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INTRODUCTION

Buffaloes are highly resistant animals that can be raised 
under variable macroclimatic conditions for different 

purposes, mainly for meat, milk, and their products (Sta-
sio and Brugiapaglia, 2021). Buffalo’s meat in recent years 

has gained great importance for its high nutritive contents 
(77.75% moisture, 23.3% protein, 1.4% fat, 1.0% ash, 5.1% 
water-soluble proteins, and 12.0% hydroxyproline) and its 
role in satisfying the market demands for animal protein 
sources (Naveena and Kiran, 2014; Nuraini et al., 2018). 
Crossbreeding represents an important procedure that can 
be used in some breeding and improvement programs to 
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harvest a larger number of desirable genes, as well as in-
crease the production and reproduction traits of the cross-
bred (Hanafi and Iraqi, 2001). Clinical epidemiology is an 
investigation and control of the distribution and determi-
nants of a certain field case in which quantitative meas-
ures are applied in diagnosis, prophylactics, treatment, and 
risk assessment (Baron et al., 2015; Martinez et al., 2019). 
These measures rely on the collaboration between biosta-
tistics and epidemiology to provide a basis for the veteri-
nary field and clinical care (Kambri et al., 2016; Lazcano 
et al., 2019). Clinical epidemiological measures are used to 
predict the pattern of disease occurrence, as well as develop, 
validate, and predict unbiased disease outcomes (Cataldo 
et al., 2019; Estrada et al., 2020). 

In different situations, the researchers get confused about 
the most reliable method and procedures for data analysis. 
Regression was found to be the best choice for the data 
analysis if the researchers interested in establishing rela-
tionships among variables. For establishing the regression 
analysis, the dependent variable should be of a continuous 
level and if this assumption is violated, so the regression 
analysis will not be the appropriate test of choice (Ramayah 
et al., 2010). If the dependent variable is of nominal level, 
so we have to choose between using either discriminant 
analysis which is a parametric test, or logistic regression 
for the non-parametric alternatives. But it was found that 
discriminant analysis as a parametric test is more powerful 
than its non-parametric alternatives (Ramayah et al., 2004; 
Ramayah et al., 2006).  

Linear discriminant analysis is a multivariate statistical 
method used for the appraisal of the relationships between 
different explanatory variables and the corresponding 
categorical ones. It is widely used in medical and logi-
cal sciences (Antonogeorgos et al., 2009). Discriminant 
analysis is applied to determine which set of predictors or 
quantitative variables is the best to discriminate between 
two or more naturally occurring groups of the categorical 
dependent variables (Cramer, 2003; Ojo et al., 2022). This 
can be done by the estimation of linear discriminant func-
tion which is a linear combination of weightings and scores 
of the standardized variables (Timm, 2002; Hamid, 2010; 
González Ariza et al., 2021). Discriminant was found to 
be of great importance in discrimination of the impacts on 
milk production and milk products according to consum-
er’s needs (Mele et al., 2016). 

The current study aimed to make use of some clinical 
epidemiological measures in calculating some produc-
tive traits such as milk yield (MY/kg) and days in milk 
(DIM/days), and some reproductive traits such as age at 
first calving (AFC/months), calving interval (CI/months), 
days open (DO/days), dry period (DP/weeks), number of 

services per conception (SPC rate), and days to the first 
insemination (DFI/days), and which of these clinical pro-
ductive and reproductive traits are the best to discriminate 
between Baladi buffaloes and crossbred using single discri-
minant analysis.

MATERIALS AND METHODS

Ethical approval
The study design and procedures were approved by the Sci-
entific Research Ethics Committee on animal and poultry 
research, Faculty of Veterinary Medicine, Suez Canal Uni-
versity, Egypt with approval number (2022044).

