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Abstract 
 

Food and nutritional insecurity remains a major challenge, increasing the need to characterise underutilised 

crops with potential dietary value. This study evaluated the influence of production environment on the 

biochemical composition of tubers from six tiger nut (Cyperus esculentus L.) genotypes grown at 
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Ouagadougou and Bobo-Dioulasso, Burkina Faso, during the 2021–2022 agricultural season. Dried tubers 

were milled into coarse flour, and moisture, ash, protein, lipid, carbohydrate, β-carotene, and energy values 

were determined using standard analytical procedures. Analysis of variance and genotype × environment 

analysis were used to assess biochemical variability and environmental effects, while GGE biplot analysis 

was applied to compare genotype performance across locations. Across the two environments, lipid content 

ranged from 21.46% to 33.82%, carbohydrate content from 53.94% to 63.82%, protein content from 0.05% to 

4.67%, ash content from 2.62% to 10.49%, and moisture content from 3.59% to 7.89%. β-Carotene content 

ranged from 0.16 to 0.28 µg/100 mg, and energy value ranged from 440.33 to 535.02 kcal/100 g. The 

environmental effect was not significant for carbohydrate or ash content but was significant for protein, lipid, 

moisture, and β-carotene contents. Genotypic and genotype × environment effects also contributed to the 

observed variation. The findings indicate that biochemical performance differed among genotypes and 

locations, supporting the evaluation of tiger nut materials for varietal improvement and crop promotion in 

Burkina Faso.  

 

 

Keywords: Cyperus esculentus L.; tiger nut; genotype; production environment; biochemical composition; lipid 

content; carbohydrate content; β-carotene; genotype × environment interaction; Burkina Faso. 

 

1. Introduction  
 

Africa's abundant plant resources help to meet the nutritional and therapeutic needs of its population. However, 

many of these resources remain poorly known and underutilised, despite their promising nutritional profiles and 

potential to help address malnutrition (Food and Agriculture Organization of the United Nations et al., 2021; 

Food and Agriculture Organization of the United Nations, 2023). Malnutrition accounts for approximately 45% 

of deaths among children under five years of age in Africa (Ndiaye, 2021). This form of malnutrition is often 

associated with stunting, an increased risk of serious illness, and high mortality rates (Djomdi, 2015; Food and 

Agriculture Organization of the United Nations, 2024). Sub-Saharan Africa remains the region with the highest 

prevalence of undernutrition, at 22.7%. In Burkina Faso, more than 3.4 million people experience food 

insecurity due to a multifaceted crisis characterised by armed conflict and intercommunal violence (Food and 

Agriculture Organization of the United Nations et al., 2021). In this context, promoting products derived from 

underutilised species, such as tiger nut, and diversifying dietary habits may help to address these challenges. 

However, limited knowledge of the biochemical composition and nutritional value of the tubers may hinder 

their utilisation. Therefore, following the characterisation of the phenotypic traits of tiger nut genotypes 

cultivated in West Africa (Kombeleme et al., 2024; Haoua et al., 2024), it is necessary to determine the 

nutritional value of these genotypes to identify materials combining improved agronomic performance with high 

nutritional value for tiger nut varietal selection programmes in Burkina Faso. 

 

Recent literature describes tiger nut tubers as an underutilised food resource with a diverse nutritional profile, 

including lipid, carbohydrate, protein, fibre, mineral and bioactive fractions, which supports continued 

investigation of their composition and food uses (Edo et al., 2024; Lenická et al., 2025). 

 

Studies of tiger-nut-derived foods further show that processing can alter measured nutritional and biochemical 

characteristics, while the crop can be developed into value-added plant-based products such as yoghurt and 

fermented milk (Okafor et al., 2024; Ogodo et al., 2025). 

 

At the component level, recent analysis of tiger nut seed meal has identified nutritionally and functionally 

distinct protein fractions, indicating that detailed biochemical characterisation can reveal attributes not captured 

by general compositional descriptions (Yu et al., 2024). 

