


Comparative Physicochemical Analysis of Goat and Sheep Milk Using Ultrasonic Milk Analyzer: A Breed-Specific Evaluation
Abstract:
The present study aimed to assess and compare the physicochemical properties of goat and sheep milk using an ultrasonic milk analyzer, with a focus on identifying nutritional differences relevant for dairy processing and consumer health. Milk samples were collected from four goat breeds—Barbari, Beetal, Jamunapari, and crossbred varieties—as well as from Corriedale × Sonadi crossbred sheep. For each breed, 15 milk samples were collected twice daily (morning and evening), and analyzed for fat, solid-not-fat (SNF), total solids, protein, lactose, density, titratable acidity, pH, specific gravity, and freezing point.
Results indicated a significantly higher concentration of all major nutritional parameters in sheep milk compared to goat milk. Sheep milk exhibited the highest fat content (6.83% morning; 6.82% evening), SNF (9.64%), total solids (16.46%), protein (5.39%), and lactose (4.83%), compared to the goat breeds, which showed relatively lower and breed-dependent values. Among goats, Jamunapari milk recorded the highest fat (3.94%) and protein (3.79%) content. Density and freezing point were also higher in sheep milk (1.033 g/cm³; –0.585°C) than in goat milk (1.028–1.029 g/cm³; –0.562 to –0.569°C). pH and titratable acidity were within acceptable dairy standards, with sheep milk showing slightly higher pH (6.71) and acidity (0.173%).
The findings underscore the superior nutritive value of sheep milk, especially in terms of fat and protein, making it highly suitable for specialized dairy products like cheese and yogurt. Goat milk, particularly from the Jamunapari breed, remains a valuable option for consumers seeking digestible and moderately rich milk. The study contributes to the optimization of milk utilization strategies for small ruminants and supports the promotion of goat and sheep milk in the functional food and nutraceutical sectors.
1. Introduction: 
Milk is universally acknowledged as a nutritionally complete food, providing essential macronutrients and micronutrients necessary for human growth and development. While cow and buffalo milk dominate the global dairy sector, the milk of small ruminants—namely goats and sheep—is gaining increased attention due to its distinct biochemical properties, digestibility, and suitability for individuals with cow milk intolerance. In particular, goat and sheep milk are recognized for their higher content of short- and medium-chain fatty acids, smaller fat globules, and richer protein fractions, making them valuable alternatives in human nutrition and specialized dairy processing.

India, being home to a vast diversity of livestock breeds, has significant potential in harnessing the nutritional and economic benefits of small ruminant milk. Goat milk, primarily sourced from indigenous breeds like Barbari, Beetal, and Jamunapari, plays a vital role in rural economies and household nutrition. Similarly, sheep milk—especially from crossbreeds such as Corriedale × Sonadi—has emerged as a promising candidate for high-value dairy products like artisanal cheese and probiotic yogurt due to its higher solid content.
The physicochemical properties of milk, such as fat, solid-not-fat (SNF), protein, lactose, acidity, pH, density, specific gravity, and freezing point, directly influence its nutritive quality and processing behavior. Accurate analysis of these parameters is crucial for quality control, breed selection, and product development. The advent of digital milk analyzers, particularly ultrasonic-based systems, has significantly improved the efficiency and accuracy of milk composition testing under field and laboratory conditions.
	This study was conducted to evaluate and compare the physicochemical characteristics of milk obtained from three major goat breeds—Barbari, Beetal, and Jamunapari—as well as crossbred goats and Corriedale × Sonadi sheep. By analyzing morning and evening milk samples across multiple parameters using an ultrasonic milk analyzer, the research aims to identify breed-specific differences and highlight the nutritional superiority and commercial potential of small ruminant milk in India’s evolving dairy sector.
2. Materials and Methods
A. Study Location and Duration
The samples were taken from Sonipat, Panipat, Karnal & Hisar districts of Haryana over a period of 6 months. The region supports mixed livestock farming and offers suitable conditions for sampling indigenous and crossbred goats and sheep.
B. Animals and Sample Collection
Milk samples were collected from healthy adult lactating females of three recognized Indian goat breeds—Barbari, Beetal, and Jamunapari—as well as from crossbred goats and Corriedale × Sonadi crossbred sheep. Each breed group consisted of 15 individuals, and milk was collected twice daily (morning and evening) to account for diurnal variation, resulting in 30 milk samples per breed and a total of 120 milk samples.
The animals were housed under similar feeding, watering, and management conditions, and were clinically healthy at the time of sampling. All milk samples were collected by hand milking in sterile containers during mid-lactation and transported immediately to the laboratory in cold-chain conditions for same-day analysis.
3. Analytical Equipment and Parameters
Milk analysis was carried out using a digital ultrasonic milk analyzer (Model: Lacto Scan Milk Analyzer, based on ultrasonic technology), calibrated prior to use with standardized milk samples. 

The following physicochemical parameters were evaluated for each sample:

Fat (%)						Density (g/cm³)
Solid Not Fat (SNF) (%)				Titratable Acidity (%)
Total Solids (TS) (%)					pH
Protein (%)						Specific Gravity
Lactose (%)						Freezing Point (°C)
Density 
Each sample was analyzed in duplicate, and the mean of the readings was used for statistical interpretation.
