Development and Quality Evaluation of a Functional Fermented Beverage from Rose (Rosa spp.) Petals and Kalmegh (Andrographis paniculata)


Abstract
Fermented beverages, valued for their nutritional and therapeutic benefits, were developed using combinations of rose petals (Rosa centifolia) and kalmegh (Andrographis paniculata). This study aimed to evaluate the physicochemical, biochemical, and sensory properties of 12 treatment combinations, both fresh and after 6 months of storage at 4°C. Initial total soluble solids (TSS) of rose petals and kalmegh were 4.25 °Brix and 5.06 °Brix, respectively. Fresh beverages showed alcohol content (1.79–2.12%), TSS (5.80–5.87 °Brix), total sugars (2.47–3.39%), anthocyanin (0.29–0.44 mg/100 mL), ascorbic acid (8.28–8.72 mg/100 mL), and phenol (98.03–111.49 mg/100 mL). After storage, alcohol increased (4.49–4.80%), while TSS, sugars, and antioxidants decreased. Organoleptic evaluation indicated treatment T6 (80 g rose + 20 g kalmegh) scored highest (4.21), followed by T1 (3.88) and T10 (3.50). These findings suggest that rose-kalmegh fermented beverages offer potential as nutrient-rich functional drinks, with T6 being the most sensory-acceptable formulation, though storage impacts quality.
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Introduction
Fermented beverages have gained significant popularity in the global market due to their unique flavors, nutritional profiles, and potential health benefits. These beverages are typically produced through microbial fermentation, where yeasts convert sugars into alcohol and carbon dioxide, resulting in products that may offer probiotic effects, enhanced bioavailability of nutrients, and antioxidant properties. Traditional fermented drinks, such as kombucha or kefir, have been adapted to incorporate herbal ingredients for added therapeutic value. Rose petals (Rosa spp.) and kalmegh (Andrographis paniculata) are two such botanicals with established medicinal uses.Rose petals are rich in polyphenols, flavonoids, and vitamins, contributing to anti-inflammatory, antioxidant, and digestive health benefits. They have been used in fermented beverages to enhance flavor and provide skin health support, stress relief, and immune modulation. Kalmegh, known as the "king of bitters," possesses hepatoprotective, immunostimulant, and anti-inflammatory properties due to compounds like andrographolide. Its bitter taste aids digestion and liver function, making it a candidate for functional beverages. Combining these in fermented forms could yield nutrient-rich products with synergistic effects. Fermentation is a traditional biotechnological process used for preservation and value addition of foods. Alcoholic fermentation mediated by Saccharomyces cerevisiae converts sugars into ethanol and improves shelf life and sensory attributes (Ray and Joshi 2014; Şanlier et al. 2017). Fermented beverages are increasingly recognized for health-promoting properties due to bioactive metabolites and improved nutrient availability (Parvez et al. 2006).Rose petals are rich in phenolic compounds, flavonoids and anthocyanins (Baydar and Baydar 2013; Kumar et al. 2009; Kumari et al. 2018). Their antioxidant and antimicrobial properties have been documented extensively (Ozkan et al. 2004; Nowak et al. 2014; Abdel-Hameed et al. 2013). Rose volatiles contribute characteristic aroma compounds (Agarwal et al. 2005; Jalali-Heravi et al. 2008).Kalmegh (Andrographis paniculata) contains andrographolide and other diterpenoids with antioxidant and immunomodulatory activities (Niranjan et al. 2010; Rafat et al. 2009; Tandon et al. 2015). However, its bitterness limits direct consumption.

However, the stability of fermented herbal beverages during storage is critical, as changes in physicochemical parameters can affect quality, safety, and sensory appeal. This study aimed to develop fermented beverages from varying combinations of rose petals and kalmegh, evaluate their physical and biochemical parameters fresh and after 6 months of storage, and assess organoleptic acceptability. The objectives included optimizing nutrient quality and understanding storage-induced changes.
Materials and Methods
Plant Materials
Fresh rose petals (Rosa centifolia) and kalmegh leaves (Andrographis paniculata) were sourced from a local botanical garden in West Garo Hills, ensuring they were free from pesticides. The total soluble solids (TSS) of fresh rose petals and kalmegh were measured as 4.25 °Brix and 5.06 °Brix, respectively, using a digital refractometer (Atago RX-5000).
Preparation of Fermented Beverages
Twelve treatments (T1–T12) were prepared in triplicate using different combinations of rose petals and kalmegh (total 100 g per treatment) blended with 500 mL distilled water and 10% (w/v) sucrose. The mixtures were pasteurized at 80°C for 10 min, cooled, and inoculated with 1% (v/v) Saccharomyces cerevisiae yeast culture (optical density 0.6 at 600 nm). Fermentation occurred at 25°C for 7 days in airtight glass fermenters. Post-fermentation, beverages were filtered, bottled in sterile amber glass bottles, and stored at 4°C.
Treatments:
· T1: 100 g rose petals
· T2: 100 g kalmegh
· T3: 95 g rose + 5 g kalmegh
· T4: 90 g rose + 10 g kalmegh
· T5: 85 g rose + 15 g kalmegh
· T6: 80 g rose + 20 g kalmegh
· T7: 75 g rose + 25 g kalmegh
· T8: 70 g rose + 30 g kalmegh
· T9: 65 g rose + 35 g kalmegh
· T10: 60 g rose + 40 g kalmegh
· T11: 55 g rose + 45 g kalmegh
· T12: 50 g rose + 50 g kalmegh
Analytical Methods
Samples were analyzed fresh and after 6 months of storage. Parameters included:
· Alcohol Content: Determined by distillation followed by pycnometry.
· Total Soluble Solids (TSS): Measured using a refractometer (expressed in °Brix).
· Total Sugars (TS), Reducing Sugars (RS), Non-Reducing Sugars (NRS): Quantified by Lane-Eynon method.
· Titratable Acidity: Titration with 0.1 N NaOH (expressed as % citric acid).
· pH: Measured using a digital pH meter (Hanna HI2211).
· Anthocyanin: Spectrophotometric method at 520 nm.
· Ascorbic Acid: 2,6-Dichlorophenolindophenol titration.
· Phenol: Folin-Ciocalteu reagent method.
Organoleptic evaluation was conducted by a 10-member panel using a 5-point hedonic scale (1 = dislike extremely, 5 = like extremely) for color, aroma, taste, and overall acceptability.
Statistical Analysis
Statistical analysis – Panse and Sukhatme (1967)