 

Despite this growing body of evidence, comparative information remains limited on how contrasting production 

environments influence the biochemical composition of genetically distinct tiger nut genotypes cultivated in 

Burkina Faso. This gap constrains the identification of genotypes that combine favourable biochemical profiles 

with consistent performance across locations. 

 

The overall objective of this study was to determine the biochemical and nutritional composition of tubers from 

cultivated Cyperus esculentus. Specifically, the objectives were to: 
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(i) evaluate the biochemical components of tubers from the genotypes; and 

(ii) determine the effect of the environment on the biochemical parameters. 

 

2. Material and Methods  

 

2.1 Material  

 

2.1.1 Plant Material  
 

The plant material consisted of tubers from six tiger nut genotypes with known phenotypic and genotypic 

characteristics. Six genotypes were selected for each environment (Ouagadougou and Bobo-Dioulasso) based on 

their agronomic performance. P181J, K3JT, and M3J performed best in both environments. The P123JT 

genotype had a high yield (2.73 t/ha) in Ouagadougou and a low yield (1.40 t/ha) in Bobo-Dioulasso. The 

N1MC and N2BR genotypes had low yields in both environments (Table 1). 

 

Table 1. List of the six genotypes and their characteristics 

 

Codes Country Shape Color Env YT 

(t/ha) 

Tuber size 

(LOT/DTT) 

N2BR Niger Round Brown Ouagadougou 1,31 1,20 

M3J Mali Oval Yellow Ouagadougou 3,6 1;30 

P123JT Burkina Faso Oval Yellowish Ouagadougou 2,73 1,43 

K3JT Burkina Faso Elongated Yellowish Ouagadougou 2,54 1,8 

N1MC Niger Round Light brown Ouagadougou 1,57 1,13 

P181J Burkina Faso Oval Yellowish Ouagadougou 4,07 1,55 

K3JT Burkina Faso Oval Yellowish Bobo Dioulasso 2,41 1,8 

P123JT Burkina Faso Oval Yellowish Bobo Dioulasso 1,4 1,43 

N1MC Niger Round Light brown Bobo Dioulasso 0,71 1,13 

P181J Burkina Faso Oval Yellow Bobo Dioulasso 2,04 1,55 

N2BR Niger Round Brown Bobo Dioulasso 0,58 1,20 

M3J Mali Round Yellow Bobo Dioulasso 1,92 1,30 
Legend: Env = environment, YT: Tubers yield, LOT/DTT: tuber length/tuber diameter 

 

2.1.2 Description of the Experimental Sites 
 

Two trials were conducted at the research stations of the Institute for the Environment and Agricultural 

Research in Kamboinsé, Ouagadougou (INERA/K), and Farako-Bâ, Bobo-Dioulasso (INERA/FB), during the 

2021–2022 agricultural season. The INERA/K station is located approximately 12 km north of central 

Ouagadougou, at 12°28′ north latitude and 1°33′ west longitude, at an altitude of 296 m. According to Guinko 

(1985), the climate of Kamboinsé lies between the 600 and 900 mm isohyets. The soils of Kamboinsé are 

classified as leached ferruginous soils overlying deeper sandy material (Ouedraogo et al., 2010). The station 

recorded 1,001.7 mm of rainfall (Figure 1) during the 2021–2022 rainy growing season, with temperatures 

ranging from 26.1 °C to 33.6 °C during the crop cycle (July to November). This trial site was designated 

environment 1 (E1). The INERA Farako-Bâ research station is located at 4°20′ west longitude and 11°06′ north 

latitude, at an altitude of 405 m, approximately 10 km south-west of Bobo-Dioulasso along the Bobo-Banfora 

road (National Road No. 7). The soils of Farako-Bâ are red and slightly ferralitic in the northern and western 

plots and ferruginous in the south, with a 2% slope (Guinko, 1985). They are highly permeable and susceptible 

to erosion. Their low clay and organic matter contents reduce their cation-exchange capacity. The station 

recorded 1,262.4 mm of rainfall (Fig. 1) during the 2021–2022 rainy agricultural season, with temperatures 

ranging from 20.6 °C to 33.6 °C during the crop cycle (August to November). This trial site was designated 

environment 2 (E2). 

