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Abstract. In this study, the effect of fortification of tiger nut milk with moringa seed on the microbial, nutritional and 

sensory quality of the local beverage was investigated. Fortification of tiger nut milk significantly (p ≤ 0.05) reduced the 

fungal load of the drink with 8.00 as against 17.00 in the control sample. The organisms isolated from the freshly prepared 

tiger nut milk blends were Bacillus subtilis, Micrococcus luteus, Saccharomyces cerevisiae, Aspergillus niger, Rhizopus 

stolonifer and Penicillum species. Further, fortified milk had higher moisture (78.51%), protein (2.97%) and lipid (2.01%) 

contents compared with the unfortified milk which had 76.83%, 2.11% and 1.45% respectively. Also, the ash, fiber and 

carbohydrate contents of the unfortified tiger nut milk were higher than that of the fortified tiger nut milk. Similarly, the 

fortified milk had higher level of all the minerals assessed than unfortified milk. In the sensory evaluation, tiger nut milk 

fortified with moringa seed had comparable rating to the unfortified milk in appearance, color, consistency and 

acceptability, but had a lower rating for taste and higher rating for aroma. These results suggest that moringa seed powder 

may be added to tiger nut milk to improve its nutritional quality. 
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1. Introduction  

Tiger nut (Cyperus esculentum) is a perennial grass-like 

plant with spheroid tubers, pale yellow cream kernel 

surrounded by a fibrous sheath [1]. Tiger nut is found 

wild and cultivated in Africa, South America, Europe 

and Asia. Tiger nuts grow in the wild, along rivers and 

are cultivated on a small scale by rural farmers mostly 

in the northern states of Nigeria. Tiger nuts are edible, 

sweet, nutty, flavored tubers which contain protein, 

carbohydrate, sugars, and lots of oil and fiber [2].  

Tiger nut is a tuber that grow freely and is consumed 

widely in Nigeria, other parts of West Africa, East 

Africa, parts of Europe, particularly Spain, as well as in 

the Arabian Peninsula [3]. The tiger nut milk was 

classified as medicinal drink due to it is highly energetic 

and diuretic, rich in mineral, predominantly phosphorus 

and potassium, and also in vitamins C and E [4]. 

Grossman and Thomas [5] showed that tiger nuts 

have been cultivated for food and drink for human 

consumption, and planted for hogs for many years in 

Spain, and that the lovely milky elixir is served as a 

refreshing beverage (competing successfully with other 

soft drinks). Unfortunately, despite these potentials in 

tiger nuts it has been a neglected crop in Nigeria. 

Tiger nut could provide a basis for rural industries in 

Africa. It is an important food crop for certain tribes in 

Africa, often collected and eaten raw, baked as a 

vegetable, roasted or dried and ground to flour. The 

ground flour is mixed with sorghum to make porridge, 

ice-cream, sherbet or milky drink. It is mostly consumed 

raw as snack without knowledge of the food and 
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nutritional quality. It has also been found to possess 

good therapeutic quality [6 - 8]. Moore [9] stated that 

“the expansion of tiger nut milky drinks will 

significantly help the research linking tiger nut milk to 

healthier cholesterol levels and other non-dairy 

manufacturers. This could also gain a boost from an 

increased consumer interest in health foods”.  

Moringa (M. oleifera) is a member of Moringaceae 

family and it has been reported to be an effective remedy 

for malnutrition especially in sub-Saharan Africa. All 

the aerial parts of the plant including the leaf, flour, pods 

and seeds are reported to be of high nutritive value. 

Moringa is called a “wonder tree” in Africa where it is 

claimed that moringa contains “more vitamin C than 

oranges, more vitamin A than carrots, more calcium 

than milk, more protein than yoghurt, more potassium 

than bananas and more iron than spinach” [10]. Moringa 

is rich in phytosterols like stigmasterol, sitosterol and 

kampesterol which are precursors for hormones [10, 11].  

