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EFFECTS OF PROCESS MODIFICATION ON THE NUTRIENT COMPOSITION AND SENSORY VALUE OF TIGER NUT MILK
Abstract
This study evaluated the effects of processing methods on the proximate composition, vitamin content, and sensory properties of tiger nut milk extracts. Four samples were prepared: sprouted (STNM), roasted (RTNM), fermented (FTNM), and control (CTNM). Standard analytical methods were used for nutrient determination, and sensory evaluation was conducted.Results showed significant (p < 0.05) differences among samples. Moisture content ranged from 75.25% (RTNM) to 78.95% (FTNM). Protein was highest in FTNM (4.80%) and lowest in CTNM (3.22%). Fat and ash contents were highest in RTNM (4.19% and 1.22%, respectively), while crude fiber ranged from 1.35% (FTNM) to 1.74% (RTNM). Carbohydrate content was highest in CTNM (14.94%) and lowest in FTNM (11.09%). Vitamin C was significantly higher in FTNM (17.87 mg/100 g), whereas vitamin A was highest in CTNM (2.28 µg/100 g).Sensory evaluation also showed significant differences, with CTNM having the highest scores in appearance (8.40), taste (8.00), aroma (7.90), and overall acceptability (8.10). RTNM was moderately accepted, while FTNM recorded the lowest sensory ratings.The study demonstrates that processing methods significantly influence the nutritional and sensory qualities of tiger nut milk. Fermentation enhanced protein and vitamin C, roasting improved fat and mineral content, while germination showed moderate effects. These methods can be utilized to improve the nutritional value and acceptability of tiger nut milk for better food and nutrition security.
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Introduction
Tiger nut (Cyperus esculentus) is an underutilized crop of the family cyperaceae which produces rhizomes from the base and tubers that are somewhat spherical. It is commonly known as earth almond, chufa, chew-fa, attadew and Zulu nuts. It is known in Nigeria as Ayaya in Hausa, Ofio in Yoruba an Akiausa in Igbo where three varieties (black,brown and,yellow) are cultivated.  The cultivars possessed different physico-chemical and functional properties. Yellow and brown are readily available in the market. The yellow variety is preferred over others because of its inherent physical properties like large size, attractive colour and fleshier nature. The yellow variety also yields milk, contains lower fat and higher protein and less anti-nutritional factors especially polyphenols (Okafor, Mordi, Ozumba, Solomon & Olatunji, 2013).Tiger nut cultivation requires sandy soil and a mild climate. They are planted during April and May and must be irrigated every week until they are harvested in November and December.
Tiger nut can be oval, ovoid or oblong shape (Asare, Kpankpari, Adu, Afutu, and Adewumi, 2020).Moisture content is a key determinant factor on the rheological, functional (Gasparre and Rosell, 2019) and thermo-physical properties of tiger nut. (Usman, Adanu,  Jahun, and Ibrahim., 2019). The geometry, porosity, density and mechanical strength of the tuber are affected by freshness and moisture content (Emurigho, Kabuo and Ifegbo, 2020). Physical properties of tiger nut such as thickness, geometric mean diameter, length, width, bulk density, tuber density and surface area are also affected by its moisture content. Thermal conductivity,diffusivity, specific heat, bulk density and surface area increase with an increase in moisture content, while tuber porosity decrease with an increase in moisture. The sweet taste resulted from the activities of various endogenous enzymes that act internally on the starch (Owuama and Owuama, 2020). Minimal processing such as sprouting and mild roasting are employed to facilitate edibility. It is preserved by drying and the tuber is available year-round in many places (Maduka and Ire, 2018). Brown tiger nut is smaller in size,hence, dries faster and possesses low moisture content (Evbuomwan and Alabi, 2020).
Tiger nut is an underutilized tuber rich in many essential nutrients including proteins, carbohydrates, vitamins,minerals (Mohdaly,2019), phytochemicals, oil and fiber,(Ihenetu, Ibe and Inyamah,2021). The tuber was reported to have numerous nutritional and health benefits (Bazine and Arslanoğlu, 2020). The lipid content of tiger nut is similar to the lipid nuts that are well known.The dietary fibre of tiger nut is also similar to the usual contents of the tuber (Roselló-Soto, Garcia, Fessard, Barba,Munekata, Lorenzo and Remize,2019). Tigernut oil is rich in phytosterols,tocopherols and essential unsaturated fatty acids (Roselló-Soto et al., 2019). Muhammad, Chen, Liao, Xiang, Liu, Ye, and Ding (2019) reported that total color value, total flavonoid,pH, and ferric reducing antioxidant power (FRAP) of tiger nut tuber are affected by blanching and plasma-activated water treatment.
The tubers are regarded as a digestive tonic having a heating and drying effect on the digestive system and alleviating flatulence. They also promote urine production and menstruation. The tubers are said to be aphrodisiac, carminative, diuretic, stimulant and tonic. In medicine, they are used in the treatment of flatulence, indigestion, colic, diarrhea, dysentery, debility and excessive thirst (Ezeh, Niranjan & Gordon, 2016). The tubers contain up to 30% of non-drying oil and it is used in cooking, making soap, starch and flour (Ibrahim, Umar, Isa &Farouq, 2017). Tiger nut oil does not solidify at 0oC and stores well without going rancid. 
Consumers continue to understand the potentials of tiger nut in solving nutritional and health problems, awareness through social media and among allies remains relevant in promoting tiger nut consumption (Akerele, Ayinde,  Alabi, Ogunmola, and Ibrahim,. 2020). In developed countries, plant-based foods are receiving more attention due to vegan consideration and allergicity associated with food like milk, while in developing countries, cheaper sources of nutrients are required from within to meet the nutritional requirements (Roselló-Soto, Garcia, Fessard, Barba, Munekata, Lorenzo and Remize, 2019). Tiger nut can be used in the production of baked products and other confectioneries (Bolarinwa, Onifade, Nwose, and Adesokan,2021). Sabah, Shaker, Abbas, and Moursy,(2019) endorsed the utilization of tigernut milk as imitation milk.This project work intends to investigate the effect of process modification on the nutrient and sensory values of tiger nut milk.

