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Abstract: This study was conducted to evaluate the direct and the indirect
standardized effects of some dairy performance parameters (days dry,
lactation length, parity, total milk yield and 305-day milk yield) on the milk
Somatic Cell Count (SCC) of Holstein cows throughout modeling of these
variables with the path analysis technique. During studying 617 Holstein
cows were enrolled in the experiment with the average Days in Milk (DIM)
of 15+7.14 and still in the trial till the end of their lactation length. Milk
samples were taken from each cow every three months; then, the fresh milk
samples subjected to somatic cell counting via automatic cell counter. Other
data of days dry, lactation length, parity, total and actual 305-day milk
yields obtained from the dairy farm recording system (Dairycomp). After
collection of all data, the data entered to AMOS software program version
24 to build a path model among days dry, lactation length, parity as
independent variables and total, 305-day milk yields as intermediate
transitional variables and milk SCC as a dependent variable. The study
revealed that the SCC was directly affected by lactation length, total and
305-day milk yields, while it indirectly affected with total milk yield.
Moreover, the overall standardized effect of the total milk yield on the milk
SCC was week as a result of the negative direct effect -0.173 neutralized
with another positive indirect one 0.229.
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that, the milk SCC is commonly used to calibrate the
payments to dairy producers (Pirisi et al., 2007).

Introduction

Milk quality and udder health are the most critical
factors governing the dairy farm's profitability. The
customers of the dairy products are seeking the products
with attractive constituents and proficient characters, as
milk charges were reliant on its composition. Therefore,
dairy farmers have modified their management practices
to obtain high milk quality in combination with superior
animal welfare (Nasr, 2016). Somatic cells are an essential
milk constituent used to govern the mammary gland
health and milk quality (Richoux et al., 2014). The
increasing of the Somatic Cell Count (SCC) in milk is
associated with hazardous effects on milk quality, as the
milk with high SCC has reduced milk fat, protein, lactose
and minerals (Lindmark et al., 2006). In consequence of
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The main two components of the milk somatic cell
count are leukocytes, which ranged from 75 to 85% and
epithelial cells, which reach up to 15-25% (Barrett,
2007). The elevation of the SCC combined with a reduction
in the synthetic power of the udder (Harmon, 1994).
Furthermore, the predominant adverse effects of the high
SCC in milk associated with shorter life spans of the dairy
animal together with negative organoleptic characters of the
dairy milk and its end products, this caused by the
enzymatic actions of the somatic cells (Topel, 2004).

Advancement of the parities led to a steady increased
in SCC (Natzke et al., 1972; Yang et al., 2013).
Linearly, Nasr and El-Tarabany (2017) detected an
elevation of SCC with either parities progress or aging of
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the cow. This elevation could be as a result of the high
incidence of permanent glandular impairment from
retreating of infections (Natzke et al., 1972). In contrast,
Sevi et al. (2000) suggested that the parities had no
significant effect on SCC. Moreover, the daily variation
in milk SCC can be extensive even for healthy cows
(Schepers et al., 1997).

Additionally, proper milking hygiene and the
education level of employees in dairy farms are the most
critical factors affecting the milk SCC (Yal¢m et al.,
2010). In concurrent work, the path analysis was used to
build a path model to quantify the effect of some dairy
performance variables (days dry, lactation length, parity
number, total and actual 305-day milk yields) on milk
SCC. The path model would be evaluated the relative
contribution of each component with its direct and
indirect effects on milk yield and SCC.

Materials and Methods
Ethical Statement

The study was assessed and agreed by the Animal
Care and Welfare Committee Ethics, Sadat City
University, Egypt.

