


Evaluation of Sweet Potato (Ipomoea batatas) for Wine Production using Saccharomyces cerevisae 



Abstract:
Aims: This research aims at establishing the possibility of making wine from sweet potato residues under aerobic and anaerobic fermentation regimes.
Study design:  Instruments were autoclaved, and sweet potatoes were grinded into paste, which was thereafter liquefied by α-amylase and amyloglucosidase. The fermentation was done using Saccharomyces Cerevisiae.
Place and Duration of Study: Department of Microbiology, Kwara State University, between June 2024 and September 2024.
Methodology: Fresh white sweet potatoes (Ipomoea batatas), without injury were purchase from Mandate Market, Ilorin. The sweet potato was peeled and proximate composition determined. Two commercial enzymes (amylase and amyloglucosidase) were used for saccharification of sweet potato roots.
Results: Aerobic Fermentation showed a change in the pH from 4.1 to 3.8 while anaerobic fermentation decreased to 3.9. Titratable acidity was lower in aerobic 0.88 than in anaerobic condition (1.6). Yeast concentration was found to be at its highest of 4.6 × 10² cells/ml at the end of the aerobic fermentation experiment, the yeast activity was no observed under anaerobic conditions. Alcohol content reached 9.0% for both approaches and remained more or less constant. Sensory evaluation showed that sweet potato wine was accepted by 72.8% compared to 88% for Carlo Rossi commercial wine.
Conclusion: The proximal composition analysis revealed the sweet potato wine has more glucose and vitamin C than the locally available wines. From these results, it possible to make wine from sweet potato residues and it is comparable to commercial wines.
Keywords: Sweet potato residues, wine production, fermentation, Saccharomyces cerevisiae, proximate analysis, and nutritional profile.
1.0 INTRODUCTION
Global concern in the consumption of good quality alcoholic beverages that are produced using eco-friendly materials has created demand for raw materials that are diverse in wine production. Of these, sweet potato (Ipomoea batatas), a root vegetable that is rich in carbohydrates, has gained research interest as a substrate for fermentation. Based on its high accessibility, low costs, and nutrient value, it offers a substitute for conventional wine sources [1]. Sweet potato is mainly grown in the tropical and subtropical zones and is an essential source of income and nutrition in food insecure regions, providing a great prospect for the expansion of the beverage sector [2]. Sweet potatoes contain fermentable sugars and bioactive compounds including polyphenols and vitamins which can improve the nutritional and acceptability of fermented drinks [3]. These characteristics not only make it suitable for wine production but also fits into the global trend of sustainable production by minimizing food wastage and enhancing underutilized crop innovation [4].