Allen et al. [11] reported that countries like Senegal 

and Benin use moringa to treat malnutrition in children 

younger than 3 years. Also, the leaf powder can meet a 

woman’s daily iron and calcium requirements during 

pregnancy. Incorporation of moringa seed into food 

materials can be significant to tackle nutrient 

deficiencies and malnutrition in Africa. Several studies 

have tried fortifying various foods with different parts of 

moringa, cookies made from a mixture of maize flour 

and moringa seed flour was evaluated by Allen et al. 

[11]. The blend made from 92.5% maize and 7.5% 

moringa seed flour combination had the best acceptance 

which may be due to its crispness, aroma, taste and 
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color. Cereal gruels have also been fortified by moringa 

seed in order to improve the protein content and energy. 

The cereal gruel with 65% popcorn and 35% moringa 

seed was blanched and fermented. The fermented ones 

showed higher protein content and energy while the 

blanched cereal had higher mineral content [11]. 

Therefore, the specific objective of this research is to 

produce a moringa seed fortified tiger nut milk and 

assess its microbiological, nutritional and sensory 

qualities. 

2. Experimental 

2.1. Materials 

The high purity reagents were obtained from Pascal 

Scientific Nig Ltd., being used as received without 

further purification. 

2.2. Collection and preparation of plant samples 

The tiger nut seeds and moringa seeds were sourced 

from Shasha market, Akure, Ondo state, Nigeria. The 

seeds were sorted and washed, then kept in sterile 

containers till further use. 

2.3. Sterilization procedure 

The glass wares were sterilized in hot air oven for 30 

min at holding temperature of 180 oC. Inoculating wire 

loop used were sterilized by flaming with a spirit lamp 

until red hot and then allowed to cool before using. The 

surfaces of the workbench were sterilized by wiping 

with cotton wool soaked in 75% alcohol before and after 

each working period. 

2.4. Production of unfortified and fortified tiger nut 

milk 

Fresh tiger nuts (500 g) were soaked in two changes of 

clean water for 12 hours. The soaked tiger nuts were 

washed in two changes of water, drained, blended into 

paste in electric blender (50 g of moringa seed was 

added at this point) and slurried. 2500 ml of distilled 

water was used all together during the blending and 

slurring process. The slurry was filtered with the aid of 

a clean damp muslin cloth and the filtrate obtained was 

transferred into sterilized plastic bottles, corked and 

stored in the refrigerator prior to analysis. 

 
Figure 1. Flowchart for the production of tiger nut milk. 

 

Figure 2. Flowchart for the production of fortified tiger nut 

milk. 

2.5. Media preparation 

The media used for this work include Nutrient Agar for 

isolation of total bacteria, Eosin Methylene Blue agar for 

isolation of coliforms, MacConkey agar for isolation of 

the enteric bacteria, and Potato dextrose agar for 

isolation of fungi. They were prepared strictly according 

to the manufacturer’s specifications and then autoclaved 

at 121 oC for 15 min. 

2.6. Microbiological analyses 

9 ml of distilled water were pipette into 5 clean test tubes 

each, they were covered with cotton wool and aluminum 

foil, and then they were autoclaved at 121 oC for 20 min. 

The sample was macerated in a beaker, 1 g of the 

macerated sample was weighed into a sterile test tube 

containing 9 ml of distilled water to make 1:9 of sample 

water ratio, i.e. 10-1. The mixture was shaken well to 

suspend the propagules then a sterile pipette was used to 

measure 1 ml from the supernatant into another test tube 

containing 9 ml sterile distilled water. The mixture was 

shaken to homogenize, the dilution factor was now 10-2. 

This procedure continued in sequential order until the 

last test tube which had dilution factor of 10-5 [12]. 

2.6.1. Isolation of microorganism. The pour plate 

method was adopted for the culturing of the organisms. 

