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Abstract 

Tiger nut oil, although not entirely new, still largely remains unexploited in major parts of the world and underutilized even in 

regions where it is cultivated, especially in Nigeria. Therefore, the aim of this study is to investigate the physiocochemical 

characteristics and nutritional benefits of tigernut oil. From 4 kg ground powder soxhlet extracted using n-hexane there was oil 

yield of 32.95%. The pale yellow oil had a specific gravity refractive index of 1.452, relative density 0.919 g/cm3, acid value 2.21 

mg/KOH/g, saponification value 143.05 mg/KOH/g, iodine value 80.37g/100g and ester value 62.68. Fat soluble vitamin content 

analysis revealed vitamin A (72.93UI), vitamin D (49.17UI), vitamin E (55.44UI) and vitamin K (15.3mcg) and Ca, Mg, K, Na, P,  

Mn, I, Ni, and Zn were found in varying proportions all of which was found to fall within the daily recommended intake limit. 

GC/MS revealed that it contains noticeable levels of oleic acid (15.05%), tetrasiloxane (9.245%), β-sitosterol (8.860%), n-

hexadecanoic acid (7.753%) and 9-octadeceadienoic acid (7.649%). Thus, tigernut is oil rich tuber, could find application as an 

industrial raw material and could be used for cooking. 
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1. Introduction 

Tiger nut (cyperus esculentus) is commonly known as earth 

almond, chufa, yellow nut sedge, zulu nuts, locally here in 

Nigeria “Aya” (Hausa), “ofio” (Yoruba) and “Akiausa” (Igbo). 

Three varieties (black, brown and yellow) are cultivated; just 

like other sedges, the plant is most frequently found inhabiting 

wet marshes, edges of water bodies such as streams, ponds 

where it grows in coarse tufts and the tubers are daily 

ingredients of the diet of many people in North Africa and 

Spain [1]. It is widely distributed in the temperate regions 

within South Europe as its probable origin, and has become 

naturalized in Ghana, Nigeria and Sierra Leone. Interestingly, 

in Nigeria tiger nut is available in fresh, semi-dried and dried 

form in the markets where it is sold locally and consumed 

even uncooked [2]. Tiger nut has been cultivated as a feed for 

both livestock and humans; it can be eaten wholly in different 

forms as raw, roasted, grated, and baked and it is used in 

addition to other food ingredients in making ice cream and 

beverages [3].  

Tiger nut oil is golden brown in color with a rich nutty taste 

and it is a good component of beauty products for both the 

skin and hair due to the high content of oleic acid and 

tocopherol [4]. It has been reported that tiger nut intake reduces 

low density lipoprotein-cholesterol (LDL-C), triglycerides and 

increases high density lipoprotein-cholesterol (HDL-C) 

thereby reducing the risk of arteriosclerosis [5]. It also 

stimulates the absorption of calcium, due to short and medium 

chain fatty acids, oleic acid, essential fatty acids it is 

recommended for both infants and the elderly because of its 

high content in Vitamin E and its antioxidant benefits in the 

cell membrane [6]. 

The tiger nut oil also has high monounsaturated fatty acids, 

similar to olive, avocado and hazelnut oil [7]. This 

monounstaturated oil has high unsaponifiable matter, 

phospholipids and other bioactive compounds such as 

tocopherols, phytosterols and polyphenols [8, 7]. The small 

round tubers found along the roots have a slightly almond 

flavor and are eaten raw or cooked, or made into a traditional 

chufa drink called orxata. These tubers contain high levels of 

protein, carbohydrate and oleic acid [9, 2], and 20 to 28 percent 

in the form of tiger nut oil. They have been a number of 

techniques reported thus far for the extraction of oil from 

tigernut. [10] extracted tigernut oil using both enzyme-aided 

pressing (EAP) and aqueous enzymatic extraction (AEE) 

methods and heating temperature however has no significant 

effect on the specific gravity, density, refractive index, 

saponification value and iodine value of the extracted oil [11].  

Tiger nut oil shows antioxidant and scavenging activities of 

hydroxyl radicals [12]. It also contains phytosterol, vitamin E 

and β-carotene [13]. Such substances, together with the 

unsaturated fatty acids of tigernut oil, are responsible for the 

overall antioxidant activity. Additionally, Tiger nut oil is also 

a fantastic component of beauty products having high oleic 

acid content and low acidity hence excellent for the skin and it 

is used for soap making [14].  