Animals and Experimental Design

The study was conducted in a private modern dairy
farm located in Giza provenance, Egypt during the
period from January 2017 to February 2019, with
atmospheric temperature ranged from 17 to 42°C and
relative humidity (Rh %) from 33 to 60%. The cows
were high yielding dairy cows with average milk
production of 9000 Liters/season and 2.18 parity
numbers (range 1-9 parity). During studying 617
Holstein cows were enrolled in the experiment. The
cows were enrolled in the research from 15 + 7.14 Days
in Milk (DIM) till the end of their lactation phase. The cows
were fed Total Mixed Ration (TMR) three times per day.
The ration was adjusted to the nutritional needs of the dairy
Holstein breed. The diet (DM/kg per day) based on corn
silage (18.0), grounded corn (7.8), alfalfa hay (6.0), soybean
44% (2.3), wheat bran (3.2), dried pulp root (2.8), rice bran
(2.8), cottonseed (2.8), sunflower meal (1.2), beaker yeast
(0.10) and a mineral and vitamin supplement. The ration
crude protein content was adjusted to 18% on the dry matter
basis. The animals housed within free-stall colony pens
with free-choice water supply.

Milking and Milking Equipment

The cows milked in a herringbone parlor three times
per day with equal milking intervals of 8 h. The cows
milked via air-pipeline milking system equipped with
automatic take-off systems and automated recording
systems (ALPRO, DelLaval, Kansas City, Missouri,
USA) with monovac (same vacuum level throughout
milking), a pulsation ratio of 70/30, a pulsation rate of 60
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cycles/min and a system vacuum of 42 kPa. Periodical
udder health examination followed with rigid milking
hygiene. The cows which suffered from generalized or
udder health problems culled from the trial.

Measurements

Individual milk samples were collected once every
three months from each cow throughout lactation.
Samples were taken fresh from the automatic milking
system in 50 mL milk sampling tubes; then the milk
samples were subjected to somatic cell counting via a
fluoroopto- electronic counter (Fossomatic TM FC,
Foss, Hillerad, Denmark). SCC was within the average
level of the healthy mammary gland and it was less
than 100000 cells/ml (Bradley and Green, 2005). Data
of days dry, lactation length, parity, total and actual
305-day milk yield gained from the computer recording
system (Dairycomp).

Statistical Analysis

The data of days dry, lactation length, parity, total
milk yield, 305-day milk yield and SCC enrolled in the
statistical analysis after a complete examination of the
data. The dairy record which had data losses more than
10% excluded from the further statistical analysis. The
SCC data of each dairy cow were logarithmically
transformed to obtain normal distributed values. The
logarithmically processed data of the SCC of each cow
grouped in one geometric pooled mean which used as
overall SCC average in the further path analysis.
Besides, the UNIVARIATE procedure was used to
determine outlier cows. Records that were >2.5 standard
deviations from the mean for 305-day milk yield was
considered outliers and excluded from the analyses. This
editing procedure resulted in 509 records for the
analysis. The verifying of normality of the data done via
the Kolmogorov-Smirnov test, which revealed that no
variables differed significantly from the normal
distribution (p>0.05). While, the homogeneity of the
variance was done via Levene's test, as all variables were
confirmed to be homogenous. The path analysis was
performed via SPSS software package version 24 (IBM
Corp, 2016) together with AMOS software package
version 24 to build a path model.

The path analysis used to build a conceptual model
between SCC as the dependent variable, 305-day milk yield
and total milk yield as intermediate variables and lactation
length, parity and days dry as independent predictor
variables. After complete data processing and screening, the
data was entered to AMOS, to conduct the path analysis.
The process of construction of the hypothetical model
performed according to correlation matrix and literature
suggested. The method of building up arranged from the
independent variables (days dry, lactation length and
parity to intermediate variables (total and actual 305-day
milk yields) then finally to the dependent variable (SCC).
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Fig. 1: The suggested path model

Table 1: The correlation matrix of the dairy performance indices and somatic cell count

Parameters Lactation length Days dry Parity number  Total milk yield 305-day milk yield SCC
Lactation length 1

Days dry 0.069 1

Parity number -0.005 0.139** 1

Total milk yield 0.839** 0.083 0.018 1

305-day milk yield 0.175** 0.153** -0.099 0.365** 1

ScC 0.310** -0.052 -0.081 0.248** 0.365** 1

**Correlation is significant at the 0.01 level (2-tailed). SCC: somatic cell count

The model construction process resulted in the following
suggested model (Fig. 1) then the estimation of the model
was run in AMOS.

