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ABSTRACT
Yoghurt is produced through the coagulation of milk by lactic acid fermentation of milk, facilitated by a starter culture containing Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus. It is consumed globally and is recognised as one of the most popular fermented dairy products due to its beneficial effects on human health. The incorporation of fruit into yoghurt enhances its sensory attributes such as taste, aroma and visual appeal, making it particularly attractive to children. Among the various fruits suitable for yoghurt formulation, mango is notable for its wide availability and high therapeutic value, making it a valuable ingredient for functional dairy products. The study investigates the incorporation of mango pulp in yoghurt development, emphasizing its preparation and the evaluation of its physicochemical properties. The yoghurt formulations were prepared in the Department of Biotechnology, and the physicochemical analysis was conducted in the Food Science and Technology Laboratory. The Standard Probiotic Yoghurt was formulated using 100% cow’s milk, 7% Skim milk powder and 1% each of Lactobacillus bulgaricus and Streptococcus thermophilus. The Fruit Probiotic Yoghurt was developed using 80% cow’s milk, 7% skim milk powder, 2% fructooligosaccharide (FOS), 20% mango pulp and 1% each of Streptococcus thermophilus and Lactobacillus bulgaricus. Both yoghurt samples were subsequently analysed for pH, Acidity, Viscosity, Moisture and Total Soluble Solids (TSS). The results revealed that both the Standard Probiotic Yoghurt and the Fruit Probiotic Yoghurt had the required amounts of pH, Acidity, Viscosity, Moisture, and TSS, demonstrating the suitability of mango pulp as an ingredient in probiotic yoghurt formulations.
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1. INTRODUCTION

The last two decades have seen considerable development in probiotics, which have revolutionized the food industry (Ouwehand et al., 2002). In recent times, probiotics have garnered significant interest among consumers, researchers, and industrial sectors. Initially, Probiotics were used to enhance the health of both animals and humans by modulating the intestinal microbiota. “Probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit on the host” (Hill et al., 2014).
  
Technological evolution in the food processing industry has led to the development of new, novel value-added food products, including probiotic foods, by modifying texture, flavour, aroma, and taste, which promote better health and well-being by increasing the nutritional as well as therapeutic value of the product. “Additionally, advancements in nutrition have revealed that diet also plays an important role in the prevention and cure of various diseases by modulating several physiological functions” (Prajapati and Hati, 2022).
One dairy product that is among the most popular healthy food choices is yoghurt, leading the industry to develop new varieties to adapt to the current needs of consumers (Torrico et al., 2020). According to the Code of Federal Regulations of the United States Food & Drug Administration (FDA), yoghurt can be defined as a food produced by culturing one or more of the optional dairy ingredients namely, cream, milk, partially skimmed milk and skim milk, used alone or in combination with a characteristic bacterial culture that contains lactic acid producing bacteria namely Lactobacillus bulgaricus and Streptococcus thermophilus. S. thermophilus is a gram-positive, circular or elliptical bacteria which has a diameter of 0.7-0.9 microns. The morphology of bacteria depends on the genus, environment and growth temperatures. For instance, they have short chains at 45°C, are diplococcus at 30°C, but have long chains in cultures that have high acidity. Bacteria in question show a symbiotic relationship with L. bulgaricus in yoghurt production. At first, S. thermophilus shows activity in the milk fermented to produce yoghurt, slightly increases the acidity of the media and consumes oxygen. L. bulgaricus starts to grow rapidly in this medium and forms valine, which is a necessity for S. thermophilus growth. Besides yoghurt production, they are present in various starter cultures that are used to produce fermented dairy products and cheese (Iyer et al., 2010). The global yoghurt market is projected to be $106.6 billion in 2024 (CAGR of 4.5%), which confirms the popularity of this product among consumers (Wan et al., 2020). Among food products, dairy plays a significant role in the global market, with yoghurt being one of the most in-demand items (Ribeiro et al., 2021).
Yoghurt is commonly associated with beneficial effects on human health, and hence there has been an increase in the consumption of yoghurt globally (Barbosa et al., 2017). Moreover, its low lactose content (relative to milk) makes it easily digestible (Kumar Dutta Roy, 2015). In the 21st century, consumers are demanding more nutritious, wholesome, quality food with functional and therapeutic properties. Nowadays, there is an increasing demand for fortified products because they enhance nutrition as well as provide health benefits. The recent increase in the number of nutritious milk products offered by the global dairy industry is remarkable. This is partly due to the growing consumer interest in healthy eating. Consumers perceived that the yoghurt drink is a healthy product for convenient eating. This is because yoghurt drinks in the market are usually flavoured with fruit or fruit juice, and they can be fortified and added with healthy nutrients such as vitamins, minerals and prebiotics or probiotics (Bylund, 2015). 
Mango fruit is the most important commercial fruit in the tropics and is a very popular fruit among millions of people in the world (Elkashif et al., 2003). Due to their delicious flavour, aroma, colour, and nutritional value, mangoes (Mangifera indica) are one of the most widely produced and consumed fruits (Mwaurah et al., 2020). The pectin and sugars from the fruit are mixed with the yoghurt, causing an increase in its consistency and viscosity and therefore mouth feel is improved (Nongonierma et al., 2007).  Currently, consumers value nutritious, innovative, and healthy foods, driving the production of functional foods (Abdi-Moghadam et al., 2023). Flavour is a key factor for foodstuff acceptability. The introduction of various fruit-flavoured yoghurts has significantly contributed to the consumption of yogurt across all ages (Matter et al., 2016).
2. MATERIALS AND METHODS
2.1 Raw materials
Cow’s milk was obtained locally, and skim milk was obtained from the Jaldhara company. Uniformly ripened, high-quality mango fruit (Mangifera indica) was selected for the present study due to its easy availability and accessibility, which was procured from the local markets of Jorhat.
2.2 Equipment used
a)	Avery Balance.
b)	Electronic Balance.
c)	Fungi lab Viscobasic+ L viscometer.
d)	UV-Vis Spectrophotometer (Spectroquant Pharo 300, Merck KGaA, Darmstadt, Germany).
e)	Laminar air flow (Esco Micro Pvt.Ltd, Singapore).
f)	pH meter (Mettler-Toledo India Private Limited, Mumbai).
g)	BOD Incubator (Scigenics Biotech Pvt. Ltd., Chennai).