Tiger nut oil, although not entirely new, still remains 

unknown, largely unexploited in major parts of the world and 

underutilized even in regions where it is cultivated and a lot of 

people eat the tiger nut without knowing the nutritional 

benefits and products that can be obtained from it. Despite its 

high nutritional value, tiger nut oil is hardly used in food 

industries compared to other vegetable oils such as olive and 

peanut oil [7]. Therefore, further research is required to 

emphasize its benefit in food industries, domestic food 
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preparation and possible impact health. Thus, this study aims 

to investigate the physiocochemical properties and nutritional 

benefits of tigernut oil. 

 

2. Materials and methods 

Plant Collection 

Tiger nut was harvested freshly from a local farm in 

Maiduguri, Borno State, Nigeria and identified at Botany 

Department, University of Ibadan. The tubers were inspected; 

spoilt ones were removed by hand picking. Matured healthy 

tubers were washed, air dried at room temperature under the 

ceiling fan for 2 weeks, ground using Hammer mill into coarse 

powder and stored in sealed cellophane bags prior to 

extraction. 

 

Oil Extraction  

4kg of the powdered tubers was transferred into a glass 

container and 7.5 L of redistilled commercial grade n-hexane 

as added for 72 hours, the filtrate was removed using muslin 

cloth. To the residue was added another 5litres of pure n-

hexane and macerated in the cold for 3 days, thus the process 

was repeated. The combined n-hexane extract was then further 

filtered using filter paper and was concentrated using rotary 

evaporator at 30 °C to remove the solvent and was dried 

further using a vacuum oven set at 30°C and with a pressure 

of 700 mg/Hg. The obtained oil was stored in dark bottle in 

the refrigerator till needed for analysis. 

 

The weight of the sample was calculated using the formula 

below 

Weight of initial sample  = X 

Weight of bottle  = Y 

Weight of bottle + extract = Z 

Weight of extract (W)  =  (Z-Y) =W 

 

Determination of percentage oil yield 

Solvent was freed from the oil obtained after extraction was 

placed over a water bath at 70 oC for 30 minutes and the 

volume of oil was recorded and expressed as oil content (%) 

as calculated below: 

 

 
 

Determination of physicochemical parameters 

Determination of relative density 
A specific density bottle was washed, dried and weighed 

(W0). It was filled with distilled water and weighed (W1). The 

water was poured off and the bottle was dried to it previous 

constant weight and then filled with the oil sample and 

weighed (W2). 

 

 
 

Refractive index principle determination 

The prism of the instruments was cleaned thoroughly and two 

drops of the oil sample was placed on the prism. The 

temperature of the oil was allowed to equilibrate with that of 

the thermos stated fluid and reading of the thermometer was 

noted. The knobs of the instrument were set and the fluid was 

demarcated by a sharp line dividing the field of view into two 

equal halves and when line conceded with the spot marks “X” 

in the field of the view. The reading was taken at this point 

that is at normal temperature of 25°C but 40-60°C is for high 

melting fats [15, 16]. 
 

Refractive index (Ri) = R + K (T1 - T2) 
 

Where  

Ri  = refractive index reduced to standard temperature (25 0C) 

R  = Reading obtained at temperature T3 

T1  = Standard temperature 25 °C 

T2  = Temperature at which reading was taken. 

K  = substituting factor (Constant) 0.000385 for oils 0.000365 

 

Saponification value determination 

The method described by [16] was adopted. 2.0 g of the oil 

sample was weighed into 200 ml conical flask and 25ml of 0.5 

M of ethanolic potassium hydroxide solution was added. The 

flask was configured to a condensing set-up and heated on a 

water- bath for 1 hour with frequent shaking and the content 

was allowed to cool. To the solution was added 1% 

phenolphthalein indicator and 0.5M hydrochloric acid was 

titrated into it. Equivalent titration was performed for the 

blank and generated values were employed for computation 

according to the following equation; 
 

   
 

Where 

A  = Volume of 0.5M of Hydrochloric acid used in the 

blank titration. 

B  = Volume of 0.5M of Hydrochloric acid used in the 

sample titration. 

Q  = Weight in grams of the oil sample. 

28.05 = Conversion Factor 

 

Iodine value determination 

Wij’s solution was prepared; 8.0g of iodine monochloride was 

dissolved in 200 cm3 glacial acetic acid. 9.0g of Iodine crystals 

was dissolved in 300cm3 of carbon tetrachloride (CCl4) the 

two solutions were then mixed and made up to the mark with 

glacial acetic acid. 10g of oil sample was weighed into a clean 

dry 250cm3 conical flask and 10 cm3 of CCl4 was added 

followed by 20cm3 of the prepared Wij’s solution. The flask 

was stopped and kept in a dark cup board for 30 minutes at 

room temperature; 15ml of 10% of potassium iodide (KI) 

solution and 100cm3 of distilled water was added. This was 

titrated against 0.2ml sodium thiosulphate solution using 

starch as an indicator. A blank titration was also conducted 

under the same conditions without the sample. 
 