After the initial building process had achieved and
the model tended to be modified with the support of the
modification indexes provided from AMOS software
from the higher value to the smaller one sequentially, to
obtain an ideal model. The model fit estimation performed
after each time of modification. This sequence was
repeated and didn't stop until the AMOS provides no
modification index. The non-significant paths were
removed one by one and followed by checking of any
more modification index provided each time.

Results

The Correlation Matrix of the Dairy Performance
Indices and Somatic Cell Count

The correlation matrix among different study
variables revealed no correlation between days dry and
the SCC (Table 1). The same trend appeared in the
relationship between the parity and the SCC. In contrast,
the milk SCC possessed high significant correlation with
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lactation length, total milk yield and 305-day milk yield
(0.310, 0.248, 0.365, respectively) at (p<0.01).
Moreover, the lactation length was in highly significant
correlation with total and 305- day milk yields (0.839
and 0.175, respectively) at (p<0.01). Similarly, days dry
correlated with both parity and 305-day milk yield with
correlation coefficients of 0.139 and 0.153, respectively
(p<0.01). Furthermore, total milk yield was strongly
correlated with 305-day milk yield with a correlation
coefficient of 0.365 at (p<0.01).

The previous results indicate that none of the
observed variables showed a significant linear
correlation higher than 0.9 (r > 0.90) among each other.
Thus showed no multi-collinearity would arise in the
path model and excellent fit would be obtained
(Tabachnick and Fidell, 2007).

Dairy Performance Indices and Somatic Cell Count
Path Model

Path analysis in concurrent work was used to build
conceptual model between SCC as a dependent variable,
305-day milk yield and total milk yield as intermediate
variables and lactation length, parity and days dry as
independent predictor variables.
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Fig. 2: The path model with estimated beta load and explained variance of the dairy performance indices and somatic cell count

Table 2: The model fit indexes of the dairy performance indices and somatic cell count in path model

Measures indicate the goodness of fit

Value of Fit The index
index for the Index Ideal value of the
Model fit indexes proposed model  range index range complete fit Reference
Chi-square (x2) 4.207 The value of Chi-square Barrett (2007)
Degree of freedom (df) 4 is not significant at (P>0.05)
Chi-square significance level 0.379
Chi-square ratio (Chi-square/ df) 1.052 > 0.00 <2 0-1 Tabachnik and Fidel (2007)
Root mean square error 0.009 0-1 <0.07 0 Steiger (2007)
of approximate (RMSEA)
Expected cross validation index (ECVI)
0.080 ECVI for the model < ECVI for Tabachnick and Fidell (2007)
ECVI for saturated model 0.086 the saturated model
Normal fit index (NFI) 0.996 0-1 >0.95 1 Hu and Bentler (1999)
Non-normed fit index (TLI) or (NNFI) 0.999 (£0)-(=1) >0.95 1
Relative fit index (RFI) 0.981 0-1 >0.95 1
Incremental fit index (IFI) 1 0-1 >0.95 1
Comparative Fit Index (CFI) 1 0-1 >0.95 1
Standardized Root Mean 0.05 0-1 <0.08 0

Square Residual (SRMR)

The Model Fit Indexes of the Dairy Performance
Indices and Somatic Cell Count in Path Model

Parameter loading (Beta), explained variance (R?)
was determined for the path model (Fig. 2) as well as
the model fit indexes (Chi-square (%), Comparative
Fit Index (CFI), Normal Fit Index (NFI), Non-Normal
Fit Index (TLI), Incremental Fit Index (IFI), Relative
Fit Index (RFI), Root Mean Square Error of
Approximate (RMSEA) and Standardized root mean
square residual (SRMR) with their p-values reported
in (Table 2). The path model fit indexes had suitable
fit values for the original data, as the chi-square was
not significant at (p<0.05) and the chi-square/df ratio
is less than 2. Also, the values of NFI, TLI, RFI, IFI
and CFl were > 0.95, which indicate good model fit.
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The values of SRMR and RMSEA were 0.05, 0.001,
respectively and these values indicated good model fit
as they were less than those of their ideal range 0.08,
0.07, respectively.