Results and Discussion
Physicochemical and Biochemical Parameters
The fermented beverages exhibited variations in parameters across treatments, with ranges summarized in Tables 1 and 2 for fresh and stored samples

Physico-chemical characteristics of dried rose petals and kalmegh 
4.1: Physical characteristics of dried Rose petals and kalmegh:
The data of physical parameters of dried rose petals and kalmegh observed during the research period are presented in Table 1. The colour of rose petals was  shown reddish pink colour by RHS chart as well as the visual observation. The diameter of flower and length measured as 5.51cm and 3.32cm respectively. A similar study was made by Shahrin et al. (2015) where most of the rose cultivars exhibited red to reddish colour like cultivars Taj Mahal, Red Baby, Star Fire and Printed moon. Some cultivars also exhibited pink to pinkish colour like Pinkey Smile, Sweet Love and Charming Lady Sweet Sakata exhibited Magenta colour. Regret berg cultivar was reported to be 5.17cm flower size by Tabassum et al (2002). Similarly, kalmegh was observed a Dark green in colour. The Flower size and length were observed as 1.21cm and 0.87cm respectively.

Table 1: Physical characteristics of dried rose and kalmegh 
	Sl. No
	Parameters (colour)
	Observations

	1
	Rose Flower diameter
	5.51cm

	2
	Rose Petal length
	3.32cm

	3
	Rose Petal color
	Reddish pink, 58A by RHS chart

	4
	Kalmegh Flower length
	1.21cm

	5
	Kalmegh Petal breadth
	0.87cm

	6
	Kalmegh Petal color
	Greenish dark 146A,B by RHS chart



4.2. Biochemical characteristics of dried Rose petals

Table 2: Biochemical characteristics of dried rose petals
	Sl. No.
	Parameters
	Value

	1.
	Total soluble solids (TSS)
	4.25 oBrix

	2.
	Total sugar
	2.94 %

	3.
	Reducing sugar
	2.44 %

	4.
	Non reducing sugar
	0.62 %

	5.
	Titratable acidity
	0.26 %

	6.
	Ascorbic acid
	9.19 mg/100

	7.
	Anthocyanin
	2.43 mg/100

	8.
	Phenol
	289.71 mg/100


The biochemical composition of dried rose petals’ values is shown in Table 2 and the results of dried rose petals  TSS was  4.25°Brix , total sugar (2.94%), reducing sugar (2.44%), non reducing sugar (0.62%), Titratable acidity (0.26%), Ascorbic acid (9.83mg/100), Anthocyanin (2.43mg/100g) and phenol content of 289.71mg/100g respectively. A similar line of work made by Chauhan (2018) showed a range of 1.91 to 2.11°Brix TSS, pH of fresh rose petals 5.09, ascorbic acid 6.94mg/100g in fresh rose petals and 2.48 to 6.45mg/100g ascorbic acid in dried rose petals. Prata et al. (2017) resulted that total sugar was found to vary between cultivars from 2.31 to 3.64mg/100g and reducing sugar to be highest in the cultivar Prima Donna containing 2.80 mg/100g  whereas Saptarini et al. (2018) reported the dried rose petals possessed anthocyanin of  0.459 ± 0.003mg/L in maceration and 0.366 ± 0.005mg/L in percolation method. Similarly, Butcaru et al. (2018) reported the anthocyanin content in petals of “Falstaff” variety of rose to be 33.06 mg/100g. Ercisli (2007) was also reported that the pH value of Rosa canina fruit was 4.07 and Rosa willosa was 4.73. Samesh et al. (2018) was in agreement with the results of phenolic content of rose petals which was 25.13-52.01 mg gallic acid equivalents/g dry weight (DW). It was also supported the result by Kart et al. (2017) showed that dried rose petals contained 5.24-166.36 mg GAE/200 ml phenol.
	
