



        Physico-chemical and Sensory Analysis of Optimized Herbal Noni Wine
Abstract The present study was undertaken to develop noni wine with different herbal combinations. Herbal noni wine was prepared by blending different herbal extracts such as lemongrass, pudina, ginger, and tulsi at 12% concentration into noni juice and fermented under optimized conditions. The physicochemical properties of herbal noni wine such as Ph, TSS, Titrable acidity, Polyphenol content, and Antioxidant activity were estimated. Also, the effect of herbal noni wine on Lactobacillus casei, Total microbial count, sensory evaluation, and pilot scale production of herbal noni wine were done. Overall acceptability of noni wine with lemongrass combination had the highest score, followed by noni and ginger combination compared to noni wine without any herbal infusions.
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Introduction

Alcoholic beverages have been crafted globally for centuries, and among them, wine stands out as a wholly or partially fermented, non-distilled beverage derived from the alcoholic fermentation of grapes. However, the rich tradition of winemaking extends beyond grapes alone, encompassing various fruits with abundant vitamins, minerals, and antioxidants (Singh and Kaur, 2009). The allure of wine predominantly hinges on its aromatic profile and taste, forming the cornerstone of its acceptance. In the crafting of alcoholic beverages, a myriad of herbs and spices play a pivotal role, serving as vital sources of antioxidants, preservatives, and flavor enhancers. Wine production is a combination of individual ingenuity and cutting-edge technology, as well as an art and a science. Despite India's historically modest contribution to the world of wine, there is a noticeable upward trend in production, signaling a growing interest and investment in this ancient yet evolving craft (Thalisa et al., 2012). The increasing trend towards natural products has spurred a surge in the utilization of herbal medicines. One emerging natural plant with medicinal potential is Morinda citrifolia, commonly known as noni or Indian mulberry, which serves as a valuable raw material for nutraceuticals and functional food items. The commercial processing of noni juice extract as a dietary supplement has recently expanded its availability on a global scale. Throughout the centuries, diverse cultures worldwide have consistently relied on herbal and natural products from folk medicine, showcasing a longstanding tradition of utilizing these resources (Mathivanan et al., 2005). Noni belongs to the family Rubiaceae, the same as the coffee plant, and to the subfamily Rubioideae (Lachenmeier et al., 2006). Noni fruits are used for a variety of health conditions, including blood purifiers, tonic supplements, and treatments for depression, hypertension, diabetes, tuberculosis, urinary tract issues, and abnormalities of the digestive system. Noni fruits and their juices or extracts have been proven to scavenge free radicals, boost the immune system, and demonstrate anticancer and anti-inflammatory activities in in vitro and in vivo (Yang et al., 2011). While noni fruits are indeed edible, their taste and aroma may not be particularly appealing. Consequently, various techniques and ingredients, including sugar, acid, spices, and sauces, are employed in the processing and preparation of noni fruit products to mitigate the unpleasant scent of the pulp. To enhance not only its medicinal value but also consumer acceptability, noni juice can be skillfully blended with other herbal extracts like mint and ginger extracts, offering a more palatable and potentially more health-beneficial concoction (Marimuthu et al., 2019). Herbal wine that has been made with the addition of herbs has various health advantages. Herbs include compounds that are naturally antibacterial. The majority of herbs have anti-inflammatory, antibacterial, anticancer, and anti-diabetic effects. Herbal wine can be made either entirely from one herb, such as ashwagandha, tulsi, etc., or it can be made by combining several herbs, such as aloe-tulsi and lemongrass-holy basil wines, with other fruit as a base. These are the only wine polyphenols that promote the growth of probiotic bacteria, suppress harmful bacteria in the human microbiome, and ultimately boost the host's health (Vaishali, 2018).

Material and methods
The present study was conducted in the Department of Food Safety and Quality Assurance Laboratory, B. Tech (Food Tech), College of Community Science, Dharwad, and Department of Agricultural Microbiology, College of Agriculture, University of Agricultural Science, Dharwad (India). Noni fruits were procured from the farmers in and around the Sirsi area of Uttar kannada district, herbs such as Holy basil/ Tulsi (Ocimum sanctum), Lemon grass (Cymbopogon citratus), Ginger (Zingiber officinale), Pudina extracts (Mentha arvensis) that were used in the process of fortification were collected from the medicinal garden at Hi-tech Horticulture nursery, Department of Horticulture, University of Agricultural Sciences, Dharwad. Karnataka. 
Experimental details:
The experiment was carried out with 5 treatments replicated thrice using CRD design. 