Animal study population housing and 
management
The farm understudy was chosen in a complete randomized 
pattern from the dairy farms located in Ismailia and Al 
Sharqia governorate- Egypt. The study animal populations 
were housed in a milking parlor house system consisting 
of 1) Animal housing units of a face-to-face double row 
arrangement with a fully shaded yard which was subdivid-
ed by galvanized iron partitions into units for rotational 
purposes. Each house was supplied with feeding managers 
and waterers of 1 × 1 × 0.6 m3 for each. 2) Herringbone 
automated milking parlor for milk harvesting twice dai-
ly, in which the animals were supplied with concentrates 
during a routine milking time of 6 min, povidone-iodine 
pre-milking teat dipping, and chlorohexidine post-milking 
teat dipping. 3) Isolation units for sick and suspected ani-
mals. 4) Calving units for serving the parturition purposes. 
5) Storage units for feed and equipment. The calf-rearing 
system in the study farm was an indoor system in which 
calves were allowed to stay with their dams and suckle for 
a limited period each day.

The animal houses were ventilated using cross-sectional 
negative ventilation based on ceiling and wall fans and side 
wall V-shaped windows serving as air inlets and suction 
fans on the opposite side walls serving as air outlets. The 
houses were supplied with a continuous lighting regimen 
of 18 h of lighting and 6 h of darkness using white LED 
lights following Soliman and Hassan (2019). The farm was 
supplied with a modified drainage system with 1% slop-
ping toward the gutters and the manure tanks were evacu-
ated monthly, as well as gutters in the animal houses were 
lined with superphosphate after Soliman et al. (2018) to 
overcome the humidity in the building, microbial growth, 
and ammonia volatilization (Soliman and Hassan, 2017).  
A strict regimen of internal and external biosecurity meas-
ures was followed after Soliman and Abdallah (2020) that 
was based on fly-proof nets and physical means of control 
using lights and tapes, rodent mechanical control, effec-
tive cleaning procedures, proper disinfection regimen using 
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glutaraldehyde (Soliman et al., 2016) and quaternary am-
monium compounds, stirring and scratching of the bed-
ding material weekly to destroy the anaerobic condition in 
the soil, and secure storage areas. The housed microclimatic 
temperature was optimized at 37°C with halogen (halo-
gen- 4 tubes- 2400 watt heater, Bravo BR-4T Heater 4 
halogen Candles) and oil (Oil- 11 blades- 2500 watt heat-
er) heaters after Soliman et al. (2021), and they were at-
tached to higher levels in the animal houses. 

The microclimatic temperature and relative humidity 
were monitored using a digital thermometer (ThermoPro® 
TP50 Digital LCD Thermometer Hygrometer Temper-
ature Humidity Meter) and thermohygrometer (Digital 
Thermometer Hygrometer Indoor Outdoor Temperature 
Meter Humidity Monitor with LCD Alarm Clock, 3M 
Probe Cord), respectively. The animals were fed on a to-
tal mixed ration (TMR) based on a mixture of a concen-
trate diet and roughage, the concentrate consisted of 30% 
ground yellow corn, 15% Distiller’s dried grains with solu-
bles (DDGS), 26.5% wheat bran, 10% dried beet pulp, 15% 
sunflower seed meal, 1.5% ground limestone, 0.6% mineral 
premix, 0.5% vitamin premix, and 0.9% sodium chloride 
which was formulated to face the minimal requirement for 
each animal. The animals were provided ad libitum access 
to clay-purified water as recommended by Soliman et al. 
(2021) and it was previously assessed for physicochemi-
cal characteristics and residual chlorine after Soliman et 
al. (2021). The animals were regularly dewormed against 
internal parasites and vaccinated against brucellosis, foot 
& mouth virus disease (FMD), coronavirus, rotavirus, and 
Closteria toxoid, vibriosis, and leptospirosis. The animals 
were regularly examined for the development of subclinical 
or clinical mastitis using the California mastitis test and 
Brucella using the Rose Bengal test.

