



Development and Standardisation of Goat Milk Cheeses Using Microbial Rennet Derived from Kluyveromyces lactis
Abstract
Cheese has been a part of the human diet for centuries. In ancient times, it served as a concentrated milk product that offered a longer shelf life. Its significant levels of fat and protein made cheese an energy-dense and nutritious food ideal for our industrious ancestors. This study explored the utilisation of goat milk for cheese production using microbial rennet obtained from Kluyveromyces lactis. Goat milk, known for its easy digestibility, high mineral content, and bioactive compounds, was selected as a nutraceutical alternative to conventional milk. Cheese was prepared through four experimental trials using different combinations of goat and buffalo milk: 100% goat milk, 75% goat milk with 25% buffalo milk, and 50% goat milk with 50% buffalo milk. Sensory evaluation on a 9-point hedonic scale indicated that cheese made exclusively from goat milk (T4) achieved the highest acceptability score.

The formulation included goat milk, buffalo milk, microbial rennet (chymosin from K. lactis), starter culture, and salt. Proximate analysis of the optimised sample revealed 45.43% moisture, 2.86% ash, 30.79% fat, 22.81% protein, and 1.50% carbohydrates. The product was stored under refrigeration at 4 °C. From a nutritional perspective, goat milk cheese demonstrated strong potential as a functional food for lactating women, children, and the elderly. Its digestibility, probiotic content, medium-chain fatty acids, and calcium support bone strength, immune health, and metabolic balance, thereby underscoring its role as a nutraceutical dairy product.
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1. Introduction
Cheese is a product made from milk using specific enzymes, starter bacteria, or organic acids. There are over 2,000 varieties worldwide, and this number is expected to continue growing. Cheese is classified into different categories based on its appearance, method of production, ripening process, and chemical makeup. Most cheeses fall into categories such as natural, processed, unripened, ripened, soft, and hard, often named after their region of origin. Natural cheese can be either ripened or unripened. Ripened cheese is created through coagulation using rennet and cultured acids, and is further aged with bacteria or mould, such as in the case of Cheddar, Brick, and Swiss. In contrast, unripened cheese is made by coagulating milk with acid, resulting in soft cheeses such as cottage cheese, cream cheese, and Neufchâtel. Natural cheeses are typically classified based on their moisture content or softness/hardness level, with cottage cheese being a soft variety. Processed cheese, on the other hand, is made by blending one or more types of natural cheese and adding emulsifying salts, resulting in higher moisture content. Flavourings and seasonings are often included. Consequently, the range of cheese available in the market is vast, reflecting the diversity in the composition of different varieties (Sadia Rasheed et al. 2016).
“Cheese has been a part of the human diet for centuries. In ancient times, it served as a concentrated milk product that offered a longer shelf life. Its significant levels of fat and protein made cheese an energy-dense and nutritious food ideal for our industrious ancestors. Recent developments in nutritional science have underscored cheese's role in providing vital nutrients. It is a valuable source of essential nutrients, including proteins, bioactive peptides, amino acids, fats, fatty acids, vitamins, and minerals” (Barbara Walther et al. 2008).
“Cheese is a versatile dairy product, rich in nutrients and susceptible to physical, chemical, and biochemical deterioration. As a nutrient-rich dairy, cheese is a good source of protein and minerals, especially calcium and phosphorus, which are essential ingredients in most of the foods consumed. Therefore, extending the shelf life of this dairy product is very important. Evidence suggests that active packaging has previously been designed based on chitosan/poly(vinyl alcohol)/titanium nanoparticles to increase the shelf-life and reduce microbial growth of soft white cheese” (Perera et al., 2023). “This study mainly focuses on the techniques used to extend the shelf life of cheese. According to the literature, the main methods to extend the shelf life of cheese are the addition of preservatives, modified atmosphere packaging (MAP), high pressure, active coating, edible coating, and their combination. Several studies have been conducted on almost all categories of cheeses, including fresh, mature cheeses, surface cheeses, semi-hard cheeses, hard cheeses, and very hard cheeses” (Abbas Jalilzadeh et al. 2015). 
Milk is the characteristic secretion of mammals, produced to meet the complete nutritional requirements of the newborn of the species, as well as some protective and other physiological needs. In addition to meeting all the nutritional requirements of the newborn, several microcomponents in milk, such as oligosaccharides, immunoglobulins, proteins, and metalloenzymes, play a protective role. Milk is an aqueous solution of lactose (Pat.F.Fox, et al. 2008). 
“Goats play a crucial role in the livestock industry due to their ability to thrive in harsh climates, making them ideal for landless and marginal farmers” (Gemechu et al., 2023). “They significantly contribute to the production of milk and dairy products, thereby impacting the rural economy and health. Goat milk is richer in calcium, magnesium, and phosphorus compared to cow and human milk. Additionally, it contains a higher amount of Medium Chain Triglycerides (MCT), which are known for their unique health benefits. The soft curd in goat milk can be beneficial for adults with gastrointestinal issues or ulcers. As a source of vitamins, proteins, and antioxidant macromolecules, goat milk is beneficial to people, particularly infants, as a substitute for cow milk. From a nutritional standpoint, goat milk is notably different from milk from other dairy animals. Goat Milk is more digestible than Cow Milk or human milk, has a greater buffering capacity, and has specific therapeutic properties in human nutrition and medicine” (Nayik et al., 2022). “Goat milk is also recommended for infants, the elderly, and those in recovery. Consumer acceptance of goat milk and its products is reported to be very high. Goat cheese production in Nepal is on the rise, which is expected to greatly benefit the country's cheese industry. However, research and development efforts regarding goats have been lacking. Often referred to as the "poor man’s cow," goats need to be fully utilised to maximise their benefits, especially in terms of meat, milk, and medicinal properties” (Rewati Raman Bhattarai, et al.2012).
