


OPTIMIZATION OF GINGER AND HONEY BASED WINE PRODUCTION USING SACCHAROMYCES CEREVISIAE



ABSTRACT
Ginger honey wine, a fusion of flavor and potential health benefits, has garnered attention as a unique and enjoyable beverage. Fermentation of this mixture was carried out using Saccharomyces cerevisiae. The optimal inoculum size on the 6th day of incubation, yielded an impressive 14% alcohol. A pH of 4.5 on the 3rd day of incubation resulted in the highest alcohol production (10.5%) and at 30ºC on the 3rd day yielded maximum alcohol (11.2%). 60 ml substrate produces the maximum alcohol (14.2%) on the 9th day of incubation. The duration of incubation was found to be pivotal, with the 6th day yielding the maximum alcohol (14.2%). Sensory analysis confirmed the ginger wine's appeal, characterized by a harmonious blend of aromas, flavors, and mouth feel. The distinct attributes of ginger were accentuated by the wine's sweetness and spiciness, offering an enjoyable sensory experience. This research underscores the potential for small-scale ginger honey wine production, making it accessible for immediate consumption. Our findings reveal key fermentation factors and sensory traits, emphasizing this unique beverage's appeal and potential health advantages. This study aimed to optimize the production of ginger honey based wine through a meticulous examination of fermentation parameters and sensory attributes.	
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1. Introduction 
The beverages and foods play crucial role in maintaining health, healthy living style and economic development. Wine is a fermented food with medicinal value and confers significant health benefits. Wine is made by yeast fermentation, which converts sugar into alcohol. It is an un-distilled beverage having 6 to 20% ethanol by volume and generally considered safe for human consumption. Moderate consumption of alcohol is considered a trustworthy and healthful beverage and adding quality to the daily food. The health benefits of wine can also enhanced by the addition of medicinal herbs during fermentation process. Some studies already established that wine made from medicinal herbs posses various metabolites and confer numerous health benifits (Bhise and Morya, 2021; Patil et al., 2022; Singh and Kaur, 2023).
	Ginger (Zingiber officinale Rosco) is an ancient medicinal plant and representative membrane of family Zingiberaceae. Throughout the history, Ginger has been cherished for its fragrant rhizomes, and has been utilized as both a medicinal herb and spice. Revered as a divine gift by Indian Ayurvedic systems, ginger has been valued for its numerous health benefits, including its role as a digestive aid, anti-inflammatory agent, and immune stimulant, among others (Jangra et al., 2018; Mao et al., 2019).The ginger plant has a variety of therapeutic and nutritional properties. Additionally, it found its way as ingredient or additive among lists of food stuffs viz; biscuits, tinctures, sodas, Jams, beer, ginger tea, candied slices, beverages, capsules and syrups, liquor, ginger cocktails, sodas, etc. (Kaushal et al., 2017). Its versatility extends to various industries, making it a commercially significant crop.
	According to the International Food Information Council’s perceptions and use of dietary sweeteners in 2021, Honey is the most preferred sweetener in food and beverage products. Honey, with its natural sugars like fructose and glucose, is an ideal substrate for fermentation, resulting in honey wine, also known as mead. Mead, one of the world’s oldest alcoholic drinks, has a unique flavor profile and a rich history. Bioactive compounds present in honey also accountable for sensory properties viz; aroma, astringency, color, aroma, and also enhancing their oxidative stability (Leite et al., 2021). Honey is also rich in vitamins, minerals and bioactive chemicals superior to sugar and other sweeteners; it increases the nutritional value of drinks and makes them more delicious (Mora and Dando, 2021). Therefore, honey has vast scope in wine industry. 	Comment by ACER: Robin mentioned in references
