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Abstract 13 

In the present work, four types of marketable tiger nuts (Cyperus esculentus) from 14 

different geographical origins (Spain, Burkina Faso and Niger) were compared 15 

according to their physico-chemical characteristics and protein characterization. All 16 

batches presented a mixture of tubers of different shape, size and weight, of which the 17 

Spanish were the largest. Differences observed between their colours pointed to the 18 

variability in the skin color of tiger nuts in the market. The Spanish tubers were the 19 

richest in fat and protein (35.21 and 8.45%, respectively), while similar values were 20 

observed in the African tubers (from 25.35 - 28.19% in fat and 3.28 - 7.32% in protein). 21 

Fairly low percentages of tannins and phytates were also detected in all of them (0.08 - 22 

0.18 g / 100 g and 9.31 - 22.55 mg / 100 g, respectively). Similar results were obtained 23 

in the protein fractionation and characterization in tubers. These data showed the 24 

albumins to be the main protein fraction (82.23 - 91.93%), while globulins, prolamins 25 

and glutelins were represented by a remaining ~ 3 - 7.5%. Albumins were characterized 26 

by a wide range of different molecular weight polypeptides (20, 25, 37, 55, 75 and ~ 27 
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106 kDa), whereas in the other fractions, a lower number of bands was detected (at 18 - 28 

78 kDa). These results suggested that physico-chemical characteristics and proximate 29 

composition of tiger nut batches in the current market are the most variable parameters, 30 

which are mainly dependable on their geographical origin.  31 

 32 

Keywords: Tiger nuts, Cyperus esculentus L., physico-chemical characteristics, protein 33 

fractions, SDS-PAGE gel 34 

 35 

1. Introduction 36 

Tiger nuts (Cyperus esculentus L.) are little sweet tubers produced in the roots of an 37 

edible perennial grass-like plant, which is widely found around the Mediterranean 38 

countries  (Coșkuner et al., 2002). These tubers are rich in energy (~ 400 - 450 kcal / 39 

100 g), due to their content in starch and fat (26 - 30% and 21 - 25%, respectively). 40 

Major fatty acids of tiger nut oil are monounsaturated (> 60%), which is why its profile 41 

is comparable to olive or hazelnuts oils (Dubois et al., 2007). Tiger nuts also present a 42 

good percentage in protein (3 - 8%) and fiber (8 - 10%), as well as in vitamins (E and 43 

C) and minerals (phosphorous and potassium) (Adejuyitan, 2011; Arafat et al., 2009; 44 

Bosch et al., 2005; Chinma et al., 2009; Chukwuma et al., 2010; Tigernuts Traders, 45 

2014). Owing to their composition, different studies have pointed the suitability of these 46 

tubers for diabetics and people with digestive disorders, and also in the prevention of 47 

heart diseases (Borges et al.,  2008; Chukwuma et al., 2010; Tigernuts Traders, 2014). 48 

For this reason, these tubers are attracting industry interest, and the development of new 49 

tiger nut derived products has already been reinforced. These tubers are sold as snack 50 

food, and their flour has also been successfully used in bakery, in by-meat products and 51 

as a flavoring agent in ice cream production (Sánchez-Zapata et al., 2012). However, 52 
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tiger nuts are mainly used in the production of tiger nut drinks, non alcoholic beverages 53 

that are traditionally made in Spain (horchata de chufa) and Africa (kunnun aya). 54 

Current studies have evidenced the importance of tiger nut characteristics in the 55 

production of these quality derived products in terms of their physicochemical 56 

characteristics and nutritional profile, but despite most of these tubers being 57 

characterized and submitted to the sanitary official controls, the quality characteristics 58 

of some batches are still in doubt (Addy and Teshola, 1984; Bosch et al., 2005; Ejoh 59 

and Ndjouenkeu, 2007; Oladele and Aina, 2007; Sánchez-Zapata et al., 2010). 60 

Owing to all of this, the objective of the present work was to compare the quality 61 

characteristics of tiger nuts from different geographical origin which are 62 

commercialized in the European market for the production of derived products, in order 63 

to generate more information about the effect of site cultivation on their physico-64 

chemical characteristics. Furthermore, another goal was to obtain tiger nut protein 65 

fractions and determine partially their chemical characteristics, data about their 66 

chemical characterization that remains scarcely explored. 67 

 68 

2. Materials and methods 69 

2.1. Materials 70 

Tiger nuts used in this study were obtained from different markets. Spanish tubers 71 

(VTN) were provided by Horchata Lider, S.L. (Polinyà, Spain) from the province of 72 

Valencia. At the same time, African tiger nuts were provided by Nectina, S.L. 73 

(Tarragona, Spain), from three different local markets of Burkina Faso (B1TN and 74 

B2TN) and Niger (NTN), which export several tons of tiger nuts every year to Europe. 75 

For each type of tiger nut, two carrier bags of 25 kg were collected from two different 76 
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containers of 1000 kg of tubers. Three representative subsamples (from three different 77 

parts of each carrier bag) were taken for the analyses carried out in this study.   78 

 79 

2.2. Physical characterization 80 

2.2.1. Shape 81 

Shape of tiger nuts was determined measuring the length (L, in mm) and the thickness 82 

(T, in mm, considering the biggest diameter) of 300 tiger nuts of each carrier bag (100 83 

tubers from three different parts of the bag), using an electronic digital caliper to an 84 

accuracy of 0.01 mm (Electronic Digital Vernier Caliper 0 - 150 mm, Barcelona, 85 

Spain). Tubers were divided in three groups according to the shape classification 86 

proposed by Morell and Barber (1983). In accordance to the ratio L/T, tubers were 87 

classified as round tubers (L/T ≤ 1.24), oval tubers (L/T < 1.25) and elongated tubers 88 

(L/T ≥ 1.45). In line with this classification, percentages of tiger nuts of every shape per 89 

carrier bag were also estimated.  90 

 91 

2.2.2. Weight 92 

Tuber weight was determined by weighing 300 tiger nuts from each carrier bag (100 93 

tubers from three different parts of the bag, using an electronic balance. The average 94 

weight of round, oval and elongated tubers were also determined by counting 100 tubers 95 

of every shape and weighing them.  96 

 97 

2.2.3. Color 98 

Surface color of tiger nuts was determined using a Hunter Lab colorimeter (MiniScan 99 

XETM, Hunter Associates Laboratory Inc., Reston, VA). Color coordinates were 100 

measured with an illuminant of D65 and a standard observer of 10º. The colorimeter 101 
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was calibrated against black and white tile standards. The Commission Internationale de 102 

l’Eclairage (CIE) L*, a*, and b* values were measured in triplicate. The L* value 103 

represents the lightness (with values from 0 (black) to 100 (white)), and the a* (red-104 

green) and b* (blue-yellow) axes (with no specific numerical limits) represent 105 

chromatic components. Color differences (ΔE*) were determined by the following 106 

equation: ΔE* = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2, in which ΔL*, Δa* and Δb* are the 107 

differences in the tristimulus coordinates between samples and a reference sample, in 108 

this case VTN.  109 

All physical analyses were performed in triplicate.  110 

 111 

2.3. Chemical characterization 112 

2.3.1. Proximate composition 113 

Before proximate analysis, tubers were ground in a laboratory grinder, passing through 114 

a 0.5 mm sieve (CISA, Barcelona). AOAC (2002) methods were used for the 115 

determination of moisture (method 925.10), fat (method 920.39), protein (method 116 

