


Cassia fistula fruit as a novel source of nutraceutical wine 

ABSTRACT 

	[bookmark: _GoBack]Cassia fistula (Golden Shower) fruit pulp is a rich source of bioactive compounds, including antioxidants, polyphenols, and dietary fibers, making it a promising candidate for nutraceutical applications. The study explores the potential of cassia fistula fruit pulp as a source for producing nutraceutical wine, aiming to develop a functional beverage with health-promoting properties. The increasing demand for nutraceutical products that combine nutritional and therapeutic benefits has driven interest in utilizing underutilized fruits like cassia fistula, known for its medicinal value. The primary objective was to formulate a nutraceutical wine from cassia fistula fruit pulp and characterize its chemical composition to assess its suitability as a functional drink. The results revealed promising parameters, including an alcohol content of 11.56 %, significant antioxidant activity of 73.57 %, and balanced sugar levels: total sugar 30.48 %, reducing sugar 16.66 %, and non-reducing sugar 13.82 %. The wine also contained a notable amount of protein, 11.37% along with volatile acidity, 10.94% suggesting a well-balanced fermentation process and good nutritional value. These findings suggest that cassia fistula fruit pulp can be effectively utilized to produce nutraceutical wine rich in bioactive compounds, offering both health benefits and commercial potential. The study highlights the viability of cassia fistula as an alternative ingredient in functional beverages production, contributing to the diversification of nutraceutical products in the market. Further research can optimize processing techniques to enhance its sensory and functional properties for consumer acceptance.
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1. INTRODUCTION 