Saccharomyces cerevisiae is a yeast species that is most efficient for the fermentative process and has great influence in conversion of sugars to ethanol besides the generation of different aromatic and flavorful compounds in wine [5]. New insights reveal that incorporation of sweet potato and S. cerevisiae can result in wines that have distinctive features and diversifying the innovation of beverage science [6]. Consequently, there is still extensive knowledge gap concerning the production of sweet potato based wine with specific emphasis on the effects of the different varieties of the produce, the rate of fermentation and the sensory properties of the final product [1]. The objectives of this research include determining the potential of sweet potato in wine making using S. cerevisiae by analyzing the effects of different fermintation parameters, and evaluating the physicochemical and organoleptic properties of the resultant wine. The findings of this dissertation are expected to help in developing additional raw materials for wine-making which may help in the advancement for the world beverage sector.
3.0 Materials and Methods
3.1 Sterilization and Disinfection
All heat-stable materials, including test tubes, conical flasks, measuring cylinders, and wine bottles, were washed with detergent, rinsed with clean water, and sterilized in a hot air oven at 170°C for 1 hour. Non-heat-stable equipment such as filtering kits, fermenters, stirrers, muslin cloths, and vinometers were disinfected with sodium metabisulfite solution. Workbench surfaces and non-disposable tools were sterilized by wiping with cotton wool soaked in 70% alcohol to maintain aseptic conditions throughout the study [7].
3.2 Sample Collection and Preparation
Fresh white sweet potatoes (Ipomoea batatas) were purchased from Mandate Market in Ilorin, Nigeria. The sweet potatoes were visually inspected for physical defects, cleaned thoroughly, and peeled. The proximate composition, including moisture, protein, fat, ash, and crude fiber, was determined using standard AOAC methods [8].
3.3 Enzyme and Yeast Preparation
Commercial α-amylase and amyloglucosidase were procured from the Federal Institute of Industrial Research (FIIRO), Oshodi, Lagos, and used for saccharification. The yeast Saccharomyces cerevisiae KIV-116, known for its tolerance to high alcohol concentrations and efficiency in alcohol production, was sourced from E.C. Kraus, USA, and activated for fermentation processes [9].
3.4 Saccharification Process
The peeled sweet potatoes, approximately 15 kg, were homogenized with 20 liters of tap water using a laboratory blender to create a mash. Two percent α-amylase was added, and the mixture was incubated at 90°C for 1 hour to facilitate liquefaction. After cooling to 45°C, 10% amyloglucosidase was introduced for saccharification, and the mixture was incubated at 45°C for 48 hours. The saccharified mash was then filtered through sterilized muslin cloth to obtain a clear must, which served as the substrate for fermentation [10].
3.5 Fermentation
The must, comprising 15 liters of saccharified juice mixed with 5 liters of warm water at 45°C, was treated with a Campden tablet to inhibit unwanted microbial growth and left to stand for 24 hours. The yeast was added directly to the surface of the must at 5 g per batch and stirred gently to initiate fermentation. Aerobic fermentation occurred for six days, with the must stirred twice daily to ensure sufficient oxygenation. The must was then strained, and anaerobic fermentation was carried out in a sealed fermenter fitted with an airlock for four weeks at ambient temperature (28 ± 2°C). After fermentation, the wine was aged for six weeks, filtered using a pressurized filtering system, and bottled [11].



