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ABSTRACT 
 

The development of non-dairy fermented products is fast gaining acceptability due to its unique 
benefits. Several factors such as storage conditions, processing methods and constituent of such 
products usually affect its physicochemical properties. Tigernut-milk drink fermented by mixed 
culture of lactic acid bacteria (LAB) isolated from ‘ogi’ identified as Lactobacillus plantarum, L. 
acidophilus, L. brevis and Streptococcus thermophilus using API 50 CHL test kit was separately 
spiced with 3%, 5% ginger; 3%, 5% garlic. Each tigernut-milk drink was stored at ambient (28±2°C) 
and refrigeration (4±2°C) temperature for 12 weeks. Non-spiced lactic fermented tigernut-milk drink 
was the control. At 4 weeks interval, ethanol content, calorific value and total soluble solids (TSS) 
in the drink were monitored. During ambient and refrigeration temperature storage, there was 
increase in ethanol content of the spiced and non-spiced lactic fermented tigernut-milk drinks. 
Maximum ethanol content of spicy lactic fermented tigernut-milk drink stored at 4±2°C and 28±2°C 
was 0.73 g/L and 0.96 g/L, respectively. At both storage conditions, non-spiced lactic fermented 
tigernut-milk drink had the highest ethanol content 1.76 g/L. There was reduction in calorific value 
with few exceptions and continuous reduction in TSS which ranged between (245.08-134.41 Kcal) 
and (14.31-5.29 °B) in the spicy lactic fermented tigernut-milk drinks during storage at 28±2°C and 
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4±2°C, respectively. This study revealed that calorie content and total soluble solids in ginger and 
garlic spiced lactic fermented tigernut-milk drinks considerably reduced during the period of storage 
at ambient and refrigeration temperature with few exceptions while ethanol content of the drinks 
consistently increased.     

 
 
Keywords: Lactic acid bacteria; tigernut-milk drink; fermentation; flavouring agents; storage 

temperature. 
 

1. INTRODUCTION 
 
Over the years, researchers have made 
tremendous improvement in the quality of dairy 
products in terms of nutritional content, safety, 
sensory characteristics and shelf life of the 
products to meet the requirements of millions of 
people in different age brackets, cultural 
background and religious beliefs. However, 
certain individuals prefer non-dairy products to 
popular dairy products because of allerginicity, 
lactose intolerance, cholesterol and saturated fat 
content. In recent times, efforts through research 
geared towards improving the quality of non-
dairy products had recorded successes but more 
studies are still required in order to match the 
level of improvement recorded in dairy products 
[1,2,3,4]. 
 
Tigernut milk could be regarded as imitation milk 
prepared from tigernut tubers. It is the most 
popular product derived from tigernut. In          
Spain, Ghana and Northern Nigeria,  tigernut-
milk is known as “chufa de horchata’, ‘atadwe’ 
and ‘kunu-aya’, respectively. Tigernut-milk           
can be consumed wholly or combined with            
other liquid beverages. Generally, tigernut-milk 
drink is regarded as a non-alcoholic drink rich in 
nutrients [5]. When tigernut-milk drink is 
subjected to fermentation, some quantity of 
ethanol is produced as a result of microbial 
activities involved in the fermentation           
process. Tigernut-soymilk extract (TSME) is a 
source of high quality energy, protein,               
minerals and vitamins suitable for children, 
grown-ups and sports men [6,7]. Tigernut milk is 
an energetic drink because of its                      
calorie content [8,9]. According to [10], total 
energy value of tigernut-milk drink is from its fat 
content. 
   
Tigernut-milk drink can be subjected to 
fermentation using yoghurt starter and probiotics 
to produce tigernut-milk yoghurt and probiotic 
product, respectively. Wakil [10] identified some 
lactic and non-lactic bacteria in tigernut-milk drink 
undergoing fermentation. ‘Ogi’ is an acid 
fermented gruel indigenous to Nigeria. It is also 

consumed in few other African countries. Ogi is a 
fermented gruel prepared using maize, millet or 
sorghum. Lactic acid bacteria dominate 
microorganisms involved in the fermentation 
process. The fermentation of tigernut-milk drink 
is responsible for the release of alcohol in the 
form of ethanol which gives the product its 
characteristic flavour and also functions as a 
preservative to the fermented product [11,               
12,13].    
 