4.3: Biochemical characteristics of kalmegh  
The biochemical composition of dried kalmegh was analysed and data depicted from Table 3. The nutritional value of kalmegh powder was observed with TSS content of 5.60°Brix, total sugar (3.03%), reducing sugar (2.56%) and non reducing sugar (0.44%), acidity (0.17%), ascorbic acid (5.23mg/100g), phenol (0.77mg/100g) and Anthocyanin (42.86mg/100g) respectively. There was no such evidence found or mentioned anywhere yet.
Table 3: Biochemical characteristics of kalmegh 
	Sl. No.
	Parameters
	Value

	1.
	Total Soluble Solids (TSS)
	5.60 o Brix

	2.
	Total sugar
	3.03 %

	3.
	Reducing sugar
	2.56 %

	4.
	Non reducing sugar
	0.44 %

	5.
	Titratable acidity
	0.17 %

	6.
	Ascorbic acid
	5.23 mg/100g

	7.
	Phenol
	0.77 mg/100g

	8.
	Anthocyanin
	42.86 mg/100g


Standardization of fermented beverages from rose petals and 	     kalmegh 
4.4: Time taken for fermentation
The data depicted from Table 4 for the total days taken for fermentation showed variation in completion of fermentation period with different treatments. The total days taken for fermentation varied from 17.07 days to 28.07 days with significant differences between the treatments. The maximum fermentation period of 28.07 days was observed in Treatment T8, followed by T9 with a fermentation period of 27.02 days whereas, the least days taken for fermentation period were observed in T2 (17.07 days) at ambient temperature. The variation of days for fermentation might be the effect of the yeast (Saccharomyces cerevisiae) population by different ingredient combinations. 





Table 4: Total days taken for the completion of fermentation by yeast 	         at ambient temperature
	Treatment
 
	Total days taken for 
fermentation
	Alcohol % of  freshly
fermented
	Alcohol % after
6 months

	T1
	20.10
	0.67
	4.05

	T2
	17.07
	0.47
	2.99

	T3
	20.31
	0.45
	2.03

	T4
	21.33
	0.56
	2.06

	T5
	23.21
	0.58
	2.18

	T6
	25.12
	1.79
	4.80

	T7
	25.37
	0.42
	1.23

	T8
	28.07
	1.59
	4.49

	T9
	27.02
	1.52
	3.64

	T10
	26.33
	1.70
	3.09

	T11
	26.07
	1.75
	2.67

	T12
	26.31
	2.12
	3.19

	SEd ±
	1.276
	0.025
	0.106

	CD(0.01)
	3.590
	0.071
	0.299

	CV(%)
	6.53
	2.79
	4.29



4.5: Standardization of fermented beverage:
Based on the medicinal value and availability of raw materials of dried rose petals and kalmegh powder in different concentrations and proportions had been made for the standardization of the fermented beverage. The proportions of ingredients required for fermented beverage in each treatment are presented in Table 5. Periodical panel tests of fermented beverage were conducted at an interval of 0 month (freshly fermented) and 6 months (aged fermented beverage) by 15 panellists respectively. The acceptability of freshly and aged fermented beverages on the basis of overall 5.0 Point rating score ranged between 2.16 to 4.33 and 2.27 to 4.21 respectively. 
Acceptability of the fermented beverage was significant (p≤0.01) among the treatment combinations in both conditions. Treatments T6 (4.33) showed highest acceptability score which was followed by T1 (3.30) and T10 (3.25) in freshly fermented beverage while after 6 months storage of fermented beverage (aged) the highest score was obtained in treatment T6  (4.21) fallowed by T1 (3.80) and T10  (3.50) by panellist members. Similarly, the lowest rated value was also noted in T3 (2.69) and T2 (2.16) in freshly fermented beverage whereas in aged fermented beverage least score was obtained in T5 (2.65) and T2 (2.27) respectively as shown in Fig. 1. The value of score point of fermented beverage was only accepted above 2.50 rated value for both. The 
results of sensory evaluation of fermented beverage was in agreement with Many et al. (2014) who conducted a nutrient analysis of tomato wine for fresh and on 6 months aged wine and Patil et al. (2012) worked on the production of wine from jamun (Syzygium cumini) showed dark purple color were preferred.








Table 5: Standardization of fermented beverages from rose petals 	        and kalmegh
	Treatment
	Proportion of Ingredients
(Rose + Kalmegh)
	Organoleptic Score (5.0 Hedonic Scale )

	
	
	Freshly fermented beverages
	Aged fermented beverages (6month)

	T1
	Rose (100g)
	3.30
	3.88

	T2
	Kalmegh  (100g)
	2.16
	2.27

	T3
	Rose + kalmegh (95+5g)
	2.69
	2.84

	T4
	Rose + kalmegh (90+5g)
	2.76
	2.94

	T5
	Rose + kalmegh (85+5g)
	2.77
	2.65

	T6
	Rose + kalmegh (80+5g)
	4.33
	4.21

	T7
	Rose + kalmegh (75+5g)
	2.74
	3.28

	T8
	Rose + kalmegh (95+10g)
	2.73
	3.15

	T9
	Rose + kalmegh (90+10g)
	2.92
	3.13

	T10
	Rose + kalmegh (85+10g)
	3.25
	3.50

	T11
	Rose + kalmegh (80+10g)
	2.84
	3.13

	T12
	Rose + kalmegh  (75+10g)
	2.78
	3.42

	
	SEd ±
	0.149
	0.186

	
	CD (0.01)
	0.421
	0.524

	
	CV(%)
	8.05
	9.14

	


















4.2. Experiment No.2: Study on quality assessment of standardized 				 fermented   beverages during storage
Changes in the quality of fermented beverages of rose petals with combination of kalmegh were observed during the research period. The changes occurred in quality of the fermented beverages during storage was recorded with different nutritional parameter values with the treatments and data are presented in Table 6 to 11 and  illustrated  in Fig. 1 to 11.

