Effect of different processing methods on the physicochemical properties of beverage produced from tigernut (Cyperus esculentus)
[bookmark: _GoBack]Abstract
Tiger nut tubers were processed into different beverages: Germinated tiger nut, Fermented tiger nut, and Roasted tiger nut. The effect of these treatments on proximate composition, microbial load and sensory evaluation of the beverage was investigated. Total coli form and bacteria count was carried out after 14 days of ambient storage. Processing treatments significantly (p≤0.05) affected the ash, fat and fiber content. All the samples had high moisture (89.50-89.78%) and reasonable amount of protein content (3.19-4.29%).  Sample C (roasted tiger nut beverage) had the highest carbohydrate content (4.16%) while sample D (control) had the highest energy value (49.47%). Energy value obtained in sample D was not significantly different (p≥0.05) from samples A and B. Total coli form and bacteria count ranged from 2.0×101-5.0×102 and 2.4×103-4.4×103 respectively. The produced tiger nut beverage will not be consumed after two weeks of storage at ambient temperature due to the high values for microbial load and the presence of Ecoli. E coli show the presence of contamination. Sensory evaluation of the various attributes rated on 9 point hedonic scale showed significant difference (p≤0.05) among the attributes. Processing treatments had an effect on the quality of tiger nut beverage produced. Samples B and D were generally accepted.
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1.0 INTRODUCTION
Due to high demand for carbonated beverages; different carbonated drinks are sold in the Nigeria market today both local and foreign. These drinks are package in plastics or come in bottles of varying sizes and are consumed among all age groups especially adolescence and older teens. Carbonated soft beverages contain high amounts of sugar, calories and caffeine and provide no valuable nutrition and may be injurious to human health when consumed in high levels. Over 80 % of Nigerian youth consume carbonated drinks (Idumah et al., 2020). The increase in consumption has consequently resulted to increase in prevalence of diet related non communicable diseases like obesity, diabetes, hypertension, coronary heart disease and stroke which are leading causes of death  (Idumah et al., 2020).  Globally 40 % of adult population and children have been implicated with these diseases (WHO, 2023). Attempts have been made to produce nutritious and sugar free healthy beverage from local plant sources by some researchers and thus reduce the intake of sugars sweeteners. However; the non availability of nutritional information and presence of anti nutritional factors in some plant food limits there utilization (Ade-Omowaye et al., 2009). Some of the local developed beverages include ‘zobo’ (plant extract from Hibiscus sabdariffa flower), ‘soy milk’,‘fura de nunu’, ‘kunun zaki’ etc. Production processes of these local beverages are simple with little or no chemicals or preservatives added and most times may be consumed fresh. Beverages from plant sources have the potential of offering some health benefits. ‘Zobo’ is rich in photochemicals and have been reported to help reduce the risk of cardiovascular disease; The drink is also rich in vital minerals like iron, copper, calcium, magnesium and manganese (Okereke  et al., 2015).  Soy milk a product from soy bean is rich in protein, vitamins and mineral especially calcium that helps prevent osteoporosis, soymilk is also safe for lactose intolerance individuals and help accelerates weight loss. It is believed that it helps lower blood pressure and blood cholesterol and the risk of heart disease (Rivas et al., 2002). Fura de nunu, a local drink derived from fresh cow milk and millet is a popular drink in the Northern part of Nigeria. It is highly nutritious and rich in essential amino acids, minerals and enzymes that help in absorption and utilization of other nutrients (Okunye et al., 2015). Tiger nut (Cyprus esculentus) a non-conventional and underutilized tuber may have the capacity of providing similar advantage if properly explored. Tiger nut belongs to the family Cyperaceae which produces rhizomes from the base that are somewhat spherical. It is cultivated throughout the world mostly the  Mediterranean and tropical regions. In Nigeria, it is known as “Aya” in Hausa, “Ofio” in Yoruba and “Akiausa” in Igbo where three varieties (black, brown and yellow) are grown. The yellow variety is most preferred due to its large size, attractive colour and fleshier nature. It also produces more milk upon extraction, contains lower fat and higher protein and less anti nutritional factors (Adejuyitan, 2011) .Tiger nut can be consumed raw, roasted, dried, baked or made into a refreshing beverage. It is rich in dietary fibre and has been reported to help in the prevention of heart attack and thrombosis by enhancing blood circulation, fight against colon cancer, obesity, diabetes and gastrointestinal diseases (Adejuyitan, 2011).  The nuts are said to be stimulant and tonic and used in treatment of indigestion, colic diarrhea, dysentery and excessive thirst (Achoribo and Thong Ong, 2017). It is toxicologically safe for human consumption. Pre treatment techniques such as germination, fermentation and roasting are means of improving the nutritional value and protein digestibility of food. Germination converts insoluble protein to soluble protein and increases the level of micro nutrient such as phosphorus, iron, thiamin, riboflavin, niacin and ascorbic acid (Djomdi, 2022) and help in the hydrolysis of starch into free sugar which reduces gel formation during production. Fermentation improves nutritional quality of food, increase protein content and digestibility as well as micro nutrient content and enhances the composition and content of bioactive antioxidant compounds (Nkhata, 2018).  Roasting aids flavor development, improves mineral and protein content of foods and help eliminate heat labile anti nutrients. Roasting also increases phenolic content and antioxidant activity of tiger nut (Djikeng et al., 2022) Subjecting tiger nut to various processing treatments will enhance the nutrient quality. The objective of this study is to develop a nutritious beverage from tiger nut using different processing methods and to evaluate the physicochemical, properties of the beverage.