Statement of the Problem
Food insecurity remains a major challenge in low-income countries, driven by factors such as poor food processing and storage, high food prices, inadequate infrastructure, poverty, and climatic variations (Abbey, 2018). Despite the need for sustainable nutritional solutions, tiger nut—an underutilized crop in Nigeria—is largely consumed as a snack and not fully explored for its nutritional and economic potential.
Evidence shows that tiger nut possesses valuable nutrients and health-promoting properties, including support for digestion, cardiovascular health, and immune function (Yeboah, 2012; Samuel, 2016; Aude, 2015). However, its potential contribution to addressing malnutrition and food insecurity remains under-exploited.
Therefore, there is a need to enhance the utilization of tiger nut through processing techniques such as fermentation, germination, and roasting, particularly in the production of tiger nut milk, to improve its nutritional value and broaden its application in promoting food and nutrition security.

 Purpose of the study
The main purpose of this study is to investigate the effect of  modification on the proximate composition, some vitamin contents and sensory value of tiger nut milk. Specifically, the study intends to;
1. modify the processing of tiger nut through sprouting (germinating), mild roasting and  fermentation (solid substrate), to achieve three products, and then the control sample.
1. determine the proximate compositions of the modified samples of tiger nut milk.
1. determine the vitamins C and A contents of the modified samples of tiger nut milk.
1. assess the organoleptic properties and general acceptability of the modified samples of tiger nut milk.
Design of the Study 
This study adopted the experimental research design in carrying out the work. Experimental research design is a blueprint procedure that enables, the researcher to test the hypothesis by reaching valid conclusion about relationship between independent and dependent variables (Tapsoba, A. R. (2015).

Area of the Study
The study was carried out in the Food Laboratory of the Department of Home Economics and Hospitality Management, Alvan Ikoku Federal University of Education (AIFUE), Owerri, Imo State. AIFUE was named after a leading educationist then in the person of "AlvanIkoku. Presently, the school is located along Akwakuma-Amakohia/Orlu road just before the Federal Medical Centre Owerri. 
Sample Preparation
Fresh tiger nuts were used for all treatments. The nuts were sorted to remove defective tubers, washed thoroughly, and divided into portions for different processing methods.
Production of Fresh Tiger Nut Milk (Control) [CTNM]
Selected tiger nuts (1 kg) were washed, drained, and blended (electric blender Philips blender 1000w (hr3573/91) with 200 ml of water to form a paste. The slurry was filtered using a 0.5 mm sieve. The filtrate was collected in sterilized bottles and stored in a freezer prior to analysis.
Production of Fermented (Solid-Substrate) Tiger Nut Milk [FTNM]
Tiger nuts (1 kg) were fermented for 48 hours to promote enzyme activity and microbial action. The fermented nuts were washed, drained, lightly cracked, and incubated on a covered tray. They were then blended (electric blender Philips blender 1000w (hr3573/91) with 200 ml water, filtered (0.5 mm sieve), bottled, and frozen until analysis.
Production of Germinated (Sprouted) Tiger Nut Milk [STNM]
Tiger nuts (1 kg) were washed and soaked (1:3 w/v), then spread on moist jute cloth and allowed to sprout for 48 hours at room temperature (29 ± 2 °C). The sprouted nuts were blended (electric blender Philips blender 1000w (hr3573/91) with 200 ml water, filtered, bottled, and stored in a freezer.