Traditional healers often utilize various Cassia species for their medicinal properties. These plants are known to provide multiple health benefits, including liver protection, reducing inflammation, fighting bacteria and fungi, relieving coughs, and promoting wound healing. Cassia species contain valuable compounds such as tannins, flavonoids, glycosides, carbohydrates, and various acids (stearic, oleic, oxalic, and linoleic), along with oxyanthraquinones and anthraquinone derivatives, which contribute to their therapeutic effects. (Mondal,2014) The phytochemical present in the fruit of Cassia fistula include 1,8-dihydroxy-3- anthraquinolone derivative, rhein, fistulin, oxyanthraquinone, tannin, ceryl alcohol, glycosides such as sennosides A and B, volatile oil (essential oils), chrysophanol, and resinous and waxy derivatives. (Chandra et al., 2015) (Rahamani A. H. 2025) The pod contains fistulic acid, flavone-3-0-arabinopyranoside, 3-formyl-1-hydroxy-8-methoxyanthraquinonone, and catechins. (Bohorun and neergheen, 2005) (Martinez et al., 2018)
The ethnolic extract of Cassia fitula L. exhibits antioxidant property, fruit pulp were studied. Using standard spectrophotometric methods, researchers analyzed key enzyme activities, including ascorbate oxidase, polyphenol oxidase, catalase, ascorbate peroxidase, glutathione S-transferase, and superoxide dismutase. Polyphenol oxidase activity confirming the extract's strong enzymatic antioxidant potential. The fruit pulp of Cassia fistula is packed with essential enzymatic antioxidants, which are crucial for human health. Including it in diet can help compensate for deficiencies in these vital enzyme has been linked to chronic health issues often caused by oxidative stress, this finding supports the plant’s widespread use in herbal remedies. (Philips et al., 2023)
Researchers assessed the antioxidant properties of cassia fistula fruit pulp powder using both lab tests and animal studies. Initial phytochemical screening revealed a high concentration of phenolic and flavonoids in the pulp. The extract demonstrated strong antioxidant activity, as indicated by a dose-dependent increase in FRAP (Ferric Reducing Antioxidant Power) values. The strong antioxidant properties of Cassia fistula may be attributed to its phenolic and flavonoid content. (Maheep et al., 2010)
To make it easier to remove the pulp from Cassia fistula fruits, they should be buried under sand. Studies have shown noticeable differences in physicochemical properties, as well as in total and reducing sugar content, between buried and non-buried fruit pulp samples. Over time, the buried samples showed a significant decrease in total sugar as the days passed. Based on these findings, it's best to use only fully ripe pods and burry them for at least seven days for optimal results. (Jasani et al., 2014)
The Indian laburnum fruit (Cassia fistula L.), part of the legume family, is rich in essential nutrients. Among the nine macro- and micronutrients analysed, potassium (K), from fresh fruit, can fulfil the entire US Recommended Dietary Allowance (RDA) for adults. While sodium (Na) levels in the pulp and seeds are low, the fruit contains an impressive calcium (Ca), making it one of the best fruit sources for meeting the daily Ca requirement. It’s also high in iron (Fe) and manganese (Mn), surpassing levels found in apples, apricots, peaches, pears, and oranges. The pulp contains significant amounts of aspartic acid, glutamic acid, and lysine, while seeds have slightly different proportions. the fruit can help meet daily caloric needs, making it a valuable nutritional resource.  (Barthakur et al., 1995)
The properties of a polysaccharide extracted from Cassia fistula fruit pulp (CFP) and its effects on probiotic strains like L. casei, L. rhamnosus, E. coli Nissle 1917, and E. faecalis contained protein and were rich in glucose, mannose, aspartic acid, and glutamic acid. When tested, L. Cassai showed the best growth at higher CFP concentrations, along with the highest prebiotic activity scores. CFP also resisted digestion and influenced nitric oxide production in immune cells, suggesting its potential as a prebiotic for food applications. (Dawood et al., 2021)