 

2.1.3 Description of the Biochemical Characterization Site 
 

The biochemical characterisation was conducted at the Laboratory of Biochemistry and Food and Nutritional 

Technologies (LABIOTAN), Joseph KI-ZERBO University, Ouagadougou. 
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Fig. 1. Ombrothermic curves for the INERA Kamboinse and INERA Farako-Ba stations during the 2021-2022 agricultural season (Weather station, 2022) 
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2.2 Methods  
 

2.2.1 Sampling and Evaluation Methods Used 
 

The tubers were classified into three shapes: round, oval, and elongated (Figure 2). Dried tubers from each tiger 

nut sample were ground into coarse flour using an aluminium mortar. The resulting powders were labelled for 

laboratory analysis (Fig. 3). 

 

 
 

Fig. 2. Different forms of tiger nut tubers: A = round, B = oval, C = elongated 

 

2.2.2 Determination of Moisture Content 
 

The moisture content of the samples was determined according to the standard method of the Association of 

Official Analytical Chemists (1990). Three grams (3 g) of flour were weighed into pre-washed and dried 

porcelain pans. The samples were placed in a ventilated oven at 105 °C for 24 h, cooled in a desiccator for 30 

min, and then weighed (Figure 4). The tests were conducted in triplicate. Moisture content, expressed as a 

percentage, was calculated using the following formula: 

 

% H =
PE−(MF−M0)

PE
× 100   

 

With PE: Test Sample (g); M0: Empty weight of the baskets (g); MF: Final weight (baskets + dry matter) after 

oven drying (g); % H: Moisture content (%) 

 

 
 

Fig. 3.  Crude tuber flour obtained in the laboratory 
A-Crude flour from yellow tubers, B-Crude flour from yellowish tubers 
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Fig. 4. Procedure for determining moisture and ash content 
A-Placing the crucibles containing the flour in an oven, B-Cooling in a desiccator 

 

2.2.3 Ash Content Determination 
 

Ash content was determined in accordance with ISO 2171:2007 (International Organization for Standardization, 

2007). For this determination, 3 g of each sample were weighed into clean, dry, pre-tared porcelain crucibles 

and placed in a furnace at 600 °C. After 5 h of incineration, the crucibles were removed from the furnace, cooled 

in a desiccator for 30 min, and weighed (Fig. 5). Ash content, expressed as a percentage of dry matter (DM), 

was calculated using the following equation: 

 

%
C

MS
= (

Pf−Pv

𝑃𝑒
× 100) x 

100

100−%𝐻
    

 

% C/MS: percentage of ash relative to dry matter; Pe: Test sample; Pf : Final weight (crucible + calcined 

sample); Pv: Empty weight of the crucibles. 

 

 
 

Fig. 5. Samples after 5 hours of incubation 

 

2.2.4 Determination of Lipids or Fats 
 

The lipid content of the samples was determined using the Soxhlet method in accordance with ISO 659:2009 

(International Organization for Standardization, 2009), with hexane as the extraction solvent, as described by 

Luque de Castro and Priego-Capote (2010), with a slight modification to the sample weight. Thus, 2 g of flour 

from each sample (Pe) were placed in a filter-paper cartridge and inserted into the Soxhlet extractor. The 
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extractor was connected to a pre-weighed flask (Pv) containing 200 mL of hexane, and the assembly was 

attached to the Soxhlet apparatus. Extraction was conducted under reflux for 5 h, after which the solvent was 

evaporated. 

 

The lipid content relative to dry matter was calculated using the following formula: 

 

TL/MS(%) = [
Pf − Pv

Pe
× 100] ×

100

100 − %H
 

 

TL/MS (%): Fat-to-dry matter ratio; Pf: Final weight; Pv: Empty weight of the flask; Pe: Test sample; % H: 

Mass percentage of water previously determined.  