Production of Roasted Tiger Nut Milk [RTNM]
Tiger nuts (1 kg) were air-dried for 24 hours and roasted at 150 °C until brown, with constant stirring. After cooling, the nuts were blended (electric blender Philips blender 1000w (hr3573/91)) with 200 ml water, filtered, and the extract was stored in sterilized bottles under freezing conditions.
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Fig 1: Flow diagram for production of modified Tiger nut milk

Proximate composition analysis
Proximate analysis of samples was carried out in triplicate determination using standard methods (AOAC, 2010).
Vitamin Analysis
Vitamin A Determination 
Vitamin A determination was determined using Awolu et al (2013), the sample (1 ml) was measured into the test-tube I (centrifugal) with a tight stopper and 1 ml of the KOH solution was added, the tube was plugged and shake vigorously for 1 minute. The tube was heated in a water bath (60°C, 20 minutes), and was then cooled down in cold water. About 1 ml of xylene was added, the tube was plugged and shaken vigorously again for 1 minute. The tube was centrifuged (1500×g, 10 minutes), the whole of the separated extract (upper layer) was collected and transferred into the test tube II made of “soft” (sodium) glass. The absorbance A1 of the obtained extract was measured at 335 nm against xylene. The extract in the test tube II was irradiated to the UV light for 30 minutes, then the absorbance A2 was measured. The concentration Cx of vitamin A (µg/g) in the analyzed liquid was calculated, using equation. 
Cx (as β-carotene) = A1 − A2 x 22.23                        
Where: 22.23 is the multiplier received on basis of the absorption coefficient of 1% solution of vitamin A (as the retinol form) in xylene at 335 nm in a measuring cuvette, 1 cm thickness.
Vitamin C Determination
Vitamin C content was determined by the spectrophotometric method using ascorbic acid as a reference compound. About 10ml of the juice sample was weighed into 10ml of water and mixed together. The extract (200µl) was pipetted and mixed with 300µl of 13.3% of trichloro-acetic acid (TCA) and 75µl (0.075ml) of Dinitrophenylhydrazyl (DNPH). The mixture was incubated in water bath at 37°C for 3 hours. After 3 hours, 500µl of 65% sulphuric acid was added and the absorbance was read with the spectrophotometer at 520nm. The concentration of vitamin C was calculated (Awolu et al. 2013).
Vitamin C   = Absorbance of standard   = Absorbance of sample
                      Concentration of standard    Concentration of sample
Sensory Evaluation
Assessment of consumer acceptability of the experimental tiger nut milk samples was done by Ten (10) trained and semi-trained (tasters) which includes lecturers and students of Alvan Ikoku Federal University of Education, Owerri. The consumers  randomly selected and trained  for the evaluation. The samples were placed in separate identical, transparent and sealed package. The samples were coded as  sprouted tiger nut milk (STNM), roasted tiger nut milk (RTNM), fermented (Solid substrate)tiger nut milk (FTNM) and Control tiger nut milk(CTNM) respectively, and placed on a clean table. A questionnaire was designed and distributed among ten tasters (consumers) to score attributes namely appearance, colour, mouth feel, aroma, texture and taste, and overall acceptability on a 9-point Hedonic scale: 9 like extremely, 8 like very much, 7 like moderately, 6 like slightly, 5 neither like nor dislike,4 dislike slightly, 3 dislike moderately, 2 dislike very much and 1 dislike extremely. Each of the samples was presented at different times to each of the respondents to avoid any bias in judgment. 
Statistical Data Analysis
The statistical package for service solution (SPSS) version (21) was used to analyze the data- proximate composition, vitamins C and A, and sensory evaluation). The analyzed data were expressed using one-way (one factor) analysis of variance (ANOVA). Duncan’s multiple range was used to separate/compare the means obtained after each experiment. Difference was considered significant when P= 0.05. 
RESULTS  AND DISCUSSION
Table 1: Proximate and vitamins content of tiger nut milk extracts
	Sample
	Moisture %
	Protein
%
	Fat %
	Ash %
	Crude fiber
	Carbohydrate
%
	Vitamin C mg/100g
	Vitamin A µg/100g