Data collection and variables studied
Records of 927 buffaloes (763 crossbred and 164 Baladi 
breed buffaloes) were collected from the farm understudy 
in Al Sharqia Governorate, Egypt. Productive and re-
productive data were calculated using the clinical epide-
miological measures by the dairy live herd management 
software program (Version 5.4.1.0). The data consists of 
MY/kg and DIM/days as productive measures, and AFC/
months, CI/months, DO/days, DP/weeks, SPC rate, and 
DFI/days as reproductive measures. A designed flowchart 
in Figure 1 showed the systematic procedures in data ma-
nipulation and analysis.

Single discriminant analysis 
It is the simplest type of discriminant analysis i.e. two 
groups only. It determines the association between several 
explanatory variables and a single categorical variable in a 
multivariate way and detects which variable could discrim-

inate between these two groups of subjects and deliver a 
classification for predicting the group membership of new 
observation ( Tabachnick et al., 2007a; Tabachnick et al., 
2007b; Gonzalez-Martinez et al., 2021).

Figure 1: The systematic flowing procedures and clinical 
epidemiological measures used in data collection, 
management, and manipulation, and statistical analysis 
and discriminant functions.

Assumptions
Before the application of the discriminant analysis test, 
some basic assumptions had to be tested. The independent 
variables were tested for multivariate normality so that the 
predictors should of interval or ratio levels. The presence 
of outliers was tested using Mahalanobis distance versus 
chi-square. The data also tested for linearity assumption 
between the outcome variables and explanatory ones using 
a simple scatter plot (Utts, 2014). The homogeneity of co-
variance matrices among levels of the dependent variables 
was tested using Box’s M test according to Hahs-Vaughn 
(2016) who assumes the significance of the test was at (P < 
0.001). The multicollinearity among supposed discrimina-
tors was tested using the variance inflation factor (Abdel-
rahman et al., 2020).

Research problem
The data collected were from productive and reproductive 
records, to determine which productive and reproductive 
parameter is the best to discriminate between both Bala-
di buffaloes and cross-bred. From a management point of 
view, it is very important to classify individuals between 
the two breeds of buffaloes correctly. This would improve 
the financial situation of the farm, as rearing individuals 
with good productive and reproductive performance will 
increase the benefits. So, in the current study about eight 
variables can be identified as possible discriminators for 
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buffaloes breeds- these include MY, DIM, AFC, CI, DO, 
DP, SPC, and DFI.

Based on the research framework eight hypotheses were 
established as good classifiers for buffaloe breeds as fol-
lows:
H1: Milk yield which is defined as the amount (kg) of milk 
produced by the buffalo from the beginning of milking un-
til the end of lactation throughout the year. H2: Days in 
milk which is the time (days) at which cows start milk 
production after parturition until the time of drying off. 
H3: Age at first calving which is the period (months) that 
starts from the birth date of the animal until the first calv-
ing. H4: Calving interval which is the interval (months) 
between two successional calving dates and it is the sum 
of lactation length and dry period. H5: Days open which 
is the time (days) elapsed between the calving date and 
the date at which the buffalo is conceived. H6: Dry period 
which is the period (weeks) that starts from the drying off 
date of the buffalo until the beginning of the next lactation 
season. H7: No. of services per conception which can be 
defined as the number of services (rate) required by the 
buffalo to be conceived. H8: Days to the first insemina-
tion which is the number of days elapsed from the calving 
date until the buffalo receive the first service.

Before the analysis of the collected data, the sample was 
split into two unequal parts; the first is the analysis sam-
ple which considers the original one selected to apply the 
analysis and represents about 65% of the total sample size, 
the second one represents the unselected portion called 
holdout sample which used in proving the goodness of 
the model, it represents about 35% of the total sample size 
(Ramayah et al., 2010). To compare the goodness of the 
model using hold-out sample data, three benchmarks were 
used:  
(1) Maximum chance

	 	             
(1)  

(2) Proportional chance

	 			 
				     (2)
Where: P is the proportion of individuals in group 1 of the 
hold-out sample. 1-P is the proportion of individuals in 
group 2 of the hold-out sample.
(3) Press Q

	 			 
			    (3)

Where: Q is the with 1 degree of freedom, N is the 
total size of the holdout sample, n is the number of indi-
viduals correctly classified, and k is the number of groups 
in the hold-out sample.