 

2.2.5 Total Protein Assay 
 

Total protein was measured using the method of Bradford (1976). The Bradford method is a colorimetric assay 

based on the change in absorbance at 595 nm resulting from the binding of Coomassie Blue G-250 to basic 

amino acids (arginine, histidine, and lysine) and hydrophobic amino acid residues in proteins. For extraction, 

500 mg of powder was homogenised in 10 mL of 0.1 M NaCl for 5 h at 150 rpm at room temperature. After 

centrifugation at 4,400 rpm for 30 min at 4 °C, the supernatant was collected and used to determine soluble 

protein content (Figure 6). A 50 µL aliquot of extract at the specified concentration was mixed with 250 µL of 

Bradford reagent. After incubation for 2 min, absorbance was measured at 595 nm against a blank consisting of 

50 µL of extract and 250 µL of NaCl. The values obtained were extrapolated from a BSA calibration curve. 

Protein content was expressed as BSA equivalents per 100 g of dry matter and was calculated using the 

following formula: 

 

TP =
C × D

Ci
× 100 

 

   TP: Protein content of the sample (mg E BSA/100 g or % DM); 

   C: Sample concentration measured in µg/mL; 

   D: Dilution factor; 

   Ci: Initial sample concentration (mg/mL). 

 

 
 

Fig. 6. Extract after homogenization in NaCl 

 

2.2.6 Determination of Carbohydrates and Energy Value 
 

The carbohydrate content of the flour samples was determined by difference in accordance with ISO 2911:1976 

(International Organization for Standardization, 1976). 
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% Carbohydrates = 100 − (% Proteins + % Lipids + % Moisture + % Ashes) 

 

Energy value was calculated in accordance with Regulation (EU) No. 1169/2011 (European Parliament & 

Council of the European Union, 2011), using the coefficients assigned to proteins, carbohydrates, and fats 

(Atwater & Benedict, 1899). 

 
Energie Value (Kcal / 100g) = [% Carbohydrates × 4 (Kcal) + % Proteins × 4 (Kcal) + % Lipids × 9 (Kcal)]     

 

2.2.7 β-Carotene Assay 
 

Maceration was used for extraction. A 100 mg portion of ground raw tiger nut flour was weighed, and 5 mL of 

acetone/hexane (70:30, v/v) was added. The mixture was stirred for 1 min and centrifuged at 4,500 rpm for 10 

min. The supernatant was collected for carotenoid quantification using the method described by Nagata and 

Yamashita (1992). After extraction, sample absorbance was measured spectrophotometrically at 453, 505, and 

663 nm. The β-carotene content, expressed as µg/100 mg of raw flour, was calculated using the following 

formula: 

 

T = 0,216 A663 − 0,304 A505 + 0,452 A453 

 

T = β-carotene content in µg/100 mg of raw tiger nut flour; Ci = initial concentration of the samples; A663 = 

absorbance at 663 nm; A505 = absorbance at 505 nm; A453 = absorbance at 453 nm.  

 

2.2.8 Measured Biochemical Parameters 
 

The measured parameters were energy value (VE; kcal/100 g); protein, lipid, carbohydrate, moisture, and ash 

contents (expressed as percentages of dry matter [DM]); and β-carotene content (µg/100 mg). 

 

2.2.9 Data Analysis 
 

Excel 2016 was used for data entry and processing. RStudio version 4.5.0 was used to analyse the biochemical 

data. Descriptive statistics and analysis of variance (ANOVA) were used to assess biochemical variability 

among the genotypes. The Newman–Keuls multiple-comparison test was used to compare genotype 

performance across the two environments. A combined analysis of variance was conducted to determine the 

effects of genotype, environment, and genotype × environment interaction on the biochemical parameters. GGE 

biplot analysis was used to identify the genotypes with the best biochemical performance in each environment. 

 

3. Results and Discussion 

 

3.1  Variability in the Biochemical Composition of Tubers and Comparison of Average 

Genotype Performance Across Environments 
 

The descriptive statistics and analysis of variance showed significant (P < 0.05), highly significant (P < 0.001), 

and very highly significant (P < 0.0001) differences among the genotypes for all biochemical parameters 

measured at the 5% significance level (Table 2). Protein content ranged from 0.05% to 4.67%, with a mean of 

1.54%. Ash content ranged from 2.62% to 10.49%, with a mean of 6.97%. Moisture content ranged from 3.59% 

to 7.89%, with a mean of 5.31%. Lipid content ranged from 21.46% to 33.82%, with a mean of 25.97%. 