955.04), crude fiber (method 962.09) and ash (method 923.03). The protein / nitrogen 117 

coefficient used was 6.25. Dietary fiber (soluble and insoluble) was determined 118 

according to the AOAC method 991.43 by using KIT Megazyme K-TDFR 12/05 119 

(Megazyme International, Wicklow, Ireland). Nitrogen free materials (NFM) were 120 

calculated by difference. Fat, crude fiber, ash, protein and NFM results were expressed 121 

in dry matter.  122 

 123 

2.3.2. Antinutritional components: phytates and tannins  124 

Phytate content of tiger nut flour was determined according to Haugh and Lantzsch 125 

(1983), following the variant a of the method. Results were expressed as µg of phytate / 126 
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mL of extract. Tannin content in samples was determined by ISO method 9648 127 

(International Standards Organization, 1988). The tannin content was expressed as a 128 

percentage by mass of tannic acid in relation to the dry matter.  129 

 130 

2.3.3. Protein fractionation 131 

Tiger nuts were ground in a laboratory grinder and passed through a 0.5 mm sieve 132 

(CISA, Barcelona, Spain). Defatted tiger nut flour was obtained by the treatment with 133 

anhydrous ether in a Soxhlet apparatus (AOAC, 2002). The method proposed by 134 

Osborne (1924), with some modifications, was used for the extraction of the different 135 

protein fractions: 136 

Albumins + Non Protein Nitrogen (NPN): Defatted tiger nut flour was first extracted 137 

with distilled water (0.1 g/mL), by three stirring steps of 1 h at 4ºC and then centrifuged 138 

at 10 000 g for 30 min at 4 ºC. Supernatants were mixed and analyzed for total nitrogen 139 

and freeze-dried. 140 

Globulins: The resulting residue from the previous extraction was extracted under 141 

magnetic stirring with 10% NaCl (0.1 g/mL) for 1 h at 4 ºC and centrifuged at 10 000 g 142 

for 30 min at 4 ºC. Supernatant was dialyzed against distilled water for 5 days at 4 ºC, 143 

changing the water of dialysis daily. Dialyzed sample was analyzed for total nitrogen 144 

and freeze-dried. 145 

Prolamins: The globulin residue was extracted under magnetic stirring for 1 h at 4 ºC, 146 

with 70% 2-propanol (0.1 g/mL). Then, the aqueous sample was centrifuged at 10000 g 147 

for 30 min at 4 ºC, and the supernatant was dialyzed against acetic acid (0.01%), during 148 

5 days at 4 ºC, changing the solution daily. Dialyzed sample was analyzed for total 149 

nitrogen and freeze-dried. 150 
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Glutelins: Glutelins were extracted from previous residue, under magnetic stirring for 1 151 

h at 4 ºC with 0.1 mol/L Na2B4O7 + 1 g/L SDS (0.1 g/mL), according to Bernardino-152 

Nicanor et al. (2006). Then, the samples were centrifuged at 10 000 g during 30 min at 153 

4 ºC, and supernatants were dialyzed against acetic acid (0.01%) during 5 days at 4 ºC 154 

with daily changes of solution. Dialyzed sample was analyzed for total nitrogen and 155 

freeze-dried. 156 

 157 

2.3.4. Nitrogen and total protein determination 158 

The nitrogen content of each fraction (albumins + NPN, globulins, glutelins, prolamins 159 

and insoluble residue) was determined by the Kjeldahl method, according to the AOAC 160 

(2002) method 955.04 by using a Kjeltec Auto Distillation 2200 apparatus (Barcelona, 161 

Spain).  162 

 163 

2.3.5. Gel electrophoresis (SDS – PAGE) of protein fractions 164 

The freeze-dried extracts obtained according to Osborne method were dissolved in a 165 

buffer solution at pH = 6.8 (Tris - HCl 0.5 mol/L, 10 mL/100 mL glycerol, 2 g/100 mL 166 

SDS and 0.05 g/100 mL bromophenol blue), in the proportion 5:1 (w:w). For reducing 167 

conditions, 5% β-mercaptoethanol was added to the samples before heating them at 95 168 

ºC for 5 min in a boiling water bath. In order to remove the residual fat, the samples 169 

were centrifuged at 2500 g for 30 min. 40 µL of supernatants were loaded onto SDS-170 

polyacrylamide gels (4 and 12 % polyacrilamide for stacking and separating gel, 171 

respectively), according to Laemmli (1970). A molecular mass (MW) marker (wide 172 

range of 2-250 kDa, Precision Plus ProteinTM Dual Xtra Standards, Bio-Rad 173 

Laboratories, España) was applied to each gel. Gels were run at 200 V using a 174 

Pharmacia Biothech power supply unit (model EPS 3500, Pharmacia Biotech, Uppsala, 175 
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Sweden). Proteins were fixed in the gel using 0.1% (w/v) Comassie Brilliant Blue R250 176 

in a 5:1:4 mixture of methanol, acetic acid and distilled water. Gels were distained with 177 

a solution of methanol (160 mL/L) and glacial acetic acid (10 mL/L). ImageMaster 178 

software (Amersham Pharmacia Biotech, Newcastle, UK) was used for the analysis of 179 

the scanned distained gels images. On the SDS-PAGE gel, the apparent molecular mass 180 

of the bands was estimated from the mobility of proteins in the gel when comparing 181 

with the mobility of the MW markers.  182 

All chemical analyses were performed in triplicate.  183 

 184 

2.4. Statistical Analysis 185 

Data were processed by analysis of variance (ANOVA), using the general linear models 186 

procedure of Statgraphics (Statgraphics Inc., Chicago, IL, USA). Tukey test was used 187 

for comparison of sample data, and evaluations were based on a significance level of P 188 

< 0.05. 189 

 190 

3. Results and discussion 191 

Figure 1 displays a representative image of the different varieties of tiger nuts used in 192 

this study, in which physical impurities had already been eliminated. Note that in their 193 

reception, African tubers (B1TN, B2TN and NTN) showed a higher level of initial 194 

contamination (stones, sand, plant roots remains, damaged tubers or other grain shells) 195 

than Spanish, which nearly presented physical impurities.  196 

 197 

3.1. Physical Characterization 198 

3.1.1. Shape 199 



 

9 

 