There is dearth of information about the quantity 
of ethanol in lactic fermented tigernut-milk drink. 
Ethanol is known as grain alcohol or drinking 
alcohol [14]. Globally, alcoholic drink is 
intentionally consumed by millions of people. 
Alcohol is moderately consumed by taking part  
in Italian diets. Despite numerous           
disadvantages of excessive intake of alcohol to 
the human body, there are few health benefits 
derived by the body when products that contain 
alcohol are moderately consumed. Recent 
studies revealed that moderate alcohol 
consumption gives the human heart some level 
of protection against some diseases. Cough 
syrups and some medications are produced 
using alcohol. Ethanol is a volatile compound. It 
is a very effective olfactory and trigeminal 
stimulus used for the production of dairy products 
such as eggnog and rum-raisin ice cream. The 
purpose of adding ethanol to some products is to 
enhance flavour and organoleptic attributes of 
such products as well as function as a 
preservative [15]. 
 
A study to determine the effect of ethanol on 
yoghurt culture- Lactobacillus delbrueckiis sp. 
bulgaricus (LB-12) and Streptococcus 
thermophilus (ST-MS) was carried out by [15]. In 
a related study, [16] monitored ethanol content of 
tigernut wine at different fermentation periods. 
Incorporating ginger and garlic into most 
products is for the purpose of adding flavour as 
well as extend the shelf life of such products. To 
this end, this study is aimed at determining the 
effect of storage temperature and flavouring 
agents (ginger, garlic) on some physicochemical 
properties (total soluble solids, ethanol and 
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calorie content) of lactic fermented tigernut-milk 
drink.  
 

2. MATERIALS AND METHODS 
 
2.1 Fermentation of Tigernut-milk Drink 

Using Lactic Starter Culture 

 
Tigernut-milk drink was prepared using a similar 
method described by [17]. The product was 
allowed to ferment  for 72 h at 45°C after 2% 
(w/v) mixed culture of Streptococcus 
thermophilus, Lactobacillus plantarum, L. 
acidophilus and L. brevis  isolated from ‘ogi’ was 
inoculated into the drink using the method 
described by [18,19].  
 

2.2 Preparation of Lactic Fermented 
Tigernut-milk Drink Spiced with 
Ginger and Garlic 

 
Ginger and garlic were purchased from Oshodi 
market, Lagos state. The bark of ginger and 
garlic were removed before it was crushed into a 
powder. Three gram and five gram of the 
crushed powder were separately mixed with 100 
ml distilled water. The two concentrations,              
3% (w/v) and 5% (w/v) ginger and garlic         
were pasteurized at 72°C for 15 min. The        
freshly prepared lactic fermented tigernut-milk                   
drink was separately spiced with 3% (w/v) ginger, 
5% (w/v) ginger, 3% (w/v) garlic and 5% (w/v) 
garlic. 
 

2.3 Physicochemical Properties of Spicy 
Lactic Fermented Tigernut-milk Drink 
during Storage  

 
The freshly prepared ginger and garlic spiced 
lactic fermented tigernut-milk drinks were stored 
at ambient (28±2°C) and refrigeration (4±2°C) 
temperature for 12 weeks. At 4 weeks interval, 
total soluble solids, calorific value and ethanol 
content of the spicy lactic fermented tigernut-milk 
drinks was determined.  
 
2.3.1 Determination of total soluble solids in 

spicy lactic fermented tigernut-milk 
drink  

 
The total soluble solids in ginger and garlic 
spiced lactic fermented tigernut-milk drink stored 
at 28±2°C and 4±2°C were determined in 
duplicate using Abbe 60 Refractometer and the 
results expressed as degree of brix (°Brix) using 
the procedure described by [20]. 

2.3.2  Determination of calorific value of spicy 
lactic fermented tigernut-milk drink 

 

The calorific value per 100 ml lactic fermented 
tigernut-milk drink  spiced with ginger and garlic 
was calculated using the system of Atwater (in 
Kcal) equation:  Energy (kcal) = (3.36 x % 
protein) + (3.60 x % carbohydrate) + (8.37 x % 
fat) reported by [21].  

 
2.3.3  Determination of ethanol content of 

spicy and non-spicy lactic fermented 
tigernut-milk drink 

 

Roche-Biopharm method for determination of 
ethanol content of alcoholic beverages was             
used to determine the ethanol content in spiced 
and non-spiced lactic fermented tigernut-milk 
drink. 