	The utilization of honey and ginger in wine production can be a better approach to target more functional features and value-added wine production. In this study we focused on the production of ginger -honey wine using baker's yeast (Saccharomyces cerevisiae) to preserve the post-harvest nutritional value of ginger. Traditionally, honey and ginger have been widely used to treat coughs, colds and other respiratory ailments. Many people around the world use this combination to relieve symptoms such as a sore throat or runny nose (Patel and Patel, 2021). The present blending of ginger-honey wine will offers a delightful and versatile taste experience, combining the distinctive flavors, nutritional as well as medicinal properties of ginger and honey. The type of honey used impacts the final product's flavor, with options ranging from floral and fruity to richer, more robust varieties. The addition of ginger adds a warming and tangy dimension, which can be adjusted based on preferences. As we navigate the intricate process, we aim to offer insights into this delightful beverage, whether enjoyed on its own, paired with food, or as a cocktail ingredient, all while appreciating the historical significance and potential health benefits of ginger and honey in this exciting culinary creation.
Ginger is rich in various bioactive compounds, including terpenoids, flavonoids, sugars and protein and has antimicrobial effects, adding nutrition and health benefits to ginger honey wine (Bhattacharya et al., 2022).  Similarly, honey is rich in antioxidants, anti-inflammatory and antimicrobial activity, which help in wound healing, cough suppression, cholesterol management, control of blood pressure and boosting the immune system (Khan et al., 2014).
Therefore, the blend of ginger honey wine offers a unique substitute to other traditional beverages and wines with its divergent spicy-sweet flavour and potential health benefits. As it is a blend of honey and ginger, it shares similarities with mead (an alcoholic beverage made from honey and water) due to its honey base and its spiciness. The fermentation complexity, alcohol content and functional attributes make it a novel product in the market. Similarly, apple wine with medicinal benefits was prepared using different herbal extracts such as ginger, menthe, anola and garlic as a new product with high consumer acceptability (Joshi et al., 2014). In another study, pumpkin wine fortified with basil leaves (1%) and Ginger showed DPHH scavenging activity (84%) and health benefits (Sharma et al., 2021).
	Based on the above facts, we have aimed to explore the art and science of crafting ginger honey wine, including the optimization of fermentation conditions viz inoculums size, temperature, pH, concentration of ginger, incubation period sugar content adjustments, acid level management along with bottling, pasteurization, sensory evaluation and the acceptability of the products in this study. The study also acknowledged the unique characteristic of honey, influenced by floral sources and fermentation variables.
	2. Materials and Methods
2.1. Starter Culture Preparation for Inoculation
	Baker’s yeast (Saccharomyces cerevisiae MTCC170) was procured from the Departmental Repository (Dolphin (PG) Institute, Dehradun, Uttarakhand, India) and revived on Sabouraud Dextrose Broth (SDB) for starter inoculums preparation and incubated in orbital shaker for 48hrat 35±2°C. The colony was counted bytheuse of Neubauer counting chamber to find the optimum quantity of yeast cells. The broth having 3 x 108 yeast cells was selected and used for further experiment.
2.2. Sample Collection /Preparation
Ginger and honey were collected from local market. Honey kept in sterilized conditions and clean ginger rhizomes were sterilized, peeled and grated manually to obtain a uniform combination. 700ml juice was extracted from 2kg ginger. Muslin cloth was used to separate juice and stored in glass bottles. The juice was transferred into 5 conical flasks containing 110ml of juice and 20 gm honey each pasteurized at 85°C for 30 min. Further starter culture was aseptically inoculated in juice and keep the flask at optimum temperature for fermentation (Jangra et al., 2018).
2.3. Fermentation 