Table 1 shows the values obtained in the shape classification of tiger nuts in accordance 200 

to their sizes. It was observed that batches of tiger nuts in the market present a mixture 201 

of tubers of different size. Length and thickness values ranged from 5.70 to 9.05 mm 202 

and from 7.10 to 14.37 mm, respectively. Spanish tiger nuts presented the largest sizes, 203 

whereas similar values were obtained among the African.  204 

All carrier bags presented a mixture of elongated, oval and round tubers. In all of them, 205 

round tubers were the predominant (~ 50 - 72% of total), while elongated and oval 206 

tubers followed them in importance (~ 13 - 28% and ~ 16 - 27% of total, respectively). 207 

Similar results were described previously by Morell and Barber  (1983) in their studies 208 

with marketable batches of tiger nuts from Spain. Linking the size of tubers with their 209 

shape classification, elongated tiger nuts were the biggest in all cases (Table 1). Djomdi 210 

et al. (2008) and Ejoh and Ndjouenkeu (2006) studied the influence of tiger nuts size on 211 

their soaking behavior. These authors observed that the rate of absorption was inversely 212 

proportional to the tuber size, whereas at ≥ 80 ºC the water content equilibrium was 213 

reached in the same period of time, whatever the tuber dimension. Therefore, data about 214 

tubers size of marketable batches may be useful for the drink industry with respect to 215 

optimizing the soaking time of tubers in the tiger nut milk beverages performance. 216 

Shape properties of these tubers should also provide useful information for the design of 217 

equipment for processing and storing the tubers. 218 

 219 

3.1.2. Weight 220 

The average weight of analyzed tiger nuts is presented in Table 2. As shown, this 221 

parameter varied considerably, especially if comparing tiger nuts according to their 222 

origin. Note that weight depends on the grain size, and as observed, this parameter was 223 

widely variable. Spanish tubers were the heaviest (~ 0.40 g), whereas the African 224 
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reported similar specific weights to each other (0.27 - 0.30 g). If relating the shape of 225 

tubers with their weight, in general, elongated tiger nuts were the heaviest. Tuber weight 226 

depends on tuber thickness but, to the same thickness, the weight increase is in 227 

accordance to their length. Average specific weight ranged between 0.27 and 0.51 g in 228 

elongated, 0.24 - 0.39 in oval and 0.23 - 0.36 in round tiger nuts. In fact, the grain mass 229 

also increases according to the moisture content of grains, so that tubers with higher 230 

percentage of water are supposed to be the heaviest (Table 4). 231 

 232 

3.1.3. Color measurement 233 

Color coordinates of all analyzed tubers are shown in Table 3. Significant differences (P 234 

< 0.05) were observed in the lightness (L*), and a* (red - green) and b* (blue - yellow) 235 

parameters between tubers (Table 3). Burkina tiger nuts B1TN and B2TN presented the 236 

highest values of L* (more white), a* (more red) and b* (more yellow), and they did not 237 

show large differences between them. The lowest values of all chromaticity coordinates 238 

were obtained in VTN. NTN did not present significant differences in L* and a* 239 

parameters if comparing to VTN, although in Niger tubers b* value was higher.  240 

To the naked eye, tiger nuts were classified in two main groups: lighter or yellowish 241 

(B1TN ~ B2TN) and darker or brownish (NTN > VTN). In fact, other authors have 242 

previously classified these tubers in accordance to the skin colors yellow and brown 243 

(Chinma et al., 2009; Oladele and Aina, 2007). That subjective assessment was also 244 

evidenced by the results shown in Table 3. According to the ΔE* parameter, which 245 

indicates the color differences between VTN and the others, NTN were close to VTN, 246 

while there were no general color differences between Burkina tubers, which were the 247 

most different related to VTN. This pointed to the variability in the skin color of tiger 248 

nuts in the market, although in some applications (as for example in the production of 249 

tiger nut drinks and snacks) tubers skin is finally removed.  250 
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 251 

3.2. Chemical characterization 252 

3.2.1. Proximate composition  253 

Proximate composition of tubers is shown in Table 4. Although there were slight 254 

differences between samples in protein and fat composition, all tiger nuts presented a 255 

similar nutritional profile, whose principal components were NFM and fat (45.05 - 256 

58.66 and 25.35 - 35.21%, respectively). Therefore, tiger nuts are considered a high 257 

energetic product (~ 400 - 450 kcal / 100 g), especially if compared with other tubers 258 

such as raw potato (Solanum tuberosum) or sweet potato (Ipomoea batatus), which are 259 

71 and 100 kcal / 100 g, respectively (Chinma et al., 2009; CESNID, 2003; Tigernuts 260 

Traders, 2014). 261 

Moisture content of analyzed tiger nuts was comprised in the range of 6.38 - 8.66%. 262 

Before tubers are stored, they are dried in order to reduce their percentage of water, 263 

down to almost ~ 10%, to ensure a longer shelf time inside the containers. This low 264 

moisture content emphasizes the importance of soaking tiger nuts before the production 265 

of milk beverages. The grain blending in this process is fundamental to facilitate their 266 

grinding, as well as to improve nutrient diffusion though the milky extract (Ejoh and 267 

Ndjouenkeu, 2006). 268 

NFM were the principal component in all samples (Table 1). NFM percentages were 269 

B2TN = NTN > B1TN > VTN. Morell & Barber (1983) reported that ~ 65% of NFM 270 

corresponded to starch and fiber, which indeed are the main carbohydrates in all tubers. 271 

Between others, the variety and the ripening stage of tiger nuts will determine their 272 

content of carbohydrates (Coșkuner et al., 2002). Similar percentages of crude fiber 273 

were obtained in all analyzed tubers (8.42 - 9.31%). VTN and B1TN presented the 274 

highest percentages, similar to those described previously in tiger nuts from Turkey 275 



 

12 

 

(Coșkuner et al., 2002). Total dietary fiber in NTN, B1TN, B2TN and VTN was 18.52 ± 276 

0.50, 21.00 ± 0.42, 25.84 ± 1.57 and 27.77± 0.01%, respectively, and in all of them, ~ 277 

90% of this fiber was represented by insoluble fiber. Total dietary fiber of tiger nuts has 278 

good profile for its application in different food products. In line with this, Sánchez-279 

Zapata et al. (2010)  noted the potential of the solid residue obtained in the production 280 

of tiger nut beverage as a possible ingredient for the elaboration of different meat 281 

products, such as dry cured pork sausages or pork burgers.  282 

Fat content in all samples was comprised in the range of 25.35 - 35.21%. VTN were the 283 

fattiest (~ 35%), while Burkina tubers B1TN and B2TN, which did not present 284 

significant (P > 0.05) differences between them, showed the lowest fat percentages 285 

(25.35 and 25.77%). These values were within the usual range for those previously 286 

reported, which make evident the high fat content of tiger nuts in comparison to other 287 

tubers (0.13% in yacon, 0.16% in potato or 0.30% in cassava) (Adekanmi et al., 2009; 288 

