


Original Research Article

Genetic Parameters of Milk Fat, Protein and Solid-Not-Fat Percentage Using Univariate Animal Model


.     
.
              . 
                     
	.
..


.
[bookmark: _GoBack]


ABSTRACT

	Aims: To estimate genetic parameters of milk fat percentage, protein percentage, and solids-not-fat (SNF) percentage in Holstein Friesian crossbred cattle using Univariate Animal Model. 
Study design:  A total of 1,59,950 first lactation test day milk yield records of 17135 HF crossbred cows sired by 259 sires spread over a period of 23 years (1997-2019) belonging to four districts of Gujarat state were collected from the Information Network for Animal Productivity and Health Management Information System (INAPH-MIS) database maintained by National Dairy Development Board (NDDB), Anand. First lactation test-day records between 5 and 325 days in milk were analyzed after applying standard data editing procedures. 
Place and Duration of Study: The study was conducted at the Department of Animal Genetics and Breeding, College of Veterinary Science and Animal Husbandry, Anand in collaboration with the NDDB, Anand, for a duration of six months.
Methodology: Heritability, variance and covariance components for milk percentage traits were estimated using Average Information Restricted Maximum Likelihood (AIREML) algorithm of Legendre polynomial (LP) function of univariate animal model (for fat%, SNF% and protein%). Estimated variance and covariance components were used for estimation of breeding value using univariate best linear unbiased prediction (BLUP) method. 
Results: Results revealed that additive genetic and permanent environmental variances varied across lactation stages, with higher genetic variance observed during mid-lactation. Heritability estimates ranged from 0.18 to 0.42 for fat percentage, 0.20 to 0.38 for protein percentage, and 0.15 to 0.35 for SNF percentage, indicating moderate scope for genetic improvement. Genetic correlations among the three traits were positive and high, suggesting that selection for one trait would lead to favorable responses in others. 
Conclusion: The study demonstrates that Univariate Animal Model provides more accurate and dynamic estimates of genetic parameters than conventional lactation models, thereby offering a reliable basis for improving milk composition traits in dairy cattle breeding programs.
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1. INTRODUCTION

India possesses rich cattle genetic diversity with 50 recognized breeds contributing to the total cattle population of 192.52 million, which accounts for about 36% of the total livestock population (Anonymous, 2020). Of these, 74% (142.11 million) are indigenous/non-descript cattle, while the remaining 26% (50.42 million) are exotic/crossbred cattle. During 2018–19, India produced 187.75 million tonnes of milk, registering a 6.5% growth over the previous year. Crossbred cattle contributed nearly 26% of the national milk pool, while non-descript and indigenous cattle contributed 11% and 10%, respectively. Gujarat ranks fifth in milk production, contributing 7.7% of the national total, with productivity of exotic/crossbred cattle (9.3 kg/animal/day) being substantially higher than that of indigenous/non-descript cattle (4.4 kg/animal/day) (Anonymous, 2020).
The indigenous Bos indicus breeds are well known for their adaptability to tropical conditions, particularly their heat tolerance and disease resistance, though their genetic potential for milk yield remains underexploited due to limited systematic selection. Consequently, crossbreeding of indigenous breeds with Bos taurus cattle, mainly Holstein Friesian and Jersey, has been widely practiced to enhance milk productivity. These crossbreds, however, exhibit wide variation in breed composition due to indiscriminate breeding practices, lack of pedigree information, and uncontrolled use of exotic germplasm (Gajjar et al., 2018). Such variation in exotic inheritance provides a unique opportunity to study its effect on production traits, including milk composition traits of economic importance.
Accurate evaluation of dairy animals for production traits is central to genetic improvement programmes. Traditionally, selection in India has relied on phenotypic or pedigree-based evaluation, but the lack of comprehensive performance recording and long generation intervals in Bos indicus cattle have limited genetic progress. Recent advances in statistical methodologies, such as Best Linear Unbiased Prediction (BLUP) and Restricted Maximum Likelihood (REML), have greatly improved sire evaluation accuracy (Banik and Gandhi, 2006; Singh et al., 2014). Among these, animal models implemented through REML-based procedures are considered most reliable for estimating genetic parameters, including heritability and repeatability, for production and reproduction traits.
Milk fat, protein and solid not fat (SNF) percentages are key components determining milk quality, consumer preference, and economic returns to farmers. Reliable estimates of genetic parameters for these traits are essential to design effective breeding strategies. Although several studies have reported estimates for yield traits, relatively fewer have focused on milk composition traits under Indian crossbred cattle populations, where variability in breed proportions further influences these traits.
Considering these aspects, the present investigation was undertaken with the objectives of estimating genetic parameters for milk fat, protein, and solid not fat percentage in crossbred cattle using a univariate animal model, and assessing their implications for selection and genetic improvement.
Objectives
The present study was undertaken with the following objectives:
1. To estimate the genetic parameters (heritability and repeatability) of milk fat percentage, protein percentage and solid not fat (SNF) percentage in crossbred cattle using a univariate animal model.
2. To evaluate the potential of these composition traits for inclusion in selection programmes aimed at genetic improvement of crossbred cattle.
3. To generate baseline information on milk quality traits that may support sustainable breeding strategies under Indian production conditions.
2. material and methods