	STNM 
RTNM
FTNM
CTNM
	78.10b+0.01
75.25d+0.03
78.95a+0.04
75.99c+0.01
	4.26b+0.16
3.67c+0.01
4.80a+0.03
3.22d+0.0
	2.94c+0.02
4.19a+0.01
2.71d+0.02
3.13b+0.01
	1.18a+0.0
1.22b+0.01
1.06c+0.0
1.02d+0.01
	1.62ab+0.0
1.74a+0.0
1.35b+0.20
1.67ab+0.0
	11.88c+0.15
13.90b+0.01
11.09c+0.39
14.94a+0.03
	13.73b+0.02
6.25d+0.01
17.87a+0.0
10.65c+0.01
	1.64c+0.0
2.01b+0.0
1.58d+0.0
2.28a+0.0

	LSD
	0.02211
	0.06038
	0.02018
	0.00955
	0.13834
	0.21156
	0.01650
	0.00345


Mean of duplicate and standard analysis. Mean value with different superscript along column are significant (p<0.05). LSD-Least Significant Different.
Key:
STNM- Sproutedtigernut milk extract sample
RTNM- Roasted tigernut milk extract sample
FTNM- Substrate fermented tigernut milk extract sample
CTNM- Control tigernut milk extract sample

Nutrient content of tiger nut milk 
The results of proximate composition, vitamin C and vitamin A contents of milk substitute extracted from tiger nut subjected to different processing methods were presented in Table 1. Significant difference (p<0.05) was found on the mean values of nutrient examined on tiger nut milk extract sample. High moisture content was found on tiger nut milk, the values: 75.25%, 75.99%, 78.10% and 78.95%  were observed for milk extract samples for roasted (RTNM), untreated (control) (CTNM) sprouted (STNM) and solid substrate fermented tiger nut (FTNM).The variation observed on mean values of the milk extract samples could be attributed to methods of production which varied among the samples. The levels of moisture recorded in this work were lower (85.79 to 89.93%) than the values reported by  Okorie and Nwanekezi, 2004; Udeozor. (2020; and Ntukidem et al., 2019). It is noteworthy to state that high moisture found in tiger nut milk samples could affect the stability and safety of the drink with respect to microbial growth and proliferation hence, the products require cold storage or sterilization or addition of chemical preservatives.
 Crude protein of the milk analogue samples increased gradually from 3.22% of untreated tiger nut milk sample to 3.67-4.80% of samples produced from sprouted (STNM), roasted (RTNM) and substrate fermented tiger nut (FTNM) respectively. Effect of sprouting  (Ntukidem et al., 2019),fermentation and  roasting processes may have caused protein synthesis as observed in the milk samples.
This increase is often “apparent” rather than purely absolute, and is explained by several biochemical, microbiological, and compositional mechanisms.One of the most established explanations—especially for solid-state and lactic fermentation—is the addition of microbial protein.During fermentation, microorganisms such as Saccharomyces cerevisiae, Lactobacillus plantarum, and Pediococcus spp. grow and synthesize cellular proteins, which become part of the food matrix.This leads to a measurable increase in crude protein.A 2025 study reported 27–35% increase in crude protein after solid-state fermentation of tiger nut meal due to microbial activity and amino acid enrichment( Li,, Yan,, Niu,, Gong,  Bai,., Qu,, & Wei ,2025).Similarly, Ogodo, Benjamin , and Chrinius,(2025) observed increased protein and amino acids in lab-fermented tiger nut milk.Fermentation enhances total amino acids and essential amino acids significantly ( Li,, Yan,, Niu,, Gong,  Bai,., Qu,, & Wei ,2025).Increased free amino acids (e.g., leucine, glycine) were reported in fermented tiger nut milk Ogodo, Benjamin , and Chrinius,(2025). The scientific basis is: Net protein = native plant protein + microbial biomass protein
Fermentation and germination activate endogenous and microbial enzymes (proteases, amylases, cellulases):These enzymes break down complex macromolecules (e.g., starch, fiber),release bound nitrogen and amino acids and Increase measurable “crude protein” via nitrogen quantification methods (Kjeldahl). Furthermore,  tiger nuts contain anti-nutrients such as phytates, tannins, and enzyme inhibitors that bind proteins,;processing (especially fermentation and germination) degrades these compounds, which releases bound proteins, making them analytically detectable.Significant reductions in phytate, tannins, and saponins alongside increased protein were reported after processing (Olapade, Obomeghei, Ebabhamiegbebho & Oluwafunmilola, 2021). Fermented tiger nut milk shows reduced anti-nutrients and increased nutrient availability( Sotongui, Amenan & Ngoran-AW, 2025).
