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ABSTRACT

	A total of 32,123 first lactation test-day milk yield (TDMY) records of 8,023 Mehsana buffalo sired by 118 sires from 2012 to 2019 (8 years) of Mehsana buffalo retrieved from information network for animal productivity & health (INAPH) was considered and analyzed in the present study. Heritability, variance and covariance components for TDMY were estimated using average information restricted maximum likelihood (AIREML) algorithm of legendre polynomials (LP) of 2nd order to transform days in yield. A random regression test day model (RRTDM) is used to estimate the parameters. Modeling of lactation curves for monthly TDMY and milk constituents were done using AIREML algorithm. The heritability and repeatability estimates for TDMY were observed lower (0.20) and higher (0.84) respectively. The additive genetic correlations were found higher than the phenotypic correlations among different test-days (TD). The higher values of genetic and phenotypic correlations were observed between adjacent TD records in the beginning but slightly lower at the end of lactation. 
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1. INTRODUCTION
“An early and accurate appraisal is essential for the maximum annual genetic progress in dairy animals. Use of test day milk records and first lactation milk yield could be helpful in early sire evaluation, reducing generation interval and increasing rate of genetic progress per unit of time” (Danel, 1990). Chakraborty et. al., (2010) found “higher accuracy of selection for test day model compare to direct selection in Murrah buffaloes”. “The estimate of daily yield with test day models has several advantages over the traditional procedures of evaluating lactation records, such as the ability to account for environmental effects on each test day and to model individual lactation curves” (Schaeffer et al., 2000). According to Tonhati et al. (2008), “the adoption of TDMY as selection criteria in milking buffaloes may contribute to greater genetic gain in total milk production”. The adoption of random regression models (RRMs) for analyzing TD records and estimating daily breeding values has led to a shift in focus towards genetic persistency rather than lactation persistency in animal evaluation. Most RRMs use polynomials of time or age as basis functions. Given the potential of RRMs and the importance of milk composition in buffalo farming, this study examined test-day milk, fat, protein, and SNF yields, incorporating lactation curves. With the introduction of random regression model (RRM) for the analysis of TD records and the resultant estimation of daily breeding values (BV) in most of the developed countries the focus has been shifted to evaluate the animals on the basis of their genetic persistency rather than lactation persistency. The majority of random regression analyses fitted polynomials of time or age at recording as basis functions. In view of the possibility to use RRM and of the importance of milk components for buffalo farming, the present study for TD milk, fat, protein and SNF yield with lactation curve was conducted.  
2. material and methods
2.1 Data:

A total of 40,200 data of first lactation TDMY records of 3,877 buffaloes sired by 118 bulls spread over a period of 8 years (2012-2019) were analyzed. The first lactation TD records of farmers’ herd of Mehsana buffalo for TDM.
TD fat%, TD protein% and TD SNF% for three districts of Gujarat state viz., Mehsana, Patan and Gandhinagar under field progeny testing project were collected from INAPH developed by National Dairy Development Board (NDDB). 
The study excluded the animals that lacked sire information. Records of only the first lactation were taken into account.  The animals without sire information were eliminated from the study. Only first lactation records were considered. The animal records from 5 to 330 days in milk (DIM), 22 to 109 month of age at first calving (AFC), 1 to 17 kg TDMY, 4 to 12 fat%, 7 to 12.50 SNF%, 2 to 6 protein% and minimum 1 and maximum up to 11 TD milk records were retained, yield converted into kg and outliers were removed. The animals spread over 103 villages of 14 tehsils belongs to 3 districts were considered for the present study. The minimum observations for an animal, HYMR (Herd, Year and Month of recording), YC (Year of calving), YCSC (Year of calving and Season of calving) were 3, 1, 1 and 1 respectively.
Consequently, out of 40,200 first lactation TDMY records of Mehsana buffalo 8,077 records were discarded. Thus, around 20.09% records were discarded because of all the above restrictions. Finally, 32,123 TD records of 487 daughters sired by 118 sires were used in data file for the present study.
2.2 Statistical Analysis:
Heritability, variance and covariance components for TDMY, test day fat yield (TDFY), test day SNF yield (TDSNFY) and test day protein yield (TDPY) were estimated using AIREML algorithm using LP to transform days in yield. RRTDM is used to estimate the parameters. 