CESNID, 2003; Lombardo et al., 2012; Maives et al., 2012; Scher et al., 2009).  289 

Extracted tiger nut oil was characterized for a pale-yellow color and also for a smooth 290 

flavor. This product has recently been revalued for industry for different applications, 291 

for example as an accompaniment for cooking food, for nutritional purposes and 292 

cosmetic products or in the pharmaceutical industry, among others (Tigernuts Traders, 293 

2014). Its profile is characterized for unsaturated fatty acids (~ 83%), showing a great 294 

similarity with the oils obtained from olive (~ 83%), maize (~83%) or soy (~ 82%) 295 

(CESNID, 2003). The major fatty acids in tiger nut oil are oleic, palmitic and linoleic 296 

(Coșkuner et al., 2002; Hunter, 2001; Kim et al., 2007; Linssen et al., 1988). Both site 297 

and variety have a significant influence on the different oil fractions, since it has been 298 

verified that the tiger nut fatty acid profile could be used as an alternative geographical 299 

authenticity marker (Ejoh and Ndjouenkeu, 2006; Lopéz-Cortés et al., 2013). 300 
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Furthermore, a moderate content of phytosterols (~ 0.5 - 0.6 g / g of oil) was also 301 

described in tiger nuts by Yeboah et al. (2012), which improves the value of tiger nut oil 302 

as a food source.  303 

The protein was the most variable component among all analyzed samples (3 - 8.5%). 304 

Ejoh and Ndjouenkeu (2007) had already reported the variability among the protein 305 

content of tiger nuts from different geographical origin and variety (6.57 - 8.30%). In 306 

addition, Chinma et al. (2009) also noted that the protein percentage in tiger nuts 307 

increased with tubers germination (from 8.23 to 12.40%), due to the diminution of 308 

carbohydrates and fat contents. VTN were the richest in protein (8.45%), followed by 309 

Burkina (7.32 and 5.62% for B1TN and B2TN, respectively) and Niger tubers (≤ 4%). 310 

Note that in comparison to other tubers, tiger nut protein content is high. In taro 311 

(Colocasia esculenta), cassava or yams (Dioscorea spp.), the percentage of protein is ~ 312 

0,5 - 3% (Abara, 2011; Linssen et al., 1988; Maives et al., 2012) 313 

The content of ash in all tiger nuts was similar, similar to that described in other tubers  314 

(Lombardo et al., 2012; Scher et al., 2009; Walter et al., 1984). This percentage in NTN 315 

was the lowest (1.60%), whereas the others were richer in minerals (1.90-1.97%) but 316 

not statistically different (P > 0.05) between them. These results were in accordance to 317 

those described by Valls et al. (1980) who characterized the tiger nut as a tuber rich in 318 

potassium (0.55%) and phosphorous (0.2%). For this reason, drinks made of tiger nuts 319 

have been reported to be healthy, since they are a good source of some useful minerals.  320 

 321 

 3.2.2. Antinutritional components 322 

In this study, all tiger nuts showed low contents of tannins and phytates. These 323 

components are widely known to interfere with the bioavailability of some nutrients in 324 

the intestinal track, decreasing their absorption (xx). Table 5 shows the results obtained 325 
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in the tannin and phytate determination. The tannin content in tubers ranged from ~ 0.08 326 

to 0.18%, the highest for B2TN, and the lowest for VTN. NTN and B1TN did not 327 

present significant differences (P > 0.05) between them. In Nigeria tiger nuts, Addy and 328 

Teshola (1984) reported a tannin content of 0.16%, similar results to those obtained in 329 

this study, but on the contrary, Chukwuma et al. (2010) reported a far lower 330 

concentration (~ 0.01%) in tiger nuts from the same origin. Tannins inhibit the activities 331 

of some enzymes (such as lipase or amylase) by binding proteins and consequently 332 

making them difficult to digest in the body. By contrast, these compounds have also 333 

been related with antimicrobial activities and also with the prevention of some bacterial 334 

infections (Sánchez-Zapata et al., 2012).  335 

The phytate content of analyzed tiger nuts ranged between 9.31 and 22.55 mg / 100 g 336 

(Table 5). Phytate percentage in NTN was observed to be the highest, whereas no 337 

significant differences (P > 0.05) were observed between VTN and B1TN. The lowest 338 

content was shown in B2TN. These results were close to those reported by Adekanmi et 339 

al. (2009) in Nigeria tiger nuts (21.42 mg / 100 g), but higher than those described by  340 

Chukwuma et al. (2010) in tiger nuts from the same origin (1.97 mg / 100 g). Phytates 341 

have been found to form chelates with some divalent minerals (such as magnesium and 342 

calcium), and thereby the mineral absorption decreases in the intestine tract.  343 

Other authors have also detected alkaloids, sterols, resins, cyanogenic glycosides, 344 

sponins and trypsin inhibitors in raw tiger nuts (Addy and Teshola, 1984; Chukwuma et 345 

al. (2010); Okafor et al., 2003). Despite this, these studies have demonstrated that 346 

soaking, boiling or toasting steps are supposed to reduce the percentage of these 347 

components, due to the heat sensibility of these antinutritional components and their 348 

diffusion into the soaking water. 349 

 350 
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3.2.3. Characterization of tiger nut protein fractions  351 

Table 6 shows the percentages of the Osborne’s protein fractions isolated in this study. 352 

In accordance with the isolation protocol, the NPN was quantified together with 353 

albumins fraction. NPN is represented by non protein origin compounds that contain 354 

nitrogen, such as ammoniac, nitrites and nitrates, urea or uric acid, among others. 355 

According to the literature, NPN in tiger nuts is ~ 0.58% (Morell and Barber, 1983). 356 

As observed in all tiger nuts, the predominant protein fraction (~ 82 - 91%) 357 

corresponded to the water soluble fraction (albumins + NPN), whereas the other 358 

solubilised fractions (globulins, prolamins and glutelins) were in the range of ~ 0.63 - 359 

3.96% of the total. The residual nitrogen differed from ~ 4.7% in VTN to ~ 12% in 360 

B1TN.   361 

Tiger nuts presented a content in albumins significantly different (P < 0.05) to each 362 

other (82.23 - 91.93% of the total isolated protein). The percentage shown in VTN was 363 

the highest (~ 91%), followed by Nigerian (~ 84.07%), and both Burkina tubers (~ 364 

82.23 - 82.75%). These results were in accordance to those reported by Morell and 365 

Barber (1983) in tiger nuts from Spain, whose albumins content was ~ 81%. Globulins, 366 

prolamins and glutelins fractions followed the albumins in importance. Globulins 367 

content also varied between samples, which accounted for between 2.10 and 3.96% of 368 

the total. Prolamins achieved 0.91 - 1.61% of total protein in VTN, B1TN and B2TN. In 369 

contrast, NTN presented the highest percentage in this fraction (~ 3.45%). VTN showed 370 

the lowest percentage of glutelins (0.63% of total), which was significantly (P ≤ 0.05) 371 

different to the others (whose content was ~ 2%). Morell and Barber (1983), in their 372 

studies with Spanish tiger nuts, reported percentages of ~ 4.8, 2.3 and 0.9% for 373 

globulins, glutelins and prolamins, respectively.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            374 
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Albumins and globulins are abundant fractions in tubers. In potato, Gorinstein et al. 375 