 

3. RESULTS AND DISCUSSION 
 
Physicochemical changes as a result of microbial 
activities and chemical reactions usually occur 
during storage of fermented liquid beverages. 
These changes directly or indirectly affect the 
overall quality of the product. Fig. 1 shows the 
ethanol content of spicy and non-spicy lactic 
fermented tigernut-milk drinks stored at            
ambient (28±2°C) and refrigeration (4±2°C) 
temperature for 12 weeks. During refrigeration 
temperature storage, this study revealed that 
ethanol content of lactic fermented              
tigernut-milk drink spiced with 3%, 5% ginger; 
3%, 5% garlic continuously increased from 0.0 
g/L (at Week 0) to 0.46 g/L, 0.49 g/L, 0.73 g/L 
and 0.51 g/L, respectively at Week 12. A similar 
result trend was also observed during storage of 
3%, 5% ginger; 3%, 5% garlic spiced lactic 
fermented tigernut-milk drink at ambient 
temperature which witnessed increase in  
ethanol content from 0.0 g/L (at Week 0) to 0.96 
g/L, 0.58 g/L, 0.84 g/L and 0.81 g/L,          
respectively at Week 12. Increase in ethanol 
content of lactic fermented tigernut-milk drinks 
spiced with ginger and garlic during ambient and 
refrigeration temperature storage could be 
attributed to increase in viable count of mainly 
acid tolerant bacteria which is capable of 
releasing CO2, ethanol, lactic acid and acetic 
acid into the spiced and non-spiced lactic 
fermented tigernut-milk drinks. According to [22], 
some Lactobacilli are heterofermenters. These 
heterofermenters produce equal molar amount of 
lactate, CO2 and ethanol as fermentation end 
products.   
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The result in Fig. 1 revealed that 1.76 g/L of 
ethanol in non-spiced lactic fermented tigernut-
milk drink stored at refrigeration (4±2°C) 
temperature at Week 12 was higher than ethanol 
content 0.46 g/L, 0.49 g/L, 0.73 g/L and 0.51 g/L 
in 3%, 5% ginger; 3%, 5% garlic spiced lactic 
fermented tigernut-milk drinks subjected to same 
storage condition, respectively. Similarly, ethanol 
content 1.76 g/L of non-spiced lactic fermented 
tigernut-milk drink stored at ambient temperature 
(28±2°C) at Week 12 was also higher than 
ethanol content 0.96 g/L, 0.58 g/L, 0.84 g/L and 
0.81 g/L in 3%, 5% ginger; 3%, 5% garlic spiced 
lactic fermented tigernut-milk drinks subjected to 
same storage  condition, respectively. In fact, the 
ethanol content of spiced lactic fermented 
tigernut-milk drinks monitored at 4 weeks interval 
for 12 weeks was consistently lower than ethanol 
content of non-spiced lactic fermented tigernut-
milk drink. Lower ethanol content of lactic 
fermented tigernut-milk drinks spiced with ginger            
and garlic when compared with the non-spiced 
lactic fermented tigernut-milk drink could be as a 
result of ginger and garlic was added to the            
drink before storage. It could also be that 
population of lactic culture in tigernut-milk             
drinks spiced with ginger and garlic was lower 
than non-spiced lactic fermented tigernut-milk 
drink because of antimicrobial substances 
present in ginger and garlic which probably 
reduced rate of lactic fermentation to some 
extent that resulted in lower ethanol            
production. In a related study, [23] reported             
that lactic acid bacterial count in non-spiced 
lactic fermented tigernut-milk drink stored at 
ambient (28±2°C) and refrigeration           
temperature (4±2°C) for 12 weeks was higher 
than lactic fermented tigernut-milk drinks spiced 
with ginger and garlic with few exceptions at 
week 0.  
 
According to [24], lactic acid bacteria can tolerate 
up to 20% ethanol content in beverages. In fruit 
mashes, some strains of Lactobacillus plantarum 
and Lactobacillus suebicus can survive in 
fermented beverages that contain approximately 
12% and 14% ethanol, respectively. Other 
lactobacillus sp. that can tolerate the presence of 
ethanol in fermented beverages includes 
Lactobacillus brevis, Lactobacillus fructivorans 
and Lactobacillus hilgardii. In a related study, 
[14] reported that Streptococcus thermophilus 
has the ability to grow in fermented beverages 
that contain little quantity of ethanol. This result is 
in agreement with a similar study carried out by 
[14] in a study that involved incorporating ethanol 

into yoghurt. The authors reported that         
ethanol added to the product did not adversely 
affect the viability of Lactobacillus bulgaricus or 
Streptococccus thermophilus. 
 