Sunlight, heat, pH, and long-term storage affect the stability of a Cassia fistula extract and its herbal formulation. Although the active compounds in Cassia fistula are sensitive to environmental changes, the research found that the extract remains stable for up to 12 months, tolerates alkaline pH, and withstands sunlight and high temperatures. With slight adjustments to storage conditions, its shelf life can be extended, making it a potential natural fungicide for microbial control. (Hada and Sharma, 2017)
Red wine is considered a beneficial part of the diet, as moderate consumption is linked to reduced cardiovascular disease risk and mortality. Studies also suggest its potential role in cancer prevention. Among its components, resveratrol, a natural compound found in wine, is primarily credited with these health benefits. Research on Campanian grape varieties like "Aglianico," "Fiano," and "Greco" has examined their phenolic content, resveratrol quality, and antioxidant and antimicrobial properties. Although resveratrol exhibits cardioprotective and anticarcinogenic effects, its bioavailability remains limited. Ongoing studies explore the bioactivity of its metabolites and its accumulation in organs, with promising expectations. Additionally, the Mediterranean diet, which includes moderate wine and antioxidant intake, is recognized for its cardiovascular protective effects. (Fenelli et al., 2021)
Fresh grapes were procured locally, while rotten grapes were used to isolate the yeast. Wine, a traditional alcoholic beverage, was prepared by fermenting grape juice under controlled laboratory conditions. Microbial identification through staining confirmed Saccharomyces cerevisiae as the dominant yeast due to its tolerance to low pH, high acidity, and ethanol. The biochemical tests showed that the pH dropped and the acidity increased as fermentation progressed. The final wine was obtained after fermentation. (Guleria A. 2014)
To develop a protocol for producing dragon fruit wine using unmarketable and surplus fruits. The wine was evaluated for its physicochemical and sensory qualities. A pleasant semi-sweet version was successfully made by fermenting dragon fruit must with sugar and saccharomyces cerevisiae yeast per kilogram. The resulting wine exhibited a moderately clear, yellow hue with a balanced aroma, fair texture, and a smooth, rich taste that lingered pleasantly. (Dimero and Tepora, 2018)
Nutraceuticals have become increasingly popular due to their potential health benefits, including anti-inflammatory, antioxidant, and lipid-regulating properties. The Mediterranean diet, rich in bioactive compounds such as extra virgin olive oil, polyunsaturated fatty acids, and fruit components, serves as an excellent model for studying these effects. Our in vitro and in vivo research highlights the therapeutic potential of these nutraceuticals, emphasizing the importance of bioavailability, solubility, and delivery systems in their efficacy. This review enhances understanding of how dietary components influence gastrointestinal health, supporting their use in personalized nutritional therapies. Further exploration is needed to optimize their application in disease prevention and treatment. (Caponio et al., 2022)
The fruit pulp of Cassia fistula is traditionally used in some regions for medicinal purposes, though its potential health risks are often overlooked. Despite its use in herbal remedies and its rich vitamin content, there is no research exists on its suitability for winemaking. While grape-based wine production is well-documented, there is limited knowledge on fermenting beverages from alternative sources like Cassia fistula pulp. Further studies are needed to assess its safety and feasibility for alcohol production.