TSS:
The value of TSS of freshly and aged fermented beverages is presented in Table 6 and Fig. 2.  A significant difference (p≤0.01) amongst the treatments was noticed in TSS content of freshly and aged fermented beverages. TSS of freshly fermented beverage was recorded highest in T6 (5.87°Brix) which contains 80g dried rose petals and 5g of kalmegh, and lowest in T7 (75g dried rose petals + 5g kalmegh) 4.07°Brix. There was a change in TSS over the period of storage of fermented beverages at ambient temperature. A decrease in TSS was found after 6 months (aged) of storage in all the treatments. The TSS content of aged fermented beverage was showed a decreasing in trend from fresh one. The highest TSS was in T11 (4.67°Brix) and lowest in T4 (3.03°Brix) respectively as shown in Fig. 2. The decrease of TSS might be conversion of invert sugar into alcohol during storage. A similar work done by Hyun-jeong et al. (2017) in kiwi fruit juice ('Jecy Sweet' and 'Jecy Gold') during fermentation TSS decreased after 120 days of aging. Gavimath et al. (2012) conducted a comparative study on different fruit wines namely Papaya, Banana, Orange and Lime 5th, 9th, 15th, 25th and 30th day respectively TSS was found to decrease in all the four wines from the initial day to 30th days.
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Table.6: Changes in TSS and Total sugar content in fermented      			beverages from rose petals and kalmegh 
	Treatment
	Tss (oBrix)
	
	Total sugar (%)
	

	
	Freshly fermented beverages
	Aged fermented beverages
(6month)
	Freshly feremented beverages
	
Aged 
fermented beverages
 (6month)

	T1
	4.97
	4.00
	2.47
	1.12

	T2
	5.80
	3.27
	3.39
	2.68

	T3
	5.13
	3.53
	1.82
	1.59

	T4
	5.33
	3.03
	1.50
	1.45

	T5
	4.13
	4.07
	2.01
	1.14

	T6
	5.87
	3.67
	2.03
	1.23

	T7
	4.07
	3.73
	1.86
	1.21

	T8
	4.87
	3.73
	1.58
	1.18

	T9
	4.60
	3.60
	1.52
	1.25

	T10
	4.53
	3.53
	2.02
	1.24

	T11
	4.73
	4.67
	1.94
	1.19

	T12
	4.40
	3.47
	1.83
	1.27

	SEd ±
	0.163
	0.090
	0.116
	0.056

	CD (0.01)
	0.460
	0.253
	0.327
	0.158

	CV (%)
	4.12
	2.99
	7.14
	4.99
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Total Sugar:
The data of Total sugar content of fermented beverage is shown in Table 6 and Fig. 3 and showed a significant difference (p≤0.01) among the twelfth treatments in both conditions. Freshly fermented beverage rose petal and kalmegh of total sugar content was found highest in T2 (3.39%) followed by T1 (2.47%) and T6 (2.03%) whereas, lowest was in T9 (1.52%) followed by T4 (1.50%). After 6 months of storage the reduction was found in the total sugar content. The highest reduction was observed in T5 (1.14%) and T1 (1.12%), reduction from the fresh to aged, The decreasing of total sugar content in aged fermented beverage might be due to conversion of sugar into invert sugar. A similar result was mentioned by Thapa et al. (2006) on microbial and physico-chemical changes of a traditional alcoholic beverage of Sikkim and Darjeeling hills known as Kodo Ko Jaanr, there was decrease in total sugar (85.9% to 28.7%) at the end of fermentation. Agarwal and Potphode (2015) studied on bioethanol production from flower of Quisqualis indica the initial sugar content (before fermentation) of Quisqualis indica flower was 13.2 % and was decreased after fermentation to 5.6 %.

Reducing sugar:
The value of reducing sugar content in freshly and aged fermented beverages of dried rose petals and kalmegh powder were found significantly different (p≤0.01) within the treatments as data depicted from Table 7 and illustrated in Fig. 4. Reducing sugar content in freshly fermented beverage was found highest in T2 (2.51%) followed by T6 (1.51%) and T12 (1.37%) respectively whereas, least amount of reducing sugar in freshly fermented beverage was observed in T5 (0.90%). Aged fermented beverage showed changes in reducing sugar content with a slight decreased in all the treatments. T2 obtained the highest value of reducing sugar (1.83%) followed by T4 (1.32%) whereas, lowest was observed in T11 (0.82%) and T12 (0.79%) respectively. The reducing sugar content was also mentioned by Appe et al. (2018) on bioethanol production from Ixora coccinea and Quisqualis indica, there was a decrease in reducing sugar after fermentation. The initial reducing sugar content of I. coccinea was 1.350 mg/ml and decreased after the fermentation to 0.740 mg/ml while in Q. indica, the initial sugar content was 1.900 mg/ml and decreased to 0.570 mg/ml. 


Non-reducing sugar:
The data of non-reducing sugar content of freshly and aged fermented beverages were found significantly different (p≤0.01) among the treatments and data are presented in Table 7 and illustrated in Fig.5. The non-reducing sugar content was found highest in T1 (1.24%) on par with T5 (1.05%) and lowest was in T8 (0.41%) and T4 (0.36%) in freshly fermented beverage respectively.  While, there was a change in non-reducing sugar content after 6 months of storage. The non-reducing sugar content in fermented beverage was observed in decreasing trend in aged fermented beverage whereas, the T2 contained highest amount of non-reducing sugar (0.80%) and lowest was observed in T4 (0.14%) after 6 months of storage. The non-reducing sugar result was agreement with Jamja,T. (2019) in fermentation of rose and cinnamon.