Treatment details
Chart 1. Treatment combinations of herbal wine
	Treatments
	Different herb combinations

	Treatment 1
	Noni juice

	Treatment 2
	Noni juice + Tulsi leaf extract (12%) 

	Treatment 3
	Noni juice + Lemon grass leaf extract (12%) 

	Treatment 4
	Noni juice + Ginger root extract (12%)

	Treatment 5
	Noni juice + Pudina leaf extract (12%)


Physicochemical analysis of herbal noni wine 

The physicochemical properties of herbal noni wine were analysed i.e. alcohol content, residual reducing sugar content, Ph, TSS, Titrable acidity, Polyphenol content, Antioxidant Activity
The pH of the produced wine was determined with a digital pH meter. The TSS of fruit wastes was determined using an ERMA hand refractometer having a range of 0-32o B and the readings were expressed as degree brix.           The titrable acidity of the wine sample was estimated by using the titration method as described by Ranganna (1986). An aliquot of 10 ml was titrated with 0.1 N NaOH using phenolphthalein as an indicator. The appearance of a light pink color was considered as an endpoint and titrable acidity was expressed in terms of citric acid. 
                           Titre value ×Normality of NaOH × 0.0064 
Acidity (%) = ——————————————————— × 100 

                           The volume of aliquot taken 

The ethanol content in the wine sample was estimated by the colorimetric method as described by Caputi et al. (1968). One ml of representative samples from each treatment was transferred to a 250 ml round bottom flask connected to the condenser and was diluted with 30 ml distilled water. The sample was then distilled at 75 0C. The distillate was collected in 25 ml of 0.23 N K2Cr2O7 reagent, which was kept at the receiving end. The distillate containing alcohol was collected to the total volume of 45 ml. Similarly, standards (20-100 mg ethanol) were mixed with 2 ml of K2Cr2O7 separately. The distillate of the samples and the standards was heated in a water bath at 60 0C for 20 minutes and cooled. The volume was made up to 50 ml with distilled water and the optical density was measured at 600 nm in a visible spectrophotometer. The standard curve was plotted considering the concentration against absorbance. The alcohol content in the samples was calculated from the standard graph.
The reducing sugar was estimated by the 3, 5-dinitro salicylic acid method (Miller, 1959). One ml of fruit juice was diluted with distilled water and was pipetted out in separate test tubes from 0.5 to 3 ml and the volume was equalized to 3 ml with distilled water in all the tubes. Three ml of DNSA reagent was added and the tubes were heated in a boiling water bath for 5 min. When the contents of the tubes were still warm, 1 ml of 40 percent Rochelle salt solution was added. Tubes were then cooled and optical density was read at 510 nm using a UV visible spectrophotometer. The concentration of glucose was calculated from the standard graph.            

Polyphenols in the juice and wine samples were estimated by using the Folin-Ciocalteau method described by Singleton and Rossi (1965). Exactly 0.5 ml of alcohol extracted sample was taken in a test tube and diluted with 0.5 ml distilled water and added with one ml Folin-Ciocalteau reagent. It was kept for 3 minutes at room temperature. After 3 minutes, exactly 2 ml of sodium carbonate was added and mixed thoroughly. Tubes were then placed in a boiling water bath for exactly one minute, cooled, and diluted to 20 ml with distilled water. The absorbance was measured at 650 nm against a reagent blank. A standard graph was prepared working standard solution. The observations were noted and total phenols were calculated from the standard graph. 
The antioxidant activity (AOA) of wine samples was evaluated spectrophotometrically as described by Thalisa et al. (2012). Aliquots of 1 mL of DPPH in methanol (5 mg/100 mL) were mixed with 0.5 mL of each sample suitably diluted. The absorbance was measured after 30 minutes at 517 nm. The capability to scavenge the DPPH radical was calculated using the following equation.
                                                           AB-AA 

                DPPH Scavenged (%) = ––––––––– x 100  
                                                              AB 

where, 

AB is the absorbance of blank at t= 0 min AA is the absorbance of the sample at t= 30 min. A calibration curve was plotted with the % DPPH scavenged versus the concentration of standard antioxidants.