2. material and methods / experimental details/methodology 

In this investigation, cassia fistula fruit pulp was used as the plant substrate for preparing the wine. Cassia fistula, commonly known as the “Golden shower” tree, belongs to the family Fabaceae widely distributed across the forests of India, including transient forests. Geographically, cassia fistula is found in the monsoon forest of India above 1300 meters above sea level. In Maharashtra Deccan plateau and the Kokan region are identified as growing areas. Rural and tribal communities eat the fruits as part of their diet and also use them for their medicinal properties in traditional healing practices.
 2.1 Experimental Material
For further research, the fruit pulp of cassia fistula was collected from the Shivkrupa colony area near Beed bypass road in Chhtrapati Sambhajinagar (Aurangabad) district, Maharashtra, and used as experimental material. Additionally, yeast strains of S. cerevisiae were procured from the online platform Gut Basket for research purposes.

2.2 Methodology 
Flow chart no.01: methodology for the production of nutraceutical wine


















2.3 Method of Wine Making
Cassia fistula fruit pulp wine-making was divided into two phases, i.e. 
I. Upstream processing 
II. Downstream processing 
2.3.1 Upstream Processing 
Step 1: 
Fresh cassia fistula fruits were collected and thoroughly washed using an antifungal solution, followed by rinsing with distilled water to remove any contaminants. The fruits were then deshelled, and the pulp and seeds were carefully separated using a spoon. The extracted pulp was stored in a clean container at room temperature, with a total weight of 500 grams. For fermentation, the pulp was mixed with water in a 1:2 ratio and kept under aseptic conditions.
A low cost anaerobic fermenter was assembled using a gut basket jar sealed with a lead cover. They added a grommet and airlock setup to keep oxygen while letting carbon dioxide escape during fermentation. The sugar concentration was adjusted to 20 ° brix using a digital refractometer, and the ph was maintained at 3.5 by adding tartaric acid or sodium bicarbonate as needed. This setup ensured optimal conditions for the fermentation process.
Step 2: Fermentation 
The fermentation process involves the breakdown of sugar molecules by yeast to produce ethanol, occurring in two distinct phases: primary and secondary fermentation. Before primary fermentation, a 5 % sugar solution was prepared and warmed to 40°C. saccharomyces cerevisiae yeast (5 %) was added to this solution and incubated for 3 hours at 28°C to activate it. The activated yeast (5%) was then introduced into the sample, along with 0.2 g of sodium metabisulfite, which was thoroughly mixed to inhibit microbial growth.  
The sample was transferred to a fermenter for primary fermentation, which lasted 10 days. During this period, regular monitoring of yeast viability, sugar content, pH, and acidity was conducted. After 10 days, the alcohol content was measured, and the sample proceeded to secondary fermentation.
For secondary fermentation, the sample was carefully collected, and dead yeast cells were removed. The fermenter was cleaned and sterilized before the sample was returned to it. Secondary fermentation was then carried out for an additional 15 days under controlled conditions.
Step 3: Checking PH 
To check the pH of the sample, take a 50 ml sample in a beaker and insert the electrode of the pH meter into the sample. The display of the pH meter shows the pH value of the sample.
Step 4: Checking Sugar Content 
To measure the sugar content of the sample using a digital refractometer, carefully place a single drop of the sample onto the prism using a pipette, scanning the portion of the refractometer. Note this reading.
Step 5: Checking Acidity
To determine the acidity of the sample, carefully measure 10 ml of the sample and transfer it into a clean conical flask. Next, add 30 ml of distilled water to dilute the mixture, ensuring proper mixing before proceeding with the analysis. Add 2 drops of phenolphthalein indicator, then titrate it against a 0.1 M NaOH solution at the end sample color will change to pink. Note the burrete reading and calculate the acidity by the 
formula = Normality of NaOH × buret reading/ volume of sample ×1000  
Step 6: Checking Yeast Viability
To check the viability of the yeast, one drop of the wine sample was taken on a glass slide, and one drop of (0.1%) the methylene blue indicator was added to it and observed under a microscope. Under microscopic examination, the white cells displayed clear signs of viability, confirming the presence of active yeast cultures. Are given in Table 1
2.3.2 Downstream Processing
Step 1: Clarification
Filtering of the sample is first carried out by a muslim cloth. After filtration, the remaining particles are filtered with a filter paper. 
Step 2: Quantitative Analysis of the Wine
Quantitative analysis involves assessing a wine sample's total volume of alcohol, protein, carbohydrates, total soluble solids (TSS), total sugars, reducing sugars, antioxidants, total acidity, and volatile acidity.  Alcohol content was measured by the (GC-MS) using the following formula.

