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Development and Sensory Evaluation of Fruit-based Probiotic Yoghurt



Abstract
Yoghurt is one of the most popular fermented milk products. It is also the most consumed dairy product worldwide. Fruit yoghurt has a more pleasing flavour. The study aimed to develop Standard probiotic yoghurt (SPY) and Fruit-based probiotic yoghurt, viz. Mango-blended probiotic yoghurt (MBPY) was incorporated with five different formulations of Mango Pulp to evaluate its sensory attributes. The methodology involved the addition of 100% cow milk and 7% skim milk powder, 1% Lactobacillus bulgaricus and Streptococcus thermophilus each. The five formulations of the probiotic yoghurt were formulated at different levels of incorporation of mango pulp, viz. MBPY1 with 10% incorporation of mango pulp, MBPY2 with 15% incorporation of mango pulp, MBPY3 with incorporation of 20% mango pulp, MBPY4 with incorporation of 25% mango pulp and MBPY5 with incorporation of 30% mango pulp. This study investigates the sensory attributes, i.e Colour, Appearance, Taste, Texture, Flavour, Consistency and Overall Acceptability, which are evaluated by 12 semi-trained panel members, driving the acceptance of one of the fruit-based probiotic yoghurts from five different formulations. Scoring was done on a nine-point hedonic scale. Results revealed that out of all the samples, MBPY3 scored the maximum in terms of all the sensory attributes.
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1. INTRODUCTION
The term ‘probiotics’ came from the Greek word ‘pro bios’, which means ‘for life’. Probiotics are live microbial supplements which, when administered, exert beneficial effects on the host by improving the microbiological balance in the intestine (Ziemer and Gibson, 1998). According to FAO/WHO (2002), by definition, probiotics are living microorganisms which, when administered in an adequate amount as a dietary addition, confer a health benefit on the host.  Moreover, it is also said that Probiotics are special types of live, healthful bacteria or yeast that have positive impacts on animal and human hosts mainly via maintaining and/or improving the microbial balance between harmful and beneficial microflora, especially in the intestine (Dave and Shah, 1997; Korbekandi et al., 2007; Tamime et al., 2005).
Yoghurt, a food with ancient origins, began its production with the spontaneous fermentation of milk in animal skin containers, which resulted in a creamy texture and distinct flavour. It has been integral to diets across civilizations such as Ancient Greece, Mesopotamia, and Central Asia (Tamime and Robinson, 2007). Because of its positive effect on human health, Yoghurt, being an ancient drink, has gained a lot of popularity in recent years (Saleh et al., 2020; Bai et al., 2020). Nowadays, Yoghurt is one of the most popular fermented dairy products, which is consumed widely all over the world. It is obtained by lactic acid fermentation of milk by the action of a starter culture containing Streptococcus thermophilus and Lactobacillus delbrueckii ssp bulgaricus. Acidification of milk and synthesis of aromatic compounds are the roles of these two genera in yoghurt manufacture (Sahan et al., 2008; Serra et al., 2009).
In India, mango fruits are easily available and could be used for the development of functional fruit yoghurt. Mango fruit is rich in functional ingredients such as polyphenols, flavonoids, carotenoid pigment, vitamin C, and dietary fibers. They synergize with probiotic and prebiotic inulin to enhance products’ technofunctional properties and promote health benefits. Mangoes contain polyphenols and dietary fibers. They have a significant prebiotic effect, thereby promoting the growth of probiotic bacteria and other beneficial gut bacteria (Minj et al., 2024; Alves-Santos et al., 2020). Mangoes (Mangifera indica) are one of the most widely produced and consumed fruits, due to their delicious flavour, aroma, colour, and nutritional value (Mwaurah et al., 2020).
In the 21st century, consumers are demanding more nutritious, wholesome, quality food with functional and therapeutic properties. Now-a-days, there is an increasing demand for fortified products because they enhance nutrition as well as provide health benefits. Based on the consumers' demand, yoghurt can be prepared as plain or a fortified type. Recently, consumers have become more aware of healthy dairy products, including nutritional and biofunctional-rich yoghurt. Incorporation of well-proven probiotic bacteria, prebiotic inulin, or other compatible food components such as fruit pulp, purees, or fruits is required for the preparation of nutritional and biofunctional-rich yoghurt (Minj and Vij, 2025). Consumers are becoming increasingly health-conscious and increasing their demands for healthier foods; therefore, consumer interest in functional foods is growing significantly in the food market landscape (Chang et al., 2022). Functional foods refer mainly to processed foods containing ingredients like probiotic bacteria that assist specific bodily functions in addition to being nutritious (Lourens-Hattingh, 2001). 
In general, adding one or more essential nutrients to a food and increasing their concentration in that particular food to levels higher than normal is known as fortification and is aimed at preventing and correcting deficiencies in one or more nutrients in society or specific population groups. Introduction of various fruit-flavoured yoghurts has significantly contributed to the consumption of yoghurt for all ages. Incorporation of fruits endorses the healthy image of yoghurt. Consumers, especially children, are demanding novel yoghurt formulations more than traditional yoghurt because of its flavour and overall appeal (Chandan and Shahani, 1993).
Organoleptic evaluations have shown a marked preference for the fruity yoghurt (Barnes et al., 1991). Sensory quality (appearance, texture, flavour) ultimately determines consumer acceptance. Testing with appropriate numbers of consumers provides compelling information on consumer acceptance (Yuceer and Drake, 2013).