Discriminant function
The number of discriminant functions created by the dis-
criminant analysis can be calculated by the difference be-
tween the number of levels of the dependent variable to 
one or the number of predictor variables, which is smaller 
(Moawed and Osman, 2017). 

In this study, the discriminant analysis used is the sim-
plest type, as the number of categories of the dependent 
equals two. This means that there is only one discriminant 
function delivered by the analysis and passes through the 
means of the two groups (Centroids). For each case, the 
discriminant coefficient estimated for each independent 
variable is multiplied by the corresponding score for each 
predictor, and the products are summed and added to a 
constant to obtain the composite score, which is the dis-
criminant score for that case. The linear discriminant func-
tion is represented as

 		
		         (4)

Where: Zjk is the discriminant Z score of discriminant 
function j for the buffaloes’ breed k, a is a constant, Wi is 
the discriminant coefficient or weighting of the independ-
ent variable I, and Xj is the independent variable i (MY 
and DIM, AFC, CI, DO, DP, SPC, and DFI) for buffaloes’ 
breed k.

Also, this equation can be written in a standardized form, 
which allows for comparing variables measured at differ-
ent scales. This can be done by subtracting the mean value 
for each independent variable and dividing it by the corre-
sponding standard deviation. The higher the absolute val-
ue of the coefficient the greater the discriminating ability 
of the corresponding variable, as the discriminant coeffi-
cient shows the contribution of each independent variable 
uniquely in the classification of the groups of the depend-
ent variable (Antonogeorgos et al., 2009). All statistical 
analysis was carried out using SPSS V. 25.0. (IBM Corp, 
2017).

Tests of significance
Eigenvalue: It is called characteristic roots, as it is the ra-
tio between explained and unexplained variations in the 
model. For each discriminant function, there is only one 
eigenvalue. The higher eigenvalue indicates stronger dis-
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criminating power of the function, as it is logical for this 
model that the ratio between-groups sum of a square and 
within-groups sum of squares is relatively large and this in-
dicates that the independent variables and the dependent 
one are related (Panagiotakos, 2006).

			 
			          (5)

Canonical correlation: It is a measure of the degree of 
association between the levels of the dependent variable 
and the discriminant function. The higher the correlation 
coefficient the stronger the association between groups of 
the dependent variable and discriminant scores (Fouda et 
al., 2012). 

		
	     	        (6)

Eta-squared statistic (Explained variability): It is a 
measure of the percent of the variation in the dependent 
variable accounted by the model. It is the ratio between 
groups the sum of squares to the total sum of squares (Pa-
nagiotakos, 2006). 

	
		         (7)

Wilks, Lambda (Unexplained variability): It is a multi-
variate test that evaluates the discriminating power of the 
independent variables (i.e. it is a test for the significance 
of the discriminant function). It is the proportion of total 
variation in discriminant scores not explained by the dif-
ference among groups. It is represented by the ratio of the 
within groups’ sum of squares to the total sum of squares. 
Its value ranged from 0-1. The small lambda value indi-
cates a significant discriminant function, which is revealed 
by the significance of the chi-square (Antonogeorgos et 
al., 2009). 

(8)

Group centroids and Cutting score: Group centroids are 
defined as the mean of discriminant scores for each group 
of the dependent variable in each discriminant function. 

In the case of two group dependent variables, the centroids 
are in a unidimensional space, with one center for each 
group because there is only a single discriminant function. 
The cutting score is used to create the classification ma-
trix and to classify the two groups uniquely. The optimal 
cutting score depends on the group size (Ramayah et al., 
2010). In case of unequal group size, the formula is shown 
as follows:

					   
		         (9)
Where: Z crit is the optimal cutting score between groups 
a and b, Na is the number of individuals in group a, nb is 
the number of individuals in group b, Za is the centroid of 
group a, and Zb is the centroid of group b.