Taking into consideration the significant 
differences in ethanol content of each lactic 
fermented tigernut-milk drink spiced with a 
particular concentration of ginger or garlic 
monitored at 4 weeks interval during storage at 
ambient (28±2°C) and refrigeration temperature 
(4±2°C), it can be inferred that both storage 
conditions influenced ethanol content of the 
drinks. However, both storage conditions did not 
significantly affect the ethanol content of non-
spiced lactic fermented tigernut-milk drink. Fig. 1 
revealed that the quantity of ethanol in spiced 
and non-spiced lactic fermented tigernut-milk 
drinks stored at ambient temperature was higher 
than ethanol content of a similar product stored 
at refrigeration temperature. It could be that 
ambient temperature storage (28±2°C) was more 
conducive than refrigeration temperature storage 
(4±2°C) for lactic culture in spicy lactic fermented 
tigernut-milk drink  to increase her population 
which translated into increased fermentation 
process and yielded more quantity of ethanol as 
one of its end product. According to [25], viability 
of probiotic bacteria is significantly affected by 
fermentation temperature. Optimum temperature 
for most probiotic bacteria is 37°C.   
 
Table 1 depicts the calorific value of ginger and 
garlic spiced lactic fermented tigernut-milk drinks 
stored at ambient (28±2°C) and refrigeration 
(4±2°C) temperature for 12 weeks. This study 
revealed that there was continuous reduction in 
calorific value per 100 ml lactic fermented 
tigernut-milk drinks spiced with ginger and garlic 
during ambient and refrigeration temperature 
storage with few exceptions. Continuous 
reduction in calorific value of ginger and garlic 
spiced lactic fermented tigernut-milk drinks could 
be as a result of breakdown of carbohydrate, 
sugar and lipid in the tigernut-milk drinks by lactic 
culture in the drinks [26,27,28]. In a related 
study, [29] reported that  there was reduction in 
protein content (7.4-6.8%), fat content (6.1-5.6%) 
and  sugar content (11.0-2.0%) of fermented 
tigernut milk drink stored at 4°C  for 14 days. 
During storage of a similar drink at 32°C for 14 
days, [29] reported there was also reduction in 
protein content (7.6-6.6%), fat content (6.1-5.4%) 
and sugar content (11.0-1.0%). During the period 
of storage, this study revealed that there were 
significant differences in calorie content per
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Fig. 1. Ethanol content of spicy and non-spicy lactic fermented tigernut-milk drink during 
storage at ambient and refrigeration temperature. ‘AT’ depict ambient temperature (28±2°C); 

‘RT’ depict refrigeration temperature (4±2°C) 
 

100 ml lactic fermented tigernut milk drinks 
spiced with ginger and garlic stored at ambient 
temperature and a similar drink stored at 
refrigeration temperature except 3% garlic spiced 
lactic fermented tigernut milk drink at Week 0. 
This result trend indicates that both storage 
conditions influenced the calorie content of 
ginger and garlic spiced lactic fermented tigernut-
milk drinks.  
  
Despite the reduction in calorie content of spicy 
lactic fermented tigernut-milk drinks during 
storage at both ambient (28±2°C) and 
refrigeration temperature (4±2°C), the remaining 
calorie content in garlic and ginger spiced lactic 
fermented tigernut-milk drinks was still adequate 
to meet the energy need of consumers based on 
the official conversion factor adopted by Council 
Directive on Nutrition Labeling of Foodstuffs 
possibly as a result of high carbohydrate and fat 
content of spicy lactic fermented tigernut-milk 
drink. It could also be that addition of ginger and 
garlic to the lactic fermented tigernut-milk drink 
provided additional calorie to balance the loss in 
calorie content of the drink as a result of 
breakdown of protein, fat and sugar. The range 
of energy value of ten varieties of ginger reported 
by [30] is between 374.96-396.17 Kcal/100 g. 
Eleazu [31] reported that the energy value of 
freshly peeled garlic cloves was 145.00 Kcal. 
Papu [32] reported a lower energy value (119 
Kcal/100 g) in garlic compared with higher 
energy value in ginger (374.96-396.17 Kcal/100 
g). According to United States Department of 
Agriculture (USDA), the food energy in 
beverages or soft drinks in terms of allowed 
Recommended Daily Allotments (RDA) should 
not be more than ten spoons for 2000 calories 
diet [5]. The energy value of tigernut-milk is 
approximately 100 cal/100 g. It is interesting to 

report that the energy value of spicy lactic 
fermented tigernut-milk drinks is higher than 
tigernut-milk drink. Therefore, spicy lactic 
fermented tigernut-milk drink can be considered 
as a natural energetic drink recommended to 
everyone [10].  
 