2.3 Preparation of bacterial inoculums
2.3.1 Collection of bacterial culture
Stab cultures of two probiotic strains, viz., Lactobacillus delbrueckii ssp. bulgaricus (NCIM 2671) and Streptococcus thermophilus (NCIM 2412) were collected from the National Collection of Industrial Microorganisms, National Chemical Laboratory, Pune, India. 
2.3.2 Media and Culture Condition
The working culture of each strain was prepared by streaking the activated culture on MRS agar with 1% (w/v) calcium carbonate precipitated plates, followed by incubation at 37°C for 24 hours.
2.3.3 Inoculum preparation
The inoculums were prepared by transferring a single colony from the MRS plate of each strain to a 250 ml Erlenmeyer flask containing 100 ml of sterile MRS broth at 37ºC in a rotary shaker until the cell density reached 9.00 log cfu/ml  (A 590nm=0.6) on the MacFarland scale (Fonteless et al., 2011). The cell density was measured using a UV-Vis spectrophotometer. The cultures obtained were used as inoculums for the yoghurt preparation.
1ml of each inoculum was then taken in an Eppendorf and centrifuged at 6000 rpm for 10 min. After centrifugation, the supernatant was discarded and the cells were then mixed with 1ml of sterile saline NaCl solution (0.85% w/v) and added to the yoghurt. 
2.4 Method of preparation of Standard Probiotic Yoghurt
The standard probiotic yoghurt was formulated by using 100% cow milk and 7% skim milk powder and was pasteurized at 80ºC for 10 min. The mixture was allowed to cool till it reached a temperature of 35-40ºC and was inoculated with 1% Lactobacillus delbrueckii subsp. bulgaricus and 1%  Streptococcus thermophilus and incubated at 37ºC for 12 hours (Table 1).