(1988) described that albumins and globulins represent 67 and 23% of the total protein 376 

content, whereas in taro (Colocasia esculenta L. Schott), Monte-Neshich et al. (1995) 377 

reported that ~ 11% of total protein corresponded to albumins and ~ 80% were 378 

globulins. The amount of these proteins changes over time, due to these proteins may 379 

enable the plant to survive in periods of adverse conditions (Shewry, 2003).  380 

Technologically, in tiger nuts, the existence of this soluble-in-water main fraction 381 

represents a benefit for optimizing the protein extraction in tiger nut milk beverage 382 

production. Sánchez-Zapata et al. (2012) demonstrated that liquid co-products of tiger 383 

nut milk production can be used as a food ingredient by the food industry, as a 384 

substitute for water addition to foods. In line with this, some tubers protein isolates, or 385 

the water extracts of tubers, have already been described as an ideal ingredient in 386 

different food applications, due to the functional properties of their proteins 387 

(emulsifying, foaming, gelling, antioxidative activity, etc.) (Hou et al., 2001; Nagai and 388 

Nagashima, 2006; Scher et al., 2009; Waglay et al., 2014). 389 

 390 

 391 

 392 

3.2.4. Electrophoretic patterns  393 

Fig. 2 shows the protein composition of the Osborne fractions analyzed by SDS-PAGE. 394 

Electrophoretic patterns corresponding to the different tiger nuts were similar to each 395 

other, and they were characterized by spanning the whole range of MW. Polypeptides 396 

with the same MW were isolated in the different fractions, which evidenced the 397 

existence of proteins with the same MW and different solubility.  398 
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Similar electrophoretic patterns were obtained in all albumins fractions. These fractions 399 

presented the highest number of bands (~ 18 - 20), which were characterized by a wide 400 

range of MW polypeptides (15 - 200 kDa). In all albumin patterns, bands with 20, 25, 401 

37, 55, 75 and ~ 106 kDa were highlighted for their intensity, while four fair bands at 402 

33, 41, 64 and 96 kDa were also observed. Apart from these, other diffuse bands were 403 

also isolated in all tiger nuts in the range of 15 - 200 kDa. These results are similar to 404 

those reported by Gorinstein et al. (1988), who isolated more than 10 different bands in 405 

the albumin fraction of potato, of which MW at 20, 25 and 45 kDa were the most 406 

intense. On the contrary, globulin fractions presented a pattern with fewer bands than 407 

albumins, whose MW mainly coincided with those observed for the water-soluble 408 

fraction. In all tubers, bands at 18 - 19, 25 and 31 kDa were detected, although in VTN 409 

and B2TN these bands were more intense. In taro, Monte-Neshich et al. (1995) isolated 410 

three major globulins at 12.5, 22 and 24 kDa; these proteins were believed to represent 411 

storage proteins, because their diminution was observed during tuber germination. 412 

Adding to this, it has been demonstrated in sweet potato that sporamin storage globulin 413 

(whose MW is at ~ 22 - 31 kDa) have trypsin inhibitory activity (Maeshima et al., 1985; 414 

Yao et al., 2001; Yeh et al., 1997). In fact, the presence of this protease inhibitor in tiger 415 

nuts has been previously reported by other authors in Nigerian tiger nuts, which would 416 

suggest the relationship between some of the isolated globulins with this inhibitory role 417 

(Addy and Teshola, 1984). In Spanish tiger nut fraction, two pale bands at 41 - 55 kDa 418 

were also observed. In reference to this Park et al. (1983), Racusen and Foote (1980) 419 

and Shewry (2003) isolated a glycoprotein in potato whose MW was ~ 40 - 45 kDa, the 420 

activity of which might be related to the biological defence of the plant against pests 421 

(Galliard, 1971; Shewry, 2003). This protein has been also shown to possess antioxidant 422 
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activity and has excellent foaming and emulsifying abilities as well (Van Koningsveld 423 

et al., 2006, 2002; Waglay et al., 2014). 424 

Prolamins were the protein fraction with the lowest number of bands. In all tubers, the 425 

most intense band was at 18 - 19 kDa, whereas two diffuse bands at 25 and 31 kDa were 426 

also isolated. B2TN also presented an intense band at 20 kDa and a pale band at 50 kDa. 427 

In glutelin fractions, isolated bands were more intense than in prolamins. In VTN, NTN 428 

and B1TN, intense bands at 18 - 19, 20 and 25 kDa were observed, while in B2TN the 429 

same bands were isolated but slightly diminished. In VTN and NTN, three pale bands at 430 

37, 50 and 78 kDa were also isolated, although in the range of 20 - 31 and 31 - 37 other 431 

diffuse bands were also appreciated. In potato, the major prolamin and glutelin bands 432 

were described at 12 and 25 KDa and at 12, 25 and 150 kDa, respectively (Goristein et 433 

al., 1988).  434 

 435 

4. Conclusions 436 

Results in this study showed that physico-chemical characteristics and proximate 437 

composition of tiger nut batches in the current market are quite variable and mainly 438 

dependable on their geographical origin. On the contrary, protein characteristics were 439 

more similar between tubers. In this respect, tiger nuts should be selected accordingly 440 

for derived products intended for manufacture by industry, in order to optimize the 441 

production processing and the physicochemical characteristics of tiger nut food 442 

products.  443 

 444 

5. Acknowledgement 445 

We thank Horchata Lider, S.L. and Nectina, S.L. for kindly providing the tiger nuts 446 

used in this study.  447 



 

19 

 

 448 

6. References 449 

Abara, A.E., 2011. Proximate and mineral elements composition of the tissue and 450 

peel of Dioscorea bulbifera tuber. Pak J Nutr 10, 453–54. 451 

 452 

Addy, E., Teshola, E., 1984. Nutritive value of a mixture of tiger nut tubers 453 

(Cyperus esculentus L.) and baobab seeds (Adansonia digitata L.). J. Sci. Food 35, 454 

437–40. 455 

 456 

Adejuyitan JA, 2011. Tigernut processing: its food uses and health benefits. Am. J. 457 

Food Tec 6, 197–201. 458 

 459 

Adekanmi, O.K., Oluwatooyin, O.F., Yemisi, A.A., 2009. Influence of processing 460 

techniques on the nutrients and antinutrients of tigernut (Cyperus esculentus L.). 461 