Table 2 depicts the total soluble solids in ginger 
and garlic spiced lactic fermented tigernut-milk 
drinks stored at ambient (28±2°C) and 
refrigeration (4±2°C) temperature for 12 Weeks. 
This study revealed that total soluble solids in 
spicy lactic fermented tigernut-milk drinks stored 
at refrigeration temperature was higher than 
spicy lactic fermented tigernut drinks stored at 
ambient temperature with few exceptions during 
storage of 5% ginger spiced lactic fermented 
tigernut-milk drink. This observation could be as 
a result of higher bacterial population in lactic 
fermented tigernut-milk drinks spiced with ginger 
and garlic which were stored at ambient 
temperature compared with similar drinks           
stored at refrigeration temperature. In a related 
study carried out by [23], they reported that lactic 
acid bacterial population in spiced and non-
spiced lactic fermented tigernut-milk drinks 
stored at ambient temperature (28±2°C) was 
higher than lactic acid bacterial population in 
similar drinks stored at refrigeration temperature 
(4±2°C) with very few exceptions. The 
involvement of high bacterial population in a 
fermentation process results in fast utilization of 
available sugar for metabolic activities thereby 
reducing the total soluble solids in the fermented 
product [29]. Falade [33] in a related study 
reported that total soluble solids in yoghurt 
decreased with increased temperature of storage 
and was attributed to higher microbial activities in 
the product because of higher storage 
temperature.  
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Table 1. Calorific value per 100 ml spicy lactic fermented tigernut-milk drink during storage at ambient and refrigeration temperature 
 

Wk 
  

    3% Ginger Spiced    3% Garlic Spiced    5% Ginger Spiced   5% Garlic Spiced 
   Tigernut-milk Drink   Tigernut-milk Drink   Tigernut-milk Drink  Tigernut-milk Drink 
AT RT AT RT AT RT AT RT 

                 Kcal         
0 200.48±0.594d 191.84±0.431d 177.35±0.473d 177.58±0.438d 245.08±0.976d 230.21±0.948d 179.93±0.198d 180.17±0.318d 

4 183.50±0.608c 190.39±0.636c 149.22±0.382c 146.28±0.516b 216.79±0.438c 207.91±0.587c 170.85±0.735c 157.69±0.460c 

8 162.22±0.537b 173.21±0.325b 135.68±0.764a 155.47±0.757c 202.49±0.566b 200.46±0.290b 134.41±0.785a 141.71±0.460a 

12 148.72±0.417a 159.39±0.544a 144.73±0.530b 140.58±0.488a 185.86±0.266a 187.58±0.792a 137.88±0.262b 155.07±0.962b 

Values show means of duplicate analysis ±SD. Figures with different superscript down the colunm, are significantly different (P<0.05).  
‘AT’ depict ambient temperature (28±2°C); ‘RT’ depict refrigeration temperature (4±2°C) 

 
Table 2. Total soluble solids in spicy lactic fermented tigernut-milk drink during storage at ambient and refrigeration temperature 

  
Wk 
  

   3% Ginger Spiced    3% Garlic Spiced    5% Ginger Spiced   5% Garlic Spiced 
  Tigernut-milk Drink   Tigernut-milk Drink   Tigernut-milk Drink  Tigernut-milk Drink 
AT RT AT RT AT RT AT RT 

                 °B         
0 11.39±0.750c 12.95±0.247c 13.18±0.544c 13.24±0.403d 14.31±0.481c 11.76±0.255c 13.30±0.933b 13.40±0.530b 

4 8.72±0.693b 9.16±0.559b 7.57±0.396b 11.86±0.262c 11.71±0.955b 10.21±0.629b 10.88±0.841ab 11.78±0.438ab 

8 8.11±0.488b 8.81±0.516ab 7.27±0.870b 9.43±0.403b 10.55±0.573ab 9.92±0.792ab 9.41±0.502a 10.77±0.877a 

12 5.54±0.658a 7.42±0.658a 5.29±0.233a 8.35±0.368a 8.64±0.820a 8.65±0.573a 8.30±0.651a 10.50±0.643a 

Values show means of duplicate analysis ±SD. Figures with different superscript down the colunm, are significantly different (P<0.05).   
‘AT’ depict ambient temperature (28±2°C); ‘RT’ depict refrigeration temperature (4±2°C)
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According to [34], addition of spices such as 
ginger to fermented drinks could reduce the 
amount of sugar in the spiced drinks. In their 
study, [34] reported that total soluble solids in 
spiced fruit drink reduced with increasing amount 
of spices added to the drink. However, this study 
revealed that total soluble solids in ginger and 
garlic spiced lactic fermented tigernut-milk drinks 
increased with increased concentration of each 
spice added to the drinks. This could be as a 
result of the variety of ginger and garlic used to 
spice lactic fermented tigernut-milk drink [31,35]. 
According to [36], large quantity of total soluble 
solids in a fermented beverage is an indication 
that the product is safe for human consumption 
pending other confirmatory tests.  
 