Processing often reduces carbohydrates, fat, or dry matter, thereby increasing the relative proportion of protein.Fermentation consumes sugars and carbohydrates as microbial substrates. Germination uses stored reserves for sprout metabolism.Fermentation leads to decrease in carbohydrates and fat with simultaneous protein increase (Ogodo, Benjamin  and Chrinius,2025). 
With respect to STNM, during germination,stored reserves are mobilized, enzyme systems activate,new proteins (especially enzymatic and structural proteins) are synthesized in the sprouting seed.Germination is widely reported to enhance protein content and amino acid profile in tiger nut–based products (Opurum, Achinehwu, Barber& Obinna-Echem, 2025).
Furthermore, metabolic enzymes such as proteinases are activated which  led to release of amino acids and peptides and synthesis of utilization of these, it may form new proteins as a consequence, nutritional quality of proteins may be enhanced by sprouting in legumes and other seeds (Gulewic, Mart, Nez-vihaluenga , Frias  , Ciesioka , Gulewick , Vidal-valverde , (2008) as observed in the milk sample STNM and RTNM respectively while 4.80% of fermented tiger nut milk could be attributed to fermentation process used. Fermentation has been reported to favor protein in food. Protein content found in this work was relatively higher than 2.19% reported by Ntukidem et al, (2019). Protein is an important nutrient in food that support tissue formation, maintenance and repair. Indication for this work showed that fermentation process on tiger nut improved the protein content.
On the result obtained in the roasted sample, RTNM, roasting contributes differently; it causes moisture loss, leading to concentration of nutrients (including protein).It can denature proteins, improving digestibility and extractability.Roasting, alongside germination and fermentation, significantly increased measured protein levels in tiger nut products as reported by Olapade, Obomeghei, Ebabhamiegbebho & Oluwafunmilola,2021).
Beyond quantity, processing improves protein quality,fermentation increases essential amino acids and leads to more balanced protein composition as evidenced in Li, Yan, Niu, , Gong, Bai,  Qu, & Wei,  (2025), who reported that essential amino acids increased by up to 119% after fermentation. 
Ash content is an index for measuring minerals in food (Onyeka, 2008), in this work 1.06% to 1.22% of pre-treated tiger nut milk were significantly (p<0.05) than 1.02% of ash content of control sample (CTNM). Generally, minerals in tiger nut are not adversely affected by sprouting, roasting and fermentation processing treatments employed in this work. Crude fiber content of different tiger nut milk samples studied in this work were not the same significantly but closely related when compared 1.62%, 1.67% and 1.74% of samples prepared from sprouting, untreated control and roasting processes while fermented sample value 1.35% was lower than other samples. Increases in fibre value due to sprouting may be attributed to polymerization while reduction in roasted tiger nut milk could be due to high temperature due to drying and roasting (Ntukidem et al., 2019; Ndubuisi, 2009). 
Ascorbic acid (vitamin C) contents of tiger nut milk were equally not the same significantly. A 6.25mg/100g of vitamin C was the least found on roasted tiger nut milk extract sample (RTNM). While 17.87mg/100g was recorded on fermented tiger nut milk (FTNM), but vitamin C 13.73mg/100g was also recorded for sprouted tiger nut milk while greater loss observed in roasted tiger nut milk could be attributed to effect of high roasting temperature on vitamin C. It could be deduced from this work that fermentation improved level of vitamin C in the milk sample. Vitamin C reported in this work was higher than 0.1 to o.44 mg/100g on tiger nut extract stated by Ntukidem et al., (2019). Vitamin C is one of the important nutrients in food that plays pivotal roles in human nutrition (Onyeka, 2008). Vitamin A content of tiger nut milk samples increased from 1.58 µg/100g of fermented tiger nut milk to 2.28 µg/100g control tiger nut milk. Vitamin A is fat soluble but reduced in significantly in sprouted, roasted and fermented tiger nut milk respectively. But owing to the fact that raw tiger nut contained 28.61% fat content (Madaki et al. 2018) the reduction found on experimental tiger nut milk samples could be attributed to loss that occurred during processing. However, vitamin A plays an important role in vision of human.
Table 2: Sensory properties content of tigernut milk extracts
	Sample
	Appearance
	Mouth-feel
	Aftertaste
	Aroma
	Taste
	Overall acceptability