Classification rules:- if Z score > Z crit the individual would 
be classified as in group a.
- if Z score ≤ Z crit the individual would be classified as in 
group b.

RESULTS

The first step in the analysis of data is testing if there is a 
violation of assumption or not, the results showed the vio-
lation of multivariate normality even with log transforma-
tion of data. Duda et al. (2001) mentioned that even with 
a violation of the normality assumption, the discriminant 
analysis performs well in the tasks of face and object rec-
ognition. The absence of multivariate outliers was shown 
by Mahalanobis distance (Minimum Mahalanobis = 0.75, 
and P > 0.05). Scatter plots that were used to test the lin-
earity assumption revealed a linear relationship between 
the outcome variable and each of the explanatory variables. 
The homogeneity of covariance matrices between groups 
of the dependent variable was tested using Box’s M sta-
tistic which shows the violation of this assumption (Box’s 
M = 364.631, F = 9.852, and P < 0.001). the discriminant 
analysis test is a robust technique that can accommodate 
the violation of assumptions if the researchers used a large 
sample size (Moawed and Osman, 2017). The variance of 
the inflation factor shows the absence of multicollinearity 
among predictor variables. 

The predictive accuracy of the model (or hit ratio which is 
the percent of individuals correctly classified) for the anal-
ysis sample was 83.1%, for the cross-validation sample was 
82.6%, and 82.2% for the holdout sample (Tables 1, 2, and 
3). The maximum chance value (83.1%) was slightly closer 
to the hit ratio of the holdout sample (82.2%) but higher 
than the value of the proportional chance (66.2%), also it 
was found that the press Q statistic of 134.4 was significa-
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Table 1: Hit ratio for cases selected in the analysis.
Original group No. of 

cases
Predicted group membership
Crossbred Baladi breed

Crossbred 763 745 18
Baladi breed 164 132 32

Percentage of original grouped cases correctly classified: 83.1%.

Table 2: Hit ratio for cases selected in the analysis.
Original group No. of 

cases
Predicted group membership
Crossbred Baladi breed

Crossbred 763 743 20
Baladi breed 164 132 32

Percentage of cross-validated grouped cases correctly classified: 
82.6%. Cross-validation is done only for those cases in the 
analysis. In cross-validation, each case is classified by the 
functions derived from all cases other than that case.

-nt (Table 4), so that it could be contributed that the mod-
el has good predictive power. In Table 5, the univariate 
analysis showed that five significant variables (AFC, MY, 
CI, DO, and DFI) carry a positive sign, which means that 
those variables help in discriminating individuals of cross-
breed buffaloes. While days in milk and dry period carry a 
negative sign and could discriminate individuals in Baladi 
breed buffaloes. It was obvious that individuals with a suit-
able time to start calving for the first time, suitable calv-
ing interval, days open, days to the first insemination, and 
higher milk production could be discriminated as cross-

breed buffaloes individuals, while those individuals with 
shorter days in milk, dry period and smaller in the number 
of services could be discriminated as Baladi breed buffa-
loes. The unstandardized coefficients are used to create the 
canonical discriminant function:

Table 3: Hit ratio for cases selected in the holdout sample
Original group No. of 

cases
Predicted group membership
Crossbred Baladi breed

Crossbred 270 258 12
Baladi breed 55 46 9

Percentage of unselected original grouped cases correctly 
classified: 82.2%.