“Milk and dairy products have long been recognised as vital components of the human diet in both developing and developed countries. Goat milk is composed of water, protein, fat, sugar, minerals, and vitamins, all of which are crucial for overall health. In recent years, there has been a growing interest in goat milk and its products across various nations. These products serve as functional foods that support the nutrition and well-being of both young and elderly individuals, particularly those with cow milk allergies. Goat milk can be transformed into a diverse range of dairy items, including butter, ice cream, cheese, buttermilk, condensed milk, yoghurt, flavoured milk, sweets, and candies” (Mahendra Pal et al. 2017). 
Cheese is the only product made from goat's milk that has been extensively investigated. There is little data on the production of liquid milk products (which may be full-fat, fortified, or flavoured), fermented products such as buttermilk or yoghurt, frozen products such as ice cream or frozen yoghurt, or butter, concentrated milk, or powdered milk (Morrison Loewenstein et al., 1980). 
Cheese cannot be made without using certain types of lactic acid microorganisms (LAB), whose predominant features are to provide lactic acid from lactose while manufacturing and to undergo biochemical modifications while ripening, which assist in expanding the function of the aroma of the cheese being produced. The LAB involved is referred to as the number one culture. These organisms are also referred to as starter microorganisms because they “initiate” (start) the manufacturing of lactic acid. Typically, starter micro-organisms are cautiously selected and intentionally delivered to the milk earlier than it's miles made into cheese, but for a few cheeses, especially Spanish and Italian varieties, it is not delivered (Eugenio Parente, et al.2004).
Rennet acts on milk to create a coagulum or gel, which is the initial stage in forming cheese curds and the cheesemaking process. Rennet is a commercially produced enzyme derived from the saline extraction of the calf abomasum and contains various gastric and tissue enzymes. This gel formation occurs in two phases: the first involves enzymatic activity, while the second consists of the association and aggregation of the casein micelles that have been altered by enzymes. Factors such as temperature, pH, and salt concentration play a significant role in this process (G.C.1981).
Chymosin is the primary enzyme responsible for milk coagulation found in this preparation. Additionally, there are other milk-coagulating enzymes and rennet alternatives, along with identification methods. The role of rennet in cheesemaking is evaluated, especially regarding its function in the ripening process. “The transformation of milk into cheese curd typically occurs through enzymatic coagulation. Rennet, an enzymatic preparation containing two primary acid proteolytic enzymes (chymosin and pepsin), is derived from the fourth stomach (abomasum) of unweaned ruminants like calves, lambs, or kids. The use of rennet in cheesemaking can be traced back to around 6000 BC” (Fox and McSweeney, 1997).
“In addition to rennet, various milk coagulants from animal, plant, microbial, or genetically modified sources are also utilised in cheese production. Rennet is available in liquid, powder, or paste forms, with the first two produced on an industrial scale from calf abomasum and being the most common in cheese-making. Rennet derived from lamb or kid abomasum is usually found in paste form and is predominantly used in artisanal cheeses. This rennet significantly influences the sensory qualities of the final cheese product due to the presence of lipolytic enzymes that release free fatty acids (FFA) during ripening. As a result, many cheeses possess unique sensory traits linked to the rennet used, especially those made with rennet from small ruminants, although commercial lipase preparations from these animals are often employed to enhance lipolysis in cheese” (Moschopoulou, E, 2011).
“Salt is an essential ingredient for cheese making and affects various aspects of cheese, including storage and enzyme activity. Flavour, casein hydration, and microbial proliferation during ripening. Many consumers avoid cheeses with high salt content, mainly because of health problems such as hypertension, cardiovascular disease (CVD), stroke, and heart attack. Salt is commonly used for many purposes in the manufacture of cheese, including to achieve the desired taste and texture, for its preservation properties, and as a flavour enhancer” (Giroux et al.2022).
“Cottage cheese, quark, cream cheese, fromage frais, and ricotta are the maximum common types of sparkling acid-curd cheese whose intake has increased due to the fact that they may be perceived as healthful by diet-aware consumers. In general, the fat content of those cheeses is decreased than that of rennet curd cheeses. Cottage cheese is a tasty, nutritious, effortlessly digested, and rather low-calorie food. Moreover, it's miles of sparkling cheese, creamy, barely acidic, and now no longer ripened. The frame has a near-white sedation and a granular texture which includes discrete personal gentle curd granules of exceptionally uniform size, from about three to twelve mm, depending on whether or not a small or a huge sort of curd is desired, and probably blanketed with a creamy mixture” (Emiliane Andrade Araújo, et al.2016).
2. Materials and Methods
The present study was conducted in the Department of Food Technology, Yashavantrao Chavan Institute of Science, Satara. The material used and methodologies adopted for the present investigation are presented in this chapter.   
2.1 Ingredients
The ingredients, such as rennet enzyme and starter Culture purchased from the online platform (Amazon). Goat milk, Salt, etc., were purchased from the local market of Satara.
2.2 Equipment