    Fermentation was carried out in flask (containing yeast inoculum) in dark and anaerobic condition. The wine was prepared from the combination of different concentrations of ginger and honey.
2.4. Optimization of Culture Parameters (Samson et al., 2017)
2.4.1. Inoculums Size
For the optimization of starter culture, the different percentage of Saccharomyces cerevisiae. 2% to10% (v/v) were transferred into different flask containing same quantity of juice and incubated at 35±2°C for 9 days. At the interval of every 3rd day optimization of inoculums were observed. SDB media was taken as control.
2.4.2. pH
To evaluate the effect of pH and find the optimum pH condition for fermentation. With the help of lemon juice, the different pH of the ginger juice is prepared i.e. 3.0, 3.5, 4.0, 4.5, and 5.0. pH. Now keeping the optimum inoculums size in the ginger juice with different pH were incubated at 35±2°C for 9 days. SDB media was taken as control.	Comment by ACER: was
2.4.3. Temperature
The ginger juice was incubated with optimized inoculums size, pH but now incubated at varying temperature i.e. 30°C, 37°C, 45°C to check the effect of temperature and incubated for 9  days. SDB media was taken as control.
2.4.4. Different Concentration of Ginger
The ginger juice was incubated while holding optimized inoculums size, pH, and temperature but taking different substrate concentration of ginger juice i.e. 100ml, 90ml, 80ml, 70ml and 60ml supplementing each concentration with 20g honey and incubated 35±2°C for 9 days. SDB media was taken as control.
2.4.5. Incubation Period
Further to optimize incubation period, the ginger juice was incubated for different period i.e.3 days, 6 days, and 9 days, holding optimized inoculums size, pH, temperature and substrate concentration. SDB media was taken as control.
2.4.6. Reducing Sugar level Estimation 
To estimate the amount of residual sugar of the fermented juice DNSA method was used (MillerGL 1959). 2N NaOH (20 mL) was prepared. 1g of DNSA was dissolved in 20ml (2N) NaOH. 30g of Sodium Potassium Tartrate dissolved in 50ml of distilled H2O. Both DNSA and Sodium Potassium Tartrate solution were mixed to make final volume 100ml. Then set of known concentration of glucose was prepared and mixed with DNSA reagent and absorbance of each different concentrations of glucose, blank and test was taken 540nm spectrophotometrically. A standard curve is plotted and the concentrations of unknown sugar in juice were extrapolated with the help of standard curve. 
2.4.7. Alcohol Content Estimation  
The alcohol percentage of the fermented ginger honey mixture was determined by Dichromate Titration method (Williams and Darwin, 1950). 1ml standard ethanol of 2-16% concentration, 1ml of prepared wine and 1 ml distilled water were used in an empty 50ml of 10 flasks. Make up to 5ml in each flask with distilled water. Then add 25ml of dichromate reagent to each flask and heat all the flask in a water bath at 60°C for 20 minutes. After cooling, adjust the volume to 50ml with distilled H2O. Color intensity was recorded at 600 nm. Plot the graph of absorbance versus ethanol concentration (%).
2.5. Pasteurization and Bottling
After centrifugation, filtered wine was exposed to in-bottle pasteurization in water bath, warmed to 70°C for 15 minutes and then cooled the content to ~30°C (room temperature) with tap water. Ginger honey is clarified without the use of any chemical and distributed in glass bottles before being sterilized and stored at room temperature (Deshpande et al., 2019)
2.6. Sensory Analysis
Sensory analyses were made by semitrained personnel (M.Sc. Microbiology and research scholars). Ten male and female assessors, aged between 18 and 23 years, were selected from Dolphin (PG) Institute, Dehradun, to assess alcohol. Wine was served to them in coded format and likeness preference wine quality was assessed by sensory means (aroma, taste, mouth feel, color, and overall acceptance). 
Results were ranked accordingly on nine- point Hedonic scale (extremely like =9; very much like = 8; moderately like = 7; slightly like = 6; neither like nor dislike = 5; slightly dislike = 4; moderately dislike = 3; very much dislike = 2 and extremely dislike = 1) (Huanet al. 2020).