Table 4: Comparison of the goodness of the model 
developed.
Measures Values Hit ratio for 

Holdout sample
Maximum chance 83.1 82.2
Proportional chance 66.2 82.2
Comparison with Hair (2009) 
1.25 times higher than chance

0.85

Press Q table value 8.929
Press Q calculated value 134.4

Table 5: Summary of interpretive measures for discriminant analysis 
Independent variables Unstandardized canonical 

discriminant function
Standardized canonical 
discriminant function

Discriminant 
loadings (rank)

Univari-
ate F ratio

AFC/ months 0.024 0.111 0.200 (7) 5.509*
MY /year/ kg 0.002 1.122 0.609 (1) 50.889**
DIM/ days -0.015 -0.724 0.263 (5) 9.501**
CI/ months 0.142 0.371 0.478 (4) 33.281**
SPC rate -0.475 -0.315 -0.072 (8) 0.702
DP/ weeks -0.060 -0.158 0.255 (6) 8.894**
DO/ days 0.006 0.463 0.520 (2) 37.032**
DFI/ days 0.004 0.159 0.499 (3) 34.060**
Constant -4.070
Eigen-value 0.237
Wilks, Lambda 0.808**
Canonical correlation 0.438
(Canonical correlation)2 = ƞ2 0.192

*P < 0.05; **P < 0.01
AFC= Age at first calving/ months, MY= Milk yield/year/kg, DIM= Days in milk/ days, CI= Calving interval/ months, SPC rate= 
Number of services per conception/ rate, DP= Dry period/ weeks, and DFI= Days to the first insemination/ days.   

The canonical discriminant coefficients in the previous dis-
criminant function showed that CI, DP, and AFC have the 
highest contributions in discriminating between crossbred 

and Baladi buffaloes. While the no. of services per concep-
tion had a non-significant contribution compared to other 
discriminators and could be excluded from the model. The 
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Wilks’ Lambda was significant and showed that the pro-
portion of unexplained variation in the model was 0.808 
and this value is smaller than one which means a signif-
icant discriminant function. With a canonical correlation 
equal to 0.438, it was concluded that 19.2% of the varia-
tion in the dependent variable was explained by the model 
(ƞ2). Table 5, showed that the highest loading was for milk 
yield and the lowest one was for the number of services 
per conception. The means comparison for independent 
variables used in this study between groups of the depend-
ent variables showed superiority for crossbred over Baladi 
buffaloes (Table 6). The mean of discriminant scores for 
the crossbred equals 0.234, while it was -1.010 for Baladi 
buffaloes (Table 7).

Table 6: Mean comparison of crossbred and Baladi breed 
buffaloes.

Variables Crossbred Baladi breed F-value
AFC/ months 29.1890 28.0550 5.509*
MY /year/ kg 2253.9066 1848.5688 50.889**
DIM/ days 250.4076 234.0459 9.501**
CI/ months 15.0255 13.4206 33.281**
SPC rate 1.5372 1.5963 0.702
DP/ weeks 5.6560 4.8241 8.894**
DO/ days 190.7856 137.1468 37.032**
DFI/ days 85.9533 63.0550 34.060**

AFC= Age at first calving/ months, MY= Milk yield/year/kg, 
DIM= Days in milk/ days, CI= Calving interval/ months, SPC 
rate= Number of services per conception/ rate, DP= Dry period/ 
weeks, and DFI= Days to the first insemination/ days. 

Table 7: Group centroids of crossbred and Baladi breed 
buffaloes.
Group Centroids
Crossbred 0.234
Baladi breed -1.010

Calculation of the cutting score:

 = -0.785

DISCUSSION

Clinical epidemiology is a cornerstone that is designed to 
provide outlines for improving health outcomes (Bruce et 
al., 2017), detecting emerging diseases (Motulsky, 2018), 
incorporating new protocols to understand the health sta-
tus and evaluate it (Rothman, 2012), analyzing the risk 
of the associates and influencing factors (Noordzij et al., 
2017), provide a guide for scoring of the population per-
formance and reproduction (Brink, 2021), and providing 
clues for the field of prophylactics and preventive measures 
in the plans of biosecurity (Szklo and Nieto, 2019; Soli-
man and Mahmoud, 2021; Mahmoud et al., 2022). Many 
clinical measures could be calculated and used to score the 
productive (Xu et al., 2018) and reproductive (Ogino et al., 
2012) performance such as milk yield (MY /kg) and days 
in milk (DIM /days), age at first calving (AFC /months), 
calving interval (CI /months), days open (DO /days), dry 
period (DP /weeks), no. of services per conception (SPC 
/rate), and days to the first insemination (DFI /days) as 
reported by Wiemken and Kelley (2020).