World J. Dairy Food Sci. 4, 88–93. 462 

 463 

AOAC, 2002. Official methods of analysis (17th ed.). Association of Official 464 

Analytical Chemists, Arlington, V.A. 465 

 466 

Arafat, S.M., Gaafar, A.M., Basuny, A.M., Nassef, S.L., 2009. Chufa Tubers ( 467 

Cyperus esculentus L .): As a New Source of Food. Worl Appl. Sci. J. 7, 151–156. 468 

 469 

Bernardino-Nicanor, A., Scilingo, A.A., Añón, M.C., Dávila-Ortíz, G., 2006. Guava 470 

seed storage protein: Fractionation and characterization. LWT - Food Sci. Technol. 471 

39, 902–910. 472 

 473 

Borges, O., Gonçalves, B., de Carvalho, J.L.S., Correia, P., Silva, A.P., 2008. 474 

Nutritional quality of chestnut (Castanea sativa Mill.) cultivars from Portugal. Food 475 

Chem. 106, 976–984. 476 

 477 

Bosch, L., Alegría-Torán, A., Farré-Rovifa, R., 2005. RP-HPLC determination of 478 

tiger nut and orgeat amino acid contents. Food Sci. Technol. Int. 11, 33–40. 479 

 480 



 

20 

 

CESNID, 2003. Tablas de composición de alimentos del CESNID. Mc- Graw-Hill - 481 

Interamericana y Edicions Universitat de Barcelona, Barcelona. 482 

Chinma, C.E., Adewuyi, O., Abu, J.O., 2009. Effect of germination on the chemical, 483 

functional and pasting properties of flour from brown and yellow varieties of 484 

tigernut (Cyperus esculentus). Food Res. Int. 42, 1004–1009. 485 

 486 

Chukwuma, E.R., Obioma, N., Christopher, O.I., 2010. The phytochemical 487 

composition and some biochemical effects of Nigerian tigernut (Cyperus esculentus 488 

L.) tuber. Pakistan J. Nutr. 9, 709–715. 489 

 490 

Coșkuner, Y., Ercan, R., Karababa, E., Nazlican, A.N., 2002. Physical and chemical 491 

properties of chufa (Cyperus esculentus L) tubers grown in the Çukurova region of 492 

Turkey. J. Sci. Food Agric. 82, 625–631. 493 

 494 

Djomdi, Ejoh, R., Ndjouenkeu, R., 2008. Soaking behaviour and milky extraction 495 

performance of tiger nut (Cyperus esculentus) tubers. J. Food Eng. 78, 546–550. 496 

 497 

Dubois, V., Breton, S., Linder, M., Fanni, J., Parmentier, M., 2007. Fatty acid 498 

profiles of 80 vegetable oils with regard to their nutritional potential. Eur. J. Lipid 499 

Sci. Technol. 109, 710–732. 500 

 501 

Ejoh, R., Ndjouenkeu, R., 2007. Soaking behaviour and milky extraction 502 

performance of tiger nut (Cyperus esculentus) tubers. J. Food Eng. 78, 546–550. 503 

 504 

Ejoh, R.A., Ndjouenkeu, R., 2006. Characteristics of tigernut ( cyperus esculentus ) 505 

tubers and their performance in the production of a milky drink. J. Food Process. 506 

Preserv. 30, 145–163. 507 

 508 

Galliard, T., 1971. The enzymic deacylation of phospholipids and galactolipids in 509 

plants. Purification and properties of a lipolytic acyl-hydrolase from potato tubers. 510 

Biochem. J. 121, 379–90. 511 

 512 



 

21 

 

Goristein, S., Yamagata, S., Hadziyev, D., 1988. Electrophoretic separation of 513 

proteins and their amino acid composition in raw and processed potatoes. J. Food 514 

Biochem. 12, 37–50. 515 

Haug, W., Lantzsch, H.J. 1983. Sensitive method for the rapid determination of 516 

phytate in cereals and cereal products. J. Sci. Food Agric. 34, 1423 –26. 517 

 518 

Hou, W.C., Lee, M.H., Chen, H.J., Liang, W.L., Han, C.H., Liu, Y.W., Lin, Y.H., 519 

2001. Antioxidant activities of dioscorin, the storage protein of yam (Dioscorea 520 

batatas Decne) tuber. J. Agric. Food Chem. 49, 4956–60. 521 

 522 

Hunter, J.E., 2001. Studies on effects of dietary fatty acids as related to their 523 

position on triglycerides. Lipids 36, 655–68. 524 

 525 

ISO, 1988. Sorghum.  Determination of tannin content. International Organization 526 

for Standardization, ISO 9648:1988.  527 

 528 

Kim, M., No, S., Yoon, S.H., 2007. Stereospecific Analysis of Fatty Acid 529 

Composition of Chufa (Cyperus esculentus L.) Tuber Oil. J. Am. Oil Chem. Soc. 530 

84, 1079–1080. 531 

 532 

Laemmly, U.K., 1970. Cleavage of Structural Proteins during the Assembly of the 533 

Head of Bacteriophage T4. Nature 227, 680–685. 534 

 535 

Linssen, J.P.H., Kielman, G.M., Cozijnsen, J.L., Pilnik, W., 1988. Comparison of 536 

chufa and olive oils. Food Chem. 28, 279–285. 537 

 538 

Lombardo, S., Pandino, G., Mauromicale, G., 2012. Nutritional and sensory 539 

characteristics of “early” potato cultivars under organic and conventional cultivation 540 

systems. Food Chem. 133, 1249–1254. 541 

 542 

Lopéz-Cortés, I., Salazar-García, D.C., Malheiro, R., Guardiola, V., Pereira, J.A., 543 

2013. Chemometrics as a tool to discriminate geographical origin of Cyperus 544 

esculentus L. based on chemical composition. Ind. Crops Prod. 51, 19–25. 545 

 546 



 

22 

 

Maeshima, M., Sasaki, T., Asahi, T., 1985. Characterization of major proteins in 547 

sweet potato tuberous roots 24, 1899–1902. 548 

 549 

Maives, H.A., Oliveira, D.C. DE, Bernardo, C., Müller, C.M.D.O., Amante, E.R., 550 

2012. Microscopy and Texture of raw and cooked cassava (Manihot Esculenta 551 

Crantz) roots. J. Texture Stud. 43, 164–173. 552 

 553 

Monte-Neshich, D.C., Rocha, T.L., Guimarães, R.L., Santana, E.F., Loureiro, M.E., 554 

Valle, M., Grossi de Sá, M.F., 1995. Characterization and spatial localization of the 555 

major globulin families of taro (Colocasia esculenta L. Schott) tubers. Plant Sci. 556 

112, 149–159. 557 

 558 

Morell, J., Barber, S., 1983. Chufa y horchata: características físicas, químicas y 559 

nutritivas. C.S.I.C. Instituto de Agroquímica y Tecnología de Alimentos. Valencia, 560 