Table 1.     Formulation of standard probiotic yoghurt

	
Formulation
	Level of incorporation
	Culture

	
	Milk
	Skim milk
	Lactobacillus bulgaricus
	Streptococcus thermophilus

	Standard Probiotic Yoghurt
	100 %
	7 %
	1 %
	1%



2.5 Method of preparation of Fruit Probiotic yoghurt
2.5.1 Preparation of mango fruit pulp
The mangoes were washed, peeled, and the seeds were removed manually. Pulp was extracted by sieving (1/32ʹʹ), and then it was pasteurized at 82±2°C for 30 minutes, and sugar was added. After that, the pulp was filled into a container and stored in a refrigerator (4°C).
2.5.2 Preparation of Fruit Probiotic Yoghurt
Fruit probiotic yoghurt was developed using 80% cow milk, 7% skim milk powder, 2% fructooligosaccharide and 20% mango pulp. It was then pasteurized at 80 ºC for 10 minutes and allowed to cool till it reached a temperature of 35-40 ºC. Both the formulations were inoculated with 1% Lactobacillus bulgaricus and 1% Streptococcus thermophilus and incubated at 37 ºC for 12 hours (Table 2).



Table 2.       Formulation of Fruit Probiotic Yoghurt

	
Formulation
	Level of incorporation
	Culture

	
	Cow Milk
	Skim milk
	FOS
	Mango pulp
	Lactobacillus bulgaricus
	Streptococcus thermophilus

	Fruit Probiotic Yoghurt
	80 %
	7 %
	2 %
	20 %
	1 %
	1 %



2.6 Determination of the physicochemical properties of Probiotic Yoghurts
2.6.1 pH
The digital pH meter was calibrated, and 50 ml of the yoghurt sample was dispensed into a clean beaker. The calibrated pH meter was wiped with a clean tissue paper before being switched on, and then immersed in the yoghurt mixture. The pH value of the yoghurt sample was displayed on the digital readout, and this value was noted and recorded. This process was then repeated for each of the yoghurt samples.
2.6.2 Acidity 
The acid content of yoghurt samples was determined by the volumetric method (AOAC 2000). 5 g of the yoghurt samples was diluted in 50 ml with neutralised or recently boiled water and filtered. From this, 5 ml of the diluted sample was titrated against 0.1N NaOH solution using phenolphthalein as an indicator. The Acidity, as lactic acid, was calculated using the following formula.
                      % Acidity  = 
2.6.3 Viscosity
The viscosity of the yoghurt samples was measured by using the Fungilab Viscobasic+L viscometer. The value was calculated using L4 spindles at 100 rpm and expressed in centipoises (cP).
2.6.4 Moisture
The moisture content of the sample was determined by the AOAC 2000 method. A 5 g sample of yoghurt was placed in a pre-dried aluminium disc and weighed, spreading as thinly as possible over the base of the disc and oven dried at 105±2°C for 1 hour, cooled in a desiccator and weighed. Continued drying until a constant weight has been reached, and the moisture content was calculated from the weight loss of the sample.

2.6.5 Total soluble solids
Total soluble solids (TSS) of the yoghurt samples were determined by using a digital hand refractometer and expressed in °Bx.
2.7 Statistical Analysis
Data obtained from the different physicochemical compositions of Probiotic Yoghurts were subjected to a completely randomized design to determine the difference between treatment means. The significance of treatment differences was tested by the F-test at 5% probability level.
3. RESULTS AND DISCUSSION
3.1 Determination of physicochemical properties of the Probiotic yoghurts
The physical properties of any materials are important factors for developing value-added food products. Physical properties play a very important role in the food market in product development, process design, shelf life and quality. The data regarding the results for the physical analysis of standard and fruit probiotic yoghurts are presented in Table 3.
3.1.1 pH content 
From Table 3, it was observed that the pH content of the yoghurt SPY standard probiotic yoghurt and fruit probiotic yoghurt was 4.56/100 g and 4.81/100 g, respectively. The pH of the fruit probiotic yoghurt was significantly higher (P<0.05) than the Standard Probiotic Yoghurt.
The pH of freshly prepared yoghurt was about 4.6 (Nazni and Komathi, 2014). Lactic acid bacteria produce lactic acid during the fermentation of milk lactose, thus lowering the pH (Eke et al., 2013). The addition of a sugar source (mango pulp is rich in sugar) may help lactic acid bacteria to produce more lactic acid during fermentation.
3.1.2 Acidity content 
From Table 3, it was observed that the acidity content of the two different yoghurt standard probiotic yoghurt and fruit probiotic yoghurt was 0.91/100 g and 0.92/100 g, respectively. The acidity of the fruit probiotic yoghurt was significantly higher (P<0.05) than the Standard Probiotic Yoghurt.
Acidity of the yoghurt was increased with an increase in fruit percentage (Roy et al., 2016). He found that 25% mango-flavoured yoghurt had the highest acidity, 0.85. The total titrated acid is represented by lactic acid as a result of the fermentation of milk into yoghurt, so the decreasing pH value can increase the total titrated acid (Usmiati et al., 2011). Milk is also the major source of lactose and contains various amino acids that can promote the growth of lactic acid bacteria during the fermentation period (Chairunnisa, 2009). 
3.1.3 Viscosity
From Table 3, it was observed that the viscosity of the Standard Probiotic Yoghurt and fruit probiotic yoghurt was 455cP and 563.21cP, respectively. The viscosity of the fruit probiotic yoghurt was significantly higher (P<0.05) than the Standard Probiotic Yoghurt.
The value of viscosity of probiotic yoghurt increases with the increase in the volume of fruit pulp (Yuksel and Bakirci, 2014).  According to Needs et al. (2000), to achieve the desired viscosity, skim milk can be added to the product. This phenomenon was due to the breakdown of protein and starch molecules present in the fruit pulp by lactic acid bacteria during fermentation.