  
 

Where 

A = volume of 0.1 M Na2S2035H20 solution used for the 

blank titration. 
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B = volume of 0.1 M Na2S2035H20 solution used for the 

sample titration. 

Q  = Weight in gram of the oil sample 

12.69 = Conversion Factor. 

N   = Normality 

 

Proximate analysis 

The proximate analyses of Cyperus esculentus oil were 

determined according to Standard procedure [17]. 

Determination of Vitamins 

The separation and detection of the vitamins were performed 

using atomic absorption spectrophotometer (AAS) according 

to method described by [18]. Sample was analyzed for vitamin 

A, D, E & K. 

 

Determination of mineral content  

Minerals content were analyzed using atomic absorption 

spectrophotometric methods according to [19]. Sample were 

analyzed for sodium (Na), potassium (K), calcium (Ca), iron 

(Fe), magnesium (Mg), zinc (Zn), copper (Cu) and phosphorus 

(P) content. 

 

Determination of fatty acid composition 

Fatty acids were determined using gas chromatography/ mass 

spectrometry (GC-MS) Agilent technology 7890 GC system 

and the model of the detector is Agilent technology 5975 

MSD (Mass Spect. Detector). The column model is HP5 MS 

with length 30 m, internal diameter 0.320 mm, while the 

thickness was 0.25 µm. The oven temperature program was 

initial temperature of 80 oC held for 1 minute. It increases by 

100 per minute to the final temperature of 240 0C to hold for 6 

minutes. The injection volume was 1 microlitre and the heater 

or detector temperature is 250 0C. The tigernut oil extracted 

was put in a vial bottle and the vial bottle was placed in auto 

injector sample compartment. The automatic injector injected 

the sample into the liner. The mobile phase pushes the sample 

from the liner into the column where separation took place 

into different components at different retention time. The MS 

interpret the spectrum MZ (mass to charge ratio) with molar 

mass and structures.  

3. Results 

 
Table 1: Physicochemical Characteristics of Tigernut oil 

 

Properties Result 

Colour Light yellow 

Texture at 37% Liquid 

pH value 4.45 

Refractive index 1.452 

Relative density (g/cm3) 0.919 

Acid value (mg/KOH/g) 2.21 

Saponification value (mgKOH/g) 143.05 

Iodine value (g/100g) 80.37 

Ester value 62.68 

 

Table 2: Proximate analysis of Tigernut oil 
 

Parameter (%) Tigernut oil 

Crude protein 0.37±004 

Crude fat 0.012±0.01 

Fat 92.78±0.01 

Moisture content 0.70±0.51 

Ash 0.10±0.002 

Results are expressed as Mean ± SD for triplicate measurement 

 

Table 3: Vitamin composition of Tigernut oil 
 

Vitamins Yield (mg/100g) 

Vitamin A 2.21±0.03 

Vitamin D 1.49±0.05 

Vitamin E 1.68±0.08 

Vitamin K 1.53±0.30 

Results are expressed as Mean ± SD for triplicate measurement 

 

Table 4: Mineral composition of Tigernut oil 
 

Mineral elements Yield (mg/l) 

Calcium 1820±20 

Magnesium 241±20 

Potassium 32.5±2.50 

Sodium 60.5±1.80 

Phosphorus 0.063±0.001 

Manganese 0.75±0.02 

Iron 93.00±0.5 

Zinc 3.30±0.015 

Nickel 5.60±0.02 

Results are expressed as Mean±SD for triplicate measurement 

 
Table 5: Fatty acid composition of Tigernut oil as determined by Gas chromatography-mass spectrometry analysis 

 

Compound identified Retention time (min) % 

2-Decenal 7.790 4.90 

2-Dodecenal 9.204 4.51 

Hexadecanoic acid, methyl ester 16.059 4.07 

n-Hexadecanoic acid 16.757 7.75 

Hexadecanoic acid, ethyl ester 16.97 2.30 

9,12-Octadecadienoic acid 18.365 2.65 

11-Octadecenoic acid, methyl ester 18.456 7.65 

Oleic Acid 19.274 15.05 

Linoleic acid 19.343 3.19 

9-Octadecenoic acid, methyl ester 19.440 5.48 

Tris(tert-butyldimethylsilyloxy)arsane 31.15 1.36 

Cyclododecanone 31.485 2.41 

.beta.-Sitosterol 31.783 8.86 

N,N-Dimethyl-4-nitroso-3 (trimethy lsilyl)aniline 32.29 5.40 

1,4-Bis(trimethylsilyl)benzene 34.5 0.32 

4-Methyl-2-trimethylsilyloxy-acetophenone 34.6 4.66 
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Fig 1: GC-MS Chromatogram of Tigernut oil. 