3. RESULTS
In the current study ginger juice with honey and lemon were optimized for wine production. Different parameters were studied after every 3 days interval in total of incubation 9 days.
3.1. Effect of Inoculum Size
Optimum inoculum size is key factor in sugar utilization the balance between biomass and ethanol production is always important. Large or heavy inoculums size may interfere with the quantity of ethanol production. The ginger and honey mixture juice were inoculated with different concentration of starter culture i.e. 2, 4, 6, 8 and 10% and all the flask incubated at optimum temperature. Our study support that the 4% inoculums support maximum ethanol production as compared to control (Table 1 and Fig. 1& 2).

Table 1. Different inoculums size and their respective sugar and alcohol content
	Inoculums Size %
	Day 3
	Day 6
	Day 9

	
	Alc.%
	R.S.%
	Alc.%
	R.S.%
	Alc.%
	R.S.%

	2%
	8.5%
	6%
	14%
	11%
	10.2%
	7.2%

	4%
	9.2%
	6.5%
	14%
	11.5%
	11.1%
	9.2%

	6%
	9%
	8%
	14.2%
	3.6%
	7.2%
	9%

	8%
	8.9%
	9%
	11.1%
	11.6%
	11%
	10%

	10%
	8.8%
	6.7%
	7.6%
	7.9%
	8.9%
	9%




Figure1. Optimization of inoculums size for alcohol concentration

Figure 2. Optimization of inoculums size for reducing sugar
3.2. Effect of pH
The pH of the medium is another significant factor for the flourishing fermentation because it impacts on yeast growth as well as ethanol production besides sensory attributes of wine. The pH was moderated with the help of lemon juice as ginger juice is mildly acidic and mildly alkaline, and acidic environment favor yeast growth. The ginger and honey mixture were incubated at various pH such as; 3.5, 4.0, 4.5, 5.0, and 5.5.  In our study alcohol production was maximum at pH 4.5. It has also been established that alcohol production expanded with raise in pH up to 4.5 (Table 2 and Fig 3 & 4).

Table 2. Different pH and their respective sugar and alcohol content
	pH
	Day 3
	Day 6
	Day 9

	
	Alc.%
	R.S.%
	Alc.%
	R.S.%
	Alc.%
	R.S.%

	3.5
	10.2%
	12%
	5.2%
	7.8%
	9.7%
	11%

	4.0
	9.8%
	11.9%
	5.1%
	3.6%
	9.3%
	14.1%

	4.5
	10.5%
	11%
	9.2%
	4.3%
	10%
	14%

	5.0
	10.4%
	8.1%
	9.2%
	11%
	9.7%
	13.7%

	5.5
	10.3%
	7.9%
	9.8%
	14%
	9.2%
	13.8%















 Figure 3. Optimization of pH for alcohol concentration

  Figure 4. Optimization of pH for reducing sugar

3.3. Effect of Temperature 
Optimum temperature also influences the growth and metabolism yeast and eventually the fermentation rate, period of log phase, enzyme and membrane function and wine production. Therefore, the activity of yeast varies at different temperature. The ginger and honey mixture were incubated at varying temperature i.e. 30°C, 37°C and 45°C. Our finding suggested that 30°C temperature was the optimum temperature for maximum alcohol production as compared to control (Table 3 and Fig. 5 & 6).

Table 3. Different temperature and their respective sugar and alcohol content
	TEMPERATURE
( ֠C)
	Day 3
	Day 6
	Day 9

	
	Alc.%
	R.S.%
	Alc.%
	R.S.%
	Alc.%
	R.S.%

	30 ̊C
	11.2%
	11%
	10.9%
	8.2%
	9.9%
	8.2%

	37 ̊C
	9%
	10.8%
	6.9%
	8.5%
	7.1%
	8.5%

	45 ̊C
	7%
	9.1%
	8%
	7.9%
	6.8%
	7.9%





     Figure 5. Optimization of temperature for alcohol concentration

      Figure 6. Optimization of temperature for reducing sugar

3.4. Effect of Substrate Concentration
Optimized substrate concentration is another vital component in alcohol fermentation. Substrate concentration is directly linked to yeast biomass development, cellular activity, enzyme production and its efficiency and also the rate of conversion of sugar into alcohol. The ginger and honey mixture were adjusted to different substrate concentration (v/v) viz.; 100ml, 90ml, 80ml, 70ml, and 60ml, each concentration was supplemented with 20g honey. In our study it was revealed that highest alcohol production was recorded in 60ml substrate concentration (Table 4 and Fig 7 & 8).