D. Statistical Analysis
Data obtained from the milk analyzer were compiled and processed using Microsoft Excel and subjected to descriptive statistical analysis. Mean and standard deviation (±SD) were calculated for all parameters. Where applicable, one-way ANOVA was employed to assess significant differences between breeds and between morning and evening samples using [insert software, e.g., SPSS v25.0 or R]. Statistical significance was set at p < 0.05.
3. Results & Interpretation
3.1 Fat Content
The fat percentage varied significantly between goat and sheep milk, with sheep milk (6.83%) showing a substantially higher fat content than the three goat breeds—Jamunapari (3.94%), Barbari (3.92%), and Beetal (3.79%). Among goats, Jamunapari had the richest fat profile, slightly ahead of Barbari. These results corroborate prior studies that highlight the higher lipid concentration in sheep milk, which contributes to its suitability for cheese and butter production due to better yield and richer flavor profiles (Park et al., 2007). The elevated fat content in sheep milk is also attributed to breed genetics and metabolic differences in lipid biosynthesis.
The findings of the present study are in agreement with that of Soliman (2005) and Imran et al., (2008) as they observed the composition of Goat milk and sheep milk collected from various areas in Pakistan and reported average fat content as 3.2% and 6.95%. Kanwal et al., (2004) reported the physico-chemical parameters of milk samples collected from Goat and they found Fat content 3.80% -6.50% in Goat milk. From this result, the amount of fat in Cow milk was slightly less than Goat milk with non-significance (p>0.05) level. 
3.2 Solid Not Fat (SNF) and Total Solids
Sheep milk once again surpassed goat milk in SNF (9.64%) and Total Solids (16.47%). Among goat breeds, Jamunapari recorded the highest SNF (8.44%) and TS (12.38%) values. SNF content represents proteins, lactose, and minerals—components crucial for milk’s processing and nutritive value. The significantly higher TS in sheep milk suggests enhanced suitability for processing into value-added products like condensed milk and fermented dairy. High TS concentration improves the structural integrity of dairy derivatives (Haenlein, 2004).
The findings of the present study are in agreement with that of Lingathurai et al., (2009), as they observed sixty samples of raw Milk of Goat and Sheep collected from four different locations in Madurai for their chemical compositions and reported average SNF content 8.87%, 9.67%. The value of fat content in Goat milk and Sheep milk was similar with findings reported by Mahmood and Usman (2010) and their chemical composition of milk of Cow, Buffalo, Goat and Sheep from the different areas of Gujarat, Pakistan and found SNF content as 8.94% and 10.48%, 8.98%, 9.67%. However, the findings of the present study is not in agreement with that of Pal et al., (2011) who reported SNF content of Goat milk as 9.83%.
The total solid contents observed in present investigation in milk of Barbari, Beetal, Jamunapari and Sheep are in agreement with the result reported by Arora et al., (2013), Chauhan et al., (2012) and Soliman (2005). They observed chemical compositions and mineral contents of milk from Sheep and Goat milk in Egypt and reported average TS content of Goat milk and Sheep milk as 16.99±0.13%, 13.88±0.10%.
The values of total solid in Goat milk was similar to that reported by Talukder et al., (2013), which found that the milk of Marwari, Assam local breed, Beetal x Assam local crossbreds and Jakhrana Goats had 14.57±0.58, 15.77±0.18, 14.92±0.23 and 13.55±0.26% TS. In contrary to study, Imran et al., (2008) reported TS content in Goat milk and Sheep milk of various areas in Pakistan and they reported various chemical components showing mean TS as 15.31%, 17.25%.
3.3 Protein Content
The protein content was highest in sheep milk (5.39%), followed by Jamunapari (3.79%), Barbari (3.69%), and Beetal (3.37%). This reinforces the established understanding that sheep milk contains higher casein and whey protein fractions, contributing to its superior digestibility and higher curd yield (Park & Haenlein, 2006). High protein levels in sheep milk make it especially beneficial for infant formula and sports nutrition sectors.
The findings of the present study are in agreement with that of Arora et al., (2013) and observed comparative aspects of Goat milk composition in Bikaner, Rajasthan and found protein content in Goat milk 2.91% to 3.3%. Soliman (2005) found that the chemical compositions and mineral content of milk obtained from various species such as Sheep and Goat milk in Egypt, Protein content in Sheep milk and Goat milk reported to be 3.75±0.04% and 3.22±0.06%. The results obtained in the present investigation for protein content in Goat and Sheep is lower than the protein contents reported by Strzalkowska et al., (2009).  
3.4 Lactose Content
Lactose levels ranged from 4.14% (Beetal) to 4.83% (Sheep). While all values fall within the typical range for ruminant milk, the slightly elevated lactose content in sheep milk enhances its natural sweetness, which can be advantageous in fermented milk products. Goat milk, though lower in lactose, is often better tolerated by individuals with mild lactose sensitivity due to smaller fat globules and protein micelles.