3.6 Proximate Composition
3.6.1 Determination of Ash Content
A clean crucible was weighed (W1) after drying in an oven. About 2 g of the sample was added to the crucible and weighed as W2. The crucible and its content were transferred into a muffle furnace set at 600°C for 4 hours until a gray color indicated complete ashing [8]. After cooling in a desiccator, the crucible was weighed as W3. Ash content was calculated as:
 % ash = (W3 - W1) x 100
  (W2 - W1)
3.6.2 Determination of Crude Fiber
Following AOAC [8] methods, 2 g of the sample (W1) was defatted with petroleum ether for 2 hours and boiled under reflux for 30 minutes with 200 mL of 1.25% H₂SO₄. It was filtered, washed until neutral, and boiled with 200 mL of 1.25% NaOH for 30 minutes. The residue was filtered, dried at 100°C, and incinerated in a muffle furnace at 600°C for 3 hours [8]. Crude fiber content was calculated as:
%crude fibre = W2 - W3 x 100
   		      W1
3.6.3 Determination of Moisture Content
A clean crucible (W1) was weighed, and 2 g of the sample (W2) was added. The sample was dried in an oven at 105°C, cooled in a desiccator, and weighed as W3 [8]. Moisture content was determined as: 
% Dry matter = W3 - W1 x 100
W2 - W1
3.6.4 Determination of Crude Protein
Crude protein was determined using the Kjeldahl method. A 2 g sample was digested with 25 mL of concentrated H₂SO₄, CuSO₄, and Na₂SO₄ catalysts at 80°C until a clear green solution was obtained. The digest was diluted to 250 mL, and nitrogen content was determined [12].
3.6.5 Determination of Vitamin C
Vitamin C was determined by titrating 1 mL of the sample with 20 mL of 0.4% oxalic acid and measuring absorbance at 520 nm using a spectrophotometer [12].
3.6.6 Determination of Total Solids
Two milliliters of wine were evaporated on a boiling water bath and dried at 70°C to a constant weight. Total solids were calculated as a percentage [13].
3.6.7 Determination of Crude Fat
Using the Soxhlet extraction method [8], 5 g of the sample was extracted with petroleum ether (40–60°C) for 6 hours. The extracted residue was dried and weighed to determine fat content.
3.7 Physicochemical Properties and Alcohol Content
3.7.1 Temperature
The fermentation temperature was monitored daily using a thermometer. pH and Titratable Acidity
pH was measured using a Hanna pH meter (HI96107), and titratable acidity was determined with a wine acid kit [7].
3.7.2 Sugar Content
The sugar content was measured using a refractometer (RF110), with readings taken from the Brix scale [14].
3.7.3 Specific Gravity
Specific gravity was determined using a wine hydrometer [11].
3.7.4 Alcohol Content
Alcohol content was assessed using a vinometer [7].
3.7.5 Enumeration of Yeast in Wine and Must
Yeast population during fermentation was monitored using a hemocytometer under a light microscope [10].
3.7.6 Sensory Evaluation
Sensory properties of the wine, including taste, aroma, and clarity, were assessed by a panel using a structured point evaluation system and compared with a commercial wine [9].
3.7.7 Statistical Analysis
Data were analyzed using ANOVA, with significance set at p < 0.05. Mean separation was performed using Duncan’s Multiple Range Test, and results were expressed as mean ± standard deviation [11].
4.0 Results
The quest for utilization of cheaper, readily available agricultural produce to boost industrial productivity is essential to achieve growth and development in the country. This research study was undertaken to evaluate sweet potato for wine production using Saccharomyces cerevisiae. The results obtained indicated there were variations in the percentage sugar and specific gravity of the must during aerobic fermentation of the wine produce. The sugar content in the wine dropped from initial value of 16 % to 8 %, while the specific gravity dropped from 1.062 sp. gr. to 1.030 sp. gr. (Fig 1). Variations in the pH and titratable acidity of the fermenting Sweet potato must during aerobic fermentation are shown in Fig. 2. pH of the must was within the acidic range, the pH ranged from 4.1 to 3.8; there was a general increase in titratable acidity from initial volume of 0.45 to 0.51. During anaerobic fermentation the changes in pH and titratable acidity are shown in Fig. 4. The pH ranged from 4.1 to 3.9 while the titratable acidity increased from 0.8 to 0.9. Fig. 5 shows the Specific gravity and Sugar content during anaerobic fermentation. After aerobic fermentation, specific gravity values were observed to range from 1.028 to 1.025 sp. gr and Sugar content dropped from 7 to 6%. Yeast counts and percentage alcohol produced during aerobic and anaerobic fermentation are shown in Fig. 3 and 6 respectively. The yeast counts increased from 0 to 4.6×102 cells/ml. A steady increase in alcohol content was observed in the wines throughout the period of aerobic fermentation, alcohol content increased from 0 to 9% during aerobic fermentation while during anaerobic there was a dropped in yeast counts from 1.8×102 cells/ml to 0×102 cells/ml , alcohol content was 9%.   The percentage acceptability level of the wine produced as compared to white wine is shown in Figure 7 with sweet potato wine having 72.8.8% acceptability and Carlo rossie wine having 88% acceptability. The proximate composition of sample (sweet potato) is shown in Table 1 parameters of the sample that was analyzed include Protein (5.39 ± 0.01), Ash (2.32 ± 0.01%), Fat (1.36 ± 0.01%), Carbohydrate (26.75 ± 0.02), Fibre (1.26 ± 0.08), Dry matter (37.12 ± 0.02) and Moisture (62.89 ± 0.02). The proximate analysis of the sweet potato wine in comparison with a white wine is shown in Table 2.Vitamin C content in the sweet potato wine is higher than white wine, while Ash and Fat content is present in sweet potato wine and absent in white wine.
	Parameters
	Value (%)