Table 4. Different substrate concentration and their respective sugar and alcohol content
	Substrate Concentration(ml)
	Day 3
	Day 6
	Day 9

	
	Alc.%
	R.S.%
	Alc.%
	R.S.%
	Alc.%
	R.S.%

	100
	3%
	3.5%
	7.8%
	7.6%
	12.1%
	12.1%

	90
	7.2%
	6%
	9.2%
	7.5%
	13%
	12%

	80
	3%
	3.7%
	9%
	8%
	12.2%
	11.1%

	70
	2.8%
	2.5%
	9.1%
	10%
	13%
	5.8%

	60
	9%
	8.3%
	11.1%
	12.2%
	14.2%
	12.2%





Figure 7. Optimization of substrate concentration for alcohol concentration

Figure 8. Optimization of substrate concentration for reducing sugar

3.5. Effect of incubation period 
Incubation duration could be extremely significant in wine development as it determines the capacity of yeast to breakdown the sugar residues in the juice. The ginger and honey aggregate incubated for different periods of time such as3rd,6th, and 9th days of interval independently. It was observed that highest alcohol production was noticed at 6thdays of incubation period (Table 5 and Fig 9).

Table 5. Different incubation periods and their respective sugar and alcohol content.
	S.No.
	Incubation Period (days)
	Alc%
	R.S.%

	1
	3 days
	11.2%
	11%

	2
	6 days
	14.2%
	3.6%

	3
	9 days
	12.2%
	11.1%





Figure 9. Optimization of incubation period concentration for alcohol production and residual sugar