The reduction in total soluble solids with increase 
in fermentation time reported in this study is in 
agreement with a similar study carried out by [37] 
which involved fermentation and storage of a 
probiotic beverage. A similar result trend was 
also reported by [38] during fermentation of an 
alcoholic beverage. According to the research 
findings of [39], soluble solids in soy-yoghurt 
decreased during the period the product was 
stored at 6°C. They attributed their research 
findings to be as a result of metabolism of sugars 
by lactic culture present in the product during the 
period of storage.  Singh [40] reported that the 
total soluble solids in tigernut beverages ranged 
between 11.23-14.27 °B. Their study revealed 
that addition of Hibscus sabdariffa extract (HSE) 
and Moringa oleifera to tigernut-milk drink spiced 
with ginger (Zingiber officinale) did not cause 
significant changes in the total soluble solids in 
tigernut-milk drinks. In a related study, [29]  
reported that percentage total solids in fermented 
tigernut-milk drink reduced during the period of 
storage which they attributed to microorganisms 
that gradually utilized milk solids and converted 
the substrate to non-solid products. However, 
[41] reported that total soluble solids in tigernut-
milk drink spiced with some flavouring agents 
increased during the period of storage of the 
product with few exceptions. 

 
4. CONCLUSION 

 
This study investigated the effects of adding 
ginger and garlic to lactic fermented tigernut-milk 
on the loss of its calorie content and overall 
quality during storage at ambient (28±2°C) and 
refrigeration (4±2°C) temperature. In the course 
of storing, there was a significant reduction in 
total soluble solids, but a less significant 
reduction in calorie content of the ginger and 

garlic spiced lactic fermented tigernut-milk drinks, 
except the calorie content of 3% garlic spiced 
drink stored at refrigeration temperature from 
four to eight weeks. In addition, fermentation 
gradually increased ethanol content of the spiced 
fermented drinks, which was however, evidently 
lower than that in non-spiced drink throughout 
the period of storage.   
 

ACKNOWLEDGEMENTS 
 
I sincerely appreciate Dr. F. S. Ire and Dr. F. A. 
Orji for their wonderful contributions to the 
success of this research. This publication is part 
of the PhD thesis of the author who personally 
funded the research. 
 
COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 

REFERENCES 
 
1. Krupa   H, Jana   AH, Patel HG. Synergy of 

dairy with non-dairy ingredients or product: 
A review. Afri. J. Food Sci. 2011;5(16): 
817-832. 

2. Kumar BV, Vijayendra  SVN,  Reddy  OVS. 
Trends in dairy and non-dairy probiotic 
products-a review. J. Food Sci. Tech; 
2015.  
DOI: 10.1007/s13197-015-1795-2   

3. Sarita S, Baker RD, Baker SS. A 
comparison of the nutritional value of cow’s 
milk and non dairy beverages. J. Pedia. 
Gastroentero. Nutri. 2017;64(5):799-805. 

4. Muehlhoff E, Bennett A, McMahon D. Milk 
and dairy products in human nutrition. 
Food and Agriculture Organizations of the 
United Nations. 2013;1-374. 

5. Nwobosi PNU, Isu NR, Agarry OO.  
Influence of pasteurization and use of 
natural tropical preservatives on the quality 
attributes of tigernut drink during storage. 
Int. J. Food Nutrition Sci. 2013;2(1):27-32. 

6. Udeozor LO, Awonorin SO. Comparative 
microbial analysis and storage of tigernut-
soy milk extract. Asutin J. Nutri. Food Sci. 
2014;2(5):1-6. 

7. Nyarko HD, Tagoe DNA, Aniweh Y. 
Assessment of microbiological safety of 
tigernuts (Cyperus esculentus L.) in the 
cape coast metropolis of Ghana. Archives 
Appl. Sci. Resear. 2011;3(6):257-262. 

8. Gambo A, Dáu A. Tigernut (Cyperus 
esculentus): Composition, products, uses 



 
 
 
 

Maduka; MRJI, 22(3): 1-9, 2017; Article no.MRJI.37698 
 
 

 
8 
 

and health benefits- a review. Bayero J. 
Pure Appli. Sci. 2014;7(1):56-61.  