 

4. Discussion 

Physicochemical analysis of Tigernut oil revealed relative 

density (0.919g/cm3) and refractive index (1.452) at 25 °C 

(Table 1) which falls within the range of recommended values 

of 1.445-1.470 refractive index for edible vegetable oils [20]. 

The saponification value of 143.05mgKOH/g was obtained 

and saponification values have been reported to be inversely 

related to the average molecular weight of the fatty acids 

present in oils [21] and a large saponification number increases 

the suitability of the oil for soap making. Thus qualifying 

tigernut oil an excellent candidate for soap making. The iodine 

value was found to be 80.37g/100g, tigernut oil is non-drying 

lipid suitable for paint making as drying oils have an iodine 

value above 100g/100g [22]. The ester and acid values of 62.68 

and 2.21mg/KOH/g respectively is in the range (0.00 to 3.00 

mgKOH/g) recommended for oil suitable for cooking [23], 

hence Tigernut oil could an excellent candidate for food 

preparation. 

Proximate analyses of tigernut oil (Table 2) show that it 

contains crude protein (0.37±004), crude fat (0.012±0.01), fat 

(92.78±0.01) moisture (0.70±0.51) and ash content (0.10± 

0.002) respectively. Vitamin content (Table 3) revealed 

vitamin A (2.21±0.03mg/100g), vitamin E (1.68±0 

.08mg/100g) and vitamin D 49±0.05mg/100g equivalent to 

72.93, 49.17 and 55.44 UI respectively. Vitamin K level was 

found to be 1.53±0.30mg/100g equivalent to (15.3mcg) and 

all of which was within the recommended daily intake limits 

(5000UI, 400UI, 30UI and 80mcg respectively) by U.S Food 

and Drug Administration (FDA). Vitamins are essential food 

components, deficiency of vitamin A and D causes blindness 

and rickets in children [24, 25]. Vitamin E has antioxidant 

properties [26], vitamin K is required to minimize blood loss in 

case of injury deficiency in it increases calcium deposition 

which could lead to coronary artery calcification and the 

development of heart disease [27]. Hence tigernut oil is a fat 

soluble vitamin rich source and could be very beneficial 

nutritionally. 

Table 4 shows that tigernut oil contains Ca (1820±20mg/l), 

Mg (241±20mg/l), K (32.5±2.50mg/l), Na (60.5±1.80mg/l), P 

(0.063±0.001mg/l), Mn (0.75±0.02mg/l), Fe (93.00±0.5mg/l), 

Zn (3.30±0.015mg/l) and Ni (5.60±0.02mg/l) respectively. 

Mg, K, Na, P, Mn, Fe, and Zn values are within range of the 

daily intake recommendation by U.S Food and Drug 

Administration (FDA) 400mg, 3500mg, 2400mg, 1000mg, 

2mg, 18mg and 15mg respectively. 

The components present in Tigernut oil were identified by 

GC-MS analysis. The GC-MS chromatogram of 21 peaks of 

compounds detected were shown in figure 1. The retention 

time (RT), compound identified and concentrations (% peak 

area) are presented in table 5. The most prevailing compounds 

are 4.7% hexadecanoic acid methy ester, 2.65% 9, 12-

octadecadienoic acid, 9-octadecenoic acid methyl ester 7.65% 

and 7.75% n-hexadecanoic acid (palmitic acid). Also, oleic 

acid was found to be 15.05% and People consuming the 

highest amounts of oleic acid were 89% less likely to have 

ulcerative colitis than those consuming the least amount of 

oleic acid [28] and a diet high in oleic acid may reduce the 

inflammation seen in obesity and non-insulin dependant 

obesity [29]. Linoleic acid was found to be 3.19% and linoleic 

acid has been shown to prevent the development of 

atherosclerosis, reduce body fat while improving lean body 

mass, and modulate immune and/or inflammatory responses 
[30]. However, the level of oleic acid and linoleic acid is 

inconsistent with the reports of [31, 10, 7] and this may be as 

result of the humus content of the soil were it was harvested, 

climatic variation, processing or storage technique. 

 

5. Conclusion 

Tiger nut oil is the fixed oil obtained from the tubers of 

Cyperus esculentus and the results of this study have 
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demonstrated that the oil finds application as an industrial raw 

material, essential food supplement and important 

nutraceutical. 
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