2.  MATERIALS AND METHODS
2.1 Sample selection
		Uniformly ripened good-quality mango fruit (Mangifera indica) was selected for the present study.  They were chosen due to their easy availability, accessibility, high therapeutic value and nutritional properties. The selected samples were free from injuries and blemishes.
2.1.1 Procurement of raw materials
		Samples were procured from the local market of Jorhat and Guwahati, districts of Assam.
2.2 Preparation of bacterial inoculums
2.2.1 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. They were stored at 4ºC in a refrigerator. In the experiment, the strains viz. Lactobacillus delbrueckii spp. bulgaricus and Streptococcus thermophilus were utilized. The working culture of each strain is 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.
2.2.2 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 tube 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. 


2.3 Method of preparation of standard probiotic yoghurt
		The standard probiotic yoghurt was formulated by using 100% cow milk and 7% skim milk powder, and then it was pasteurized at 80ºC for 10 min. The prepared mixture was allowed to cool till it reached a temperature of 35-40ºC, and finally it was inoculated with the strains of Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus each 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

	SPY
	100 %
	7 %
	1 %
	1%


SPY – Standard Probiotic Yoghurt
Cow Milk



Addition of skim milk powder (7%)


Pasteurization (80 °C)


Cooling to optimum temperature (35-40 °C)



Culture addition Streptococcus thermophilus (1% ) and Lactobacillus bulgaricus (1%)



Kept in incubator at 37 °C for 12 hour


Setting up of yoghurt



Flow Chart 1. Preparation of Standard Probiotic Yoghurt


2.4 Method of preparation of Fruit-based probiotic yoghurt
2.4.1 Preparation of mango fruit pulp
		The mangoes were washed, peeled. The seeds were removed manually. Mango pulp was extracted by sieving (1/32ʹʹ). It was then pasteurized at 82±2°C for 30 min, and sugar was added. After that, the pulp was filled into a container and stored in a refrigerator (4°C).
2.4.2 Preparation of mango-blended probiotic yoghurt
		For the development of mango-blended probiotic yoghurt, five formulations were prepared, viz. MBPY1, MBPY2, MBPY3, MBPY4 and MBPY5 (Table 2).  MBPY1 was formulated using 90% cow milk, 7% skim milk powder, 2% fructooligosaccharide and 10% mango pulp.  Similarly, MBPY2 was formulated using 85% cow milk, 7% skim milk powder, 2% fructooligosaccharide and 15% mango pulp. MBPY3 was formulated using 80% cow milk, 7% skim milk powder, 2% fructooligosaccharide and 20% mango pulp.  MBPY4 was formulated using 75% cow milk, 7% skim milk powder, 2% fructooligosaccharide and 25% mango pulp, and MBPY5 was formulated using 70% cow milk, 7% skim milk powder, 2% fructooligosaccharide and 30% mango pulp, respectively. It was then pasteurized at 80ºC for 10 min. The mixtures were then allowed to cool till they reached a temperature of 35-40ºC.  All five formulations were inoculated with 1% Lactobacillus delbrueckii ssp. bulgaricus and 1% Streptococcus thermophilus. It was then incubated at 37 ºC for 12 hours.
Cow Milk


Addition of skim milk powder (7%)



Addition of fructooligosaccaride (2%)


Pasteurization (80 °C)


Cooling to optimum temperature (35-40 °C)


Addition of mango fruit pulp (20%)

Addition of Culture Streptococcus thermophilus (1% ) and Lactobacillus bulgaricus (1%)

Kept in incubator at 37 °C for 12 hour


Setting up of yoghurt



Flow Chart 2. Preparation of mango-blended probiotic yoghurt 


Table 2.       Formulation of mango-blended probiotic yoghurt

	
Formulation
	Level of incorporation
	Culture

	
	Cow Milk
	Skim milk
	FOS
	Mango pulp
	Lactobacillus bulgaricus
	Streptococcus thermophilus

