


Studies on Preparation of Probiotic Whey Beverage Using Coconut (Cocos nucifera) Sugar
as Sweetener.


 

ABSTRACT

[bookmark: _GoBack]The present study was undertaken to develop a value added probiotic whey beverage by utilizing coconut sugar  as  a  natural sweetener. Paneer  whey,  a  by-product of  paneer production, is rich in nutrients yet underutilized, often discarded despite its environmental burden. This study aimed to optimize the formulation of a functional beverage that combines the health benefits of whey and probiotics with the nutritional value of coconut sugar a low glycemic index, mineral rich sweetener.










The experiment was carried out in two phases at the Department of Animal Husbandry and
Dairy Science, College of Agriculture, Dapoli. In Phase I, different concentrations (1.0%, 1.5%,
2% and 2.5%) of Lactobacillus acidophilus (NCDC-16) were evaluated to determine the optimum inoculum level based on sensory attributes. The most acceptable level (1.5%) was then used in Phase II, where coconut sugar was incorporated in five concentrations (2.5%,
5%, 7.5%, 10% and 12.5%) to assess its effect on sensory, physico-chemical and microbial quality.
Results revealed that the beverage with 7.5 per cent coconut sugar (T3) achieved the highest scores for colour, flavour, consistency and overall acceptability. This formulation also showed significant improvements in total solids, protein, ash and total sugar content. Microbial analysis
confirmed the product remained safe and organoleptically acceptable for up to 11 days under refrigeration. Cost analysis indicated a production cost of Rs. 35.05 per litre for the optimum formulation (T3).
The findings highlight that probiotic whey beverage enriched with 7.5 per cent coconut sugar offers a nutritious, cost effective and sustainable dairy based functional drink. It effectively utilizes whey, supports gut health and aligns with consumer demand for clean label and low GI beverages. This formulation represents a viable opportunity for dairy processors to develop health oriented products while addressing whey disposal challenges.
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1. INTRODUCTION

Milk, regarded as one of nature’s most complete foods, supplies proteins, fats, carbohydrates, vitamins and minerals essential for human growth and health. In India it is not only a key nutritional source but also an integral part of the economy and culture, making the country the world’s leading producer with 239.30 million tonnes in 2023-24. Processing milk into paneer and cheese generates whey, a by-product that constitutes 85-90 per cent of milk volume and retains about 55 per cent of its nutrients including lactose, whey proteins, minerals and vitamins. Despite this, large volumes of whey are discarded, creating environmental concerns due to its high biochemical oxygen demand (BOD) and chemical oxygen demand (COD). The central problem is thus the underutilization of nutrient-rich whey and the need for sustainable solutions in the dairy sector. Transforming whey into functional probiotic beverages provides an effective strategy to reduce waste and promote health.


Whey proteins are highly digestible and contain bioactive peptides with antioxidant, antimicrobial, antihypertensive and immunomodulatory activities, while their solubility and emulsification properties make them suitable for food and beverage applications. Incorporating probiotics such as Lactobacillus acidophilus and Bifidobacterium spp. into whey- based drinks enhances gut health, improves lactose digestion, reduces cholesterol and supports  immunity.  However, sweetening agents  are  crucial for  consumer  acceptance.
Conventional sucrose, with a high glycemic index (≈65), raises health concerns, leading to demand for natural alternatives. Coconut sugar, obtained from the sap of Cocos nucifera, has a lower glycemic index (35-42) and provides minerals such as potassium, magnesium, zinc and B vitamins along with polyphenols and antioxidants. Its traditional use, thermal stability and pleasant caramel flavor further support its application in beverages.


The development of a probiotic whey beverage sweetened with coconut sugar thus offers a dual advantage: sustainable utilization of whey and the creation of a health oriented product aligned with consumer preferences for natural, clean label foods. The present work focuses on standardizing the beverage formulation, evaluating its physico-chemical, sensory and microbial quality, studying its shelf life and assessing production costs. Although findings are limited to selected probiotic strains and controlled storage conditions, the study is justified by its potential to convert a problematic by-product into a value-added functional beverage that addresses environmental concerns, supports rural dairy processors and meets rising consumer demand for sustainable and health promoting products.