Carbohydrate content ranged from 53.94% to 63.82%, with a mean of 60.21%. β-Carotene content ranged from 

0.16 µg to 0.28 µg, with a mean of 0.20 µg. Energy value ranged from 440.33 to 535.02 kcal/100 g, with a mean 

of 480.73 kcal/100 g. 
 

Comparison of mean genotype performance at the two sites revealed highly significant differences (P < 0.0001) 

for most parameters. At the Ouagadougou site, P123JT recorded the highest protein and moisture contents, 

whereas P181J recorded the highest carbohydrate content. At the Bobo-Dioulasso site, N1MC                                      

recorded the highest lipid content and energy value, whereas P123JT recorded the highest β-carotene content 

(Table 3). 
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Table 2. Results of the descriptive analysis and analysis of variance of biochemical parameters in the environments 
 

Biochemical parameters Minimum Maximum Average Standard Deviation F P-value 

Proteins 0,05 4,67 1,54 1,09 2,85 0,02 

Ashes 2,62 10,49 6,97 1,60 3,09 0,01 

Moisture 3,59 7,89 5,31 1,14 3,67 0,001 

Lipids 21,46 33,82 25,97 3,48 11,26 < 0,0001 

Carbohydrates 53,94 63,82 60,21 2,72 3,23 0,01 

β-carotene 0,16 0,28 0,20 0,03 8,05 < 0,0001 

VE 440,33 535,02 480,73 24,66 10,85 < 0,0001 
VE: Energy Value (kcal/100 g); proteins, lipids, carbohydrates, moisture, and ashes are expressed as a percentage of DM (dry matter); β-carotene (µg/100 mg), P-value <0.05: significant at 

the 5% level; P-value <0.001: highly significant at the 5% level; P-value <0.0001: very highly significant at the 5% level 

 

Table 3. Comparison of the average performance of the biochemical parameters measured for the genotypes at the two trial sites (Ouagadougou and Bobo 

Dioulasso) 

 

Ouagadougou 

Genotypes Proteins Ash Moisture Lipids Carbohydrates β-carotene VE 

M3J 1,78b 6,90 a 5,48d 23,18 c 62,65 a 0,19 a 466,35 c 

N2BR 1,59 b 6,26 a 4,61 e 29,01 a 58,50 b 0,19 a 501,60 a 

P123JT 4,19 a 6,40 a 7,79 a 22,441 cd 59,16 b 0,18 a 455,42 cd 

N1MC 0,65 c 6,48 a 5,49d 26,62 b 60,73 a 0,18 a 485,21 b 

P181J 1,41 b 8,09 a 6,27 c 21,51 d 62,70 a 0,17 a 450,10 d 

K3JT 1,12 bc 9,42a 6,86 b 22,68 cd 59,89 a 0,15 b 448,23 d 

P-value 0,0001 0,173ns 0,0001 0,0001 0,05 0,001 0,0001 

Bobo Dioulasso 

M3J 1,77 b 6,72 b 4,98 a 28,06 b 58,45 b 0,23 b 493,46 bc 

P123JT 0,79 c 7,94 a 4,80 a 24,78 c 61,67 a 0,27 a 472,92 e 

P181J 0,05 d 7,10 b 4,54 a 26,32 c 61,97 a 0,20 c 485,03 cd 

N1MC 2,64 a 5,25 d 3,61 b 33,70 a 54,79 c 0,17 d 533,06 a 

N2BR 0,87 c 6,01 c 4,52 a 28,60 b 59,98 ab 0,19 c 500,87 b 

K3JT 1,57 b 7,08 b 4,69 a 24,72 c 61,91 a 0,17 d 476,47 de 

P-value 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 
Legend: Mean values with the same letters are not statistically different; a, b, and c: value classes derived from the Newman-Keuls test comparison, such that a > b > c; P-value < 0.0001: 

highly significant at the 5% level; P-value < 0.05:  significant at the 5% level; ns: not significant. 
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Table 4. Effect of genotype, environment, and the genotype × environment interaction on the components of energy value 