                                                          Peak area ratio – intercept 
Ethanol concentration (µg/ml) = ----------------------------------- × dilution factor 
                                                                   Slope 

Protein content was determined using the AOAC official method (chapter 4, method no. 978.10,2016). Carbohydrates were analyzed following IS 1656:1997. A standard titrimetric method based on Lane and Eynon's approach. Total soluble solids (TSS) were measured using a digital refractometer. Total sugars were quantified as per IS 6287:1985, while reducing and non-reducing sugars were estimated using the same standard, employing Lane and Eynon's titrimetric method. Antioxidant activity was assessed using the brand- Williams et al. (1995) method, total acidity was determined via the AOAC method 962.12 (2005), and volatile acidity was analyzed using GC-MS.
Step 3: Bottling of the sample 
Bottling was made in a cleaned, sterilized glass bottle of 1liter capacity and sealed with a cork stopper. Flow chart no.01 demonstrated the methodology for the production of nutraceutical wine (Goswami R & Senapati SK 2022)  
3. results and discussion

For the nutraceutical wine to be stable and palatable, it must contain appropriate levels of alcohol along with essential nutrients such as sugars, antioxidants, vitamins, minerals, and yeast-supporting salts. The fermentation process, which depends on yeast activity, plays a crucial role in determining wine quality. An optimal sugar content of 20.5°Brix and a pH of 3.52 were found to create favourable conditions for yeast activity during the fermentation of cassia fistula fruit pulp. Another key factor affecting wine quality is microbial contamination, especially from yeast. Yeast viability test revealed a gradual decline in live yeast cells during fermentation, with no detectable yeast or other microorganism remaining by the end of the secondary fermentation stage.
The production of nutraceutical wine begins with the collection of fresh fruit, which is thoroughly washed with a 5 % sodium chloride (NaCl) solution for cleaning. The pulp is discarded after the seeds are separated from the pods. The extracted pulp is stored in a refrigerator until further processing. For fermentation, the pulp is mixed with water in a 1:2 ratio. Sugar is added to raise the brix level above 20°Brix, and tartaric acid is used to adjust the pH to 3.5. Next, 5 % activated yeast is introduced into the mixture and stirred well. The sample undergoes primary fermentation in a fermenter for 10 days. After the stage, the wine is clarified by filtering it through muslim cloth and filter paper to remove dead yeast cells and sediment. The fermentation lasts 15 days. Once secondary fermentation is complete, the wine is filtered once more, bottled in glass containers, and sealed with a cork to preserve its quality. Given in the flow chart no. 02
The fermentation progress of a beverage (likely wine or beer) from February to March 2025. Beginning at 20.5°Brix in sugar content, the sugar levels (TSS) decrease to 15.5°Brix by March, suggesting that fermentation is taking place. The pH stays acidic (around 3.5), while yeast viability declines from “abundant” to “absent”, suggesting fermentation is nearly complete by March. Room temperature remains stable at 24-25 °C, supporting steady yeast activity. The acidity fluctuates slightly but stays within a typical range. By the end, the absence of yeast cells indicates that fermentation has likely come to a close. Graph no. 01 demonstrated the fermentation behavior, and Table 1 demonstrated the yeast viability.
The quality of wine primarily depends on the types and concentrations of alcohol (such as ethanol and methanol) as well as key nutrients like proteins, phenols, and antioxidants. Analysis of the nutraceutical wine revealed a well-balanced composition, with protein 11.37 %, fat 1.47 %, moisture 85.92 % and ash 1.99 %. Additionally, critical chemical parameters were measured, including total sugar 30.48 %, reducing sugar 16.66 %, non-reducing sugar 13.82 %, antioxidant activity 73.57 % mg/lit., and color intensity 107.37 % mg/lit. The alcohol content was 11.56 % ABV, with total acidity at 51.61% and volatile acidity at 10.94 %. The wine also had a pH of 3.52 and total soluble solids (TSS) of 17 ° Brix, indicating a favourable nutritional and sensory profile. Given in the graph no.02.
The GC-MS analysis revealed several volatile compounds present in the sample, with ethanol being the most prominent. Ethanol exhibited the highest peak area, 11.56 % and height 39.32 %, confirming its dominance in the sample. This aligns with expectations for fermented products, as ethanol is the primary alcoholic by-product of yeast-mediated 39.32 %peak height, validating successful fermentation. Secondary compounds, such as carbamic acid derivatives were detected but did not dominate the profile. Their implications for the product safety or flavour warrant further investigation.
A comparative analysis of the nutraceutical properties of whisky, grape wine, and newly developed nutraceutical wine revealed that the nutraceutical wine contained significantly lower ethanol levels and higher polyphenol content than the other two varieties. These key differences highlight its superior quality, as polyphenols are crucial bioactive compounds linked to health benefits, while reduced alcohol content makes it a more favourable functional beverage. Thus, the study suggests that nutraceutical wine holds greater nutritional value compared to traditional whisky and grape wine.  

Flow chart no.02: Flow chart for wine production

Cassia fistula fruit


Wash and deep it in a 5% NaCl water


Break the shell of the fruit, separate the seed and pulp


Collect the pulp and keep it in a container


Pulp: water (1:2)


Add sugar and maintain the TSS above 20 brix


Add tartaric acid and maintain the PH about 3.5


Inoculate 5 % activated yeast and stir it well


Primary fermentation for 10 days


Removed dead yeast cells and settled particles


Secondary fermentation for 15 days


After primary fermentation every 5 days, check the parameters


Clarification with muslim cloth and filter paper


Check the yeast viability


Bottling and corking

Table 1: yeast viability 

	Incubation period 
	Observation of yeast viable cells 
	Results 

	5 days after fermentation
	Abundant 
	Yeast cells are present in large numbers 

	10 days after fermentation
	Numerous 
	Yeast cells are present in large number

	Secondary fermentation 
	Death 
	Yeast cells are present in less than before the test

	5 days after secondary fermentation 
	Moderate 
	Yeast cells are present in small  number

	10 days after secondary fermentation 
	Spare 
	Yeast cells are present in small  number

	The last days after secondary fermentation 
	Less 
	All yeast  cell are dead 

	After clarification 
	Absent 
	No yeast cell was present  





Graph no 01: Graphical Representation of Fermentation Period



Graph no 02: Graphical Representation of Proximate and Chemical Composition of Nutraceutical Wine