Effect of herbal noni wine on Lactobacillus casei

The in-vitro effect of wine samples was evaluated against Lactobacillus casei by agar well diffusion assay as described by Neetika et al. (2012). Actively grown culture with a cell count of approximately 105 CFU/ml was spread on De Mann Rogosa Sharpe (MRS) agar media plate to create a bacterial lawn. Well of 6 mm diameter punched in each plate was filled aseptically with 100µl of wine samples. Thereafter, the plates were left for 30 min at room temperature before being incubated at 370 C for 24 h. The diameters of the zones were measured after 24 h and expressed in mm.
Total microbial count of wine 

The bacterial, fungal, yeast, and Escherichia coli count in wine was estimated to check for the presence of microbial populations, where a 10 ml of wine sample was dispensed in 90 ml sterile water blank and mixed thoroughly, which gives 10-1 dilution. From this 1 ml sample was taken and added to 9 ml sterile water blank which will give 10-2 dilutions. Likewise, serial dilutions were carried out. Suitable dilutions were transformed into sterile Petri plates and poured with approximately 20 – 25ml nutrient agar medium for total bacteria, EMB agar medium for the E. coli population, and MGYP for yeast. After solidification, the plates were incubated at 370 C in a bacteriological incubator (Anon, 1957). The number of colony-forming units (CFU) was calculated as follows. 

                       No. of colonies observed × Dilution factor 

CFU/ml = ————————————————————

                               The volume of the sample (ml)
Sensory evaluation of herbal noni wine
The prepared wine was subjected to sensory evaluation using a 9-point hedonic scale and grading based on the quality parameters such as colour, appearance, taste, flavour, aroma, and mouth feel were analyzed by a panel of 10 judges on a nine-point Hedonic scale.

Pilot scale production of herbal noni wine under optimized conditions.
The fermentation process was scaled up to 3 liters in a bench scale fermenter adapted in the lab using previously optimized and standardized conditions. The optimum parameters from the previous study were adopted in this trial. The fermentation was evaluated in terms of reducing sugar, alcohol content, and antioxidant and polyphenol activity as mentioned.
Results and discussion

In order to investigate the effects of blending various herbs to produce herbal noni wine, different herbs, such as Lemongrass, Tulsi, ginger, and Pudina, were separately infused into noni juice and fermented in optimized conditions such as 3 per cent inoculum level, 10 day fermentation period, 30o C temperature and pH 4.5, and their effects on the amount of alcohol content, reducing sugar content and Physico-chemical properties were determined using standard procedures.
The alcohol content and residual reducing sugar content varied significantly across the treatments in Table 1 ranging from 9.23% to 9.41% and 6.89 to 7.09 (mg/ml) respectively. Among the different treatments, treatment T1 (Noni wine) showed the 
highest alcohol content of 9.41% followed by T3 (Noni + Lemongrass) (9.31%), T2 (Noni + Tulsi) (9.29%), T4 (Noni +Ginger) (9.25%), and T5 (Noni + Pudina) (9.23%). In case of residual reducing sugar content, the highest value was showed by treatment T5 (Noni + Pudina) (7.09 mg/ml) followed by T4 (Noni +Ginger) (7.06 mg/ml), T2 (Noni + Tulsi) (7.01 mg/ml), T3 (Noni + Lemongrass) (6.91 mg/ml) and T1 (Noni) (6.89 mg/ml). This result was consistent with the study of Sandhu and Morya (2022) who reported that the alcohol content of herbal wine is generally less compared to fruit wine. Low alcohol production in wine with higher herbal extract might be due to the inhibitory effects of extracts on yeast growth (Joshi et al., 2014). Similarly, Lee et al. (2013) reported that consumption of sugar in apple-herb wine appeared lately as compared to normal apple wine, which directly affects the alcohol content and reducing sugar content of wine.

   Table 1 Alcohol and residual reducing sugar content of herbal noni wine under optimized condition

	Treatments
	Alcohol content (%)
	Residual reducing sugar (mg/ml)