2.0 MATERIALS AND METHODS
Fresh tiger nut (Cyperus esculentus) yellow variety was purchased locally from International market in Abakaliki, South East Nigeria.
2.1 SAMPLE PREPARATION
2.1.1Germination
Tiger nut seeds were germinated according to the method of Djomdi et al., (2022). Five hundred grams of tiger nut were soaked in water for 24 hours and was later spread on a moist jute bag and allowed to sprout  at room temperature for 24 hours. The seed were moistened at 8 hours interval and turned occasionally to enhance aeration. After sprouting, the seed were steamed for 30minutes and oven dried. The rootlets and hulls were removed before milling.  The milled tiger nut beverage was sieved using a 100µm sieve mash and later mixed with one teaspoon of vanilla flavor.
2.1.2 Fermentation
Tiger nut seeds were fermented spontaneously for 72 hours by natural flora present in the tiger nut according to the method of Wakil et al., (2014). 500g of tiger nut seed were soaked in water for 24 h, drained and allowed to ferment naturally for 72 h at room temperature 28 ± 20C. The fermented seeds were then washed, steamed for 30 minutes and oven dried and milled. The milled tiger nut beverage was sieved using a 100µm sieve mash and later mixed with one teaspoon of vanilla flavor.
2.1.3 Roasting
The method of Oladunmoye et al., (2003) as reported by Ade-Omowaye et al., (2009) was used in preparation of roasted tiger nut. Cleaned tiger nut (500g) were roasted inside a pan on a controlled kerosene stove with blue flame at 1000C for 30 minutes. The roasted seeds were wet milled in a plate mill with potable water at a ratio 1:2 w/v and sieved using a 100µm sieve mash and later mixed with one teaspoon of vanilla flavor. 

2.1.4 Control sample
The untreated tiger nut sample was prepared by cleaning, washing, followed by wet milling with water at a ratio of 1:2 (w/v). Milled samples were sieved with 100µm sieve mash and later mixed with one teaspoon of vanilla flavor.


[image: C:\Users\dell\Desktop\IMG-20230501-WA0019.jpg]
Figure 2: Produced Tiger nut Beverage
3.0 Proximate composition
The moisture content of the beverage was determined using 5mL of the sample in a Genlab (Widnes, England) air oven according to AOAC (2000) methods. Ash, crude protein, fat, fiber contents and food energy of the samples were determined on 2mL each of the samples according to AOAC (2000) methods. Carbohydrate content (CHO) of the beverage samples was determined by difference method as   CHO = (% moisture + %protein +%ash + % fat + fiber).  Food energy value (K/cal /100g) was determined using the Awater factor:
      Food Energy =   [(4 x % protein) + (4 x % carbohydrate) + (9 x % fat)] …………………………………………. Equation 1