3.1 DISCUSSION
 
Moderate consumption of wine has so many positive effects, but excessive consumption of wine is injurious to human health. one of the important constituents of wine is ethanol, whose concentration determines the quality of the wine, as it acts as the enzyme inducer and positively affects polyphenol on phase-1 and phase-2 metabolism. In this investigation, in the wine production from cassia fistula fruit pulp, there is no use than other wines produced from other sources like grape, peaches, plum, apricot, banana, etc. (Shrikant et al., 2014). 
Fruit wine, a traditional fermented beverage, is produced from various non-grape fruits. The composition of fruits, such as sugars and organic acids, varies depending on factors like fruit type, growing conditions, climate, and harvest time. These differences influence the fermentation process, microbial activity, and the formation of volatile compounds, ultimately affecting the wine's flavor, aroma, and overall quality. This review examines key factors in fruit wine production, including variations from grape winemaking and the use of specialized fermentation strains, to understand their impact on the wine's sensory and chemical properties. (Tan et al., 2024)
The significant presence of bioactive compounds, including phenolics, flavonoids, anthocyanins, and resveratrol, in the berry skin and wine of the Vitis vinifera L. (cv. Aglianico) grape variety cultivated in Southern Italy. HPLC analyses revealed high concentrations of flavonols and anthocyanins, with quercetin-3-O-glucoside and malvidin derivatives being particularly abundant in the wine. The antioxidant capacity, assessed through DPPH and FRAP assays, along with notable resveratrol content, suggests potential health benefits linked to these compounds. Interestingly, the study found that trans-resveratrol a well-known antioxidant was more abundant than its cis-form in both the grape skins and the finished wine, suggesting a potential preference for this bioactive compound during fermentation. Additionally, the inorganic cation profile displayed lower concentrations of elements such as Ca, Cu, K, Fe, Zn, and Cd compared to other prominent red wines. These findings underscore the unique nutraceutical and sensory qualities of Aglianico grapes and wine, positioning them as a valuable subject for further research on their health-promoting properties. (Nisco et al., 2013)
Alcoholic beverages like whiskey, rum, and beer are consumed daily by approximately 2 billion people worldwide (WHO). While wine is popular in social gatherings, excessive consumption of high-alcohol wines can be harmful. Additionally, some locally produced cheap alcoholic drinks contain high ethanol levels or contaminants like methanol, arsenic, and harmful microorganisms. The study that mahua wine is highly nutritious, rich in polyphenols 41 % and ascorbic acid 28 %, and also contains a significant amount of protein, it maintains low levels of ethanol and carbohydrates, making it a promising functional beverage. These findings suggest that mahua-based nutraceutical wine could serve as a healthier and safer alternative to traditional alcoholic drinks, offering antioxidant benefits while minimizing potential health risks associated with high alcohol and sugar intake. (Goswami R & Senapati SK 2022) 
The mahau flower extract and pomegranate juice can be successfully fermented into wine using Saccharomyces cerevisiae strains NCIM-3206 and NCIM-3215, proving their potential as alternative ingredients for fermentation. Optimal fermentation conditions, pH 4.5, 30°C temperature, 6% inoculum, and 24-hour incubation, yielded the best physicochemical properties, with NCIM-3215 performing more effectively than NCIM-3206. These findings highlight the importance of strain selection and parameter optimization in enhancing wine quality, suggesting potential for further refinement in fruit-based wine production. (Dushing & Vedprakash, 2019) This indicates that wine production from cassia fistula fruit pulp is a good alternative.

4. Conclusion

Nutraceutical wine offers superior nutritional and economic benefits compared to many other alcoholic and non- alcoholic beverages. This study demonstrates that cassia fistula fruit pulp is an excellent substrate for wine production due to its easy availability and simple processing. Chemical and nutritional analyses confirm that the wine derived from cassia fistula fruit pulp is rich in antioxidants, proteins, and free fatty acids, while maintaining optimal sugar and alcohol levels. These findings suggest that cassia fistula fruit pulp holds great potential for the commercial production of nutraceutical wine, making it a promising functional beverage in the market.   
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