9. Adejuyitan JA. Tigernut processing: Its 
food uses and health benefits. Ameri. J. 
Food Tech. 2011;6(3):197-201. 

10. Wakil SM, Ayenuro OT, Oyinlola KA. 
Microbiological and nutritional assessment 
of starter-developed fermented tigernut 
milk. Food Nutri. Sci. 2014;5:495-506. 

11. Wakil SM, Daodu AA. Physiological 
properties of a microbial community in 
spontaneous fermentation of maize (Zea 
mays) for ogi production. Int. Resear. J. 
Microbio. 2011;2(3):109-115.  

12. Opere B, Aboaba OO, Ugoji EO. Iwalokun 
BA. Estimation of nutritive value, 
organoleptic properties and consumer 
acceptability of fermented cereal gruel 
(ogi). Adv. J. Food Sci. Tech. 2011;4(1):1-
8. 

13. Steinkraus KH. Indigenous fermented 
foods involving an acid fermentation: 
Preserving and enhancing organoleptic 
and nutritional qualities of fresh foods In: 
Handbook of indigenous fermented foods. 
Second Edition Revised and Expanded. 
Marcel Dekker, Inc. 270 Madison Avenue 
New York, New York 10016, USA. 1996; 
111-320. 

14. Orji JO, Nworie O, Ekuma UO, Okoli  CS, 
Onwere CC. Production of ethanol from 
pineapple juice using Zymomonas mobilis 
isolated from raphia wine. World Appl. Sci. 
J. 2015;33(11):1773-1778. 

15. Mena B, Aryana KJ. Influence of ethanol 
on probiotic and culture bacteria 
Lactobacillus bulgaricus and 
Streptococcus thermophilus within a 
therapeutic product. J. Med. Microbiol. 
2012;2:70-76. 

16. Ndubisi LC. Evaluation of food potentials of 
tigernut tubers (Cyperus esculentus) and 
its products (milk, coffee and wine). M.Sc 
Dissertation Department of Home Science 
Nutrition and Dietics, University of Nigeria 
Nsukka; 2009. 

17. Chima AO, Abuajah CI, Edet AU. Quality 
comparison of spiced and non-spiced 
yoghurts from animal and vegetable milk 
sources. Food Bio. 2013;2(2):24-28. 

18. Oluwajoba SO, Akinyosoye FA, Oyetayo 
VO. In vitro screening and selection of 
probiotic lactic acid bacteria isolated from 
spontaneously fermenting Kunu-Zaki. Adv. 
Microbiol. 2013;3:309-316.  

19. Maduka N, Ire FS. Effect of storage 
temperature on the nutritional composi-

tions of lactic acid bacteria fermented spicy 
tigernut-milk drink. Int. J. Biochem. Resear. 
Rev. 2017;18(4):1-13. 

20. Danbaba N, Oyeleke SB, Maji AT, Kolo IN, 
Hauwawu H. Kolo IF. Chemical and 
Microbiological characteristics of soy-
kununzaki (a non-alcoholic beverage) 
produced from millet (Pennisetum 
typhodeum) and soybean (Glycine max). 
Int. J. Curr. Microbiol. Appli. Sci. 2014; 
3(11):649-656. 

21. Kharton N, Guputa RK. Probiotics 
beverages of sweet lime and sugarcane 
juices and its physicochemical, 
microbiological and shelf life studies. J. 
Pharma. Phytochem. 2015;4(3):25-34. 

22. Ali AA. Beneficial role of lactic acid 
bacteria in food preservation and human 
health: A review. Resear. J. Microbiol. 
2010;5(12):1213-1221.  

23. Ire FS, Maduka  N, Njoku HO. Effect of 
natural flavouring agents and storge 
conditions on physicochemical properties 
and viability of probiotic lactic acid bacteria 
incorporated into tigernut-milk drink. Curr. 
Trends Biomed. Engr. Biosci. 2017;4(2): 
001-007. 

24. Mason RL, Nottingham SM. Food 3007 
and Food 7012 sensory evaluation 
manual. Notes from a Practical Workshop 
Presented for Personel at Naresuan 
University, Phitsanulok, Thailand. 2002;1-
102. 

25. Fiorentini AM, Ballus CA, de Oliveria ML, 
Cunha MF, Klajn VM. The influence of 
different combinations of probiotic bacteria 
and fermentation temperatures on the 
microbiological and physicochemical 
characteristics of fermented lactic 
beverages containing soybean 
hydrosoluble extract during refrigerated 
storage. Food Sci. Tech. 2011;31(3):597-
607.  

