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ARTICLE INFO ABSTRACT

Keywords This study was aimed to determine the performance of linear discriminant analysis (LDA) for
differentiation between seasons of calving on the basis of 305day- milk yield, fat %, protein
%, days open (DO), days to first insemination (DFI), and number of services per conception.
By considering the assumption of this method, a random sample was selected from the animals
being represented by all explanatory variables. The discrimination between seasons of calving
was depended on the significance of coefficients, classification rate, in addition to the group
centroids. Results showed that LDA method selected 305day-milk yield (kg), days open (DO),
days to first insemination and number of services per conception, as the significant (P < 0.05)
contributors for data classification. The total variance explained by 2 functions was 79.2% and
15.9%, respectively. So, the 1st function can do well in discrimination process than the 2ndone.
The percentage of correct classification was 64.6%. In conclusion, LDA can be used effectively
for classification of calving seasons, even with violation of normality assumption
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1. INTRODUCTION

The dairy industry is a significant agricultural subsector in
both developed and developing countries. Recently, milk
quality features have become increasingly relevant as
consumer demand for healthy diets grows, and subsequently
cow’s milk is being progressively documented as a valuable
source of protein, energy, essential vitamins, and minerals
(German and Dillard, 2006). In this context, increasing milk
yield in terms of quality and quantity as well as improving
reproductive performance have always been the desired goal
for dairy producers (Senger, 2001). Notably, the
reproductive success of dairy cattle is a fundamental
indicator for the sustainability of the dairy farming system,
and it has a significant relationship with the milk yield (El-
Tarabany and El-Bayoumi, 2015). Poor reproductive
performance of dairy cattle leads to significant economic
losses due to lower returns from calves born and milk
produced, cost of prolonged calving interval, increased
insemination costs, and forced replacements in the event of
culling (Nishida et al., 2006).In order to improve
productivity and profitability of dairy cattle, it is substantial
to be aware about the environmental and physiological
factors affecting the performance of animals. Season of
calving is one of the crucial environmental factors that
determine cattle productive and reproductive efficiency
(Khosroshahi et al., 2011). It was documented that severe
environmental conditions in subtropical regions showing
decreasing in milk yield amount and predisposes the animal
to generate low-gain (Collier et al., 2006). Notably, the

influence of seasonal variation on the performance of dairy
cattle have been reported (Ramadan and El-Tahawy, 2014;
Hassan et al., 2017), which may be attributed to the harsh
variation in environmental temperature, photoperiod, and
feedstuffs availability(Zicarelli, 1997).Multivariate
statistical analysis, such as discriminant analysis (DA), is an
important method to evaluate the impact of various
production environments and in the production of milk and
milk products according to consumers ' needs (Mele et al.,
2016). Linear discriminant analysis (LDA) is a very
important statistical technique for examination of the
relationship between a categorical outcome and multiple
predictor variables in the form of discriminant function
(Cramer, 2003). This model can be used to explore which is
the best independent variable that differentiates between two
or more groups along with classification of cases into their
group (Timm, 2002; Hamid, 2010). It is based on the
conception of a function which could provide the
identification of the subject of analysis (Kara et al., 2005).
Therefore, this study aimed to apply discriminant function
to determine the weight of productive (305day-milk yield,
milk fat %, and milk protein %) and reproductive measures
(Days to first insemination, days open, and number of
services) in prediction of calving season for Holstein-
Friesian cows.

2. MATERIAL AND METHODS
2.1. Sampling and data collection
A standardized data of 806 pure breed Holstein-Friesian
cows was collected from reliable records of large
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commercial dairy farm, extensively monitored for research
purposes, Sharkia governorate, Egypt, during the period
extended from January 2018 to December 2019. The area
climate is subtropical in nature with ambient temperature
ranging between 350C in summer and 7.2°C in winter and
relative humidity varies from 58% in winter to over 77% in
summer (El-Ramady et al., 2013). Also, the region receives
more rainfall in winter with an average of 20 mm per annum.
The average temperature and THI values in different seasons
are illustrated in Fig.1.The data included calving season,
305day-milk yield (kg), Fat%, protein%, days to first
insemination (days), days open (days), and No. of services
per conception. The dependent variable was calving season.
All animals enrolled in the current study were classified
according to calving season into winter calving (n= 202),
spring calving (n= 201), summer calving (n= 201), and
autumn calving (n=202). However, the independent
(predictor) variables included 305 day-milk yield, Fat %,
protein %, days to first insemination, days open, and No. of
services per conception (Table 1),