The findings of the present study are in agreement with that of Mahmood and Usman (2010) as they observed chemical compositions of milk samples of Goat and sheep from the different areas of Gujarat and Pakistan: and found lactose content 4.39% and 5.21%. Heimei et al., (2011), observed chemical compositions of Sheep milk and Goat milk and they reported lactose content 5.24%, 4.56%. However, the findings of the present study is not in agreement with that of Arora et al., (2013) as they reported that the comparative aspects of Goat milk composition in Bikaner, Rajasthan and found lactose content of Goat milk 3.1%.
3.5 Density and Freezing Point
Density values were relatively uniform among goat breeds (~1.028–1.029 g/cm³), while sheep milk registered higher density (1.033 g/cm³), consistent with its higher solids content. The freezing point was lowest in sheep milk (–0.585°C), indicating minimal water adulteration and high solute concentration. These parameters are often used in the dairy industry for quality control and fraud detection. The freezing point results align with ICAR standards (ISI, 1977) indicating purity and nutritional richness.
When compared with the published literature, the findings of this study are consistent with previous research. Drackova et al., (2008) reported a freezing point of 0.554°C for goat milk, which aligns with the values obtained in this study. Park et al., (2007) also analyzed goat milk samples and found freezing point values in the range of 0.540°C to 0.570°C, which is similar to the range observed in our study.
Furthermore, the agreement extends to other studies as well. Terramoccia et al., (2004), Di Francia et al., (2007), Pavel and Guvan (2011), and Park et al., (2007) all observed the physiochemical characteristics of goat milk and sheep milk reported average freezing point values ranging between -0.540°C and -0.570°C, which corroborates our findings. Basu et al., (1962) also reported freezing point values for goat milk in the range of -0.547°C to -0.550°C, which is in line with our results.
3.6 Titratable Acidity and pH
Titratable acidity (TA) was found to be 0.160–0.166% in goat breeds and 0.173% in sheep milk. The pH ranged from 6.51 (Beetal) to 6.71 (Sheep), indicating all samples were within the optimal pH range for fresh milk (6.5–6.8). Slightly higher acidity in sheep milk can enhance its microbial safety and natural preservation. These values also affect rennet coagulation and curd formation during cheese-making, where a balanced pH and acidity are crucial.
The findings of the present study are in agreement with that of Mahmood and Usman (2010) and Imran et al., (2008) observed physico-chemical properties of Sheep milk and Goat milk were carried out from various areas in Pakistan showing titratable acidity as 0.182% lactic acid and 0.165% lactic acid. Ahmad et al., (2013) found the physico-chemical properties of Sheep raw milk and Goat milk from different areas of Pakistan and presented average titratable acidity as 0.183% lactic acid and 0.159% lactic acid.
Imran et al., (2008), Sabahelkhier et al., (2012) as they observed the average value for pH of raw Goat milk and Sheep milk obtained from Sudan was found to be 6.6 and 6.59. Goat milk was studied for physico-chemical properties by various researchers in India and the average compiled data were presented in dairy handbook showing average value for pH as 6.54.
3.7 Comparative Overview
Collectively, the data reveal the following:
Sheep milk consistently outperforms goat milk in terms of fat, protein, SNF, and total solids, reflecting its potential for high-value dairy applications.
Jamunapari goat milk was superior among goat breeds in most parameters, making it a preferred choice for commercial goat dairy ventures.
The stability of morning and evening readings across all breeds suggests minimal diurnal fluctuation, enhancing the reliability of composition data.
These findings are significant for breeders, dairy processors, and health-conscious consumers. Goat milk remains advantageous due to its ease of digestion and hypoallergenic properties, while sheep milk holds promise for specialized and therapeutic dairy product development.
4. Conclusion
The present study provides a comprehensive comparative evaluation of the physicochemical properties of milk obtained from different goat breeds—Barbari, Beetal, Jamunapari—and Corriedale × Sonadi crossbred sheep. Using an ultrasonic milk analyzer, a wide range of parameters including fat, protein, solid not fat (SNF), total solids (TS), lactose, pH, titratable acidity, density, and freezing point were quantitatively assessed.
The results conclusively indicate that sheep milk exhibits significantly superior nutritional composition, especially in terms of fat (6.83%), protein (5.39%), SNF (9.64%), and total solids (16.47%), compared to all analyzed goat breeds. Among goats, Jamunapari milk demonstrated relatively better compositional richness, followed by Barbari and Beetal, respectively.
These findings highlight the nutritional superiority and processing potential of sheep milk, making it particularly suitable for high-value dairy products such as cheese, yogurt, and fortified nutritional supplements. Conversely, goat milk, especially from the Jamunapari breed, maintains its relevance due to favorable digestibility, moderate nutrient profile, and hypoallergenic properties, positioning it as a viable option for individuals with cow milk intolerance.
Overall, the study emphasizes the importance of breed selection in dairy livestock management and offers valuable insights for dairy farmers, nutritionists, food technologists, and the functional dairy product industry. Future research may consider seasonal effects, feed variability, and advanced proteomic profiling to further enrich the understanding of milk quality dynamics across breeds.
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