Weighing balance, Measuring cylinder, Thermometer, Heating unit, Utensils.
2.3 Formulation of Cheese.
Goat milk was collected from the local market and used for cheese production through a series of standardised steps. The milk was filtered, tested for quality parameters, and pasteurised at 72°C for 15 seconds to eliminate harmful bacteria. A starter culture (S. thermophilus and L. bulgaricus) and rennet were added to initiate fermentation and curd formation. The curd was then cut, cooked, fermented, and ripened under controlled conditions. Further processing included plasticising, kneading, moulding, chilling, bringing in a 20% salt solution, and drying. Finally, the cheese was packaged in aluminium foil and stored at 4°C. The process was carried out in four separate trials to ensure consistency and quality. The steps involved in the preparation of goat milk cheese, from milk collection to packaging and storage, are illustrated in Figure 1. The formulation was done by taking a total of four trials, as shown in Table 1. 
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                                      Fig.1 Flowchart for Development of Cheese
2.4 Treatment Details
The present investigation was carried out in the Department of Food Technology, Yashavantrao Chavan Institute of Science, Satara. Results obtained during the investigation are tabulated and statistically analysed. Based on a review of the literature and preliminary trials, the experimental work plan was prepared with details of the trials given in the table and shown in Table 1.
Table 1: Composition of Cheese 