1 ml of the aliquot of test tube containing dilution factor 

of 10-3 were dropped in pre-labeled separate sterile Petri 

dishes in duplicates, 20 ml of molten agar at 45 oC was 

poured on it and the Petri dishes were swirled to 

homogenize. The plates were allowed to solidify and 

then they were incubated inverted in incubator at 35 oC 

for 18 to 24 h for nutrient agar, EMB and MacConkey 

agar plates, while MRSA plates were incubated 

anaerobically for 48 h. Fungal plates were incubated at 

room temperature for 3 to 7 days. The colonies were 

counted after incubation and discrete colonies were sub-

cultured on nutrient agar slant for further analysis. 

2.6.2. Cultural and morphological characteristics of the 

colonies. The cultural and morphological characteristics 

of the colonies were observed based on the criteria of 

“Berger’s Manual of Determinative Bacteriology” [12]. 

These include the following: shape of the colonies, the 

elevation, the edge, optical characteristics and 

pigmentation. 
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2.6.3. Biochemical characterization. Biochemical 

characterization of the isolates was done including Gram 

staining reaction, sugar fermentation, oxidase, indole, 

Voges–Proskaeur, citrate, catalase, and coagulase tests. 

2.6.4. Identification of fungi. Pure cultures of fungi 

isolates were characterized and identified based on the 

morphological characteristics of the organisms and 

confirmed by comparing them with the characteristics 

given in fungi data base. The morphological 

characteristic of the moulds were based on the size, color 

and aerial mycelia growth. 

2.7. Proximate analysis  

These were done following the standard methods of 

AOAC [13]. 

2.7.1. Moisture content determination. The moisture 

content was determined by using oven-drying method 

[13]. 

2.7.2. Ash content determination. 1 g of the sample was 

transformed in ash by burning of organic matter [13]. 

2.7.3. Fat content determination. The content of fat was 

determined using Soxhlet extraction, as in the method 

proposed by AOAC [13]. 

2.7.4. Protein content determination. Kjeldahl nitrogen 

method was employed for the determination of protein 

content of the sample [13], using a Kjeldahl apparatus 

from Accumax (India). 

2.7.5. Fiber content determination. Fiber content was 

determined by the method of AOAC [13].                                                               

2.7.6. Carbohydrate content determination. 

Carbohydrate content was calculated by subtracting 

from 100 the sum of the percentage moisture, ash, 

protein, fat and fiber [13]. The remainder value gives the 

carbohydrate content of the sample. 

2.7.7. Mineral content determination. The minerals 

calcium, potassium, sodium, magnesium and 

phosphorus present in the samples were assayed using 

the Atomic Absorbance Spectrophotometer (PEC 

Medical model 721, USA) as described by Johoun [14]. 

2.8. Sensory evaluation 

This was done by 10 trained panelists selected randomly 

from Department of Science Laboratory Technology, 

Rufus Giwa Polytechnic, Owo, Ondo state. The nine 

point hedonic scale was used (score “9” having excellent 

attribute and score “1” indicating dislike extremely). 

Samples were coded with random alphabets. The 

properties evaluated were appearance, taste, aroma and 

overall acceptability [4]. 

2.9. Statistical analysis 

All data were analyzed by using SPSS version 15. Data 

were analyzed using one-way analysis of variance 

(ANOVA), the Duncan’s New Multiple Range Test was 

used to compare means at 95% confidence interval. 

3. Results and discussion 

3.1. Results 

The microbial count on the freshly prepared moringa 

fortified tiger nut milk is shown in Table 1. The table 

revealed that lactic acid bacteria, coliforms and enteric 

bacteria were not found in the both samples. However, 

the highest total heterophilic bacterial count (22x102 

cfu/ml) were found in the unfortified sample while the 

fortified sample had a count of 15x102 cfu/ml total 

bacteria. Further, the highest fungal count was found in 

unfortified sample (17 x102 cfu/ml) while the least count 

were observed on fortified sample (8 x102 cfu/ml). 

Table 1. Microbial count on the tiger nut milk fortified with 

moringa seed powder (sample 2) in comparison with 

unfortified milk (sample 1) (x 102 cfu/ml). 