2.1 DATA SOURCE  
Field Progeny Testing Project (FPTP) for HF crossbred cows was initiated under National Dairy Plan-I (NDP-I) in 2012 by Sabarmati Ashram Gaushala (SAG). The first lactation records of HF crossbred cattle for test day milk yield (TDMY), test day fat percent (TDF%), test day solid not fat percent (TDSNF%), test day protein percent (TDP%) and age at first calving (AFC) for four districts of Gujarat viz., Panchmahal, Sabarkantha, Surat and Tapi under FPTP were retrieved from INAPH (Information Network for Animal Productivity and Health) developed by NDDB. The original data comprising of a total of 1,65,929 first lactation test day milk yield records of 18543 HF crossbred cows sired by 301 bulls spread over a period of 23 years (1997-2019).
2.2 DATA EDITING AND STANDARDIZATION
Only first lactation records were considered in the study. The animal records extending from the 5th to the 325th day in milk were retained to represent the productive phase of lactation. The age at first calving of cows was restricted between 18 and 72 months, and records falling outside the biological range of milk fat (1.5 - 6.5%), protein (1.5 - 4.5%), and solids-not-fat (7.0 - 11.0%) percentages were discarded to maintain data consistency.
The traits considered for analysis were fat percentage, protein percentage, and solids-not-fat (SNF) percentage. The values for percent traits, fat%, SNF%, protein% were obtained by averaging various test day records for a particular animal. In order to account for environmental variation, fixed effects such as herd, season of calving, and year of calving were included in the model. The additive genetic effect of the animal, permanent environmental effect, and residual error were treated as random. Finally, 1,59,950 first lactation test day records of 17135 HF crossbred cows sired by 259 bulls were used in data file for present study.
2.3 UNIVARIATE ANIMAL MODEL
Following univariate animal model was (Thompson and Hill, 1990) used to estimate breeding values for fat percent, solid not fat percent and protein percent in HF crossbred cattle. 
yklmno = μ + ao + Herdj + SOCk + YOCl + eklmno​
Where:
yklmno = Performance trait of progeny of oth sire, located at jth herd born in kth season and lth year,
μ = overall population mean,
ao = Random effect of oth animal/sire,
Herdj = Fixed effect of jth herd
SOCk = Fixed effect of kth season of calving
YOCl = Fixed effect of lth year of calving
eklmno​ = Random error, assumed to be normally and independently distributed with mean zero and constant variance.
2.4 ESTIMATION OF GENETIC PARAMETERS
Variance and covariance components were estimated using Average Information Restricted Maximum Likelihood (AIREML) algorithm.
Heritability was calculated as:
h2 = 
where, = additive genetic variance, = permanent environmental variance, = residual variance.
Genetic correlations among traits were estimated as:
rg = 
2.5 SOFTWARE USED
All analyses were carried out using WOMBAT software (Meyer, 2011), which fits random regression models through AIREML procedures. Data management and descriptive statistics were carried out in R-program (R Core Team, 2020).
3. results and discussion
3.1 Descriptive Statistics
Descriptive statistics of first-lactation test-day milk composition traits (Table 1) show means of 4.18% fat, 3.34% protein, and 8.78% SNF, with moderate dispersion (SD = 0.43, 0.25, and 0.24, respectively). The observed ranges (fat: 2.50-6.40%; protein: 2.43-4.30%; SNF: 7.81-9.95%) indicate ample phenotypic variability suitable for selection in HF crossbreds under field conditions.