Model used:
ythijkl = Herdj + Ownerh + HYMRi +  + +  + ethijkl
Where, ythijkl = the TDMY of kth animal made on tth DIM
Ownerh = Owner as random effect with subclass h 
HYMRi = herd x year of milk recording x month of milk recording as random effect with subclass i 
Herdj = herd as fixed effect with subclass j 
βl= fixed regression coefficients
ukl and pekl= the lth random regression for animal additive genetic and permanent environmental effects, respectively, for animalk 
∅ktl = the lth LP for the TD record of animal k made on tth day in milk 
nf = the order of polynomials for DIM 
nr = the order of polynomials for animal and pe effects
ethijkl = the random residual effect
The DIM was transformed LPs of ‘n’ order as described below. However, the second order of LPs were used in the present study. 
The matrix φ is of order t (the number DIM) by k (order of fit) with element φij = φj (αt) equals the jth LP evaluated at the tth standardized DIM. Consequently, αt is the tth DIM standardized to the interval for which the polynomials are defined.
In matrix notation, φ = MΔ, where M is the matrix containing the polynomials of the standardized DIM values and Δ is a matrix of order k containing the coefficients of LP. The elements of M can be calculated as mij = (αi(j-1), i = 1,...,t; j = 1,..., k).
“Here, standardized DIM can be calculated after calculating the total milk yield from the known part of lactation length, the rest of the unknown lactation part up to 300 days lactation lengths were estimated by the prediction equations” (Habib et al., 2019).
Then, Legendre polynomials were calculated for matrix Δ. The jth LP evaluated at DIM t (Pj (t)), can be evaluated by the formula given by Abramowitz and Stegun (1965).

2.3 Estimation of Variance Components and Genetic Parameters

The variance and components were estimated using the test day models at particular DIM. The TD variances and variance ratios were transformed to 305D variances and variance ratios for ease of comparison.

Genetic variance of various traits 
The genetic variances at different DIM (5, 35,….., 335 days) were estimated as follows: 
σ2a (i) = zi G z'i 
Where, σ2a (i)  = Additive genetic variance of ith DIM 
Zi = Covariate of LP corresponding to ith DIM 
G = Additive genetic random regression coefficients matrix 

Permanent environmental variance of various traits 
The permanent environmental variance at different DIM (5, 35,….., 335 days) were estimated as follows: 
σ2pe (i)= Zi P z'i
Where, σ2pe (i) = Permanent environmental variance of ith DIM 
Zi = Covariate of LP corresponding to ith DIM 
P = Permanent environmental random regression coefficients matrix 
2.4 Genetic Parameters for Milk Yield Traits

Heritability was estimated as the ratio between an animal component of variance (genetic variance) to the sum of the animal, owner, HYMR, permanent environment and residual components of variance (phenotype variance) obtained from pre and post matrix multiplication of LPs to covariance components of AIREML result files. 
Repeatability was estimated as a ratio of genetic and permanent environmental variance to phenotype variance of animals. 
Genetic correlations across different DIM were calculated as the sire covariance component between two traits, divided by the square root of the product of their sire variance components. Phenotypic correlations at different DIM were estimated by combining sire and residual covariance components for the two traits, then dividing by the square root of the product of their total variance components (sire + residual). Genetic correlations at different DIM were obtained by dividing the sire component of covariance between two traits by the square root of the products of sire component of variances. The phenotypic correlation of the at different DIM was obtained by the sum of sire and a residual component of covariance for the two traits divided by the square root of the product of the sire plus residual component of the variance for the two traits. 