3.6. Sensory analysis: 
Results of sensory and non-sensory evaluation for ginger-honey wines have been summarized in Table 6a and 6b. Wines produced from varying treatments were examined for sensory data analysis by 10 individuals on 9-point hedonic scale. The sensory analysis mainly includes visual, olfactory and taste examination. The grade for aroma, taste, mouth feel, color, appearance and overall acceptability were recorded. Out of this highest score was given to the color and appearance of wine. Minimum score of acceptability of the sensory quality was 7 points, which represents the individuals like the ginger- honey wine. 
4. Discussion 
This work has been emphasized on the objectives to discover the optimized condition for the production of ginger-honey wine. In the present study five process parameters i.e. inoculums size, pH, temperature, substrate concentration and incubation period was optimized. Changes in reducing sugar content of the ginger- honey wine monitored throughout the study and found that an enormous reduction in values during fermentation period. This reduction in the sugar content in the course of fermentation, irrespective of the utilization performance of the yeast might be an outcome of ethanol production.. Production of wine is a complex method that includes the interplay of various biotic and abiotic factors, such as temperature, pH, substrate concentration, incubation period and inoculum size of yeast. The yeast is an important factor that not only responsible for fermentation but also impart the quality, flavor and addition of aromatic substance to all fermentation process (Hirst and Richter, 2016; Pinu et al., 2023).	Comment by ACER: Chandra in references
	For optimum fermentation the balance between inoculums and sugar intake is very important as it favors high wine production, on the other hand the high inoculums may reduce the amount of ethanol production as it increases the yeast activity and support the additional growth of organism biomass and lower yield. To maintain the high population, yeast utilized more sugar substrate, hence less sugar is available for fermentation resulting in lower yield. Similarly, lower inoculums adversely affect the mechanism of fermentation and lower yield. In another similar study it was revealed that inoculum size significantly affects the ethanol production from carbon extract using yeast (Turhan et al., 2010).
	In the present study the ginger and honey mixture were incubated with different inoculums size and found that alcohol production was 14% on 6 day of incubation with addition of 4% yeast inoculum as compare to other inoculums size. The amount of ethanol production was decreases after certain period of fermentation. This was might be due to the gradual increase in yeast biomass during the fermentation period, consumption of more sugar substrate and accumulation of metabolic waste potentially impact the growth and metabolism of yeast and the rate of fermentation (Xu et al., 2022).
	The pH of the fermentation medium is another vital parameter which significantly influences the progression of fermentation by influencing the growth and metabolism of the yeast. The acidic pH favors yeast growth and boost ethanol production. The metabolic activities of yeast are greatly influenced by pH of the juice i.e. fermentation media. This physiological parameter directly influences the metabolism and enzymatic activities of yeast, which in turn ensuing the conversion of sugar into wine (Velić et al., 2018). In the current study the acidic pH was maintained with the help of lemon juice as ginger is slightly acidic and slightly alkaline, and for the proper growth of yeast the medium should be acidic. In present study with 4% yeast inoculums at pH 4.5 had shown 10.5% ethanol production on 3rd day of incubation as compared to other pH. In a similar, study it has been reported that pH 4.5 had shown optimal alcohol fermentation of papaya wine (Alagesan and Panneerselvam, 2016). According to previous study by Dias et al. (2018) the pH of ginger wine was 3.0 to 4.5. The low pH of the medium during fermentation may be the result due to the physiological action of yeast, lactic acid bacteria and production of organic acid during alcoholic fermentation (Tsegay and Gebremedhin, 2019). At lower pH most of the undesirable bacterial growths are inhibited, but pH range between 3 to 6 is most favorable for growth of yeast and fermentation activity. Citric acid is normally added as it assists the fermentation and also improves the flavor of the wine. Pramanik and Rao (2005) also observed that pH 4.5 as optimum in whey fermentation.	Comment by ACER: Sales-e-Dias mentioned in references	Comment by ACER: Kidu mentioned in references	Comment by ACER: Roa mentioned in references may kindly be corrected. 
	Temperature is another key factor and directly interferes with the growth and metabolism of any organisms. It also influences the success of fermentation and control the behavior of the microorganisms amenable for this chemical transformation. Temperature can have an effect on the sensitivity of yeast to alcohol attention, growth and fermentation rate, viability, duration of lag segment, enzyme and membrane characteristic and so on, which at once affects the fermentation performance (Wang et al., 2023). In present study we observed that at temperature 30°C the alcohol production was 11.2% on 3rd day of incubation as compared to others. This temperature was the same as local ambient temperatures (28 to 32°C). It also reduces the cooling cost of the fermenter that might require maintaining fermenter temperature during fermentation. Temperature above 30°C, favour the growth of lactic acid bacteria and acetic acid bacteria which multiply rapidly at this temperature and convert the ethanol into lactic acid and acetic acid and decrease the ethanol content in the wine and also affect the wine quality. The loss of viability upon exposure to a higher temperature occurs primarily due to catastrophic levels of protein degradation and mis-folding (Virdis et al., 2021). As the temperature continues to increase, the greater level of metabolic activity of microbes reduces. This is supported by the finding of our results that as the alcohol production was reduced with the increase of temperature. We hypothesized that higher temperatures led to reduce yeast efficiency to produce wine, mechanism of fermentation, enzymatic activity, lost fermentation viability and increase yeast mortality which eventually culminating fermentation process. Similarly, Pham et al. (2021) recorded 14% w/v alcohol at 25°C fermentation temperature. Although many earlier studies implies that temperature effect yeast growth, metabolic rate, enzymatic effect, yeast viability, and sensitivity of yeast cells during fermentation (Bleoanca and Bahrim, 2013; Mundaragi and Thangadurai, 2017).	Comment by ACER: Gabriela in references.	Comment by ACER: Devarajan in references