España. 561 

 562 

Nagai, T., Nagashima, T., 2006. Functional properties of dioscorin, a soluble 563 

viscous protein from Japanese yam (Dioscorea opposita thunb.) tuber mucilage 564 

Tororo. Z. Naturforsch. C. 61, 792–8. 565 

 566 

Okafor, J. N. C., Mordi, J. I., Ozumba, A. U., Solomon, H. M., & Olatunji, I., 2003. 567 

Preliminary studies on the characterization of contaminants in tigernut (yellow 568 

variety), in: Conference., P.P. of 27th A.N.I. of F.S. and T. (Ed.), Nigeria Institute of 569 

Food Science and Technology. 570 

 571 

Oladele, A., Aina, J., 2007. Chemical composition and functional properties of flour 572 

produced from two varieties of tiger nut (Cyperus esculentus). African J. 573 

Biotechnol. 6, 2473–2476. 574 

 575 

Osborne, T.B., 1924. The vegetable proteins (2nd ed). New York. 576 

 577 

Park, W.D., Blackwood, C., Mignery, G.A., Hermodson, M.A., Lister, R.M., 1983. 578 

Analysis of the Heterogeneity of the 40,000 Molecular Weight Tuber Glycoprotein 579 



 

23 

 

of Potatoes by Immunological Methods and by NH2-Terminal Sequence Analysis. 580 

Plant Physiol. 71, 156–160. 581 

 582 

Racusen, D., Foote, M., 1980. A Major soluble glycoprotein of potato tubers. J. 583 

Food Biochem. 4, 43–52. 584 

 585 

Sánchez-Zapata, E., Fernández-López, J., Angel Pérez-Alvarez, J., 2012. Tiger Nut 586 

(Cyperus esculentus) Commercialization: Health Aspects, Composition, Properties, 587 

and Food Applications. Compr. Rev. Food Sci. Food Saf. 11, 366–377. 588 

 589 

Sánchez-Zapata, E., Fuentes-Zaragoza, E., Viuda-Martos, M., Fernández-López, J., 590 

Sendra, E., Sayas, E., Pérez-Alvarez, J.A., 2010. Reclaim of the By-Products from 591 

“Horchata” Elaboration Process. Food Bioprocess Technol. 5, 954–963. 592 

 593 

Scher, C.F., de Oliveira Rios, A., Noreña, C.P.Z., 2009. Hot air drying of yacon ( 594 

Smallanthus sonchifolius ) and its effect on sugar concentrations. Int. J. Food Sci. 595 

Technol. 44, 2169–2175. 596 

 597 

Shewry, P.R., 2003. Tuber Storage Proteins. Ann. Bot. 91, 755–769. 598 

 599 

Tigernuts Traders, 2014. www.tigernuts.com. Last acceced april, 2014.  600 

 601 

Van Koningsveld, G.A., Walstra, P., Gruppen, H., Wijngaards, G., van Boekel, 602 

M.A.J.S., Voragen, A.G.J., 2002. Formation and Stability of Foam Made with 603 

Various Potato Protein Preparations. J. Agric. Food Chem. 50, 7651–7659. 604 

 605 

Van Koningsveld, G.A., Walstra, P., Voragen, A.G.J., Kuijpers, I.J., van Boekel, 606 

M.A.J.S., Gruppen, H., 2006. Effects of protein composition and enzymatic activity 607 

on formation and properties of potato protein stabilized emulsions. J. Agric. Food 608 

Chem. 54, 6419–27. 609 

 610 

Waglay, A., Karboune, S., Alli, I., 2014. Potato protein isolates: recovery and 611 

characterization of their properties. Food Chem. 142, 373–82. 612 

 613 



 

24 

 

Walter, AM Jr., Collins W.W., Purcell A.E., 1984. Sweet potato protein: a review. J. 614 

Agric.Food Chem., 32: 659–99. 615 

Yao, P., Y, M.H., Chen, Y., Y, K.Y., 2001. Site-directed mutagenesis evidence for a 616 

negatively charged trypsin inhibitory loop in sweet potato sporamin. FEBS Lett. 617 

496, 134–138. 618 

 619 

Yeboah, S.O., Mitei, Y.C., Ngila, J.C., Wessjohann, L., Schmidt, J., 2012. 620 

Compositional and structural studies of the oils from two edible seeds: Tiger nut, 621 

Cyperus esculentum, and asiato, Pachira insignis, from Ghana. Food Res. Int. 47, 622 

259–266. 623 

 624 

Yeh, K., Chen, J., Lin, M., Chen, Y., Lin, C., 1997. Functional activity of sporamin 625 

from sweet potato ( Ipomoea batatas Lam .): a tuber storage protein with trypsin 626 

inhibitory activity. Plant Mol. Biol. 33, 565–570. 627 

 628 

 629 

 630 

 631 

 632 

 633 

 634 

 635 

 636 

 637 

 638 

 639 

 640 

 641 



 

25 

 

Fig. 1. Comparative appearance of tiger nuts from Valencia - VTN (A), Niger - NTN 642 

(B) and Burkina Faso - B1TN (C) and B2TN (D). Note the appearance differences 643 

between tiger nuts from different origin.  644 

 645 

 646 

 647 

 648 

 649 

 650 

 651 

 652 

 653 

 654 

 655 

 656 

 657 

 658 

 659 
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Fig. 2: SDS-PAGE electrophoregrams of isolated fractions. Albumins (A), Globulins 660 

(B), Prolamins (C) and Glutelins (D). VTN: Valencia tiger nuts; NTN: Niger tiger nuts; 661 

B1TN and B2TN: Burkina Tiger nuts. MW: Molecular weight marker, corresponding to 662 

15, 20, 25, 37, 50, 75, 100, 150 and 250 kDa. 663 
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Table 1. Tiger nut shape and % of tiger nuts of every shape per carrier bag. 664 

 665 

Type1 Shape2 
Length3 

(mm) 
Thickness3 

(mm) 
% per carrier 

bag 

VTN Elongated   14.37a ± 1.59 8.21a ± 1.95 25.67y ± 2.08 

 Oval   11.58a ± 1.18 8.41a ± 1.77 27.00y ± 1.01 

 Round   10.00a ± 1.28 9.05a ± 1.49 51.33x ± 2.21 

     
B1TN Elongated   9.66c ± 0.12 5.77b ± 0.62 27.00y ± 1.00 

 Oval   9.29b ± 0.88 6.49c ± 0.65 22.01y ± 2.00 

 Round   7.62c ± 0.11 7.48c ± 0.88 49.79x ± 2.16 

     
B2TN Elongated   12.03b ± 0.94 7.61a ± 1.22 13.33y ± 1.53 

 Oval   8.92b ± 0.76 7.66b ± 1.01 16.33y ± 0.58 

 Round   8.91b ± 0.72 8.06b ± 0.89 70.67x ± 1.53 

     
NTN  Elongated   9.05c ± 0.11 5.70b ± 0.65 28.00y ± 2.02 

 Oval   11.19a ± 0.10    6.45c ± 0.79 23.44z ± 1.53 

 Round   7.10d ± 0.15 7.88b ± 0.11 49.33x ± 0.57 

 666 
1 VTN: Valencia tiger nuts; B1TN and B2TN: Burkina Faso tiger nuts; NTN: Niger tiger nuts. 667 
2 According to the relationship proposed by Morell and Barber (1983).  668 
3 Means ± standard deviations.  669 
a-d For every shape, values in the same column followed by different superscript differed 670 
significantly (P < 0.05). 671 
x-z For every type of tiger nut, values in the same column followed by different superscript 672 
differed significantly (P < 0.05). 673 
 674 
 675 
 676 
 677 
 678 
 679 
 680 
 681 
 682 
 683 
 684 
 685 
 686 
 687 
 688 
 689 
 690 
 691 
 692 
 693 
 694 
 695 
 696 
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 697 