Table 7: Changes in Reducing sugar and Non-reducing sugar content 	         in   fermented beverages from rose petals and kalmegh 
	Treatment
	Reducing
                     (%)
	Non-reducing
         (%)

	
	Fresh 
fermented beverages

	Aged  fermented beverages (6month)
	Freshly 
fermented beverages
	Aged  fermented beverages (6month)

	T1
	1.17
	0.90
	1.24
	0.21

	T2
	2.51
	1.83
	0.83
	0.80

	T3
	1.34
	1.23
	0.46
	0.34

	T4
	1.12
	1.32
	0.36
	0.13

	T5
	0.90
	0.83
	1.05
	0.29

	T6
	1.51
	1.08
	0.49
	0.14

	T7
	1.23
	1.01
	0.60
	0.18

	T8
	1.14
	0.90
	0.41
	0.26

	T9
	1.02
	0.82
	0.47
	0.41

	T10
	0.99
	0.85
	0.97
	0.37

	T11
	1.28
	0.82
	0.62
	0.35

	T12
	1.37
	0.79
	0.51
	0.46

	SEd ±
	0.082
	0.050
	0.056
	0.033

	CD (0.01)
	0.232
	0.142
	0.158
	0.094

	CV (%)
	7.80
	6.03
	10.32
	12.56





   


      



     



        






Titratable acidity:
The Titratable acidity of freshly fermented beverage and aged fermented beverages value  was statistically significant (p≤0.01) within the treatments and data depicted from Table 8 and illustrated in Fig.6 the highest amount of acidity was found in T6 (1.28%) on par with T3 (0.94%) while lowest was observed in T4 (0.64). Change in acidity of aged fermented beverage was found significant effect within the treatments after 6 months of storage whereas it was found a decreasing trend from the fresh one. The highest acidity in aged fermented beverage was analyzed in T6 (0.98%) followed by T11(0.90%), T1(0.85%), T7 and T5( 0.81%),  least in T4 (0.55%) respectively. The value of acidity decreased after 6 month of storage which might be due to oxidized citric acid in presence of fermentation and storage. A similar result was found by Gavimath et al. (2012) who conducted a comparative study on different fruit wines namely Papaya, Banana, Orange and Lime 5th, 9th, 15th, 25th and 30th day respectively there was a decline in acidity of all four wines. Alobo et al. (2009) produced wine from roselle (Hibiscus sabdariffa) calyx extract their study showed that 0.69%  titratable acidity. 

pH:
The pH data depicted from Table 8 and Fig. 7 showed the value of pH of freshly fermented and aged. The highest value of pH was observed in T2 (4.07) followed by T6 (3.97) whereas, lowest value of pH was in T12 (3.82) in freshly fermented. Slight changes in pH were noticed after 6 months storage of fermented beverage. The highest pH value was in T2 (4.37) followed by T6 (4.16) while lowest was in T12 (3.82) in aged fermented beverage. 

Table 8: Changes in Titratable acidity and pH content in fermented 			        beverages from rose petals and kalmegh 
	Treatment
	Acidity ()perppercent
	(%)
%
	pH

	
	Freshly fermented beverages
	Aged fermented beverages
(6MONTH)
	Freshly fermented beverages
	Aged fermented beverages
(6MONTH)

	T1
	0.98
	0.85
	3.82
	3.94

	T2
	0.81
	0.73
	4.07
	4.37

	T3
	0.94
	0.77
	3.92
	4.00

	T4
	0.64
	0.55
	3.91
	4.12

	T5
	0.90
	0.81
	3.89
	3.92

	T6
	1.28
	0.98
	3.97
	4.16

	T7
	1.11
	0.81
	3.95
	4.00

	T8
	0.81
	0.64
	3.92
	3.96

	T9
	0.77
	0.60
	3.85
	3.90

	T10
	1.11
	0.77
	3.86
	3.98

	T11
	1.07
	0.90
	3.87
	3.96

	T12
	0.90
	0.77
	3.80
	3.82

	SEd ±
	0.085
	0.035
	0.065
	0.142

	CD ( 0.01)
	0.241
	0.099
	0.183
	0.399

	CV (%)
	11.16
	5.67
	2.05
	4.33









             









              

Anthocyanin:
 The value of Anthocyanin content observed in fresh and aged fermented beverage was significantly different (p≤0.01) within the treatments and value are presented in Table 10 and Fig.10. The highest content of anthocyanin found highest in freshly fermented beverage was T1 (0.44mg/100ml) on par with T3 and T4 (0.29mg/100ml) whereas least amount of anthocyanin was in T2 (0.07mg/100ml) while there was decrease in anthocyanin content in aged fermented beverage since it is a water soluble nutrient there might have been oxidation reactions occurred within the beverage and reacted with other nutrients resulted in decrease amount of anthocyanin from fresh one. Hence, less amount of anthocyanin content in aged fermented beverage was in T1 (0.31mg/100ml) and lowest in T2 (0.06mg/100ml). Alobo et al. (2009) mentioned a similar type of experiment on the production of wine from Roselle (Hibiscus sabdariffa) calyx extract, must and wine and found the Total Anthocyanins (abs/ml) were 28.43(extract), 28.30(must) and 22.65 (wine) respectively. 

