeqlgCrmkKanwvX-RDgrA.EgdF535X3qaJ6C8oBNoiS0FAH3bLqEMUH4k1Di-SoNm_2J-iMZoeF3Xco6PseiPQuBe_c4_9M0fG2uR1zvohiA&_sg%5B1%5D=IvzoP4Q4lEageDw1QMpfe5ihSVWAoc6S8VZjNh6NkD43Lc83JCbFebt-yA6AUV4D7ekwL-uRfT25.H15aChF3Nbjw3idlWUu45GFCH1fBQXnkl3Sn8QDR6Yb4zFwxsnSjl_mBCzU4Ljw15Tlcliu3T7-oiDNfsRkRDQ
https://doi.org/10.1016/S1671-2927(09)60243-1
https://doi.org/10.1016/S1671-2927(09)60243-1
https://doi.org/10.3168/jds.S0022-0302(01)74587-0
https://doi.org/10.3168/jds.S0022-0302(01)74587-0
https://doi.org/10.1016/S0301-6226(02)00188-4
https://doi.org/10.3168/jds.S0022-0302(06)72595-4
https://doi.org/10.5713/ajas.2012.12159
https://dx.doi.org/10.1186%2Fs40781-016-0121-5
https://doi.org/10.3168/jds.S0022-0302(05)72747-8


Page 12 of 12 Torshizi & Farhangfar 

Acta Scientiarum. Animal Sciences, v. 42, e50181, 2020 

Makgahlela, M. L., Banga, C. B., Norris, D., Dzama, K., & Ngambi, J. W. (2007). Genetic correlations between 

female fertility and production traits in South African Holstein cattle. South African Journal of Animal 

Science, 37(3), 180-188. doi: 10.4314/sajas.v37i3.4090 

Meyer, K. (2006(. WOMBAT – A program for mixed model analyses by restricted maximum likelihood. User 

notes. Journal of Zhejiang University-SCIENCE B, 8(11), 815-821. doi: 10.1631/jzus.2007.B0815 

Miglior, F., Sewalem, A., Jamrozik, J., Bohmanova, J., Lefebvre, D. M., & Moore, R. K. (2007). Genetic analysis 

of milk urea nitrogen and lactose and their relationships with other production traits in Canadian 

Holstein cattle. Journal of Dairy Science, 90(5), 2468-2479. doi: 10.3168/jds.2006-487 

Mrode, R. A., Swanson, G. J. T., & Winters, M. S. (1998). Genetic parameters and evaluations for somatic cell 

counts and its relationship with production and type traits in some dairy breeds in the United Kingdom. 

Animal Science, 66(3), 569-576. doi: 10.1017/s1357729800009140 

Nasri, M. F., France, J., Odongo, N. E., López, S., Bannink, A., & Kebreab, E. (2008). Modeling the lactation 

curve of dairy cows using the differentials of growth functions. Journal of Agricultural Science, 146(6), 

633-641. doi: 10.1017/S0021859608008101 

Nilforooshan, M. A., & Edriss, M. A. (2004). Effect of age at first calving on some productive and longevity 

traits in Iranian Holsteins of the Isfahan province. Journal of Dairy Science, 87(7), 2130-2135. doi: 

10.3168/jds.S0022-0302(04)70032-6 

Ødegard, J., Klemetsdal, G., & Heringstad, B. (2013). Variance components and genetic trend for somatic 

cell count in Norwegian Cattle. Livestock Science, 79(2-3), 135– 144. doi: 10.1016/S0301-6226(02)00148-3 

Reents, R., Dekkers, J. C. M., & Schaeffer, L. R. (1995). Genetic evaluation for somatic cell score with a test 

day model for multiple lactations. Journal of Dairy Science, 78(12), 2858-2870. doi: 10.3168/jds.S0022-

0302(95)76916-8 

Rupp, R., & Boichard, D. (1999). Genetic parameters for clinical mastitis, somatic cell score, production, 

udder type traits, and milking ease in first lactation Holsteins. Journal of Dairy Science, 82(10), 2198-2204. 

10.3168/jds.S0022-0302(99)75465-2 

Saloniemi, H., Sand Holm, M., Honkanen-Buzalski, T., Kaartinen, L., & Pyörälä, S. (1995). Impact of the 

conformation of the cow on mastitis. The bovine udder and mastitis. Helsinki, FI: University of Helsinki. 

Samore, A. B., Groen, A. F., Boettcher, P. J., Jamrozik, J., Canavesi, F., & Bagnato, A. (2008). Genetic 

correlation patterns between somatic cell score and protein yield in the Italian Holstein-Friesian 

population. Journal of Dairy Science, 91(10), 4013-4021. doi: 10.3168/jds.2007-0718. 