2. Material and Methods

Fresh Cow milk required for research was obtained from the Instructional Dairy farm of College of Agriculture, Dapoli. Coconut sugar was procured from local market.


CHART 1.  Preparation of Probiotic Whey Beverage

Receiving of milk
↓
Preheating (35-40°C / 5 min)
↓
Filtration (2 fold muslin cloth)
↓
Heating (85-90°C / 5 min)
↓
Cooling upto 72°C
↓
Addition of coagulant (2 % citric acid solution)
↓
Filtration through muslin cloth
↓ → Solid mass
Whey
Inoculation with Lactobacillus acidophilus @1.5 per cent as found in phase-I
↓
Incubation (37°C / 8 hours)
↓
Addition of coconut sugar as per treatments and mixing
↓
Probiotic whey beverage
↓
Storage under refrigerated condition (5-7°C)

Treatments details

Phase-I Determination of optimum level of probiotic culture Lactobacillus acidophilus.


This phase was aimed at determining most optimum level of probiotic culture Lactobacillus acidophilus to be inoculated to prepare probiotic chhana whey beverage. In this phase sucrose i.e standard cane sugar was used as sweetening agent of product.


Probiotic chhana whey beverage was prepared as follows which has been mentioned by Shukla et al., (2013) with slight modification.


CHART 2. The chart presents the Determination of the optimum level of probiotic culture Lactobacillus acidophilus


Receiving of milk
↓
Preheating (35-40°C / 5 min)
↓
Filtration (2-fold muslin cloth)
↓
Heating (85-90°C / 5 min)
↓
Cooling up to 72°C
↓
Addition of coagulant (2 % citric acid solution)
↓
Filtration through muslin cloth
↓ → Solid mass
Whey
↓
Incubation with Lactobacillus acidophilus culture as per treatments
↓
Incubation at (37°C / 8 hours)
↓
Addition of Cane sugar @ 6 per cent of whey (w/v basis) and mixing
↓
Whey beverage
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)TABLE 1. Levels of Lactobacillus acidophilus under study was as under
PHASE – II: Preparation of Probiotic Whey Beverage


In  this  phase probiotic whey  beverage was  prepared by  using  most  optimum level  of Lactobacillus acidophilus found in phase-I as inoculum whereas cane sugar was replaced by coconut sugar in various proportions.

CHART 3. The flow diagram for phase-II is as under
Receiving of milk
↓
Preheating (35-40°C / 5 min)
↓
Filtration (2 fold muslin cloth)
↓
Heating (85-90°C / 5 min)
↓
Cooling upto 72°C
↓
Addition of coagulant (2 % citric acid solution)
↓
Filtration through muslin cloth
↓ → Solid mass
Whey
↓
Inoculation with Lactobacillus acidophilus @1.5 per cent as found in phase-I
↓
Incubation (37°C / 8 hours)
↓
Addition of coconut sugar as per treatments and mixing
↓
Probiotic whey beverage
↓
Storage under refrigerated condition (5-7°C)

In phase-II coconut sugar was added in following proportions on w/v basis of whey as sweetening agent.


Treatments Level (%)

T1 Probiotic whey + Coconut sugar @ 2.5 per cent T2 Probiotic whey + Coconut sugar @ 5.0 per cent T3 Probiotic whey + Coconut sugar @ 7.5 per cent T4 Probiotic whey + Coconut sugar @ 10 per cent
T5 Probiotic whey + Coconut sugar @ 12.5 per cent




2.2 Chemical Analysis
The total solids content were determined by Gravimetric method as per IS:1479 (Part II),1961, The fat content was determined by using standard Gerber method as described in IS: 1224 (Part-I), 1977, the protein content was determined by estimating the per cent nitrogen by Micro-kjeldahl method as recommended in IS: 1479 (Part-II), 1961. The per cent nitrogen was multiplied by 6.38 to find out per cent protein, the total sugar content was determined as per the method described IS: 1479 (Part-II), 1961, the titratable acidity was determined according to IS:  1479 (Part-I), 1960, the  ash content   was  determined as  per  the  procedure of A.O.A.C.,1995.
2.3 Statistical Analysis


For present investigation, CRD i.e., Completely Randomized Design was employed using five replications.