Ascorbic acid:
The Ascorbic acid content of freshly and aged fermented beverage showed significant (p≤0.01) within the treatments and data are presented in Table.9 and Fig. 8.  Ascorbic acid in freshly fermented beverage was found highest in T1 (8.72mg/100ml) on par with T8 (8.28mg/100ml) while lowest was in T2 (6.10mg/100ml). The results of ascorbic acid content declined after 6 month of storage of fermented beverage it was noticed that the highest amount of ascorbic acid was in T1, (8.16mg/100ml) followed by T8, (7.02mg/100ml) whereas lowest was in T11 and T2 (4.08mg/100ml) in aged fermented beverage. The declining of ascorbic acid might be due to oxidation and reduction inside the beverage. Results of ascorbic acid value was reported by Many et al. (2014) found a Vitamin C equivalent in fresh tomato wine of 0.057 and in 6 months old wine was 0.025. Another study mentioned by Alobo et al. (2009) experimented on the production of wine from Roselle (Hibiscus sabdariffa) calyx extract, must and wine and found ascorbic acid (mg/100 ml) were 1.12(extract), 1.06(must) and 0.6(wine) respectively

 Table 9: Changes in Anthocyanin and Ascorbic acid content in 		         fermented beverages from rose petals and kalmegh 
	Treatment
	Anthocyanin (mg/100g)
	
Ascorbic acid (mg/100g)

	
	Freshly fermented beverages
	Aged  fermented beverages (6month)
	Freshly fermented beverages
	Aged  fermented beverages (6month)

	T1
	0.44
	0.31
	8.72
	8.16

	T2
	0.07
	0.06
	6.10
	4.8

	T3
	0.29
	0.29
	6.98
	5.76

	T4
	0.29
	0.29
	6.54
	5.76

	T5
	0.25
	0.25
	7.41
	6.24

	T6
	0.22
	0.18
	6.98
	5.76

	T7
	0.21
	0.21
	6.54
	5.28

	T8
	0.26
	0.26
	8.28
	7.2

	T9
	0.22
	0.22
	6.98
	5.76

	T10
	0.21
	0.19
	6.54
	5.28

	T11
	0.21
	0.21
	6.54
	4.8

	T12
	0.21
	0.21
	7.41
	6.72

	SEd ±
	0.018
	0.025
	0.108
	0.138

	CD (0.01)
	0.050
	0.071
	0.304
	0.388

	CV (%)
	9.21
	12.99
	1.87
	0.388












       






       

Phenol:
The phenol content of fresh and aged fermented beverage was significantly different (p≤0.01) within the treatments and data are presented in Table 10 and illustrated in Fig. 11. The highest amount of phenol content among the treatments of freshly fermented beverage was T4 (90g+5g) rose and kalmegh, 111.49mg/100ml on par with T8 (98.03 mg/100ml) whereas lowest was T2 (41.50mg/100ml). There was decrease in phenol content during storage of fermented beverage for 6 months which showed highest value in T12 (34.15 mg/100ml) on par with T3 (31.21 mg/100ml) and lowest content was in T10 (28.89 mg/100ml). 
Table 10:  Changes in Phenol content in fermented beverages from 			           rose petals and kalmegh 
	Treatment
	Phenols (mg/100g)

	
	Freshly fermented beverages
	Aged fermented beverages (6month)

	T1
	71.51
	29.98

	T2
	41.50
	29.39

	T3
	62.58
	31.21

	T4
	111.49
	30.30

	T5
	83.93
	29.39

	T6
	84.11
	30.16

	T7
	89.23
	30.07

	T8
	98.03
	29.17

	T9
	92.45
	28.94

	T10
	73.18
	28.89

	T11
	44.85
	31.70

	T12
	64.30
	34.15

	SEd ±
	7.607
	0.853

	CD (0.01)
	21.39
	2.398

	CV (%)
	12.19
	3.45
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Alcohol:
The amount of alcohol in fresh and aged fermented beverage was measured and found significant difference (p≤0.01) between the treatments and values presented in Table 11 and illustrated in Fig.12.showed that the highest alcohol content in freshly fermented beverage was (2.12%) in T12 fallowed by T6 (1.79%) whereas lowest alcohol content was observed in T7 (0.42%). Increase in Alcohol content was observed during the storage period of fermented beverage which contained highest amount in T6 (4.80%) on par with T8 (4.49%) while the lowest alcohol content in aged fermented beverage was in T7 (1.23%). The increase of alcohol content during storage might be due to slow fermentation by present carbohydrate, starch and sugar which converted into alcohol by action of present yeast in the beverage. The results was in agreement with Hyun-jeong et al. (2017) who reported alcohol in  kiwi fruit juice ('Jecy Sweet' and 'Jecy Gold') during fermentation at 120 days aging there was increase in alcohol from the 4th day of fermentation and was highest (10.2%) in 'Jecy Sweet' fermented by S. bayanus Lalvin, followed by 9.2% in 'Jecy Sweet' fermented by S. cerevisiae Fermivin and 9.4% in 'Jecy Gold' fermented by Lalvin and Fermivin on the 12th day of fermentation. Soni and Dey (2013) reported on value added fermented product of Madhuca latifolia flower where the alcohol content of the product increased from 8.0 to 9.0 %.  Thapa et al. (2006) studied microbial and physico-chemical changes of a traditional alcoholic beverage of Sikkim and Darjeeling hills known as Kodo Ko Jaanr and alcohol content increased from 0.1% to 6.9%.  