	STNM 
RTNM
FTNM
CTNM
	7.80a+1.31
7.40a+0.84
5.40b+1.50
8.40a+0.51
	5.70a+0.59
6.70a+0.39
4.40c+0.61
7.50a+0.34
	6.50ab+0.63
6.50ab+0.56
4.50b+0.73
7.90a+0.10
	5.80b+0.44
6.80ab+0.48
5.10b+0.62
7.90a+0.23
	4.70b+0.57
7.0a+0.49
3.40b+0.70
8.0a+0.25
	5.40bc+0.54
6.90ab+0.45
3.80c+0.59
8.10a+0.17

	LSD
	0.66999
	0.71141
	0.79722
	0.75462
	0.75462
	0.66583


Mean of duplicate and standard analysis. Mean value with different superscript along column are significant (p<0.05). LSD-Least Significant Different.
Key:
STNM- Sproutedtigernut milk extract sample
RTNM- Roasted tigernut milk extract sample
FTNM- Substrate fermented tigernut milk extract sample
CTNM- Control tigernut milk extract sample

Sensory Evaluation of tiger nut milk samples
Result of sensory properties (Table 2 above) of tiger nut milk extract samples showed significant differences (p<0.05) among the samples. In term of appearance, the mean ranking scores 7.80, 7.40 and 5.40 of sprouted tiger nut milk, roasted tiger nut milk and control samples differed but no significant difference (p>0.05) among the samples except for fermented tiger nut milk that the least 5.40 ranking score. This suggests that effect of pre-processing applied to raw tiger nut may not have any negative impact of the degree of likeness of the appearance of milk samples. Similar observation was found on mouth-feel where there was no significant difference on the mean scores of STNM, RTNM and CTNM samples. Ranking scores for aftertaste attribute showed no significant difference between sprouted (STNM) and roasted processed tiger nut milk (RTNM) but significant to fermented (FTNM) and control samples (CTNM). This observation could be attributed to effect of processing. Observation on ranking scores for aroma differed compared to other attributes. In this case, all samples are not the same, but in taste, perception of the samples showed different pattern; where STNM and FTNM are similar and also samples RTNM and CTNM were related. Generally, scores 5.40, 3.80 and 6.90 of experimental samples were ranked lower than 8.10 of control sample. Indication from this work implies that pre-processing treatment applied to tiger nut significantly affected the consumers’ acceptability of tiger nut milk. However, control tiger nut milk with the highest means score for overall acceptability was most preferred sample
Conclusion
The study showed that the pre-treatments applied (roasted, sprouted, substrate fermented) fresh tiger nut increased or decreased proximate composition. The same pattern of pre-processing effect on raw tiger nut resulted to significant changes on vitamin C, vitamin A and sensory attributes of tiger nut milk samples. Fermentation process improved protein, vitamin C while roasting caused a drastic reduction on protein and vitamin C significantly as revealed in this study. Pre-treatment on the tiger-nut tubers before milk extraction will bring multi-choices and encourage flexibility depending on the preference or taste of the consumers thereby increasing the utilization of these tubers. The control sample was the most preferred  of the samples. 
Recommendations
1. It is, therefore, recommended that public enlightenment on the methods of preparations using these pre-treatments should be conducted both at the local communities and the cities of developing countries. 
1. There is need for further experimental investigation to be geared towards ascertaining the mineral quality of tiger-nut products. 
1. There is also need for further development of products based on tiger-nut milk for households and commercial purposes to ensure food security. This in turn will increase its production and utilization, thereby making it more popular 
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