4.0 Microbiological analysis 
The method of Samuel et al., (2020) was used. Ten (10ml) of tiger nut beverage was aseptically transferred into 90ml of sterile distilled water in a 100ml conical flask. The sample were mixed thoroughly and allowed to stand for 10 minutes. From the initial dilution 10 fold serial dilutions were carried out in clean sterile test tubes containing 9 ml of sterile distilled water. 0.1 ml of the desired solutions 10-1 to 10-5 were spread plated in triplicates onto nutrient and mac conkey agar. The plates were incubated at 37oC for 24 hours for bacterial and coli form counts. Colonies were counted and expressed as cfu/ml
5.0 Sensory evaluation
The tiger nut beverage was assessed for organoleptic quality attributes of colour, appearance, taste, mouth feel, aroma and general acceptability by 25 panelists familiar with the taste of tiger nut beverage comprising of students and staff of the Department of Biotechnology, Alex Ekwueme Federal University Ndufu Alike Science and Technology. A questionnaire describing the quality was given to each panelist and the panelists were asked to assigned scores for each parameter as against the maximum score of 9. Each sensory attribute was rated on 9 point hedonic scale (1= dislike extremely and 9 like extremely) as described by Iwe (2002). The beverage samples were coded and served to the panelist and water and unsalted crackers were provided for the panelists to cleanse their palate between samples. After palates cleaning, a pause (15s) was imposed before the panelists could assess the next sample. 
6.0 Statistical analysis
All determination was made in triplicate. Data obtained were subjected to statistical analysis using statistical package for social science SPSS version 20. The mean and standard deviation of the triplicate analyses were calculated. Analysis of variance (ANOVA) was used to determine significant differences between means while Duncan test was used to separate the means. Significance difference was accepted at 5% confidence level
 7.0 RESULTS AND DISCUSSION
  Table 1 present the proximate composition of tiger nut beverage produced from different processing techniques. Moisture content of food is a function of its stability and overall quality. Moisture content of produced tiger nut beverage ranged from 89.50 to 89.78%. Sample B (fermented tiger nut beverage) had the highest moisture content while sample C (roasted tiger nut beverage) had the lowest moisture content. The high moisture content in sample B may be as a result of steeping during fermentation (Okoye and Ene, 2018). The low value obtained in sample C could be attributed to heat treatment and increased concentration of constituents during roasting brought about by loss of moisture content (Adekanmi et al., 2009). The values obtained were not significantly different (p≥0.05) from all the treatments and is expected since tiger nut beverage is a liquid. Again the high moisture content obtained could be due to uptake of greater amount of water during processing. The values obtained are within the range of values obtained by Ntukidem et al., (2019) and Ukwuru and Ogbodo (2011). High moisture content could affect the stability and safety of foods with respect to microbial growth and proliferation and hence spoilage. Therefore the product requires refrigeration storage.  The ash content of the produced beverage ranged from 0.16 to0.60%. Sample C (roasted tiger nut beverage) had the highest ash content while sample B (fermented tiger nut beverage) had the lowest ash content. The value obtained in sample C was significantly different (p≤0.05) from values obtained in other treatments. The amount of ash indicates the amount of mineral content present in food which might help solve hidden hunger and malnutrition issues. The values obtained were lower than the value obtained by Adebayo and Arinola (2017) for germinated tiger nut but within the values obtained by Ntukidem et al., (2019).  All samples showed significant difference (p≤0.05) in fat content.  Fat content obtained in this work ranged from 1.14 to 2.45%. Sample D (control) had the highest fat content while sample C (Roasted tiger nut beverage) had the lowest fat content, followed by Samples A and B. The fat content was found to decrease with roasting. This may be attributed to loss of concentration of fat and water content during roasting. Again the activities of lipolytic enzyme during fermentation and germination might have been activated leading to loss of fat content. High fat content will aid in textural improvement, palatability and overall quality of the product The fat content obtained in this work is within the range of values obtained by Ntukidem et al., (2019) but lower than the values obtained by Ukwuru et al., (2008). The fiber content ranged from 0.70 to 0.94%.  Sample D (control) had the highest value, followed by sample C (roasted tiger nut beverage) while sample B (fermented tiger nut beverage) had the lowest value. The value obtained in sample D was not significantly different (p≥0.05) from sample C but was significantly different (p≤0.05) from samples A and B. High fiber content will aid bowel movement and helps to prevent colon disorder. The low value obtained in sample B may be attributed to reduction in fiber content during soaking and enzymatic break down of fiber components during subsequent fermentation. The values obtained were higher than the value obtained by Ntukidem et al., (2019) with reduction in fiber content during roasting. Fermented tiger nut beverage (sample B) had the highest protein content followed by  germinated tiger nut beverage (Sample A). The values obtained in samples B and A was significantly higher (p≤0.05) than the value obtained in other samples while sample D (control D) had the lowest value. The difference in protein content is a reflection of the effect of different processing techniques. The increase in protein content observed in fermented and germinated tiger nut beverage could be attributed to decrease in carbohydrate content which serve as a source of energy for the fermentative microorganism (Okoye and Ene, 2018) and increase in specific amino acid during germination and fermentation. The result showed that tiger nut could be a good source of plant protein.  Carbohydrate content ranged from 2.73 to 4.16%. Carbohydrate content significantly decreased in sample B while sample C had the highest carbohydrate content.  Increase in carbohydrate content in sample C is attributed to starch hydrolysis due to heat while the decrease in carbohydrate content may be due to alpha amylase activity which breaks down carbohydrate to sugar and subsequent usage of the sugar by the fermentative microorganism for growth and metabolic activities. Energy value ranged from 43.60 to 48.84%. Sample B had the highest energy value while sample C had the lowest energy value. The energy value obtained in sample B was not significantly different (p≥0.05) from samples A and D but significantly different (P≤0.05) from sample C. Energy value of a food substance is a function of the sum total of protein content multiplied by four, fat content multiplied by nine and carbohydrates content multiplied by four (4,9 and 4). 
 