	Similarly, substrate or raw material play key role in wine fermentation and it is important to confirm the substrate concentration for wine production throughout fermentation. Substrate component is usually linked with the enzymatic activity of yeast responsible for the transformation of sugar into ethanol. It was found that maximum ethanol production i.e., 14.2% on 6 day of incubation took place in 60ml substrate concentration. The difference in substrate composition and fermentation method used will potentially influence the alcohol content of the wine (Chawafambaira, 2021). Similarly, maximum ethanol production was observed at 100% concentration of pomegranate juice in pomegranate wine (Samson et al., 2017). 
	Fermentation time or incubation period is another essential requirement in wine production. As it ensuing the capability of the yeast to break down the sugar in the juice to produce alcohol. The ginger and honey mixture were incubated for different periods of time for the alcohol production. It was observed that highest alcohol production i.e. 14.2% achieved on 6th day of incubation. Similarly, in another study it has been observed that the alcohol content of mixed fruit and vegetable wine gradually increases with an increase in fermentation period and reaching the value maximum on 6th days of fermentation and there after the production decline gradually with increase in fermentation days. Therefore, in above study maximum production was achieved on 6th day of fermentation (Yanbo Liu et al., 2022) that is very much similar to our observation. 	Comment by ACER: Liu may be deleted here. 
	Longer fermentation times are required to produce high ethanol yields at maximum efficiency using batch fermentation systems. This shows that the use of short fermentation time and short incubation temperature causes ethanol fermentation to fail due to insufficient microbial growth (Zabed et al., 2014). The pattern of increasing ethanol content with fermentation time also supports data obtained from similar work conducted on fruit wine fermentation(Jagtap and Bapat 2015; Sharma et al., 2018). According to Jha et al. (2018), the greatest amount of ethanol 12.1% was produced when cultured for 76 hours.	Comment by ACER: Not found in references. It may be added. 	Comment by ACER: Vishwas in references
[bookmark: _GoBack]	Sensory analysis of ginger wine exhibits a strong and distinct aroma of ginger, with notes of spice and warmth. In our study the appearance, colour and aroma contribute the maximum frequency of the highest value in the hedonic scale. These results coupled with earlier studies conducted by Huan et al. (2020). Similarly, Deepa et al (2023) in a study on sensory analysis of sapota wine scored an overall acceptability value of 8.0 and 8.5 for the samples stored at room and refrigerated temperatures. The aroma is appealing and contributes to the entire sensory experience of the wine. The ginger wine possesses a clear and vibrant appearance. It may have golden brown or pale yellow, depending on the specific formulation and aging process. Taste of the wine is characterized by a balance of sweetness and spiciness. The finish of the ginger honey wine is generally long lasting, with the ginger flavor lingering on the palate. The after taste with a slight warmth and spiciness that leaves a memorable impression.
	As it can be seen in another study of Lantana camara fruit juice wine by Tsegay and Gebremedh(2019) that the mean values of the overall panelist sensory quality acceptability score are higher than 8, indicating that the panelists appreciated the cactus pear fruit wine fermented with Lantana camara fruit juice. In a similar study, Jyoti et al. (2021) found that addition of various sweetening agents with ginger extract enhanced the physico-chemical distinctiveness as well as sensory excellence of apple wine.	Comment by ACER: Kidu in references
	We compared our study with previous studies, and observed both similarities and differences in the parameter ranges. In our study alcohol yield was higher i.e.14.2% achieved on the 6th day of incubation. It is important to observe that the previous work was conducted using different concentrations, mixtures, and conditions, including the use of a bioreactor. Therefore, the variations in our parameters can be attributed to these differences. But the possibility of wine production at a low scale level for immediate consumption is obvious from the result obtained from this research.
5. Conclusion
The optimization process of ginger-honey wine production was studied on five independent parameters, such as inoculum size (2 to 10% (v/v), pH (3.0 to 5.0), temperature (30°C to 45°C), Ginger concentration (60 to100ml) supplemented with 20 gm of honey, and incubation period (3 to 9 days).The research findings in the present study indicated that under above conditions the highest alcohol production, reaching 14.2% was observed on the 6th day of incubation with inoculums size 4%, pH 4.5 , temperature 30°C and substrate concentration 60ml. This study also explores the potential of ginger and honey in developing health-improving food product for intake by the Indian public. Ginger and honey wine show potential as an alternative to local wine production. The sensory evaluation results were also found positive as per the grade collected from volunteers.  These results strongly suggest the feasibility of producing ginger and honey wine on a small scale for immediate consumption under the above-mentioned optimal fermentation conditions.
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