Table 2. Weight of analyzed tiger nuts.  698 

Shape 
Weight (g)1,2 

VTN B1TN B2TN NTN 

Mix3 0.40a ± 0.16 0.27bc ± 0.07 0.25c ± 0.02 0.30b ± 0.74 
Elongated  0.51ax ± 0.17 0.29bx ± 0.07 0.27bx ± 0.09 0.30bx ± 0.08 
Oval  0.39ay ± 0.15 0.25by ± 0.05 0.26bx ± 0.06 0.24by ± 0.09 
Round  0.36ay ± 0.15 0.25cy ± 0.07 0.23cx ± 0.07 0.30bx ± 0.06 

 699 
1 Means ± standard deviations.  700 
2 VTN: Valencia tiger nuts; B1TN and B2TN: Burkina Faso tiger nuts; NTN: Niger tiger nuts. 701 
3 Mix of tiger nuts of different shape. 702 
a-c Values in the same row with different superscripts differed significantly (P < 0.05). 703 
x-y For every type of tiger nut (VTN, B1TN, B2TN and NTN), values in the same column 704 
followed by different superscript differed significantly (P < 0.05). 705 
 706 

 707 

 708 

 709 

 710 

 711 

 712 

 713 

 714 

 715 

 716 

 717 

 718 

 719 

 720 

 721 

 722 

 723 

 724 

 725 

 726 

 727 

 728 

 729 

 730 

 731 

 732 

 733 

 734 

 735 

 736 

 737 

 738 
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    Table 3. Skin color parameters of tiger nuts.  739 

Type1  
Color parameter2 

ΔE* 
L* a* b* 

VTN 37.58b ± 0.79 9.80c ± 0.48 10.03c ± 1.35 -  

B1TN 43.31a ± 0.61 11.33a ± 0.08 22.38a ± 0.46 6.23a ± 0.75 

B2TN 44.18a ± 0.79 10.75b ± 0.13 21.18a ± 0.30 7.02a ± 0.79 

NTN 37.81b ± 0.22 10.37bc ± 0.27 17.15b ± 0.29 2.00b ± 0.25 

 740 
1VTN: Valencia tiger nuts; B1TN and B2TN: Burkina Faso tiger nuts; NTN: Niger tiger nuts. 741 
2 Means ± standard deviations.  742 
a-d Values in the same column followed by different superscript differed significantly (P < 0.05). 743 
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Table 4. Proximate composition (as % dry matter) of tiger nuts. 788 

                                                Tiger nuts1,2 

Major nutrients (%)  
VTN B1TN B2TN NTN 

Moisture 8.66a ± 0.04 7.75b ± 0.27 6.38c ± 0.45 7.45b ± 0.31 

Fat 35.21a ± 3.07 25.77c ± 0.77 25.35c ± 1.85 28.19b ± 0.37 

Protein 8.45a ± 0.20 7.32b ± 0.20 5.62c ± 0.09 3.28d ± 0.10 

NFM 45.05c ± 3.13 55.94b ± 0.91 58.66a ± 1.82 58.19a ± 0.76 

Fiber 9.31a ± 0.09 9.07ab ± 0.21 8.42c ± 0.15 8.75bc ± 0.59 

Ash 1.97a ± 0.01 1.90a ± 0.04 1.95a ± 0.16 1.60b ± 0.02 

 789 
1 Means ± standard deviations.  790 
2 VTN: Valencia tiger nuts; B1TN and B2TN: Burkina Faso tiger nuts; NTN: Niger tiger nuts. 791 
a-c Values in the same row with different superscripts differed significantly (P < 0.05). 792 
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Table 5. Tannin and Phytate contents (as dry matter) of tiger nuts.  834 

Antinutritional 

Components 

Type1,2 

VTN B1TN B2TN NTN 

Tannins (g / 100 g) 0.08c ± 0.00 0.12b ± 0.03 0.18a ± 0.01 0.11bc ± 0.02 

Phytates (mg / 100 g) 16.27b ± 0.88 17.11b ± 1.06 9.31c ± 1.44 22.55a ± 1.23 

 835 
1 Means ± standard deviations.  836 
2 VTN: Valencia tiger nuts; B1TN and B2TN: Burkina Faso tiger nuts; NTN: Niger tiger nuts. 837 
a-d Values in the same row with different superscripts differed significantly (P < 0.05). 838 
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Table 6. Osborne protein fractions of tiger nuts.  884 

Protein fractions 

Tiger nuts (%)1,2 

VTN B1TN B2TN NTN 

Albumins (+ NPN) 91.93aw ± 0.39 82.23ay ± 0.50 82.75ay ± 0.19 84.07ax ± 0.65 

Globulins 1.11cdz ± 0.04 2.76cx ± 0.10 3.96cw ± 0.03 2.10dy ± 0.12 

Prolamins 1.61cx ± 0.36 1.13dx ± 0.20 0.91ex ± 0.17 3.45cw ± 0.41 

Glutelins 0.63dx ± 0.34 1.96cw ± 0.04 1.92dw ± 0.13 1.98dw ± 0.01 

Insoluble residue 4.72bz ± 0.33 11.93bw ± 0.44 10.42bx ± 0.52 7.90by ± 0.62 

 885 
1 Means ± standard deviations. 886 
2 VTN: Valencia tiger nuts; B1TN and B2TN: Burkina Faso tiger nuts; NTN: Niger tiger nuts. 887 
a-e Values in the same column followed by different superscript differed significantly (P < 0.05). 888 
w-z Values in the same row with different superscripts differed significantly (P < 0.05). 889 
 890 

 891 
 892 
 893 
 894 
 895 
 896 
 897 

 898 

 899 

 900 
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 903 
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Highlights 917 

1. Physico-chemical characteristics of tiger nuts are mainly dependable on their 918 

geographical origin. 919 

2. Low percentages of antinutritional components were detected in all tubers. 920 

3. The albumins were the main protein fraction.  921 

4. Isolated polypeptides were characterized by a wide range of molecular weights 922 

(15-200 KDa).  923 

 924 
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 926 

 927 