	Sr. no
	Ingredients
	Trail 1
	Trail 2 
	Trail 3 
	Trail 4

	1
	Goat Milk
	375 ml
	250 ml
	500ml
	500 ml

	2
	Buffalo Milk
	125ml
	250 ml
	-
	-

	3
	Starter Culture
	2.0 gm
	1.5 gm
	2.0 gm
	1.5 gm

	4
	Rennet Enzyme
	0.25 ml
	0.25 ml
	0.25 ml
	0.25 ml

	5
	Salt
	1.5  gm
	1.5 gm
	 1.5 gm
	1.5 gm


2.5 Proximate Analysis
The estimation of the food sample's ash, moisture, fat, and protein contents is part of this analysis.
2.5.1 Moisture content 


After the 5 g sample was ground up and dried for 5 hours at 105°C in a hot air oven, its moisture content was measured by weighing it. It was weighed once more after being chilled in desiccators until it reached a consistent weight. The weight loss as a result was calculated using the moisture content (Manual-FSSAI).

2.5.2 Fat Content

Using a Soxhlet device, five grams of crushed product were carefully weighed in a thimble and defatted with petroleum ether. The lipid content was then ascertained by evaporating the ether extract (Manual-FSSAI).
2.5.3 Ash Content


A silica crucible containing five grams of product was weighed, burned, and cooled over a brief flash until the solid was completely burned. After cooling in the desiccator, the sample was kept for four hours at 550°C in a muffle furnace. After cooling in the muffle furnace, it was weighed once more, and the process was repeated until two measurements were identical. The per cent ash was calculated using the difference between the initial and final weights (Manual-FSSAI).

2.5.4 Protein Content


The Micro-Kjeldhal technique, which entailed digesting 200 mg of material in concentrated sulfuric acid with 1 g of catalyst combination for two to three hours at 100°C, was used to measure the protein content. Following a 40% NaOH distillation, the ammonia that was released was captured in 4% boric acid and titrated against 0.01N H₂SO₄ using a mixed indicator method (Methyl red: Bromocrysol green, 1:5). The percentage of protein in the sample was then estimated using a factor of 6.25, and the proportion of nitrogen was then calculated using a method (Manual-FSSAI).

2.5.5 Carbohydrate Content

The per cent of total carbohydrate content was determined using the difference method (Kumar et al. 2023).
2.6 Sensory Assessment
The scientific method for eliciting, Quantifying, evaluating, and interpreting reactions as perceived by the senses of sight, smell, touch, taste, and hearing is sensory assessment. Semi-trained panel members, who were academic staff members of the Yashavantrao Chavan Institute of Science, Satara, were asked to rate the overall products on a 9-point hedonic scale with descriptive words ranging from 1 (dislike strongly) to 9 (like extremely). They were evaluated for sensory qualities such as appearance, colour, taste, flavour, and texture (Wichchukit and O'Mahony, 2022).         
 Table 2: 9-Point Hedonic Scale
	Sr. No.
	Remarks
	Score

	1
	Like extremely
	9

	2
	Like very much
	8

	3
	Like moderately
	7

	4
	Like slightly
	6

	5
	Neither like nor dislike
	5

	6
	Dislike slightly
	4

	7
	Dislike moderately
	3

	8
	Dislike very much
	2

	9
	Dislike extremely
	1


3. Result
The present investigation was carried out in the Department of Food Technology, Yashavantrao Chavan Institute of Science, Satara. The Goat Milk Cheese was formulated by taking a total of three trials, 1, 2, 3 and 4, from which Trial 4 was selected by the 9-point hedonic scale by the faculty members and students from the Department of Food Technology.
Chemical properties of Goat Milk Cheese were studied by analysing moisture content, fat, protein, ash, and carbohydrates, and the results are shown in Table 3. Various tests were taken for that, and all the equipment and chemicals are handled with care.
Table 3: Proximate Analysis Results of Cheese