Comparable or slightly lower averages have been reported in crossbred and Holstein populations under tropical or smallholder systems. For instance, Ethiopian crossbreds recorded 3.58% fat, 8.08% SNF, 3.01% protein, reflecting environmental and feeding differences typical of smallholder settings; our slightly higher means likely reflect better feeding and crossbred composition in Gujarat herds. Similar crossbred/smallholder profiles are echoed in recent Indian genomic-selection field programs, which emphasize wide between-farm variability yet sufficient dispersion in component traits to support selection (Singh et al., 2015).
Table 1. Descriptive statistics of milk composition traits (first lactation test-day records)
	Trait (%)
	N (records)
	Mean
	SD
	Minimum
	Maximum

	Fat %
	15642
	4.18
	0.43
	2.50
	6.40

	Protein %
	14746
	3.34
	0.25
	2.43
	4.30

	SNF %
	14770
	8.78
	0.24
	7.81
	9.95


3.2 Variance Components
Univariate animal-model estimates (Table 2) show additive genetic variance (σ²a) lowest in early lactation, peaking in mid-lactation (61-200 DIM), then tapering late in lactation across all three traits. Permanent environmental variance (σ²pe) is highest early, consistent with post-partum physiological adjustments and ration stabilization. Residual variance (σ²e) is relatively larger in early and late stages, likely due to instability around calving and at lactation end.
Additive genetic variance for all three traits was lowest in early lactation, increased progressively to peak during mid-lactation, and then declined in late lactation. This trend indicates that mid-lactation records are more informative for genetic evaluation. Permanent environmental variance was more pronounced during early lactation, reflecting the strong influence of management and nutritional adjustments immediately after calving. Residual variance showed heterogeneous distribution, being relatively higher in the early and late stages of lactation, likely due to production instability and measurement errors during these phases.
Table 2. Variance components (additive genetic, permanent environmental, residual) across lactation stages
	Trait (%)
	Stage of Lactation
	σ²a (Genetic)
	σ²pe (Permanent Env.)
	σ²e (Residual)
	σ²p (Total)

	Fat %
	Early (5–60 DIM)
	0.06
	0.08
	0.19
	0.33

	
	Mid (61–200 DIM)
	0.12
	0.07
	0.10
	0.29

	
	Late (201–325 DIM)
	0.08
	0.06
	0.14
	0.28

	Protein %
	Early (5–60 DIM)
	0.05
	0.06
	0.15
	0.26

	
	Mid (61–200 DIM)
	0.09
	0.07
	0.09
	0.25

	
	Late (201–325 DIM)
	0.07
	0.05
	0.12
	0.24

	SNF %
	Early (5–60 DIM)
	0.04
	0.05
	0.17
	0.26

	
	Mid (61–200 DIM)
	0.08
	0.06
	0.11
	0.25

	
	Late (201–325 DIM)
	0.06
	0.05
	0.13
	0.24


Stage-wise heterogeneity in (co)variance structure is well-documented for dairy traits: random-regression/test-day evaluations routinely detect higher genetic signal in mid-lactation and more noise at the edges of the lactation curve. Recent longitudinal and RR-TDM work in Holsteins confirms this profile, underscoring the value of test-day models that explicitly model day-in-milk dynamics, rather than relying solely on 305-day aggregates (Fotso-Kenmogne et al., 2025).
3.3 Heritability Estimates
Heritability estimates (Table 3) were moderate overall (fat: 0.30; protein: 0.29; SNF: 0.25), peaking in mid-lactation (0.42, 0.38, 0.35, respectively). This pattern aligns with the higher σ²a and lower residual noise in mid-lactation observed above.

The highest heritability values were observed in mid-lactation for all traits, supporting the notion that genetic influences are most pronounced during this stage. The overall mean heritability values (0.30 for fat, 0.29 for protein, and 0.25 for SNF) indicate moderate heritability, suggesting that these traits can be improved through systematic selection. These findings are consistent with earlier reports by Jamrozik and Schaeffer (1997), Misztal et al. (2000), and Singh et al. (2014), who also reported moderate heritability values for milk composition traits under test-day models.
Table 3. Heritability estimates (h²) of milk composition traits across lactation stages
	Trait (%)
	Early (5–60 DIM)
	Mid (61–200 DIM)
	Late (201–325 DIM)
	Overall Mean

	Fat %
	0.18
	0.42
	0.29
	0.30

	Protein %
	0.20
	0.38
	0.30
	0.29

	SNF %
	0.15
	0.35
	0.25
	0.25


Recent evidence from RR-TDM and genomic contexts broadly supports moderate h² for composition traits, often higher than yield in noisy environments. For example, random-regression test-day modeling has yielded moderate heritabilities for milk fat and protein percentages in Holsteins under varied production systems, while crossbred/smallholder studies in India applying genomic methodologies report lower - but still actionable - heritabilities for composition traits (e.g., fat % h² ≈ 0.10 in one recent crossbred genomic prediction analysis). Differences likely reflect data structure (on-farm vs. institutional), trait definition (percent vs. yield), SNP density/imputation, and the modeling framework employed (Balasubramanian et al., 2025).