Sample 

Total 

bacterial 

count 

Lactic 

acid 

bacteria 

Total 

coliform 

count 

Total 

entero-

bacteriaceae 

count 

Total 

fungal 

count 

1 
22.00± 

0.01a 
- - - 

17.00± 

0.01b 

2 
15.00± 

0.15b 
- - - 

8.00± 

0.01a 

*Values are mean±SEM; values with different alphabet along the 

column are significantly different at p ≤ 0.05. 

A total of six organisms including two bacteria and 

four fungi species were isolated from the freshly 

prepared tiger nut milk blends, they were Bacillus 

subtilis, Micrococcus luteus, Saccharomyces cerevisiae, 

Aspergillus niger, Rhizopus stolonifer and Penicillium 

species (Table 2). 

Table 2. Microbial quality of freshly produced kunu-zaki 

tiger nut milk blends 

Organism 
Unfortified 

sample 

Fortified 

sample 

Bacillus subtilis + + 

Micrococcus luteus + - 
Saccharomyces cerevisiae + - 

Aspergillus niger + + 

Rhizopus stolonifer + + 
Penicillum species + + 

The result of the mineral composition of the tiger nut 

milk fortified with moringa seed is presented in Table 3. 

The table shows that the fortified milk had higher level 

of all the minerals than unfortified milk. 

Table 3. Mineral composition of tiger nut milk fortified with 

moringa seed (mg/100g). 

Mineral 
Fortified tiger 

nut milk 

Unfortified tiger 

nut milk 

Calcium 3.82±0.00a 3.61±0.01a 

Potassium 43.81±0.01a 37.09±0.01a 

Sodium 49.02±0.00b 32.10±0.01a 

Magnesium 28.05±0.01a 25.11±0.01a 

Phosphorus 57.00±0.01b 45.03±0.00a 

In the sensory evaluation, tiger nut milk fortified 

with moringa seed had comparable rating to the 

unfortified milk in appearance, color, consistency and 

acceptability, but had a lower rating for taste and higher 

rating for aroma (Table 4). 

Table 4. Sensory properties of tiger nut milk fortified with 

moringa seed. 

Property 
Fortified tiger nut 

milk 

Unfortified tiger 

nut milk 

Appearance 8.23±0.01a 8.65±0.20a 

Color 6.22±0.01a 6.10±0.03a 

Aroma 4.98±0.00b 4.51±0.01a 

Taste 5.50±0.01a 7.50±0.10b 
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Property 
Fortified tiger nut 

milk 

Unfortified tiger 

nut milk 

Consistency 6.70±0.00a 7.00±0.01a 

Acceptability 5.76±0.01a 6.70±0.05b 

3.2. Discussion 

All foods contain some microorganisms inherent in 

them, these may come from the environment or the part 

of normal flora of the food raw materials. The results 

obtained in this study for the microbial quality are within 

the approved limit for ready to eat foods and beverages 

by NAFDAC in Nigeria. They are also in agreement 

with the observation of Akoma et al. [15] who reported 

similar range in their study. The absence of coliforms 

and enteric bacteria in the kunun samples produced in 

this study is at variance with the report of Akoma et al. 

[15] who reported coliform contamination of street 

hawked sweetened tiger nut milk samples in Northern 

Nigeria. The difference may be due to the strict aseptic 

measures adopted during the sample production in the 

laboratory. Also, the coliforms in the street hawked tiger 

nut milk may have been introduced into the milk during 

dilution with water during production by these 

producers in order to increase their profit margin. Such 

dilution of the product with water lowers the quality and 

increases the risk of contamination with pathogenic 

organism especially if the water source is of poor 

quality. 

The microbial species isolated from the samples are 

not pathogenic in nature and are usually associated with 

plant materials. Most of these organisms have been 

reported by Oranusi et al. [16] to take part in 

fermentation of various types of plant products and they 

may have been introduced into the product from the air 

in the production area as well as during handling. These 

organisms if not removed after production may cause 

fermentation in the product leading to total spoilage of 

the product as observed by Umaru et al. [17]. 