2.5 Efficiencies of Test Day Models

The goodness of fit for milk yield trait were investigated using various criteria, viz., Log likelihood function (Log L) as per Mrode and Thompson (2005), Akaike’s information criterion (AIC) as per Akaike (1973), corrected Akaike’s information criterion (AICc) as per Akaike (1987) and Bayesian information criterion (BIC) as per Schwarz (1978).
3. results and discussion

3.1 Estimation and Comparison of Genetic Parameters 
The genetic parameters, heritability, repeatability and genetic correlations at various test days for TDMY was estimated using variance and covariance values obtained using RRTDM for various traits. The heritability estimates for the first lactation TDMY was 0.1990 for Mehsana buffaloes. The heritability estimates found low for the TDMY in the present study. Earlier, Galsar et al. (2016) reported first lactation TD heritability for Mehsana buffaloes ranged from 0.05±0.17 for TD 5 to 0.85±0.32 for TD 1. Parmar et al. (2018) reported heritability estimates for TDMY for Mehsana buffaloes ranged from 0.07±0.01 in TD 1 to 0.17±0.02 in TD 6. Prajapati et al. (2018) reported 0.16±0.02 of heritability for first lactation TDMY for Mehsana buffaloes which was lower than the present study. Test day records are repeated observations measured along trajectory DIM so, heritability of TDMY varies with DIM. Heritability estimates for various test day, viz., 30, 60, 90, 120, 150, 180, 210, 240, 270, 300 and 330 days for TDMY is presented in Table 1. Heritability estimates for TDMY were observed lower in the first month (0.12) and highest in the eighth month of lactation (0.19). 
Table 1. Comparison of monthly heritability estimates of various DIM for TDMY
	Traits vs.
TDs
	5-30
	31-60
	61-90
	91-120
	121-150
	151-180
	181-210
	211-240
	241-270
	271-300
	301-330

	TDMY
	0.12
	0.14
	0.16
	0.17
	0.18
	0.18
	0.18
	0.19
	0.18
	0.18
	0.17



The repeatability estimates for the first lactation TDMY was 0.8377 for Mehsana buffaloes. Parmar et al. (2018) reported repeatability estimates for TDMY ranged from 0.008±0.12 for TD 11 to 0.41±0.06 for TD 6, which found lower value than the present study.
The genetic and phenotypic correlations were estimated randomly at 81 days’ time interval, viz., 5th, 85th, 167th, 248th and 330th day for TDMY is presented in Table 2. Together with, the genetic correlation among different TD from 5th day to 330th day are estimated and depicted through heat map for specific DIM for TDMY in Figure 1. “The additive genetic correlations were found higher than the phenotypic correlations among different TDs. The additive genetic correlations varied from 0.21 to 0.95 for TDMY. The present findings following the estimates of genetic correlation of 0.07 to 1.00 for Mehsana buffaloes” (Parmar et al., 2018). While Galsar et al. (2016) reported genetic correlation of -0.99 (TD 5) to 0.99 (TD 10) for TDMY in Mehsana buffaloes. Genetic correlations between neighbouring test-day data were stronger at the start of lactation but slightly lower at the end.  The higher values of genetic correlations were observed between adjacent test day records in the beginning but slightly lower at the end of lactation. So, it should be suggested that the genes that are active in the initial DIM will be different from the later part of lactation. 

Table 2. Genetic (above diagonal) and phenotypic (below diagonal) correlations among different test days for TDMY
	Test days
	5
	85
	167
	248
	330

	5
	1
	0.80
	0.60
	0.46
	0.21

	85
	0.62
	1
	0.95
	0.81
	0.30

	167
	0.47
	0.53
	1
	0.93
	0.45

	248
	0.27
	0.40
	0.53
	1
	0.74

	330
	0.08
	0.26
	0.46
	0.61
	1



Figure 1. Heat map showing genetic correlations among different test days for TDMY
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[bookmark: _GoBack]The phenotypic correlations varied from 0.08 to 0.62 for TDMY. The present findings are in agreement with Parmar et al. (2018) reported the 0.15 to 0.81 phenotypic correlations among different test days for TDMY for Mehsana buffaloes. Whereas, Galsar et al. (2016) reported lower estimates as -0.03 (TD 9) to 0.62 (TD 10) for TDMY for Mehsana buffaloes. Additionally, the phenotypic connections were larger in adjacent periods, but they declined as the time between TD yields increased. In contrast to other repeatability and fixed regression techniques, this suggested that modelling of the additive genetic effect by random regression coefficients is required for genetic data analysis. The phenotypic correlations had also higher values in adjacent periods but decreased with increasing interval between TD yields. This indicated that modeling of additive genetic effect by random regression coefficients is needed for analysis of genetic data compared to other repeatability and fixed regression methods.