	MBPY 1
	90 %
	7 %
	2 %
	10 %
	1 %
	1 %

	MBPY 2
	85 %
	7 %
	2 %
	15 %
	1 %
	1 %

	MBPY 3
	80 %
	7 %
	2 %
	20 %
	1 %
	1 %

	MBPY 4
	75 %
	7 %
	2 %
	25 %
	1 %
	1 %

	MBPY 5
	70 %
	7 %
	2 %
	30 %
	1 %
	1 %


MBPY- Mango Blended Probiotic Yoghurt
MBPY1- 10% mango pulp
MBPY2- 15% mango pulp
MBPY3- 20% mango pulp
MBPY4- 25% mango pulp
MBPY5- 30% mango pulp

2.5 Sensory evaluation of fortified probiotic yoghurt
		Sensory evaluation has been defined as a scientific discipline used to evoke, analyse and interpret those responses to products as perceived through the senses of sight, smell, touch and taste (Sidel and Stone, 1993).
		The acceptability trial was carried out in the Food Science Laboratory of the Department of Food Science and Nutrition in the following manner:
2.5.1 Formulation of scorecard
2.5.2 Selection of panel
2.5.3 Conduction of acceptability trials
2.5.1 Formulation of scorecard
		Score card method was selected for evaluating the acceptability of the developed formulations. According to Pigot and Hunter (1999), scoring is a form of rating using a numerical score where the numbers form an interval or the ratio scale. In a score card, a table utilizing the Hedonic ratings of a nine-point scale (Peryam and Pilgrim,1957) from like extremely to dislike extremely was made. Colour, appearance, taste, texture, flavour, consistency and overall acceptability were the attributes taken into consideration.
2.5.2 Selection of the taste panel
Twelve semi-trained panel members were selected randomly from the Department of Food Science and Nutrition, Department of Horticulture and Department of Agricultural Biotechnology, who were physically fit, willing to cooperate and gave time for judging the products and were able to discriminate the taste.
2.5.3 Conduction of acceptability trials
		Acceptability trials were conducted by a semi-trained panel consisting of 12 numbers of judges from the Department of Food Science and Nutrition, Department of Horticulture and Department of Agricultural Biotechnology. Scoring was done on a nine-point hedonic scale in the sensory evaluation sheet. The acceptable level of mango pulp in fortified probiotic yoghurt was assessed by incorporating 10%, 15%, 20%, 25% and 30% respectively and standardised for sensory characteristics. 
The yoghurts were carefully prepared to have the correct taste, flavour and texture. They were presented simultaneously at room temperature along with the score cards in the Sensory Laboratory, Department of Food Science and Nutrition. The panellists were allowed to be seated on stools at counters of comfortable height. The laboratory was free from all sorts of disturbances. The samples were served in identical plastic bowls, and the proportions of samples were adequate for testing. Glasses of water were provided for rinsing the mouth. At the beginning of each tasting session, the descriptive term for each quality to be evaluated was explained to the panel members. The panel members evaluated the samples based on colour, appearance, taste, texture, flavour, consistency and overall acceptability. The scores for each quality were totalled and averaged.
2.6 Statistical Analysis
The purpose of the analysis was to determine if the relationship observed between the formulation's characteristics and sensory responses was real or due to random variation in responses. Statistical methods were used to analyse the evaluation data. The experiment was carried out using a Completely Randomized Block design with 5 treatments replicated three times.
3. RESULTS AND DISCUSSION
Acceptability trials were conducted by a semi-trained panel consisting of 12 numbers of penal members from the Department of Food Science and Nutrition, Department of Horticulture and Department of Agricultural Biotechnology, respectively. Scoring was done on a nine-point Hedonic scale. The acceptable level of test samples was assessed by incorporating 10%, 15%, 20%, 25% and 30% mango pulp, respectively, and it was compared with the control (standard probiotic yoghurt).
It was observed from Table 3 that out of all five mango-blended probiotic yoghurt (MBPY) formulations, MBPY1, prepared from 10% mango pulp, exhibited scores in colour (6.16), appearance (5.62), taste (5.83), texture (5.16), flavour (6.08), consistency (5.33) and overall acceptability (5.83). Similarly, MBPY2 prepared from 15% mango pulp scored in colour (6.58), appearance (5.83), taste (6.25), texture (5.62), flavour (6.41), consistency(5.75) and overall acceptability (6.29). Also, MBPY3 prepared from 20% mango pulp scored in colour (7.91), appearance (7.91), taste (7.83), texture (7.79), flavour (7.91), consistency (7.95) and overall acceptability (7.91). MBPY4 which was prepared from 25% mango pulp scored in colour (7.08), appearance (7.20), taste (7.00), texture(7.08), flavour (7.16), consistency (7.33) and overall acceptability (7.33) followed by MBPY5 prepared from 30%  mango pulp scored in colour (7.00), appearance (6.87), taste (6.83), texture(6.98), flavour (7.08), consistency (7.08) and overall acceptability (7.08). Out of all five formulations, SPY and MBPY3 had significantly (P<0.05) higher scores in terms of all the attributes compared to the other four formulations, followed by MBPY4 and MBPY5. MBPY1 and MBPY2 scored less because at 10% and 15% incorporation, they showed a typical colour and lumpy structure as compared to the others (Fig. 1).