	T1 (Noni)
	9.41
	6.89

	T2 (Noni + Tulsi)
	                    9.29
	7.01

	T3 (Noni + Lemongrass)
	9.31
	6.91

	T4 (Noni + Ginger)
	9.25
	7.06

	T5 (Noni + Pudina)
	9.23
	7.09

	SE(m) ±
	0.02
	0.05

	CD (1%)
	0.08
	0.16


Physico-chemical parameters of herbal noni wine.
The current study examined the physico-chemical characteristics of herbal noni wine. The information in Table 2 provides a thorough understanding of how various herbal blends affect the components of noni wine, with an emphasis on Total Soluble Solids (TSS), pH, Titrable acidity Antioxidant Activity, and Polyphenol Content.
The Total Soluble Solids (TSS) content in herbal noni wine showed significant variations across treatments. The TSS value for noni and pudina combination (T5) was highest with 8.59 OB, which was significantly different from other treatments, closely followed by T4 (Noni + Ginger) which showed 8.07 OB. TSS levels for T3 (Noni + Lemongrass) and T2 (Noni + Tulsi) were 8.01 OB and 8.04 OB, respectively, whereas T1 (Noni) had the lowest value of 7.92 OB. TSS of herbal noni wine decreased significantly irrespective of the treatments. This might be due to yeast present in wine utilizes the sugar content and thereby reduces the soluble solids (Onwuka and Awam, 2001). Similar to this study Chawafambira (2021) reported that the TSS of Lippia javanica herbal infused fruit wine had TSS of 4.8 0B compared to normal fruit wine which had TSS value of 4.2 0B. Also Lee et al. (2013) reported that consumption of sugar in apple-herb wine appeared lately as compared to normal apple wine.

The pH values of the herbal blends also revealed significant differences among the treatments. The pH value of the noni and pudina combination (T5) showed the highest value of 4.32, which was statistically on par with the treatment T4 (Noni +Ginger) (4.28) and T2 (Noni + Tulsi) (4.23). The lowest value of 3.91 was recorded by noni without any blended herbs (T1). In contrast, the titrable acidity also varied across the treatments. The highest value of titrable acidity was observed at treatment T1 (Noni) which showed 0.86%, which was significantly different from other treatments viz., T3 (Noni + Lemongrass) (0.80%), T2 (Noni + Tulsi) (0.77%), T4 (Noni +Ginger) (0.76%), and T5 (Noni + Pudina) (0.74%). This finding was supported by Chawafambira (2021) who reported that the pH differences between the wine with herbal infusions (3.1) and the control wine sample (2.8) were significantly different. On the other hand, an increase of titrable acidity was observed in produced herbal wine compared to fruit juice due to the production of ethanol with varying amounts of other substances, namely, aldehydes, higher alcohols, and organic acids by yeast (Perez et al., 2011). Also titratable acidity increases due to the metabolic activity of yeast present in the must (Akubor et al., 2003).

A percentage DPPH assay was used to measure antioxidant activity, and it revealed some intriguing patterns between the treatments. Treatment with noni and Lemongrass combination (T3) exhibited significantly high antioxidant activity of 77.56%, followed by T4 (Noni +Ginger) (72.64%), T5 (Noni + Pudina) (71.19%), and T2 (Noni + Tulsi) (67.52%), and the lowest antioxidant activity of 64.43% was observed in treatment T1 (Noni). A similar pattern was observed in the case of polyphenol content of noni wine blended with different herbs, where a significantly high polyphenol content of 326.43 mg GAE/L was observed in treatment T3 (Noni + Lemongrass), followed by T4 (Noni +Ginger) (311.05mg GAE/ml), T5 (Noni + Pudina) (302.19 mg GAE/ml), T2 (Noni + Tulsi) (296.71 mg GAE/ml), and T1 (Noni) (289.17 mg GAE/ml). Similar findings were observed in the case of cactus pear wine by Zenebe and Kidu (2019) where the total phenol content of the final wine was increased after the addition of Lantana camera herbal juice extract to the fermentation substrate. Similarly, Thalisa et al. (2012) studied the antioxidant activity of herbal wine made from cassava starch, where they found that the total polyphenol content and total anti-oxidant content of herbs-infused wine was higher compared to control wine. The results of the present study are in consistent with the study of Lakicevic et al. (2018) who reported that all wines with added aromatic herbs had a higher antioxidant value when compared to the control wine. 
           Table 2   Physico-chemical properties of herbal noni wine 
	Treatments
	TSS (°B)
	pH
	Titrable acidity (%)
	Anti-oxidant activity 
(%) 
	Polyphenol content
(mg GAE/L)