3.2 Variance and Variance Ratio for TDMY

Random regression genetic variance (RRVG) for TDMY on 5th day was 0.3724. RRVG for TDMY from 5th day to 27th day remains almost constant. Afterward, it increased (0.5309) and attain higher value on 174th day. Further, RRVG decreased (0.4297) up to 290th day of lactation. Then, again RRVG increased (0.5169) till the end of lactation. The maximum, minimum and average values of RRVG for TDMY were 0.5333, 0.3669 and 0.4630 respectively.

Random regression phenotypic variance (RRVP) for TDMY on 5th day was 3.2179. Afterward, it decreased (2.7425) with an increased in DIM up to 43th day of lactation. Then, RRVP increased (2.9547) up to 151th day of lactation. Further, RRVP decreased (2.4076) up to 281th days.  Again, RRVP increased (3.2179) till the end of lactation. Maximum, minimum and average values of RRVP were 3.2174, 2.3913 and 2.7553 for TDMY noted.

Random regression permanent environmental variance (RRVPE) for TDMY on 5th day was 2.1756. Afterward, it decreased (1.6913) with an increased in DIM up to 65th day of lactation and remains constant until 108th days of lactation. Then, RRVPE increased (1.8086) up to 141th day of lactation. Further, RRVPE decreased (1.3372) up to 269th days.  Again, RRVPE increased (2.0788) till the end of lactation. Maximum, minimum and average values of RRVPE were 2.1756, 1.3371 and 1.6701 for TDMY.
3.3 Heritability Estimates based on RRTDM for TDMY

RRVRG TDMY on 5th day was 0.1170. Afterward, it increased (0.1850) with increased DIM attains peak and remains constant from 197th DIM to 245th DIM. Further, it decreased (0.1610) gradually till the end of lactation. The maximum, minimum and average values of RRVRG for TDMY were 0.1854, 0.1175 and 0.1685, respectively.

3.4 Repeatability estimates based on RRTDM for TDMY

RRVRPE for TDMY on 5th day was 0.8037. Afterward, it decreased (0.7715) with increased DIM up to 57th day and remain almost constant for 274th day of lactation. Further, it increased (0.7508) until the end of lactation.

3.5 Random Regression Variance Ratio of Other Random Effects for TDMY

RRVRHYMR were observed slight changing trend from day 5 to till the end of lactation. Maximum, minimum and average values of RRVRHYMR were 0.0180, 0.0130 and 0.0150 for TDMY
.
Comparison of Variance Components for Different Traits

RRTDM was used for estimation of variance and covariance components and for evaluation of genetic worth of sire. For ease of comparison, the TD variances and variance ratios were transformed to 305D variances and variance ratios. The estimation and comparison of variance components for 305D MY is furnished in Table 3.

Table 3. Variance components estimates for 305D MY in Mehsana buffalo
	Variance Components for effect
	Genetic
	Permanent environment
	HYMR
	Owner
	Residual
	Phenotypic
(Total)

	305D MY
	36433.8
	116918.27
	2010.71
	47.76
	27653.8
	183064.34



3.6 Value of Log L, AIC, AICC and BIC for TDMY

The RRTDM were fitted on the data of TDMY. The various comparison criteria viz. Log L, AIC, AICc and BIC used for TDMY are calculated and given in Table 4.

Table 4. Comparison of value of Log L, AIC, AICC and BIC for TDMY
	Comparison criterion
	Log L
	AIC
	AICC
	BIC

	TDMY
	-18939
	-18954
	-18954
	-19017






4. Conclusion

In the present study, heritability estimates for TDMY were observed lower, which can help in the process of selecting animals to obtain genetic gains. The repeatability estimates for TDMY were observed medium. The higher values of genetic correlations were observed between adjacent test day records for all milk production traits in the beginning but slightly lower at the end of lactation. Therefore, it could be interpreted that the genes that are active in the initial DIM will be different from the later part of lactation and indirect genetic gains can be expected throughout the lactation. The possibility to study the relation of milk yield with fat and protein justifies the application of a RRM using LPs hence, it is efficient to describe the genetic variation for TDMY in Mehsana buffaloes.
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