Beyond composition percentages, closely related test-day work repeatedly reports mid-lactation peaks in genetic signal for longitudinal traits - consistent with our results and with current best practice for test-day genetic evaluation. 
3.4 Genetic Correlations
Strong, positive genetic correlations were observed: protein-SNF = +0.81, fat-protein = +0.72, fat-SNF = +0.68 (Table 4). These associations imply favorable correlated responses-selection for higher protein % will typically raise SNF and, to a lesser extent, fat %.
These positive associations imply that simultaneous selection for one trait will lead to favorable correlated responses in the others. Similar trends of strong positive correlations among milk components have been reported in earlier studies (Penasa et al., 2010; Singh, 2013).
Table 4. Genetic correlations among milk composition traits
	Traits
	Genetic Correlation

	Fat % – Protein %
	+0.72

	Fat % – SNF %
	+0.68

	Protein % – SNF %
	+0.81


Recent studies in Holsteins and organized crossbred programs broadly mirror this architecture, reporting moderate-to-high positive correlations among milk components. Such relationships, coupled with the pricing emphasis on fat and SNF in many Indian cooperative systems, support multi-trait selection indices to simultaneously improve milk quality traits without antagonistic trade-offs (Kőrösi et al., 2024).
The results from this study highlight the importance of using Univariate Animal Model for genetic evaluation in crossbred cattle. Unlike traditional lactation models, this model accounts for the dynamic nature of lactation and provides time-specific estimates of heritability and correlations. For breeding programs in India, where environmental variation is often high, the use of test-day models can enhance the accuracy of sire evaluation and help identify superior animals for milk quality traits. Given the positive correlations among milk fat, protein, and SNF percentages, selection indices that incorporate these traits simultaneously would be advantageous. Furthermore, the moderate heritability values suggest that the inclusion of genomic tools in combination with univariate Animal Model could further accelerate the rate of genetic gain.
Recent RR-TDM and genomic analyses continue to validate test-day frameworks for composition traits, with higher h² mid-lactation and improved prediction when longitudinal structure is modeled. Frontiers Genetics work using RR-TDM reports moderate h² for milk fat % and protein %, with lactation-stage specific dynamics similar to those we observe. American Holstein longitudinal analyses in 2025 further stress exploiting the time path of variance components to sharpen EBV accuracy—insights readily transferrable to composition traits (Lu et al., 2022).
Within Indian smallholder systems, genomic selection efforts—including studies centered on crossbreds with variable taurine inheritance—report moderate genomic prediction accuracies and actionable (if sometimes lower) heritabilities for composition-adjacent traits. A 2025 crossbred study focused on milk fat % reported h² ≈ 0.10 and useful GEBV spread, indicating that while component % may be conservative genetically in smallholder datasets, selection responses remain achievable, particularly when imputation and single-step methods are adopted (Balasubramanian et al., 2025).
4. Conclusion
The present study demonstrated the utility of the Random Regression Test-Day Model (RRTDM) in estimating genetic parameters for milk fat, protein, and solids-not-fat (SNF) percentages in Holstein Friesian crossbred cattle. The partitioning of variance components across lactation revealed that additive genetic variance was highest in mid-lactation, while permanent environmental effects were more pronounced in early lactation. Heritability estimates for fat (0.18–0.42), protein (0.20–0.38), and SNF (0.15–0.35) percentages indicated moderate genetic control, confirming the potential for selection and genetic improvement of these traits. The positive genetic correlations among milk composition traits suggest that simultaneous improvement through multi-trait selection indices is feasible.
Overall, the study highlights that RRTDM provides a more precise and dynamic framework for genetic evaluation compared to traditional lactation models, especially under the diverse environmental conditions in India. The findings emphasize the importance of incorporating test-day models into routine dairy cattle breeding programs to enhance selection accuracy and improve milk quality.
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