	T1 (Noni)
	07.92
	03.91
	0.86
	64.43
	289.17

	T2 (Noni + Tulsi)
	08.04
	04.23
	0.77
	67.52
	296.71

	T3 (Noni + Lemongrass)
	08.01
	04.11
	0.80
	77.56
	326.43

	T4 (Noni + Ginger)
	08.07
	04.28
	0.76
	72.64
	311.05

	T5 (Noni + Pudina )
	08.59
	04.32
	0.74
	71.19
	302.19

	SE(m) ±
	00.12
	00.06
	0.01
	1.08
	04.66

	CD (1%)
	00.39
	00.20
	0.04
	3.40
	14.88


Effect of herbal noni wine on growth of probiotic bacterial strain Lactobacillus casei
The impact of herbal-infused noni wine on Lactobacillus casei was assessed utilizing the agar well diffusion method, and the findings are detailed in Table 3. To estimate the activity, the probiotic bacteria Lactobacillus casei, isolated from Yakult, was spread on a MRS (De Man, Rogosa, and Sharpe) agar plate, and a 6mm well was created for the inoculation of various herbal wines. Notably, no zone of inhibition was discerned against Lactobacillus casei. The results are in consistent with the study of Neetika et al. (2012) where Aloe vera wine was found to be safe for probiotic bacteria including Lactobacillus casei, L. plantarum, and L. acidophilus, which are important in the gut of the animal and the same were not inhibited. This might be because the active ingredients in herbs serve as antioxidants and antiradical agents to neutralize the oxidative stress that is brought on by metabolic processes and so create an anaerobic environment for probiotics (Molan et al., 2009).

 Table 3 Effect of herbal noni wine on growth of probiotic bacterial strain Lactobacillus casei

	Herbal noni wine
	Probiotic activity

	T1 (Noni)
	+

	T2 (Noni + Tulsi)
	+

	T3 (Noni + Lemongrass)
	+

	T4 (Noni + Ginger)
	+

	T5 (Noni + Pudina)
	+


               +positive indicates no zone of inhibition was formed against probiotic bacteria (Lactobacillus casei)

Microbial analysis of herbal noni wine

The outcomes of the microbial analysis conducted on herbal noni wine are summarized in Table 4. Notably, the total bacterial count for treatment T1 (Noni) was found to be 3 × 102 CFU/ml, and treatment T4 (Noni + Ginger) exhibited a count of 2 × 102 CFU/ml. Treatment T2 (Noni + Tulsi), T3 (Noni + Lemongrass), and T5 (Noni + Pudina) showed a bacterial count of 1 × 102 CFU/ml. Moreover, none of the treatments displayed any growth in the assessment of fungal colonies, the presence of E. coli, or yeast population, resulting in a population count of zero. These results collectively underscore the diverse microbial profiles observed across the different treatments. A similar result was observed by Kim et al. (2014) in rice wine where lactic acid bacteria, fungi and acetic acid bacteria were reduced to non-detectable or negligible levels. No coliforms and other pathogens were detected in any samples due to the pasteurization of wine.

            Table 4 Microbial analysis of herbal noni wine

	Herbal noni wine
	TBC
(log10 CFU/ml)
	TFC
(log10 CFU/ml)
	E. coli
	Yeast

	T1 (Noni)
	        3× 102 
	Nil
	Nil
	Nil

	T2 (Noni + Tulsi)
	1 × 102    
	Nil
	Nil
	Nil

	T3 (Noni + Lemongrass)
	1 × 102    
	Nil
	Nil
	Nil

	T4 (Noni + Ginger)
	2 × 102    
	Nil
	Nil
	Nil

	T5 (Noni + Pudina)
	1 × 102    
	Nil
	Nil
	Nil


            NOTE: TBC – Total bacterial count, TFC – Total fungal count

Sensory evaluation of herbal noni wine.

The sensory assessment of herbal noni wine was conducted using a 9-point hedonic scale by a panel of 10 evaluators. The sensory scores indicated that treatment T3 (Noni + Lemongrass) achieved a significantly high overall acceptability rating of 7.9, reflecting a strong preference. Conversely, treatment T2 (Noni + Tulsi) exhibited the lowest overall acceptability value of 6.6, indicating a relatively milder liking. Noni wine (T1) garnered an overall acceptability value of 7.3, falling into the moderately liked category. Comparatively, the treatment featuring lemongrass and ginger herbs displayed a notably higher acceptability value compared to the noni wine alone. This finding aligns with Chawafambira (2021) study, which reported that fruit wine infused with Lippia javanica herbal extract received favorable ratings for flavor, color, and taste compared to conventional fruit wine. Additionally, these results are in line with Santana et al. (2010), Musyimi et al. (2014), and Navarattara et al. (2022), where sensory evaluations of Barbados cherry wine, mango wine, and tangerine wine, respectively, scored above 5, 6.8, and 6 on the 9-point hedonic scale for various sensory qualities.