Buffaloes are known for their high resistance to disease, 
high adaptability to various macroclimatic conditions, and 
dietary flexibility (Wanapat and Kang, 2013; Singh et al., 
2018; Guerrero-Legarreta et al., 2020). Buffalo meat has 
gained a lot of importance for reduced fat and cholester-
ol. Buffalo calves usually weigh up to 24 kg at birth and 
achieve an adult weight of up to 450-550 kg, their first 
conception can be carried out at 24-36 months and the 
first calving at 4 years, as well as they can reproduce up to 
18 years (De la Cruz-Cruz et al., 2014; Juárez et al., 2019; 
Rashad et al., 2019). Buffaloe can be slaughtered with a 
dressing percentage of up to 55%, less marbling compared 
to cattle for the lower fat and cholesterol contents, less af-
fection from the low feeding regimen, comparable water 
holding capacity, tenderness, and firmness to cattle, with 
good marbling score, and good physicochemical, function-
al, and nutritional values of their meat (Cruz-Monterrosa 
et al., 2020). 

Human populations are increasing tremendously with in-
creased demands for animal protein sources which is why 
many countries tend to modify their amount and compo-
sition of food consumed and increase the variability of the 
market animal protein sources (Iqbal et al., 2018; Mello et 
al., 2018). That is why buffalo meat was the target for the 
crossbreeding field. To enhance the productive and repro-
ductive functions of buffaloes, it was important to harvest 
the most important genes responsible for the productivity 
and reproductivity of buffaloes in the crossbreeding pro-
cesses (Zardari et al., 2017; Ahmed et al., 2020). Crossbred 
animals tend to have better growth rates, feed intake, feed 
conversions, and weight gains, as well as higher reproduc-
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tive indices and higher meat and milk quality (Li et al., 
2018; Huang et al., 2020). Crossbreeding is impacted by 
numerous environmental factors as reported by Park et al. 
(2020) and Angrecka et al. (2017).

Crossbreeding increases production levels for breeders in 
two ways, firstly it combines the desirable traits of two or 
more breeds, so increasing the performance of the pro-
duced crossbred animals. This is called breed complemen-
tarity, that the strong points of one breed are covered by 
the weak points of the other breed. The second benefit of 
crossbreeding is Heterosis, which is the increasing perfor-
mance of crossbred animals for certain traits over that of 
their straight-bred parents (Evans and McPeake, 2017).   
Heterosis measures the difference in the performance of 
progeny from the average performance of the straight-bred 
parents of breeds included in the cross.

Hamid et al. (2017); Hamid (2018) and Rashid et al. (2019) 
reported that production and reproduction efficiencies in 
Nilli and Murrah crossbred buffaloes in Bangladesh scored 
higher in average age, body conditions, body weights, milk 
production, sexual maturity, estrus cycle length, insemina-
tion time, gestation length, first calving age, number of ser-
vices per conception, calving intervals, and waiting period 
compared to the local breeds. Uddin et al. (2016); Joele et 
al. (2017); Mujawar et al. (2019) reported also that exten-
sive and semi-extensive farmed buffaloe crossbreds were 
able to produce in higher milk quantities compared to lo-
cal breeds. They also stated that balanced diets and prop-
er management systems contributed to better production 
in buffalo crossbred. Luz et al. (2017); Ekiz et al. (2018); 
Panea et al. (2018) reported that buffaloe crossbreds were 
superior to the local breeds in performance, weight gain, 
meat quality, and milk production. Kim et al. (2017); Tam-
burrano et al. (2019); Muroya et al. (2020); Yamada et al. 
(2020) recorded higher meat quality and better physico-
chemical characteristics of buffaloe meat from crossbred 
compared to the local breeds. 