26. Hayek SA, Ibrahim SA. Current limitations 
and challenges with lactic acid bacteria: A 
review. Food Nutri. Sci. 2013;4:73-87. 

27. Cardelle-Cobas A, Soria AC, Corzo-
Maertíne M, Villamiel MA. Comprehensive 
survey of garlic functionality In: Garlic 
consumption and health. Pacurar, M. and 
Krejci, G. eds. Nova Science Publishers, 
Inc. 2010;1-60. 

ISBN: 978-1-60741-642-5  

28. Khurana HK, Kanawjia SK. Recent trends 
in development of fermented milks. Curr. 
Nutri. Food Sci. 2007;3:91-108. 



 
 
 
 

Maduka; MRJI, 22(3): 1-9, 2017; Article no.MRJI.37698 
 
 

 
9 
 

29. Ukwuru MU, Omachona LJ, Onokah N. 
Production and quality assessment of tiger 
nut (Cyperus esculentus) imitation milk 
during storage. J. Food Sci. Tech. 2008; 
45(2):180-182. 

30. Oluwatoyin A. Physicochemical characte-
rization, and antioxidant properties of the 
seeds and oils of ginger (Zingiber 
officinale) and garlic (Allium sativum). Sci. 
J. Chem. 2014;2(6):44-50. 

31. Eleazu CO, Ikpeama AI, Amajor JU, 
Eleazu KC. Proximate composition, 
essential oils and energy value of 10 new 
varieties of ginger (Zingiber officinale 
Roscoe). Int.  J.  Bio. Pharm. Allied Sci. 
(IJBPAS). 2012;1(9):1293-1303. 

32. Papu  S, Jaivir  S, Sweta  S,  Singh  BR. 
Medicinal values of garlic (Allium sativum 
L.) in human life: An overview. Greener J.  
Agric. Sci. 2014;4(6):265-280.  

33. Falade KO, Ogundele OM, Ogunshe AO, 
Fayemi OE, Ocloo FCK. Physico-chemical, 
sensory and microbiological characteristics 
of plain yoghurt from bambara groundnut 
(Vigna subterranean) and soybeans 
(Glycine max). J. Food Sci. Tech. 2015; 
52(9):5858-5865.  

34. Marko  A, Rakilká  M, Mikušsová  L, Valík 
L, Šturdík E. Lactic acid fermentation of 
cereal substrates in nutritional perspective. 
Int. J. Resear. Chem. Environ. 2014;4(4): 
80-92. 

35. Benkeblia N, Lanzotti V. Allium 
thiosulfinates: Chemistry, biological 
properties and their potential utilization in 
food preservation. Food. 2007;2(2):193-
201. 

36. Kayode RM, Joseph JK, Adegunwa MO, 
Dauda AO, Akeem SA. Kayode BI, Kayode 
BI, Babayeju AA, Olabanji SO. Effects of 
addition of different spices on the quality 
attributes of tiger-nut milk (Kunu aya) 
during storage. J. Microbiol. Biotech. Food 
Sci. 2017;7(1):1-6. 

37. Babajide JM, Olaluwoye AA, Taofik STA, 
Adebisi MA. Physicochemical properties 
and phytochemical components of spiced 
cucumber-pineapple fruit drink. Nig. Food 
J. 2013;31(1):40-52.    

38. Mashayekh F, Hasemiravan M, Mokhtari 
FD. Study on production possibility of 
probiotic fermented beverage based on 
mixture of watermelon, orange and mango 
juices. Int. J. Adv. Biotech. Resear. 2016; 
7(3):1522-1528. 

39. Osundahunsi OF, Amosu D, Ifesan BOT. 
Quality evaluation and acceptability of soy-
yoghurt with different colours and fruit 
flavours. Ameri. J. Food Tech. 2007;2(4): 
273-280 

40. Singh R, Mishra BK, Shukla KB, Jain  NK, 
Sharma  KC, Kumar S, Kant K, Ranjan, 
JK. Fermentation process for alcoholic 
beverage production from mahua 
(Madhuca indica J. F. Mel.) flowers. Afri. J.  
Biotech. 2013;12(39):5771-5777. 

41. Badejo AA, Damilare A, Ojuade TD. 
Processing effects on the antioxidant 
activities of beverage blends developed 
from Cyperus esculentus, Hibscus 
sabdariffa, and Moringa oleifera extracts. 
Nutri. Food Sci. 2014;19(3):227-233. 

_________________________________________________________________________________ 
© 2017 Maduka; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/22298 