Table 1: Proximate composition of tiger nut beverage produced from different processing techniques
	                                                                                                    Proximate composition (%)


Samples      Moisture              Ash                    Fat                   Fiber                     Protein                Carbohydrate       Energy (kcal/100g)    
	                      A         89.52a±0.16        0.21c±0.01         2.19b±0.09             0.82b±0.00            4.07b±0.08            3.15ab±0.02         48.65b±1.12
                      B         89.78a±0.23        0.16b±0.00         2.30bc±0.12           0.70a±0.00            4.29c±0.04            2.73a±0.31           48.84b± 0.36
                      C         89.50a±0.11       0.60a±0.00          1.14a±0.00             0.93c±0.03            4.17c±0.05            4.16c±0.17           43.60a± 0.48     
                      D         89.51a±0.19       0.23d±0.00         2.45c±0.07            0.94c±0.10            3.19a±0.02             3.66a±0.11            49.47b±0.11     


Values are expressed as mean ± standard deviation. Mean values with the same superscript within the same column are not significantly different at 5% probability level. 
Where: Sample A = Germinated tiger nut beverage
             Sample B = Fermented tiger nut beverage
             Sample C = Roasted tiger nut beverage
             Sample D = Control



   Table 2 present the bacterial load (total coli form and total bacteria count) of tiger nut beverage produced from different processing techniques stored at ambient temperature for 2 weeks. Sample D had the highest total coli form count 5×102 while samples B and C had the lowest count 2.0 ×101 respectively. Sample A had the highest total bacteria count while sample D had the lowest bacteria count. Samples A, B and D showed the presence of E coli after 2 weeks of storage while sample C showed no presence of E coli. This may be as a result of heat treatment (roasting) given to sample C. The presence of coliform (E.coli) in food product is important to note because it is an indicator of fecal contamination. . E.coli can also be an indication of the presence of pathogens that may be found in water, these pathogens can cause food borne disease. This calls for good manufacturing practice and hygiene during preparation of tiger nut beverage and the use of good quality water. The produced tiger nut beverage will not be consumed after two weeks because of the high load of bacteria and the presence of E.coli.










Table 2:  Bacterial load (cfu/ml) of tiger nut beverage stored at ambient temperature for 2 weeks
	            Sample           Total coli form  count(cfu/ml)         Total bacteria count(cfu/ml)             Presence of E.coli  as indication for fecal contamination            


A                          3.0 × 103                                       4.4 × 103                                                                          +
B                          2.0 ×101                                        2.8×103                                                                             +
C                          2.0 ×101                                        2.6 × 102                                                                            -
D                         5.0 × 102                                        2.4 × 103                                                                           +
	Where: Sample A = Germinated tiger nut  beverage
             Sample B = Fermented tiger nut beverage
             Sample C =  Roasted tiger nut beverage
             Sample D = Control


      




Table 3 present the mean scores for sensory evaluation of tiger nut beverage produced using different processing techniques for each attributes (mouth feels, appearances, taste, aroma and general acceptability). The different processing treatments had significant effect on the sensory attributes evaluated. Sample D had the highest value for mouth feel 7.00 while sample B had the lowest value 5.75. Mouth feel of the tiger nut beverage is dependent on sugar content which will give a good aroma. The value for appearance ranged from 6.60 to 7.40. Sample B had the highest value 7.40 while sample C had the lowest value. The value obtained in sample B was significantly different (p≤0.05) from sample C. Taste and aroma is an important factor to the panelist and thus consumers of tiger nut beverage. Sample D had the highest value for taste and aroma 7.65 and 7.40 respectively. The values obtained were not significantly different (p≥0.05) from each other. Samples C and A recorded the lowest value for taste and aroma with values 5.70 and 6.40 respectively. In general acceptability Sample D had the highest value of 7.60, followed by sample B with a value of 6.95. The values obtained in sample D and B was not significantly different (p≥0.05) from each other while sample A had the lowest value for general acceptability. The result showed that sample B is generally accepted and is same with sample D. 







Figure 3: Mean score for sensory evaluation of tiger nut beverage produced using different processing techniques




8.0 Conclusion 
Tiger nut beverage is a good source of nutrient. The beverage produced using different processing techniques are rich in carbohydrate, protein and energy value; however the beverage needs to be prepared with good water and under good hygienic conditions. In term of sensory evaluation; all the samples showed significant difference among all treatments. Samples B and D are most generally accepted.    
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