	
Fibre
Carbohydrate (%)
Protein (%)
Ash (%)
Fat (%)
Moisture (g/l)
Dry matter (%)
	
1.26 ± 0.08
26.75 ± 0.02
5.39 ± 0.01 
2.32 ± 0.01
1.36 ± 0.01
62.89 ± 0.02
37.12 ± 0.02


Table. 1: Proximate composition of Sweet Potato Sample






Table 2: Proximate composition of Standard wine (Carlo rossie) & sweet potato wine
	Parameters
	White wine
(carlo rossie)
	 Sweet potato wine
 

	
Vitamin  C (µg/g)
Total dissolved solid (g/l)
Total solid (g/l)
Protein (%)
Glucose (%)
Ash (%)
Fat (%)
	
12.98
2.47
2.61
0.56
4.10
ND
ND
	
42.40
16.82
18.34
0.78
4.80
0.46
0.23


Key: ND:	Not detected


Fig 1: Relationship between Specific Gravity and Percentage Sugar during Aerobic           Fermentation of Must.



Fig 2: Relationship between pH and Titratable acidity (TTA) during Aerobic Fermentation of Must.



Fig 3: Relationship between Percentage Alcohol and Total Yeast Count during Aerobic Fermentation of Must.  
  	






Fig 4: Relationship between pH and Titratable acidity (TTA) during Aerobic Fermentation of Must.






Fig 5: Relationship between Specific Gravity and Percentage Sugar during Anaerobic Fermentation of Must













Fig 6: Relationship between Percentage Alcohol and Yeast Count during Anaerobic Fermentation of Must.







	
		




Fig 7: Percentage Acceptability of Wine Produced Compared to White Wine.


Discussion
The pH of sweet potato wine in this study was decreased to 3.9 during fermentation due to organic acids synthesised by Saccharomyces cerevisiae. This corresponds with studies that show fermentation can lower the pH value of sweet potato residues by up to 50% thereby improving their nutritive and functional value [15]. The titratable acidity was significantly higher in the samples fermented anaerobically, with titratable acidity touching a high of 1.6 while in aerobic fermentation it only got up to 0.88. Acidity is significant to winemaking since it determines fermentation, and impacts the balance of wine. The pH of wines varies with the type of wine, but for dry wines falls within the range of 3 to 7, for sweet wines falls within range of 3.5 to 4.5. The paper also established that higher acidity levels can be as a result of the fortification processes [16]. Under aerobic conditions, yeast count rose to 4.6 × 10² cells/ml in the fourth day while under anaerobic conditions, yeast cells were dead in the fourth week. Oxygen accounted for one of the most critical factors of yeast growth and rate at which the fermentation took place. Adjustable by O2 can enhance yeast stress tolerance before fermentation, ensuring the yeast quality as well as the fermentation performance [17]. 
The decrease in specific gravity from 1.062 to 1.030, in aerobic; and 1.028 to 1,025 in anaerobic signifies decrease in sugar content due to change by yeast from sugar into alcohol. This decrease in specific gravity is a standard sort of fermentation [18]. Alcohol content in both processes was at 9% alcohol per volume. It is perhaps because aerobic fermentation alcohol content fluctuates in a sinusoidal manner that results from interactions between yeast metabolism and the environment. Like any beer, the wine has to be produced consistently to quality, and any changes in it can be attributed to the fluctuations in fermentation as well as the yeast [19]. One expects not to find such bacteria since the production of the foods requires high standards of hygiene and sterilization. The products need to be sanitized to avoid a spoilt product and also to promote safety [20]. 
Sensory evaluation showed a 72.8% acceptability for sweet potato wine as opposed to 88% for Carlo Rossi white wine. This point to the fact that sweet potato wine may be considered to be like commercial white wine in terms of sensory properties [21]. In regard to proximate composition, it was observed that sweet potato wine contains more Glucose and Vitamin C than Carlo Rossi white wine. This brings out the nutritional value in the sweet potato as a source of substrate in wine making and an added value [22].
The result indicate that sweet potato is a suitable substrate for winemaking as it produces a product of acceptable organoleptic properties and desirable nutritional profile as the commercial white wines. The improvement of fermentation factors can improve the quality and nutrient content of sweet potato wine.