                   Table 11: Changes in Alcohol content in fermented beverages 					from rose petals and kalmegh 
	
Treatment
	Alcohol

	
	Freshly fermented beverage
(0month)
	Aged fermented beverage
(6months


	
	Alcohol (%)
	Density (g/cm3)
	Alcohol (%)
	Density (g/cm3)

	T1
	0.67
	1.01
	4.05
	1.01

	T2
	0.47
	1.05
	2.99
	1.01

	T3
	0.45
	1.01
	2.03
	1.01

	T4
	0.56
	1.01
	2.06
	1.00

	T5
	0.58
	1.01
	2.18
	1.01

	T6
	1.79
	1.01
	4.80
	1.01

	T7
	0.42
	1.01
	1.23
	1.01

	T8
	1.59
	1.01
	4.49
	1.01

	T9
	1.52
	1.01
	3.64
	1.01

	T10
	1.70
	1.01
	3.09
	1.01

	T11
	1.75
	1.01
	2.67
	1.00

	T12
	2.12
	1.01
	3.19
	1.01

	SEd ±
	0.025
	
	0.106
	

	CD (0.01)
	0.071
	
	0.299
	

	CV (%)
	2.79
	
	4.29
	


























4.3. Experiment No. 3: Estimation of benefit/cost ratio of fermented     	    				beverages from rose petals and kalmegh
The cost of ingredients and other expenses incurred for making of fermented beverages were estimated based on market price and benefit: cost ratio was calculated accordingly. The calculated benefit: cost ratio values are shown in Table 12.  The benefit:cost ratio of standardized beverages was calculated based on rated score by panellists and highest amount of alcohol present in treatment. The benefit: cost ratio expressed against one rupee investment for the fermented product. 

Benefit cost ratio of fermented beverage:
The  data  depicted  from  table  12  showed  that calculated  value  of  Benefit : Cost  ratio of  standardized  fermented  beverages  based  on sensory  score, percent  of  alcohol  and  phenol  content  found  more  marketable  B/C ratio in T6 (3.51) got first grade among  twelfth   treatment whereas  second grade was T1 (2.95) and third grade was T10 (2.38) with the sensory score and alcohol percent 4.80, 4.05 and 3.09 respectively. While other treatment also benefitted but product was more considerable if the B/C ratio value was more than 2.00.The benefit cost ratio estimated  by Jamja, T. (2019) in fermented product of rose and cinnamon B/C ratio T9 (6.09) and T12 (5.68).






Table 12 : Estimated Benefit: Cost ratio of the fermented beverages    	           from rose and kalmegh
	Treatment
	Sensory Score 5 Points Hedoinc Scale
	Alcohol (%V/V)
	Phenol (mg/100ml)
	B:C ratio
	Grade

	T1
	3.88
	4.05
	29.98
	2.95
	2nd

	T2
	2.27
	2.99
	29.39
	1.82
	4th

	T3
	2.84
	2.03
	31.21
	1.82
	4th

	T4
	2.94
	2.06
	30.30
	1.82
	4th

	T5
	2.65
	2.18
	29.39
	1.82
	4th

	T6
	4.21
	4.80
	30.16
	3.51
	1st

	T7
	3.28
	1.23
	30.07
	1.82
	4th

	T8
	3.15
	4.49
	29.17
	1.82
	4th

	T9
	3.13
	3.64
	28.94
	1.82
	4th

	T10
	3.50
	3.09
	28.89
	2.38
	3rd

	T11
	3.13
	2.67
	31.70
	1.82
	4th

	T12
	3.42
	3.19
	34.15
	1.82
	4th













Conclusion
This study demonstrates that fermented beverages from rose petals and kalmegh offer high nutrient quality, with T6 emerging as the optimal formulation based on organoleptic scores. Storage at 4°C for 6 months led to moderate declines in antioxidants and sugars but increased alcohol, highlighting the need for controlled conditions to maintain stability. These beverages hold potential as functional health drinks, combining the benefits of rose and kalmegh.