The Standardized Beta Loads of the Dairy
Performance Indices and Somatic Cell Count in
Path Model

The total and 305-day milk yield and lactation
length significantly influenced the SCC (Table 3), as
lactation length was strongly influenced the milk SCC
with standardized beta load of 0.446 followed by 305-
day milk yield with beta load of 0.367 and finally the
total milk yield had negatively influenced the SCC
with standard beta load of -0.173.
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Table 3: Standardized beta load between the dairy performance indices and somatic cell count in path model

Performance indices

Independent Dependent Estimated beta load Standard error  Critical ratio  P-value Significance
Days dry Total milk yield 0.157 1.436 6.899 0.000 Yes
Lactation length Total milk yield 0.826 0.433 36.424 0.000 Yes
Lactation length 305-day milk yield ~ -0.327 1.107 -5.033 0.000 Yes

Parity 305-day milk yield  -0.226 56.763 -6.047 0.000 Yes

Total milk yield 305-day milk yield 0.623 0.058 9.599 0.000 Yes

Total milk yield SCC -0.173 0 -2.637 0.008 Yes
305-day milk yield SCC 0.367 0 9.538 0.000 Yes
Lactation length SCC 0.446 0.001 7.127 0.000 Yes

SCC: Somatic Cell Count

Table 4: Correlation matrix between different study independent variables

Performance indices Estimate correlation  Standard error Critical ratio P-value Significance
Days dry Lactation length -0.055 231.32 -1.368 0.171 No

Parity Days dry 0.494 2.894 11.053 0.001 Yes

Parity Lactation length -0.041 8.622 -1.028 0.304 No

Table 5: Explained variances (squared multiple correlations) for the study intermediate and dependent variables

Parameters Estimate explained variance
Total milk yield 0.693
305-day milk yield 0.195
SCC 0.257
SCC: somatic cell count
Table 6: Standardized total effects between different study variables
Parameters Lactation length Days dry Parity Total milk yield 305-day milk yield
Total milk yield 0.826 0.157 0 0 0
305-day milk yield 0.188 0.098 -0.226 0.623 0
SCC 0.373 0.009 -0.083 0.056 0.367
SCC: somatic cell count
Lactation length, parity and total milk yield One of our exciting results is the total, direct and

possessed significant relationships with 305-day milk
yield. The most substantial positive influence was
attained between the total and 305-day milk yield with a
standardized beta load of 0.623, while the lowest impact
was achieved in the parity as it influenced the 305-day
milk yield with a negative beta load of -0.226.
Additionally, the lactation length had a negative effect
on 305-day milk yield with a standardized beta load of -
0.327. Total milk yield greatly influenced with lactation
length with a beta load of 0.826 followed with days dry
with a beta load of 0.157.

The correlation matrix revealed from the path model
(Table 4), it was proof that the only significant positive
correlation achieved between days dry and the parity
with correlation coefficient (r) of 0.494.

The variance explained obtained from the path model
was 0.693 for the total milk yield variance, as this means
the model could explain about 0.693 from the total
variation of the total milk yield (Table 5). Also, the path
model succeeded to explain nearly 0.257 of the milk
SCC variation, while the model could explain only 0.195
from the 305-day milk yield variation.
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indirect effects of independent variables on
intermediated and dependent variables (Tables 6, 7 and
8). As, lactation length influenced the total milk yield
with only direct effect by a standardized beta load of
0.826, while it affected the 305-day milk yield with a
standardized total effect of 0.188 about - 0.327 of this
effect was direct effect and 0.515 was indirect effect, as
the direct negative effect masks some of the indirect ones.
Similarly, the lactation length affected SCC with a total
effect of 0.373. This summed total value outcomes from
the neutralization of the lactation length direct effect by
0.446 with another indirect one - 0.074 on the SCC.