Fig. 1 Multivariate normality graph for variables within seasons of calving

2.2. Herd management
Whole animals presented in the dairy farm were housed in a
free-stall barn provided with water splashing systems
(cooling system) that operate when the ambient temperature
exceeds 30°C. The cows were machine-milked three times a
day, with milk yield and composition recorded at each
milking. The total mixed ration (TMR) was provided for all
animals twice a day, and determined based on the actual milk
production and body condition score. The TMR was
formulated to meet the optimized requirements of energy,
protein, vitamins, and minerals. Monthly, TMR was
sampled and analyzed using wet chemistry methods. The
primary analysis of TMR includes crude protein (16.55%),
net energy for lactation (Mcal/kg = 1.79), and neutral
detergent fiber (24.74%). The main utilized forage is Alfalfa
hay. All animals were regularly vaccinated against foot and
mouth disease (FMD), hemorrhagic septicemia, and
brucellosis. For mastitis, lactating cows were vaccinated
(Rotatec J5) every 4 months, while heifers and dry cows
were vaccinated at 60 and 30 days before calving,
respectively. Cows estimated in heat by visual inspection
and/or excessive activities recorded by the pedometer, they
were introduced to insemination10 to16 hours later.

The productive and reproductive data were tracked by a
commercial on-farm software program (AfiFarm version
4.1).

2.3. Model Specification
2.3. a. Assumptions of Linear Discriminant Analysis:
Predictor variables were tested for univariate normality by
using histogram and normal Q-Q plot, while multivariate
normality was assessed by chi-square versus Mahalanobis
distance plot. Data were also tested for linearity (linear
relationship) between the outcome variable and each of the
explanatory variables using scatter plots according to Utts
(2005). Variance inflation factor (VIF) was used to detect
the multicollinearity between predictors. Homogeneity of
covariance matrices were done by using Box’s M test and
according to Hahs-Vaughn (2017) who recommended the
significance of the test at (P< 0.001). Finally, multivariate
outlier is done by using a measure called Mahalanobis
distance.

2.3. Linear Discriminant Equation:
Linear discriminant technique was used to detect the
predictor variables being discriminated well between the
four seasons of calving. The initial discriminant equation
was as follow:

= + + + + + +
Where,

= predicted score (discriminant score)− = independent (predictor) variables
= constant
– = discriminant coefficients or weights.

Depending on the estimates of the coefficients of
discriminant analysis, we able to determine which
independent variables would be used to differentiate
between the groups. The coefficients with high measure
refer to the importance of the corresponding variable in
explaining the outcome. Furthermore, discriminant function
gives what is known as discriminant scores, from which the
predicted probabilities will be determined for each case of
the categorical outcome variable. These discriminant scores
along with centroids (the group means) share in the
discrimination of cases into their groups (Worth and Cronin,
2003). All statistical procedures were completed using SPSS
V. 23.0 (SPSS Inc., Chicago, Illinois, USA).

3. RESULTS

The first set of analyses in the current study was applied to
examine the assumptions of linear discriminant analysis.
The results revealed the violation of multivariate normality
of explanatory variables, even with log transformation of
data. Nevertheless, the analysis was conducted in violation
of this assumption since the discriminant analysis achieves
good performances in the tasks of face and object
recognition, even though the normality assumption is often
violated (Duda et al., 2001). Scatterplots which has been
used to test the linearity revealed linear relationship between
the outcome variable and each of the explanatory variables.
All variables showed homogeneity of covariance matrices
(Box's M = 175.64, F = 5.56, and P> 0.001), absence of
multicollinearity (VIF value close to 1), and absence of
multivariate outlier (Minimum mahalinobis = 0.78, and P >
0.05). The explanatory variables which used in
discrimination between calving seasons (dependent
variable) as shown in table (1).
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Table 1 Descriptive statistics of independent variables
Variables Mean SD Min

. Max.

305 day- milk yield (kg) 7140.7 1352.5 456
1.0 11662.0

Fat (%) 3.56 0.14 3.07 4.07

Protein (%) 3.05 0.07 2.79 3.26

Days to first insemination (days) 99.8 58.9 38.0 268.0

Days open (days) 164.5 91.5 38.0 390.0

Number of services/conceptions 2.54 1.89 1.0 10.0
SD: Standard deviation

In term of determining the best set of predictors which
significantly differentiate between calving seasons, the
results showed that 305 day-milk yield, days to first
insemination, days open, and number of services per
conception have significant (P< 0.001) contribution in data
classification. As the smaller the Wilks's lambda, the more
important the independent variable in discrimination
process. So, the most important variables were days open (γ
= 0.894), followed by number of services per conception (γ
= 0.944), then 305day- milk yield (γ = 0 .952) as shown in
(table 2).