The future scopes of the research work entitled “Development and Quality Evaluation of a Functional Fermented Beverage from Rose (Rosa spp.) Petals and Kalmegh (Andrographis paniculata)”are as follows:
1. The fermented beverages of rose petal and kalmegh have been proven to cure the many disorder in human but stills need to improve the clinical supports.
2. It may be very helpful for human against the covid -19 but its need to further work on the formulation status.
3. The proportions of each components followed in this experiment can be modified to assess the quality attributes of beverages.
4. The wider studies can be done to investigate the curative medicinal uses of these beverages to many chronic diseases as anti- diabetes, anti-diarrhoea, anti-cancer, anti-hypertension, antibacterial, anti-oxidants, and anti-pyretic.
[bookmark: _GoBack]
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Fig 2: Changes in TSS in freshly and aged fermented beverage
0 months 	4.9666666666666694	5.8	5.1333333333333524	5.3333333333333863	4.1333333333333524	5.8666666666666671	4.0666666666666664	4.8666666666666671	4.5999999999999996	4.5333333333333927	4.7333333333334	4.3999999999999995	6months	4	3.2666666666666671	3.5333333333333341	3.03	4.0666666666666664	3.6666666666666665	3.7333333333333352	3.7333333333333352	3.6	3.5333333333333332	4.6700000000000008	3.4666666666666668	Fig 3: Changes in Total sugar content in freshly and aged fermented beverage 
0month	2.4745148380276412	3.3910533910533767	1.821059057901163	1.5000550002484783	2.0072675534860411	2.0317910922316882	1.8629874756423161	1.576061394821638	1.5161343286343278	2.0150943087836293	1.9362460151492342	1.8303074115937839	6month	1.1227998285550107	2.6767098906686977	1.5885933862942319	1.4536140107522317	1.135580362839262	1.227207734395908	1.2052859221927661	1.1765791587953021	1.2501302286815661	1.2356984579206614	1.1885782818196973	1.2746029085898367	
Fig 4: Changes in Reducing sugar content in freshly and aged fermented beverage 
0month	1.1719106247150131	2.5141525141525141	1.3351404030002101	1.1205942784890044	0.90109564074851733	1.5138050272451558	1.2278976003108788	1.1407921677834483	1.0230433605945992	0.9935428760528896	1.282951282951283	1.3665853323615591	6month	0.89737503482244019	1.8295053463249178	1.2331844426086378	1.3172463954135114	0.82875120458023965	1.0840024844470424	1.0113461739139442	0.89774581597012204	0.82278832278832281	0.84821410432994859	0.82447483484386763	0.78575004136483262	
Fig .5: Changes in Non-reducing sugar content in freshly and aged fermented beverage 
0month	1.2374740026469995	0.83305583305583675	0.46162272215590638	0.36048768567149114	1.0508633171006478	0.49208676173720611	0.60333538156485111	0.41350576568628095	0.46843641963774424	0.97047386109420253	0.62062999558805698	0.51	6month	0.21415355404594197	0.80484431712659699	0.33763849650131411	0.12954923457179579	0.2906826156003095	0.13604498745143306	0.18424276086488073	0.26489167568392658	0.40597481059857982	0.36811013591119485	0.34589827462703832	0.46441022386375502	Fig 6: Changes in Titratable acidity in      freshlyand fermented beverages
0month	0.98133333333333328	0.81066666666666654	0.93866666666666654	0.64000000000000512	0.89599999999999991	1.28	1.1093333333333335	0.81066666666666654	0.76800000000000501	1.1093333333333335	1.0666666666666667	0.89599999999999991	6month	0.85333333333333361	0.72533333333333361	0.76800000000000501	0.55466666666666653	0.81066666666666654	0.98133333333333328	0.81066666666666654	0.64000000000000512	0.59733333333333338	0.76800000000000523	0.89599999999999991	0.76800000000000501	Treatments

Fig 7: Changes in pH in freshly and 	aged fermented beverage 
0month	3.8166666666666567	4.0666666666666664	3.9233333333333342	3.9099999999999997	3.8899999999999997	3.9666666666666668	3.9466666666666668	3.92	3.8499999999999988	3.8566666666666567	3.8733333333333335	3.7966666666666669	6month	3.9366666666666577	4.37	3.9966666666666577	4.1166666666666663	3.92	4.1633333333333384	4.0033333333333534	3.9566666666666577	3.9	3.98	3.9566666666666577	3.8166666666666567	
Fig 8: Changes in Anthocyanin  in freshly and aged fermented beverage 
0month	0.44467073998642231	6.6191446028513234E-2	0.28513238289205928	0.29361846571622824	0.25033944331296681	0.22233536999321113	0.20790902919212742	0.25712830957230148	0.22403258655804481	0.20706042090970808	0.20706042090970808	0.21215207060420907	6month	0.30974202308214532	6.3645621181262726E-2	0.28682959945689357	0.29107264086897588	0.24864222674813324	0.18329938900203951	0.21045485403937544	0.25627970128988797	0.22403258655804481	0.18754243041412422	0.20790902919212742	0.20960624575695871	
Fig .9: Changes in Ascorbic acid content in 	freshly and aged fermented beverage
0month	8.7200000000000024	6.1039999999999965	6.9760000000000124	6.54	7.4119999999999999	6.9760000000000124	6.54	8.2840000000000007	6.9760000000000124	6.54	6.54	7.4119999999999999	6month	8.1600000000000037	4.8	5.7600000000000007	5.7599999999999989	6.2399999999999993	5.7600000000000007	5.2799999999999994	7.1999999999999975	5.7599999999999989	5.2799999999999994	4.8	6.7199999999999989	
Fig 10: Changes in phenol content in freshly and aged fermented beverage 
0month	71.506666666666675	41.496000000000009	62.576000000000001	111.49066666666747	83.928000000000011	84.109333333332629	89.232000000000014	98.026666666666657	92.450666666666663	73.184000000000012	44.850666666665859	64.298666666666676	6month	29.981333333332966	29.391999999999999	31.205333333332963	30.298666666666666	29.391999999999996	30.162666666666667	30.072000000000003	29.165333333333002	28.938666666666666	28.893333333333047	31.703999999999986	34.152000000000001	
Fig  11: Changes in alcohol content in freshly and aged fermented beverages 
0month	0.66666666666666663	0.46666666666666917	0.44666666666666682	0.56000000000000005	0.57666666666666677	1.79	0.42333333333333334	1.5933333333333335	1.5200000000000002	1.7	1.7533333333333332	2.1199999999999997	6month	4.0466666666666704	2.9866666666666668	2.0299999999999998	2.0633333333333352	2.1800000000000002	4.8	1.2333333333333334	4.4933333333333829	3.64	3.0866666666666664	2.6733333333333342	3.1933333333333342	Treatment