Conclusion
This study proved that fermentation of sweet potato residues to wine was achieved under both aerobic and anaerobic condition. The pH of the fermenting must reduce in both the trials and anaerobic fermentation produced higher titratable acidity than the aerobic fermentation. The findings isolated oxygen as an important component of yeast metabolism, with aerophilic fermentation allowing for higher yeast yield and alcohol content. Fermentation in both methods yielded wines of comparable alcohol level and but with the anaerobic fermentation higher acid levels were achieved, an important factor in the wine. Sensory analysis of sweet potato wine relative to the commercial wines was established proving viability of using sweet potato residues. The proximate analysis also revealed that sweet potato wine is more nutritious than the brewed wort in glucose and Vitamin C content, implying more nutrition and energy value of the sweet potato wine.
References
1. Sapakhova, Z., Raissova, N., Daurov, D., Zhapar, K., Daurova, A., Zhigailov, A., Zhambakin, K. and Shamekova, M. (2023). Sweet Potato as a Key Crop for Food Security under the Conditions of Global Climate Change: A Review. Plants, 12(13), 2516. https://doi.org/10.3390/plants12132516
2. Food and Agriculture Organization (FAO). (2023). Sweet potato production and utilization in the tropics.
3. Olowo, A., Adebayo, A. and Uche, O. (2022). The Potential of Sweetpotato as a Functional Food in Sub-Saharan Africa: A Review. Frontiers in Nutrition, 8, 666820. https://doi.org/10.3389/fnut.2021.666820
4. Naseer, S., Hussain, T. and Ahmed, K. (2021). Application of Strain Selection Technology in Alcoholic Beverages. Frontiers in Microbiology, 12, 708844. https://doi.org/10.3389/fmicb.2021.708844
5. Liu, H., Zhang, Q. and Wei, Z. (2020). Mini-Review: The Role of Saccharomyces cerevisiae in the Production of Gin and Vodka. Beverages, 3(1), 13. https://doi.org/10.3390/beverages3010013
6. Zhang, L., Wang, Y. and Li, F. (2022). The Powerful Function of Saccharomyces cerevisiae in Food Science and Other Fields: A Critical Review. Food Innovation and Advances, 1(1), 24-36. https://doi.org/10.48130/fia-0024-0016
7. Mubashir, M., Shaikh, R. and Ahmad, W. (2023). Standard practices in wine production: Sterilization and fermentation optimization. Food Processing and Preservation, 47(3), 874–886. https://doi.org/10.1111/fpa.16543
8. AOAC. (2020). Official Methods of Analysis of AOAC International (21st ed.). AOAC International.
9. Fitzgerald, C. and Morton, M. (2021). Yeast fermentation and alcohol production in winemaking: Process optimization. Biotechnology Advances, 43, 107682. https://doi.org/10.1016/j.biotechadv.2020.107682
10. Oluwaseun, O., Adewale, S. and Olayinka, T. (2023). The role of yeast in alcohol fermentation of tropical fruits. Applied Microbiology and Biotechnology, 107, 4045–4054. https://doi.org/10.1007/s00253-022-11865-7
11. Bashir, M. A., Lawani, V. and Johnson, D. O. (2021). Physicochemical properties of Saccharomyces cerevisiae in wine production. Journal of Food Science and Technology, 58(5), 1851–1861. https://doi.org/10.1007/s11483-021-04123-1
12. Aluko, O. O., Olamide, A. and Akanbi, O. A. (2023). Determination of Vitamin C content in fruits and vegetables. Food Chemistry, 334, 127527. https://doi.org/10.1016/j.foodchem.2020.127527
13. Oliviero, G., Ravelo, M. and Araya, J. (2021). Wine quality and its relationship with temperature and alcohol content. Journal of Enology, 19(1), 12–18. https://doi.org/10.1016/j.jenology.2020.10.002
14. Katsimpour, A., Papanikolaou, S. and Fakas, S. (2022). Sugar content and fermentation dynamics in alcoholic beverages. Fermentation Science, 9(3), 217. https://doi.org/10.3390/fermentation9030217
15. Ali, M., Zhang, Y. and Liu, X. (2023). Fermentation of sweet potato residues and its impact on pH and organic acid production. Food Science and Biotechnology, 32(1), 123-135.
16. Salazar, J., García, A. and Martínez, R. (2020). Acidity and its impact on wine production: Role in fermentation and wine quality. Wine Science Review, 28(2), 89-98.
17. Trujillo, C., González, C. and Díaz, J. (2021). Impact of oxygen on yeast growth and fermentation efficiency in wine production. International Journal of Food Microbiology, 339, 55-63.
18. Bett, R. L., Karanja, D. and Mwangi, J. (2022). The effect of fermentation techniques on specific gravity and alcohol content in sweet potato wine production. Journal of Food Quality and Safety, 14(2), 115-123.
19. Lin, M., Xu, J. and Zhang, T. (2021). Yeast metabolism during fermentation: Impacts of oxygen availability on alcohol production. Journal of Applied Microbiology, 130(4), 765-775.
20. Rochester, M. A., Adams, S. E. and Brown, H. J. (2020). Microbial contamination in fermentation: Ensuring product safety through effective sterilization. Food Control, 114, 107-114.
21. Chang, J., Lee, W. and Han, K. (2022). Sensory evaluation of sweet potato wine and comparison with commercial wines. Food Research International, 106, 1234-1240.
22. Silva, D. R., Cardoso, J. C. and Castro, L. D. (2021). Nutritional profile of sweet potato wine: A comparative study with commercial wines. Journal of Food Science, 88(7), 324-331.
Period of fermentation (days)
Yeast count	1	2	3	4	5	6	0	10	31	46	23	18	%Alcohol	1	2	3	4	5	6	0	0	5.8	5.8	5.8	9	
Yeast count x 102cells/mL 
 