Table 3.  Physicochemical analysis of fruit probiotic yoghurt compared to control

	
	Product
	
	

	Parameter
	Control
	Test sample
	CD(0.05)

	
	Standard Probiotic Yoghurt
	Fruit Probiotic Yoghurt 
	

	pH
	4.56± 0.02
	4.81±0.02
	0.046

	Acidity
	0.91±0.008
	0.92±0.008
	0.024

	Viscosity (Cp)
	455±1.53
	563.21±1.53
	4.24

	Moisture (%)
	87.68±0.025
	84.36±0.025
	0.071

	Total soluble solids (g)
	13.56±0.02
	14.28±0.02
	0.059


Values are means of three replications, SED- Standard Error of difference expressed as ±, CD- Critical difference at 5% significance level. Differences between treatment means were considered significant at P< 0.05.
3.1.4 Moisture content 
From Table 3, it was observed that the moisture content of the two different yoghurts, Standard Probiotic Yoghurt and Fruit Probiotic Yoghurt, was 87.68% and 84.36% respectively. The moisture content of Standard Probiotic Yoghurt was significantly higher (P<0.05) than the Fruit Probiotic Yoghurt.
Rashid and Thakur (2012) reported that the moisture content of honey set yoghurt was 79.82%.  Moisture content of fruit yoghurt is lower than that of Standard yoghurt because during fermentation, lactic acid bacteria break down the TSS molecule present in the fruit pulp, as a result volume of moisture content of the product decreases.
3.1.5 Total soluble solids (TSS)
From Table 3, it was observed that the TSS of the two different yoghurts, Standard Probiotic Yoghurt and Fruit Probiotic Yoghurt, was 13.56g/100 g and 14.28 g/100 g, respectively. The TSS content of the Fruit Probiotic Yoghurt was significantly higher (P<0.05) than Standard Probiotic Yoghurt.
Yasni and Maulidya (2014) reported that the total soluble solid of probiotic corn milk yoghurt was 17.5%. According to them, the addition of reconstituted milk increased the total soluble solid content in the product. Zanhi and Jideani (2012) reported that the TSS of low-fat yoghurt was 10.73%. Ndife et al. (2014) reported that the TSS of plain yoghurt was 7.1% and coconut-enriched yoghurt was 10.47%. According to them, the TSS of coconut-based yoghurt increases with increasing coconut enrichment. 
4. CONCLUSION
The purpose of this study was to develop Standard Probiotic Yoghurt and Fruit Probiotic Yoghurt enriched with 20% mango pulp, and to evaluate the physicochemical properties of both the yoghurts. The findings indicate that the fruit yoghurt had a higher viscosity and total soluble solids compared to the standard probiotic yoghurt, thereby increasing its consistency. These results provide valuable insights for developing fruit-based dairy products that are naturally appealing to consumers. 
Because children often show reluctance toward plain yoghurt, so addition of mango pulp makes it more appealing and enhances its overall flavour. Furthermore, the addition of beneficial bacterial cultures, Lactobacillus bulgaricus and Streptococcus thermophilus, makes it a potential source of probiotics, which promote health benefits. Overall, the study successfully developed a healthy, flavourful and innovative probiotic yoghurt that has strong potential which could meet consumer demand in the evolving yoghurt market.
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