3. Results and Discussion

3.1 Total solids
The critical perusal of Table 2 and illustrated in Fig. 1 indicates that the total solids per cent

shows increasing trend during the study. The total solids increase significantly with the increase in level of coconut sugar. The significantly higher per cent of total solids with coconut sugar was recorded in level T5 (18.18%) and lowest in case of level T1 (9.07%). This was due to high total solids content of coconut sugar.


The results of this study closely match with the result of Yadav et al. (2016) who observed that the total solids content of whey beverage was respectively, 16.20 ± 1.43 to 23.80 ± 1.54 per cent.



Table 2: Total solids content of probiotic whey beverage (%).
	Treatments
	R1
	R2
	R3
	R4
	R5
	Mean

	T1
	9.02
	9.15
	9.08
	9.00
	9.12
	9.07e

	T2
	11.30
	11.45
	11.38
	11.25
	11.42
	11.36d

	T3
	13.58
	13.72
	13.65
	13.50
	13.68
	13.63c

	T4
	15.90
	16.05
	15.95
	15.80
	16.00
	15.94b

	T5
	18.12
	18.28
	18.20
	18.05
	18.25
	18.18a



Anova Table



S. E. ±                   CD at 1%                 CD at 5%

0.0543                      0.1544                     0.1132



FIGURE 1. Total solids percentage increases progressively across treatments T1 to T5



3.2 Fat

According to the Table 3 it was observed that the fat showed decreasing trend during the study. It decreases significantly with increase in level of coconut sugar. Lowest fat was recorded in treatment T5 (0.42 %) i.e. probiotic whey beverage prepared with 12.5 per cent coconut sugar and highest in case of treatment T1 (0.48 %). The fat content of probiotic whey beverage declined from 0.48 per cent to 0.42 per cent on addition of coconut sugar from 2.5 per cent to 12.5 per cent. This was due to Nil fat content of coconut sugar.


The results observed were similar to that of Dhumale (2016) who reported the fat content of probiotic whey beverage ranges between 0.05 to 0.34 per cent..


Dhumale  (2016)  investigated  the  use  of  chhana  whey  in  developing  a  beverage  by incorporating Nagpur mandarin juice, and reported that the average fat content of the resulting drink ranged from 0.05 to 0.34 per cent which matches with the result obtained in this study. Table 3: Fat content of probiotic whey beverage (%).
	Treatments
	R1
	R2
	R3
	R4
	R5
	Mean

	T1
	0.48
	0.50
	0.49
	0.47
	0.48
	0.48a

	T2
	0.46
	0.49
	0.48
	0.45
	0.47
	0.47ab

	T3
	0.44
	0.47
	0.45
	0.43
	0.46
	0.45b

	T4
	0.43
	0.46
	0.44
	0.42
	0.45
	0.44bc

	T5
	0.41
	0.44
	0.42
	0.40
	0.43
	0.42c





























FIGURE 2. Total fat   percentage decreases progressively across treatments T1 to T5

3 Protein
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From the data presented in Table 4 it was observed that protein content showed a slightly increasing trend. The increase in level of coconut sugar resulted in slightly increase in protein content. The protein content of treatment T5 (0.61%) was found high followed by treatment T4 (0.57%) and lowest for treatment T1 (0.44%). This was due to the reason that coconut sugar contains more protein than the whey. The average protein content of probiotic whey beverage was 0.53 per cent.


These results are quite comparable with the values reported by Chavan et al. (2015).


Chavan et al. (2015) reported that the protein content in a whey based mango beverage was approximately 0.75  per  cent, highlighting the  nutritional value  contributed by  the  whey component in fruit based formulations.
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FIGURE 3.   Total protein percentage increases progressively across treatments T1 to T5


3.4 Ash

0.007849           0.022332           0.016372

The critical perusal of Table 5 indicates the ash of whey beverage sample of various treatments were 0.54 (T1), 0.59 (T2), 0.64 (T3), 0.69 (T4) and 0.74 (T5) per cent. It has been observed that T5 containing 12.5 per cent coconut sugar was highest ash of probiotic whey beverage.