Period of fermentation (weeks)
pH	1	2	3	4	4.0999999999999996	4.0999999999999996	4.2	3.9	TTA	1	2	3	4	0.8	1	1	0.9	
pH

Titratable Acidity



Period of fermentation weeks
Sp	1	2	3	4	1.028	1.028	1.0249999999999999	1.0249999999999999	Brix	1	2	3	4	7	7	6	6	
Specific Gravity sp. gr. 

% Sugar



Period of fermentation (weeks)
Yeast count	1	2	3	4	18	6	0	0	%Alcohol	1	2	3	4	9	9	9	9	
Yeast count x 102cells/mL


%Alcohol



Wine Samples

88	72.8	
Percentage Acceptability



Periof of fermentation (days)
Sp	1	2	3	4	5	6	1.0620000000000001	1.0620000000000001	1.0349999999999999	1.0349999999999999	1.0349999999999999	1.03	Brix	1	2	3	4	5	6	16	16	9	9	9	8	
Specific Gravity sp. 

Percentage Sugar %



Period of fermentation (days)
pH	1	2	3	4	5	6	4.0999999999999996	4.0999999999999996	3.9	3.8	3.8	3.8	TTA	1	2	3	4	5	6	0.45	0.5	0.5	0.5	0.51	0.51	
pH

Titratable Acidity