Statistical Analysis System [SAS]. (2004). SAS/STAT User’s guide, Version 9.2. Cary, NC: SAS Institute Inc. 

Schutz, M. M., Hansen, L. B., Steuernagel, G. R., & Kuck, A. L. (1990).Variation of milk, fat, protein, and 

somatic cells for dairy cattle. Journal of Dairy Science, 73(2), 484-493. doi: 10.3168/jds.S0022-

0302(90)78696-1 

Sharma, N., Singh, K. H., & Bhadwal, M. S. (2011). Relationship of somatic cell count and mastitis: an 

overview. Asian-Australasian Journal of Animal Science, 24(3), 429–438. doi: 10.5713/ajas.2011.10233 

Strapakova, E., Candrák, J., & Strapák, P. (2016). Genetic relationship of lactation persistency with milk 

yield, somatic cell score, reproductive traits, and longevity in Slovak Holstein cattle. Archive Animal 

Breeding, 59(3), 329-335. doi: 10.5194/aab-59-329-2016 

Val-Arreola, D., Kebreab, E., Dijkstra, J., & France, J. (2004). Study of the lactation curve in dairy cattle on 

farms in central Mexico. Journal of Dairy Science, 87(11), 3789-3799. doi: 10.3168/jds.S0022-

0302(04)73518-3 

Weller, J. I., Saran, A., & Zeliger, Y. (1992). Genetic and environmental relationships among somatic cell 

count, bacterial infection, and clinical mastitis. Journal of Dairy Science, 75(9): 2532-2540. doi: 

10.3168/jds.S0022-0302(92)78015-1 

Yamazaki, T., Hagiya, K., Takeda, H., Sasaki, O., Yamaguchi, S., Sogabe, M., … Nagamine, Y. (2013). Genetic 

correlations between milk production traits and somatic cell scores on test day within and across first 

and second lactations in Holstein cows. Livestock Science, 152(2-3): 120–126. doi: 

10.1016/j.livsci.2012.12.015 

Zavadilova, L., Wolf, J., Štípkova, M., Nemcová, E., & Jamrozik, J. (2011). Genetic parameters for somatic cell 

score in the first three lactations of Czech Holstein and Fleckvieh breeds using a random regression 

model. Czech Republic Journal of Animal Science, 56(6), 251-260. doi: 10.17221/1286-cjas 

http://dx.doi.org/10.4314/sajas.v37i3.4
https://doi.org/10.3168/jds.2006-487
https://doi.org/10.3168/jds.S0022-0302(04)70032-6
https://doi.org/10.3168/jds.S0022-0302(95)76916-8
https://doi.org/10.3168/jds.S0022-0302(95)76916-8
https://doi.org/10.3168/jds.S0022-0302(99)75465-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5713%2Fajas.2011.10233?_sg%5B0%5D=cQ-8c01XrNnyPBBrI7OhOa5qGbzPgIIQfs64BJFlKlcBHpNdTnw-0RaPX6J_H6L6nSD6x8gvXXz9QMjlqjPgkXdJsg.lfOnBEvhRb_J_MtK9XSdKkzWS3VhRvYuCsXbBkA9S9CVP8ocDHnM0fCYHhAhpRAHL6VMAGZWleyj5uMcbw4alQ&_sg%5B1%5D=eBpy_m11ZGM0cJdNpEWZDcyKlT7WyCUtjjQL4HvLL6wJZdUd5YhsdgOmbKveSO1OFkrTKBgtp6t2.lVWALGhWqXrWTn22n6gaAoN8HI2h7Qt1t_e8zsD-QgN9jdStmdlV9C4oYKBrudVcNX7O_891hgQuNgQ3ug4ncA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5194%2Faab-59-329-2016?_sg%5B0%5D=0dC0W6EyZ5GM5SQtsQaQZKtoEUqWvyvN7v_EB5i9rFo6cU7748tLuQyTJRLm95YQHHGVSExR2MmaNg089mRDeVyseA.KrBNCBGN7joTpQH6xAdXJGYrCi7Dscy_X58OsOZ2rX8hjEf74qtfkbf4x73UddAkbxj6vPYab-Kqy-oRrt-fBA&_sg%5B1%5D=Xb3yULrCHetwj2O79OU9oGJ_ajV7_WAZUDR7lP0vs4e6lDRtRpmfZlO3MYrmL_NF3nuq4OSCGu43.0JzeRApth41n_AlnXrx5l5xkaJ79P6lM67Mgo4qGuGqGbI4U0NZL5vBC1Bt03GsttoT3C8KonBqVIeNQKAemlg
https://doi.org/10.1016/j.livsci.2012.12.015
https://doi.org/10.17221/1286-cjas