Table 3  Sensory evaluation of mango-blended probiotic yoghurt
	Treatment
	Colour

	Appearance
	Taste
	Texture
	Flavour
	Consistency
	Overall acceptability

	Control
	
	
	
	
	
	
	

	SPY
	8.16a
	8.16a
	7.83a
	8.04a
	7.83a
	7.79a
	7.91a

	Test samples
	

	MBPY1
	6.16c
	5.62d
	5.83c
	5.16b
	6.08c
	5.33b
	5.83b

	MBPY2
	6.58c
	5.83d
	6.25bc
	5.62b
	6.41bc
	5.75b
	6.29b

	MBPY3
	7.91ab
	7.91ab
	7.83a
	7.79a
	7.91a
	7.95a
	7.91a

	MBPY4
	7.08bc
	7.20bc
	7.00ab
	7.08a
	7.16ab
	7.33a
	7.33a

	MBPY5
	7.00bc
	6.87c
	6.83b
	6.98a
	7.08ab
	7.08a
	7.08a

	SEd(±)
	0.46
	0.439
	0.439
	0.505
	0.412
	0.454
	0.385

	CD( 0.05)
	0.92
	0.878
	0.877
	1.01
	0.824
	0.908
	0.769


SPY – Standard probiotic yoghurt
MBPY1- Mango -blended Probiotic Yoghurt with incorporation of 10% mango pulp 
MBPY2- Mango -blended Probiotic Yoghurt with incorporation of 15% mango pulp 
MBPY3- Mango -blended Probiotic Yoghurt with incorporation of 20% mango pulp 
MBPY4- Mango -blended Probiotic Yoghurt with incorporation of 25% mango pulp 
MBPY5- Mango -blended Probiotic Yoghurt with incorporation 0f 30% mango pulp
Means within rows separated by Duncan’s multiple range test, P<0.05
Means followed by the same letter shown in superscript(s) are not significantly different

Fig. 1    Sensory Evaluation of Mango-blended probiotic yoghurt (MBPY) and Standard Probiotic Yoghurt (SPY).
Nwaoha et al. (2017) reported that when 10% mango pulp was incorporated, it gave the best sensory results among all other proportions. However, the present study revealed that at 20% incorporation, mango pulp gives the highest acceptability scores. The addition of different fruits to yoghurt manufacture has been attempted increasingly. The use of fruit in yoghurt makes it more delicious. This product contains both the refreshing flavour of fruit and the beneficial effects of yoghurt. Fruit yoghurt has a more taste and pleasing flavour (Mahmood et al., 2008). Getenesh et al. (2017) also reported that the score of all the sensory attributes at 15% incorporation of mango fruit pulp was higher. Musa (2022) reported that Mango fruits are more suitable for use as flavouring materials in yoghurt manufacture. The mango fruit juice yoghurt scored the highest in overall acceptability, flavour, total solids, SNF and ash. 
4. CONCLUSION 
The study demonstrated that incorporation of 20% mango pulp in the fruit-based yoghurt had the highest sensory scores in terms of colour, appearance, taste, texture, flavour, consistency and overall acceptability. Therefore, the study elaborates valuable insights for developing an innovative fruit-based dairy product. The product is formulated for health-conscious consumers. In addition, it contains beneficial bacteria cultures, i.e Lactobacillus delbrueckii spp. bulgaricus and Streptococcus thermophilus, making it a potential source of probiotics. Therefore, a healthy, flavourful and versatile noble probiotic yoghurt was developed without compromising its taste.
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Sensory Evaluation of Yoghurts
 SPY	Colour	Appearance	Taste	Texture	Flavour	Consistency	Overall acceptability	8.16	8.16	7.83	8.0399999999999991	7.83	7.79	7.91	MBPY1	Colour	Appearance	Taste	Texture	Flavour	Consistency	Overall acceptability	6.16	5.62	5.83	5.16	6.08	5.33	5.83	MBPY2	Colour	Appearance	Taste	Texture	Flavour	Consistency	Overall acceptability	6.58	5.83	6.25	5.62	6.41	5.75	6.29	MBPY3	Colour	Appearance	Taste	Texture	Flavour	Consistency	Overall acceptability	7.91	7.91	7.83	7.79	7.91	7.95	7.91	MBPY4	Colour	Appearance	Taste	Texture	Flavour	Consistency	Overall acceptability	7.08	7.2	7	7.08	7.16	7.33	7.33	MBPY5	Colour	Appearance	Taste	Texture	Flavour	Consistency	Overall acceptability	7	6.87	6.83	6.98	7.08	7.08	7.08	