            Table 5 Sensory evaluation of herbal noni wine
	Treatments
	Colour/ Appearance
	Taste
	Flavour
	     Aroma
	Mouth feel
	Overall acceptability

	T1 (Noni)
	7.8
	7.0 
	7.1 
	7.8
	7.4 
	7.3

	T2 (Noni + Tulsi)
	6.9
	6.4 
	6.0
	7.6 
	7.0
	6.6

	T3 (Noni + Lemongrass)
	7.8
	8.0
	8.2
	7.9
	7.7
	7.9

	T4 (Noni + Ginger)
	7.9 
	7.6
	8.1 
	7.8
	7.5
	7.5 

	T5 (Noni + Pudina)
	7.1 
	7.3
	6.9 
	7.8
	7.0
	7.0


            NOTE: Nine points Hedonic scale. 

Scale: Like extremely-9, Like very much-8, Like moderately-7, Like slightly-6, Neither like nor dislike-5, Dislike slightly-4, Dislike moderalety-3, Dislike very much-2, Dislike extremely-1.

Pilot scale production of herbal noni wine
The pilot-scale production of herbal noni wine was conducted in 3L jars, employing Saccharomyces cerevisiae MTCC178 under optimized conditions: a temperature of 30°C, pH at 4.5, and an inoculum concentration of 3% for a duration of 10 days. The diverse herbal combinations exhibited variations in alcohol content (ranging from 9.27 to 9.64%), reducing sugar content (5.91 to 7.09 mg/ml), antioxidant levels (66.18 to 79.37%), and polyphenol content (291.23 to 332.51 mg GAE/L). These results align with Riberio et al. (2007) study on cocoa wine scale-up, where the ethyl alcohol concentration and residual sugar content in the scaled-up study mirrored those produced at the small-scale level. Similarly, Lalou et al. (2018) optimized parameters for scaling up alcoholic fermentation in concentrated grape must, utilizing multistarters of Hanseniaspora uvarum and Saccharomyces cerevisiae strains, progressing from 100 ml to 5 L and 12 L barrels. The scaled-up experiments validated the results obtained from the smaller-scale study.
           Table 6 Pilot scale production of herbal noni wine.

	Treatments
	Alcohol content (%)
	Residual reducing sugar(mg/ml)
	Total antioxidant (%)
	Polyphenol content
(mg GAE/L)

	T1 (Noni)
	9.64
	5.91
	66.18
	291.23

	T2 (Noni + Tulsi)
	9.37
	6.84
	71.65
	299.92

	T3 (Noni + Lemongrass)
	9.43
	6.73
	79.37
	332.51

	T4 (Noni +Ginger)
	9.35
	6.87
	74.98
	315.15

	T5 (Noni + Pudina)
	9.27
	7.09
	72.22
	306.24

	SE(m) ±
	0.06
	0.10
	1.11
	4.72

	CD (1%)
	0.19
	0.32
	3.56
	15.08


  Conclusion
In conclusion, diverse herbal blends, including tulsi, lemongrass, ginger, and mint, were incorporated into noni juice, resulting in distinct treatments fermented under optimized conditions. Variations were observed in the alcohol and reducing sugar content among the herbal noni wines. The highest alcohol content was noted in unblended noni wine (9.41%), while herbal combinations exhibited slightly reduced alcohol content. Noni wine alone demonstrated the lowest reducing sugar content (6.89 mg/ml), contrasting with herbal combinations. Physico-chemical properties, including TSS, pH, titrable acidity, antioxidant activity, and total polyphenol content, varied across treatments, with the highest TSS and pH observed in noni and pudina combination (T5), and maximum titrable acidity in noni wine. Notably, the noni and lemongrass combination (T3) displayed the highest antioxidant activity (77.56%) and total polyphenol content (326.43 mg GAE/L). The herbal noni wines exhibited no inhibitory effect on the growth of Lactobacillus casei, while microbial analysis revealed acceptable levels of total bacterial count and the absence of fungi, E. coli, and yeast. The sensory evaluation highlighted the overall acceptability of the noni and lemongrass combination (T3). The pilot-scale production affirmed these findings, emphasizing the potential of herbal noni wine as a versatile and well-received beverage.
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