The high moisture content of the tiger nut milk 

suggests that it may not have good keeping quality. High 

moisture content in a product is a precursor to its 

perishability, since most spoilage bacteria survive well 

at high moisture level [18]. Also the significant increase 

in the lipid and protein content of the fortified tiger nut 

milk may be due to the high level of these compounds in 

the moringa seed. High fat content of tiger nut milk may 

indicate high values of oil soluble vitamins such as 

vitamins A, D, E and K. Also, the higher fat content of 

the fortified tiger nut milk may be linked with the high 

level of oil in the seed of moringa [10].  

The higher protein content of fortified tiger nut milk 

sample suggests that moringa seed may contain enough 

protein to ameliorate protein deficiency usually 

observed in tiger nut based products. Ash content is an 

aggregate of minerals in a food substance, the moderate 

ash content found in the fortified tiger nut milk sample 

suggest that fortified tiger nut milk may contain 

essential minerals needed by the body. Fiber content of 

tiger nut milk rank well with that of fruits and matured 

leguminous seeds [19]. Therefore, tiger nut milk if 

consumed, the fiber content could play its important role 

in the reduction of pressure and transit time of food 

through the body aiding to digestion. Fiber aids in 

alleviation of flatulence problem thus, tiger nut fiber 

could be explored in formulating diets for treating 

indigestion, constipation and non-communicable 

diseases such as colon cancer, diverticulosis, coronary 

heart disease and obesity [20]. 

The result of the mineral composition of the tiger nut 

milk fortified with moringa seed is presented in Table 3. 

The table shows that the fortified milk had higher level 

of all the minerals than unfortified milk. The richness of 

the fortified milk essential minerals such as magnesium, 

potassium, calcium, sodium and phosphorus suggests 

that fortification of tiger nut milk with moringa seed 

may help to reduce micronutrient deficiency in humans. 

Tiger nut milk fortified with moringa seed could be 

taken by young and old (children, adolescents, adults, 

pregnant and lactating mothers) for its high energy and 

preventive or protective nutrients. These nutrients could 

significantly contribute to the body’s metabolic 

processes, refreshing the body as well [19].  

Magnesium provides bone strength, aids enzyme, 

nerve and heart functions [10]. Tiger nut milk could 

contribute adequate Mg to the daily need of children. 

Phosphorus enhances quick release of energy in the 

body and may combine with calcium for bone and teeth 

development [6]. Tiger nut milk are relatively low in 

calcium and sodium. Recent studies on blood pressure 

showed that a diet rich in potassium and magnesium but 

low in sodium can lead to a decrease in blood pressure 

within days of beginning a specific diet [20]. Potassium 

aids nerve impulse transmission and it is a major cation 

of intracellular fluid [11]. High potassium to low sodium 

ratio of tiger nut milk therefore, may be imperative in 

diet formulations for patients with high blood pressure 

and oedema as well. 

In the sensory evaluation, tiger nut milk fortified 

with moringa seed had comparable rating to the 

unfortified milk in appearance, color, consistency and 

acceptability but had a lower rating for taste and higher 

rating for aroma. This may be attributed to the level of 

sugar naturally present in tiger nuts. Lower rating of the 

fortified milk may be attributed to the astringent taste of 

moringa seed and the difference in the acceptability may 

be due to the difference in chemical composition as may 

have been introduced by the moringa seed in the 

fortified milk sample [18]. 

4. Conclusions 

From the results obtained in this study, it can be 

concluded that fortification of tiger nut milk with 

moringa seed significantly enhanced its nutritional 

properties as shown in the proximate and mineral 

content results obtained. Also, fortification of tiger nut 

milk with moringa seed did not have significant effect 

on the sensory properties of the tiger nut milk. However, 

more studies should be done to determine the keeping 

quality/shelf-life of the tiger nut milk fortified with 

moringa seed and more research should be done to know 

the effective fortification dose of moringa seed in tiger 

nut milk. 
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