It was observed that lowest ash content was 0.54 per cent in to the T1  sample of probiotic whey beverage which content 2.5 per cent of coconut sugar.


From the Table 5 it was noted that treatment differences are statistically significant at 1 per cent level of significance indicating that there was significant increase in ash content of probiotic whey beverage due to increase in the level of coconut sugar.


Bhavsagar et al. (2010) developed a fruit beverage using chhana whey by incorporating 5, 10 and 15 per cent pineapple juice. The resulting beverage showed an ash content ranging from
0.44 to 0.78 per cent, depending on the level of juice added.


The values obtained in present investigation for ash content of probiotic whey beverage corroborate with the values reported by above mentioned worker.
Table 5: Ash content of probiotic whey beverage (%).


	Treatments
	R1
	R2
	R3
	R4
	R5
	Mean

	T1
	0.54
	0.56
	0.55
	0.53
	0.54
	0.54e

	T2
	0.59
	0.61
	0.60
	0.58
	0.59
	0.59d

	T3
	0.64
	0.66
	0.65
	0.63
	0.64
	0.64c

	T4
	0.69
	0.71
	0.70
	0.68
	0.69
	0.69b

	T5
	0.74
	0.76
	0.75
	0.73
	0.74
	0.74a





Anova Table




































FIGURE 4.
Total Ash percentage increases progressively across treatments T1 to T5

3.5 Total Sugar

S. E. ±             CD at 1%           CD at 5%

0.007694           0.021892            0.01605

The data pertaining to the total sugar of probiotic whey beverage prepared with different levels of coconut sugar shows gradually increasing in per cent total sugar of probiotic whey beverage.


It would be seen from the data that the variation in total sugar content of probiotic whey beverage was significant. The average total sugar content of probiotic whey beverage was
6.63 (T1), 8.78 (T2), 10.91 (T3), 13.06 (T4) and 15.17 per cent (T5). It was observed that the
total sugar content showed gradual increase with the increase in level of coconut sugar. This consistent increase from T1 to T5 may be due to high amount of total sugar content of coconut sugar (84.12%). The lowest total sugar content was noticed at T1 (6.63%) i.e. probiotic whey beverage with lowest level (2.5%) of coconut sugar, while the highest total sugar content was observed at T5  (15.17%) i.e. probiotic whey beverage prepared with 12.5 per cent coconut sugar.


From the Table 6 it was observed that treatment differences are statistically significant at 1 per cent level of significance indicating that there was significant increase in total sugar content of probiotic whey beverage with increase in the level of coconut sugar.


These findings are quite consistent with the values reported by Ingale et al. (2018), indicating a similar trend in total sugar content across different fruit based whey beverages.


Ingale (2018) reported that whey beverages combined with kiwi juice contained total sugar levels ranging between 7.77 and 15.22 per cent, which aligns closely with the values found in present investigation.
Table 6: Total sugar content of probiotic whey beverage (%)
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FIGURE 5.   Total sugar percentage increases progressively across treatments T1 to T5


3.6 Titratable Acidity

From the data presented in Table 6 it was observed that, titratable acidity of probiotic whey beverage showed slightly increasing trend ranging from T1 (0.58%) to T5 (0.72%).


It was observed that titratable acidity of probiotic whey beverage for different treatments was T1 (0.58%), T2 (0.61%), T3 (0.66%), T4 (0.69%) and T5 (0.72%), respectively. The reason for consistent increase in titratable acidity of probiotic whey beverage may be the higher level of organic acid content of coconut sugar (1.25 %) and acidic nature of probiotic whey.


From the Table 6 it was observed that treatment differences are statistically significant at 1 per cent level of significance indicating that there was significant increase in titratable acidity content of probiotic whey beverage due to increase in the level of coconut sugar.