 

Sources Df Sum of Squares Mean Square 
 

F-test 
  

Explained 

Variance 

  

Parameters Pro Lip Car Pro Lip Car Pro Lip Car Pro Lip Car 

G 5 14,1 325,4 96,61 2,82 65,08 19,32 18,8*** 80,5*** 5,81*** 25,36 57,27 27,75 

E 1 3,12 143,3 7,91 3,12 143,32 7,91 20,8* 177,3*** 2,38NS 5,61 25,22 2,27 

G×E 5 33 70,3 123,8 6,6 14,06 24,77 44*** 17,4*** 7,44*** 59,34 12,37 12,37 

Residues 36 5,39 29,1 119,8 0,15 0,8 3,33 
      

Total 47 55,61 568,2 348,1 
         

Df: degrees of freedom, G: Genotypes, E: Environment, G×E: Genotype × Environment interaction, Pro: Proteins, Car: carbohydrates, Lip: lipids, *: significant at p < 0.05, ***: highly 

significant, NS: Not Significant 

 

Table 5. Effect of genotype, environment, and the genotype × environment interaction on the mineral content and β-carotene content of the tubers 

 

Sources Df Sum of Squares Mean Square F-test Explained Variance 

Parameters 
 

Ash Moisture β-

carotene 

Ash Moisture β-

carotene 

Ash Moisture β-

carotene 

Ash Moisture β-

carotene 

G 5 32,22 18,7 0,02 6,44 3,74 0,004 3,48*** 71,7*** 39,7*** 26,87 30,42 46,51 

E 1 3,95 29,2 0,007 3,95 29,2 0,007 2,13NS 559,7*** 69,8*** 3,29 47,50 16,28 

G×E 5 16,97 11,69 0,01 3,39 2,33 0,002 1,83NS 44,8*** 20,2*** 14,15 19,02 23,26 

Residues 36 66,74 1,88 0,003 1,85 0,05 0,0001 
      

Total 47 119,89 61,47 0,043 
         

Legend: Df: degrees of freedom; G: Genotypes; Environment; G×E: Genotype × Environment interaction; *: significant at p < 0.05; **: highly significant; ***: very highly significant; NS: 

Not Significant. 
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Fig. 7. GGE biplot of the biochemical performance of the six genotypes across environments.  A—Lipid performance; B—Carbohydrate performance 
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3.2 Genotype × Environment Interaction on Biochemical Parameters 
 

The combined analysis of variance showed that genotype and genotype × environment interaction had highly 

significant effects (P < 0.0001) on lipid, carbohydrate, moisture, protein, and β-carotene contents (Tables 4 and 

5). The environmental effect was highly significant (P < 0.0001) for moisture, lipid, and β-carotene contents and 

significant (P < 0.05) for protein content. Genotype had a highly significant effect (P < 0.0001) on ash content. 

The contribution of genotype was greater than that of the other factors for all variables except protein and 

moisture contents. Protein content was influenced most strongly by genotype × environment interaction 

(59.34%), whereas moisture content was influenced most strongly by the environment (47.50%). 
 

3.3 Average Performance of Genotypes Based on Parameters of Interest: Carbohydrates, 

Lipids, and Beta-carotene, using the GGE (Génotypes + Interaction Genotypes × 

Environment) Biplot Method 
 

The GGE ‘which-won-where’ biplot showed the biochemical performance of the six genotypes in each 

environment. Figure 7A shows two components (PC1, 82.95%; PC2, 17.06%) that accounted for 100% of the 

variability in lipid content. In environment 1 (Ouagadougou), N2BR, located at the vertex of the polygon, was 

the best-performing genotype, with a lipid content of 29.01%. In environment 2 (Bobo-Dioulasso), N1MC, 

located at the vertex of the polygon in the corresponding sector, performed best, with a lipid content of 33.70%. 