This study was carried out to test the ability of single discri-
minant analysis to differentiate between both cross-breed 
and Baladi breed buffaloes based on MY (kg) and DIM 
(days) as a productive measure, and AFC, CI, DO, DP, 
SPC, and DFI as a reproductive measure. These results re-
vealed that discriminant analysis can perform well in classi-
fication between the two buffaloe breeds. This result agreed 
with this mentioned by Abdelrahman et al. (2020) who 
reported that linear discriminant analysis is a good tool in 
discrimination between calving seasons based on 305-days 
milk yield, fat %, protein %, days open, number of services 
per conception, and days to the first insemination. The cur-
rent results declared that the model is of good predictive 
power for the analysis sample was 83.1%, for the cross-val-

idation sample was 82.6%, and was 82.2% for the holdout 
sample. The maximum chance value (83.1%) was slightly 
closer to the hit ratio of the hold-out sample (82.2%) but 
higher than the value of the proportional chance (66.2%), 
also it was found that the press Q statistic of 134.4 was sig-
nificant, so that it could be contributed that the model has 
good predictive power. These results were found to be sim-
ilar to that of (Ramayah et al., 2010) who reported that the 
model was of good predictive power as the hit ratios for the 
analysis sample, cross-validation sample, and holdout sam-
ple were 85.8 %, 85%, and 90.8%, respectively. The hit ratio 
for the holdout sample of 90.8% exceeds the value of both 
maximum chance (80%) and proportional chance (68%). 
The press Q statistic (43.22) was significant. The study 
results revealed that AFC, MY, DIM, CI, DP, DO and 
DFI were the most important significant discriminators 
between crossbred and Baladi breed buffaloes, while No. of 
services per conception was found to be of non-significant 
effect. The contribution of CI in the discriminant function 
was the highest (0.142) followed by DP (-0.060), AFC 
(0.024), DIM (-0.015), DO (0.006), DFI (0.004), and MY 
(0.002). Abdelrahman et al. (2020) found that days open 
followed by the number of services per conception, then 
305-day milk yield was the most important predictor in 
differentiation between calving seasons. While fat % and 
protein % were found to be non-significant discriminators 
for calving seasons. The degree of association between the 
discriminant function and the groups of buffaloe breeds 
was 0.438, which means that 19.2% of the variance that 
occurs in the dependent variable is explained by the dis-
criminant function. Ramayah et al. (2010) showed that the 
canonical correlation was 0.45 so 20.3% of the variance in 
the dependent variable is explained by the model, which is 
nearly in the same line as the current study. The study of 
Fouda et al. (2012) revealed three discriminant functions, 
the first one explains about 41.9% of variations between 
breeds with canonical correlation (0.53), the second one 
explains 19.5% of the variation in the dependent variable 
with canonical correlation (0.42) and finally, the third one 
revealed 2.2% of variations in the grouping variable with 
canonical correlation (0.15).   

CONCLUSION and 
RECOMMENDATIONS 

Buffalo crossbreds were superior to the Baladi buffaloes 
in the productive and reproductive traits that were calcu-
lated using some clinical epidemiological measures (MY; 
kg, DIM; days, AFC; months, CI; months, DO; days, DP; 
weeks, SPC rate, and DFI; days). 

Even with the violation of some assumptions such as 
multivariate normality and homogeneity of covariance 
matrices between groups of the dependent variable, the 
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discriminant analysis is still a robust technique that can 
perform well under that condition with a large sample size. 
The analysis shows superiority for cross-breed over Baladi 
breed buffaloes in mean comparison. AFC, MY, CI, DO 
and DFI variables show significant effects with a positive 
sign in discriminating individuals of the crossbred group, 
while DIM and DP variables show significant effects with 
a negative sign that could discriminate individuals of Bala-
di buffaloes.

The study recommends the researchers to the importance 
of using discriminant analysis to discriminate between dif-
ferent groups to overcome the common mistakes that usu-
ally occurred while using traditional multivariate analysis 
and other non-parametric alternatives. 
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