Bhavsagar et al. (2010) conducted a study on a pineapple flavored beverage prepared using chhana whey with varying levels of pineapple pulp (5, 10 and 15 %). They found that the titratable acidity of the beverage ranged between 0.59 to 0.63 per cent lactic acid, depending on the formulation which is quite similar to the values obtained in the present research.
Table 7: Titratable acidity of probiotic whey beverage (%).

	Treatments
	R1
	R2
	R3
	R4
	R5
	Mean

	T1
	0.58
	0.59
	0.58
	0.57
	0.58
	0.58e

	T2
	0.61
	0.62
	0.61
	0.60
	0.61
	0.61d

	T3
	0.65
	0.64
	0.65
	0.68
	0.66
	0.66c

	T4
	0.68
	0.69
	0.71
	0.67
	0.68
	0.69b

	T5

Anova Table
	0.72
	0.73
	0.72
	0.71
	0.72
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FIGURE 6.   Total tritratable acidity percentage increases progressively across treatments T1 to T5

3.7 Cost of Production
Rate of ingredients used (During 2024-25)

1. Coconut sugar: Rs. 500/kg          2. Culture (L. acidophilus): Rs. 900/ampoule

3. Citric acid: Rs. 35/50g





The cost of probiotic whey beverage production with utilization of different levels of coconut sugar was worked out by considering the prevailing retail cost of ingredients only. The cost of data is presented in Table 8. It is pointed out here that the data indicated the cost of ingredients only and other cost factors remains constant for all treatments and were not accounted for cost estimation.
The Table 8 presents the cost of production for different formulations (T₁ to T₅) of a probiotic whey beverage containing varying levels of coconut sugar. Each treatment uses 200 mL of whey with constant amounts of probiotic culture (Lactobacillus acidophilus, 3 g costing Rs. 2.7) and citric acid (0.8 g costing Rs. 0.56). The only varying component is coconut sugar, ranging from 2.5 g in T₁ to 12.5 g in T₅, with respective costs increasing from Rs. 1.25 to Rs. 6.25. Consequently, the total cost per 200 mL treatment rises from Rs. 4.51 in T₁ to Rs. 9.51 in T₅. On a per liter basis, the production cost increases proportionally from Rs. 22.50 (T₁) to Rs. 47.55 (T₅), indicating that coconut sugar concentration significantly impacts the overall cost of the beverage.




Table  8.  Production  cost  of  probiotic  whey  beverage  (Based  on  cost  of ingredients only) (Rs.)
Treat ment s

Whey	Coconut sugar

Probiotic culture (L. acidophilus
)

Citric acid  Total cost of
treatment
(Rs./200

*Total cost
of treatment
	
	(mL)
	(Rs.)
	(g)
	(Rs.)
	(g)
	(Rs.)
	(g)
	(Rs.)
	mL)         (Rs./L)

	T1
	200
	0
	2.5
	1.25
	3
	2.7
	0.8
	0.56
	4.51
	22.50

	T2
	200
	0
	5.0
	2.50
	3
	2.7
	0.8
	0.56
	5.76
	28.80

	T3
	200
	0
	7.5
	3.75
	3
	2.7
	0.8
	0.56
	7.01
	35.05

	T4
	200
	0
	10.
	5.00
	3
	2.7
	0.8
	0.56
	8.26
	41.30

	
	
	
	0
	
	
	
	
	
	
	

	T5
	200
	0
	12.
	6.25
	3
	2.7
	0.8
	0.56
	9.51
	47.55

	
	
	
	5
	
	
	
	
	
	
	


Note: As a whey, a by-product of paneer industry, is not commercially used, its cost treated as Nil (Rs. 0).