Days dry also have influenced the total milk yield
only by the direct effect with a standardized beta load of
0.157. However, it affected the 305-day milk yield and
SCC only by the indirect route with a standardized beta
load of 0.098 and 0.009, respectively. The parity number
affected the 305-day milk vyield directly with a
standardized beta load of -0.226, while it influenced the
SCC indirectly by a standardized beta load of -0.083
throughout the 305-day milk yield as an intermediate
variable. Additionally, the 305-day milk yield was directly
affected the SCC by a standard beta load of 0.367.
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Table 7: Standardized direct effects between different study variables

Parameters Lactation length Days dry Parity Total milk yield 305-day milk yield
Total milk yield 0.826 0.157 0 0 0

305-day milk yield -0.327 0 -0.226 0.623 0

SCC 0.446 0 0 -0.173 0.367

SCC: Somatic Cell Count

Table 8: Standardized indirect effects between different study variables

Parameters Lactation length Days dry Parity Total milk yield 305-day milk yield
Total milk yield 0 0 0 0 0

305-day milk yield 0.515 0.098 0 0 0

SCC -0.074 0.009 -0.083 0.229 0

SCC: Somatic Cell Count

Discussion

The present study proposed to evaluate either the
direct or the indirect effects of some dairy performance
parameters (days dry, lactation length, parity, total and
305-day milk yields) on SCC in Holstein milk via path
modeling technique. The results revealed that the 305-
day milk yield and the total milk yield were strongly
affected by lactation length. Additionally, the path model
showed strong positive effects of either 305-day milk
yield or total milk yield on SCC. These findings were
following the previous reports of (Kadarmideen, 2004).
The previous result might be due to the genetic
correlation between the milk production and SCC
(Carlén et al., 2004; Kadarmideen, 2004), in addition to
the harmful effects of high milk yield on immunity and
health of the dairy cows. On the contrary, conflict trials
recorded a negative correlation between milk yield and
SCC is well documented by many authors (Jia-Zhong et al.,
2010; Yang et al., 2013; Teleb et al., 2014; Nasr and
El-Taurbany, 2017). Our results contrast with several
previous studies, but significant differences among herds
and study methodologies should note.

The path model revealed a positive effect of the
lactation length on the SCC via both the direct and the
indirect routes. The findings indicated the elevation of
SCC accompanied with via long lactation length. These
results agreed with those of (Kennedy et al., 1982;
Sheldrake et al., 1983). Dohoo and Meek (1982) reported
higher SCC during the late stage of lactation in
comparison to early and mid-stages. Moreover, the SCC
was most elevated soon after calving, dropped quickly
during the period from 25 and 45 DIM and then elevated
gradually during the course of the rest of the lactation
cycle (Kennedy et al., 1982). Strong correlation had been
noted between SCC and stage of lactation in healthy dairy
cows, as the SCC increased with the progress of the DIM
(Sheldrake et al., 1983).

The current study suggested that the parity had a direct
negative effect on the 305-day milk yield. This result was in
agreement with the findings of (Goncalves et al., 2018).
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Also, the results suggested that the total milk yield
affected the 305-day milk yield directly with strong
positive effect. This finding was inconsistent with
(Nasr and El-Tarabany, 2017).

The parity possessed week negative effect on the
SCC via the indirect route only. This week effect
attained throughout the negative effect of parity on the
305-day milk yield. These findings match those of
(Gongalves et al., 2018). Laevens et al. (1997) and
Sevi et al. (2000) can’t find any significant effect of
parity, stage of lactation and their interaction on SCC
in bacteriological free cows. In contrast, Yang et al.
(2013) reported that the increase of the parity number
accompanied by a gradual increase in SCC. Other
researchers proofed that the higher SCC in the dairy
cows attained during the second (Kiiman, 1998) and the
third parities (Eyduran et al., 2005).

Regarding the effect of the days dry on the milk
SCC, the path model revealed a positive indirect effect
of the days dry on the milk SCC. In contraries,
Khazanehei et al. (2015) find high SCC in the milk of
the dairy cows received a short dry period length of 40
days. Besides, the path model revealed no significant
correlation among different independent variables
except the relationship between parity and days dry. The
result could be due to the ability of the dairy cows to
restore their body reserves declined with aging.

Conclusion

The study was concluded that the SCC was directly
affected by lactation length, total and 305-day milk
yields with the standardized beta load of 0.446, -0.173,
0.367, respectively, while it indirectly affected with total
milk yield by a standardized beta load of 0.229 at
(p<0.001). The net standardized effects for the total milk
yield upon the milk SCC were low due to the negative
direct effect -0.173, which neutralized with another
positive indirect one 0.229.
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