Table 2 The importance of explanatory variables in explaining the outcome
using linear discriminant analysis

Variables Wilks' Lambda F P-value

305 day- milk yield (kg) 0.952 13.4 < 0.001

Fat% 0.996 1.2 0.319

Protein % 0.994 1.6 0.186

Days to first insemination (days) 0.980 5.5 0.001

Days open (days) 0.894 31.6 < 0.001

Number of services/conceptions 0.944 15.8 < 0.001

In Table (3), there were 3 functions produced, the first one
had higher eigenvalue 0.179 and explained 79.2% of total
variance in the outcome (season of calving), the second one
had eigenvalue equal 0.036 and explained 15.9% of total
variance, and third function had lowest eigenvalue equal
0.011 and explained 4.9%of total variance in outcome
variable.
Table 3 The total variance explained by eigenvalues

Function Eigenvalue Percentage of
variance

Cumulative
%

Canonical
correlation

Ι 0.179 79.2 79.2 0.390

Ⅱ 0.036 15.9 95.1 0.187

Ⅲ 0.011 4.9 100.0 0.104

The results in Table (4) revealed that 305day- milk yield and
days open are important variables in discrimination between
season of calving on the first function; where 305 day- milk
yield showed a positive relationship (r = 0.417) while days
open and number of services per conception showed a
negative relationship (r = -0.848 and -0.554, respectively)
with season of calving.

Table 4 Standardized canonical discriminant function coefficients

Variables
Function

Ι II III

305 day-milk yield (kg) 0.417* 0.340* 0.197

Fat% 0.090 0.125 0.554*

Protein % 0.166 0.171 0.221

Days to first insemination (days) 0.163 -1.451* -0.214

Days open (days) -0.848* -1.919* -0.197

Number of services/conception -0.554* -0.281 -0.108

In the second function, days to first insemination and days
open were significant variables in discrimination between
calving seasons and  showed a negative relationship with
season of calving (r = 1.451 and 1.919, respectively).
Discriminant function plot showed that summer season had
highest value on function Ι compared to other seasons (Fig.
2). Since the function Ι was greatly associated with 305day-
milk yield, days open, and number of services per
conception, it is possible to arrange the four calving season
based on these three variables. Function II had low role in
discrimination process compared to function Ι, four groups
membership of calving season appeared on the graph at
nearly same level; no highest or lowest levels can be
detected obviously

4. DISCUSSION

This study aimed to assess the ability of linear discriminant
analysis (LDA) for differentiation between seasons of
calving on the basis of 305day-milk yield, fat %, protein %,
days open (DO), days to first insemination (DFI), and
number of services per conception (N/C). The results of this
study revealed that (LDA) can do well in discrimination
between calving seasons and among significant predictors.
The most important explanatory variable that used in
differentiation between calving seasons was days open,
followed by number of services per conception, then
305day-milk yields. On the other side, fat% and protein%
were proved to be non-significant discriminators for seasons
of calving. The significant effect of days open, number of
services per conception, and 305day-milkyield are in the
same line with previous report that season of calving has a
significant effect on reproductive and productive
performance of Holstein cow (Soydan et al., 2005 and
Torshizi, 2016). However, White et al. (2002) founded that
calving season had no significant impact on total lactation
production. Wondossen et al. (2018) showed that calving
season had no significant effect on calving interval (CI) and
days open (DO) (P>0.05).Our results revealed that there
were 3 functions were used in discrimination process and
according to the percentage of variance occurred in calving
season, the function one had higher eigenvalue, thus the
highest variance explained by it, and it can do well in
differentiation between calving seasons than function II and
function III. Canonical correlation reveled that there was
strong association between discriminant function and
dependent variable (season of calving).The discriminant
function plot showed that group 1 that referred to summer
season had highest value on function Ι compared to other
seasons. Because function Ι was greatly associated with
number of services per conception, days open and 305day-
milk yield, one would expect that four group’s membership
to be ordered on these three variables. Function II had low
role in discrimination process compared to function Ι. The
four group’s membership of calving season appeared on the
graph at nearly same level; no highest nor lowest levels can
be detected obviously, while function III not significant in
discrimination process as variables used in it not able to
discriminate between seasons of calving, so we ignore it.
The results of discriminant analysis revealed that days open
is the most variable obviously separated groups of calving
seasons. These findings are in agreement with Melendez and
Pinedo (2007) who reported that calving seasons have
significant effect on days open and other reproductive
measures. In harmony, Soydan et al. (2005) who
documented that the cows which calving in summer season
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had days open of 35 days and that longer than those calving
in months of winter. Siatka et al. (2017) stated that for
improving fertility in dairy farms you should put calving
season in your consideration as summer was the least
favorable period for insemination unlike winter season was
the most favorable period. Bouallegue et al. (2013) reported
that the lowest level of milk production occurred for cows
calved in summer than other seasons.

Fig. 2 Discriminant function plot

5. CONCULOSIONS

The results reveled that there was strong association between
discriminant function and dependent variable (season of
calving), that means there is a significant association
between season of calving, 305 day-milk yield, and
reproductive measures (days open, number of services per
conception, days to first insemination).
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