4. Summary

Total Solids

The mean total solids content in probiotic whey beverage sample of various treatments were

9.07 (T1), 11.36 (T2), 13.63 (T3), 15.94 (T4) and 18.18 (T5) per cent. It shows the significant increase in total solids content with increase in level of coconut sugar at 2.5 (T1), 5 (T2), 7.5 (T3), 10 (T4) and 12.5 (T5) per cent, respectively. The highest total solids content for probiotic whey beverage, were observed in treatment T5 i.e. (18.18%) while lowest total solids content observed in treatment T1 (9.07%) i.e. 2.5 per cent coconut sugar.
Fat
The mean fat content in probiotic whey beverage sample of various treatments were 0.48 (T1),

0.47 (T2), 0.45 (T3), 0.44 (T4) and 0.42 (T5) per cent. It shows the slight decrease in fat content with increase in level of coconut sugar at 2.5 (T1), 5 (T2), 7.5 (T3), 10 (T4) and 12.5 (T5) per cent, respectively. The highest fat content for probiotic whey beverage, was observed in treatment T1 i.e. (0.48%) while lowest fat content observed in treatment T5 (0.42%) i.e. 12.5 per cent coconut sugar.

Protein

The mean protein content in probiotic whey beverage sample of various treatments were 0.44 (T1), 0.48 (T2), 0.53 (T3), 0.57 (T4) and 0.61 (T5) per cent. It shows the significant increase in protein content with increase in level of coconut sugar at 2.5 (T1), 5 (T2), 7.5 (T3), 10 (T4) and
12.5 (T5) per cent, respectively. The highest protein content for probiotic whey beverage, was observed in treatment T5 i.e. (0.61%) while lowest protein content observed in treatment T1 (0.44%) i.e. 2.5 per coconut sugar.

Ash

The mean ash content in probiotic whey beverage sample of various treatments were 0.54 (T1), 0.59 (T2), 0.64 (T3), 0.69 (T4) and 0.74 (T5) per cent. It has been observed that T5 contain
12.5 per cent coconut sugar was highest in ash content of probiotic whey beverage. It observed that lowest ash content was 0.54 per cent in to the T1  sample of probiotic whey beverage which content 2.5 per cent of coconut sugar.

Total sugar

The mean total sugar content in probiotic whey beverage sample of various treatments were

6.63 (T1), 8.78 (T2), 10.91 (T3), 13.06 (T4) and 15.17 (T5) per cent. The total sugar increased significantly with the increase in level of coconut sugar. The significantly higher per cent of total sugar due to coconut sugar which has high per cent of total sugar. The highest per cent (15.17) of total sugar was recorded in level T5 i.e. probiotic whey beverage prepared with 12.5 per cent coconut sugar and lowest in case of level T1 i.e. 6.63 per cent prepare with 2.5 per cent coconut sugar.

Titratable acidity

The mean titratable acidity of probiotic whey beverage sample for various treatments were




0.58 (T1), 0.61 (T2), 0.66 (T3), 0.69 (T4) and 0.72 (T5) per cent. It shows the significant increase in titratable acidity with increase in level of coconut sugar at 2.5 (T1), 5 (T2), 7.5 (T3), 10 (T4)
and 12.5 (T5) per cent respectively. The highest titratable acidity of probiotic whey beverage, was observed in treatment T5 i.e. (0.72%) while lowest titratable acidity observed in treatment T1 (0.58%) i.e. 2.5 per coconut sugar.


Cost of Production

The cost of ingredient only was taken to indicate the cost of production for the probiotic whey beverage by incorporation of coconut sugar, shows a progressive increase in total cost with increasing amounts of coconut sugar, while keeping the quantities of whey, probiotic culture (Lactobacillus acidophilus) and citric acid constant. The total cost per liter ranges from Rs.
22.50 in treatment T₁ (with 2.5 % coconut sugar) to Rs. 47.55 in T5  (with 12.5 % coconut
sugar). Coconut sugar, a key ingredient contributing both nutrition and sweetness, significantly 
influences the overall production cost. The production cost of most acceptable level (T3) was 
Rs. 35.05.

5. Conclusion

In respect to chemical Analysis and cost of production of Studies on preparation of probiotic whey beverage using coconut (Cocos nucifera) sugar as sweetener showed increase in total Solids, protein, ash, total sugar and titratable acidity with increase in level of coconut sugar while fat content decreased with increase in level of coconut sugar as coconut sugar has Nil fat content. The cost of production most acceptable level, (T3) was Rs. 35.05 per liter.
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