	Sr. No
	Parameter
	Value

	1
	Moisture
	45.43%

	2
	Fat
	30.79%

	3
	Protein
	22.81%

	4
	Ash
	2.86%

	5
	Carbohydrate
	1.5%
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                  Fig 2: Cheese Cubes                                           Fig 3: Lobe of Cheese
The sensory qualities in terms of colour, flavour and texture, and aroma were assessed by a panel of 10 judges with a 9-point hedonic scale. The data regarding the sensory evaluation is presented in Table 4 below.
Table 4: Sensory Evaluation Score
	Sr. No
	Sensory Parameters
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	1
	Appearance
	8
	8
	8
	8

	2
	Color
	8
	8
	7
	8

	3
	Odor
	7
	7
	7
	7

	4
	Flavor
	7
	8
	7
	7

	5
	Taste
	7
	7
	7
	7

	6
	Texture
	7
	8
	8
	7

	7
	Overall acceptability
	7
	8
	7
	7


Discussion 

Table 3 displays the proximate composition of the cheese lobe (Fig. 3) and cubes (Fig. 2). A moisture level of 45.43% was found in the data, which is within the normal range for semi-hard cheeses. Analogous percentages (40–48%) have been documented in processed cheese products, suggesting suitable water retention that enhances mouthfeel and texture (Kapoor & Metzger, 2008). Cheese is a dairy product that is heavy in calories, as seen by its 30.79% fat content. This is consistent with the results of Walther et al. (2008), who found that cheese variants had fat contents ranging from 28 to 34%, indicating that the formulation is similar to typical commercial goods.
Cheese's significance as a concentrated supply of milk proteins, particularly casein, which offers both nutritional value and functional qualities, was confirmed by the high protein content (22.81%). The milk standardisation procedure and formulation changes made during cube and lobe production may be the reason why the figure is somewhat higher than the usual 20% protein content listed in processed cheeses (Guinee, 2007). The mineral contribution, especially calcium and phosphorus, which are naturally present in dairy products, was shown by the ash content (2.86%). Conversely, the relatively low carbohydrate content (1.5%) was compatible with cheese fermentation, in which starter cultures digest the majority of lactose (Fox et al., 2017).
Trial 2 outperformed the other trials with the greatest overall acceptability score (8/9) based on sensory evaluation of the cheese samples (Table 4). The formulation provided a good mix of creaminess, mouthfeel, and flavour intensity, as evidenced by Trial 2's exceptionally high scores for flavour (8), texture (8), and overall acceptance (8). Trials 1, 3, and 4 were deemed acceptable by the panel despite having somewhat lower overall scores (7). Good homogeneity was shown by the consistently high colour and appearance scores (7–8) throughout all trials. No off-flavours emerged during preparation, as evidenced by the consistency of taste and odour (7) among samples.

These findings are consistent with other studies showing that ideal moisture content and fat-to-protein ratios have a significant impact on cheese flavour, texture, and customer preference (Singh & Muthukumarappan, 2008). Trial 2's marginally greater sensory acceptability shows that optimising formulation parameters might provide better sensory attributes.

4. Conclusion
It was conducted to produce goat milk cheese and evaluate its characteristics from curd formation to proximate analysis. The results showed that the cheese had good nutritional quality, with appropriate levels of moisture, fat, protein, and ash content. The analysis confirmed that the formulated goat milk cheese was comparable to other market-available cheeses in terms of composition and quality. This study demonstrated that goat milk cheese could serve as a nutritious alternative in the dairy market.
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