For carbohydrate content, Figure 7B shows two components (PC1, 72.61%; PC2, 27.40%) that accounted for 

100% of the variability. The P181J genotype, distributed across both sectors, had high carbohydrate contents in 

both environments (62.70% in Ouagadougou and 61.97% in Bobo-Dioulasso), indicating stable performance. In 

contrast, M3J, located near the Ouagadougou sector, had a carbohydrate content of 62.65%, while K3JT, located 

near the Bobo-Dioulasso sector, had a content of 61.91%. 

 

Biochemical characterisation of the genotypes revealed considerable variability among materials cultivated in 

West Africa. Regardless of the environment, lipid and carbohydrate contents were high. These proportions 

indicate the high capacity of tiger nut tubers to store these biochemical compounds compared with other root 

and tuber crops, such as cassava (0.1–0.8%; Mohammed et al., 2011), sweet potato (9%; Ndangui, 2015), and 

taro (0.33–1.17%; Aboubakar, 2009), in which these compounds occur at lower concentrations. Tiger nut may 

also be one of the few tuber crops with a high fat content, comparable with oilseed crops such as groundnut and 

sesame. Tiger nut oil is comparable in quality to olive oil (Owusu Nyarko & Owusu Boateng, 2016). It could 

provide an alternative means of addressing the oil-production deficit in Burkina Faso in the context of food 

sovereignty. Because its carbohydrate content exceeds 60%, tiger nut may be a source of prebiotics. Studies 

have reported resistant starch in tiger nut tuber carbohydrates (Owusu Nyarko & Owusu Boateng, 2016). 

Resistant starch is an indigestible fibre that passes through the intestine and can nourish beneficial bacteria in 

the gut microbiota (Yertai et al., 2025). Consumption of resistant starch may help to lower blood glucose levels 

(Owusu Nyarko & Owusu Boateng, 2016; Wu et al., 2024). Genotypes from Niger had high fat contents, 

followed by those from Mali and Burkina Faso, whereas the genotypes from Burkina Faso had high 

carbohydrate contents. These variations may be related to differences in tuber size and colour and to the soil and 

climatic conditions at the genotypes' places of origin. Previous studies of tiger nut in different countries have 

reported similar variation. Bado et al. (2015) reported carbohydrate and fat contents of 67.40% and 26.92%, 

respectively, in Burkina Faso. Djomdi (2015) reported 49.78% carbohydrate and 25.08% fat in tubers from 

Cameroon; Ndiaye (2021) reported 63.83% carbohydrate and 24.72% fat in tubers from Senegal and China; and 

Yang et al. (2022) reported 18.28% fat. Although present at lower levels, the other parameters were not 

negligible. The ash content of the tubers indicates the presence of minerals that may contribute to consumers' 

nutritional security. The protein content of the tubers was higher than that reported for taro, cassava, and sweet 

potato (Ban-Koffi et al., 2009). The low β-carotene content, representing provitamin A, may be associated with 

several factors, including pigmentation and the degree of tuber maturity. Similar studies have reported low β-

carotene contents in tiger nut (Bado et al., 2015; Onuigbo et al., 2024). The estimated energy value, ranging 

from 440.33 to 535.02 kcal/100 g, was high. Energy value is closely related to fat, protein, and carbohydrate 

contents, with fat contributing most strongly. This high energy value may benefit consumers when the tubers are 

processed into flour for baking or into horchata (tiger nut milk). In this regard, tiger nut juice may contribute to 

meeting demand for energy-rich beverages. Furthermore, the energy content of tiger nut may help to meet the 

energy requirements of older adults (Ndiaye, 2021). Tiger nut may therefore contribute to efforts to address food 

and nutritional insecurity. The environmental effect was not significant for carbohydrate or ash content but was 

significant for protein, lipid, moisture, and β-carotene contents. These results suggest that genotypes with high 
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carbohydrate and ash contents could be selected for adaptation across production environments in Burkina Faso. 

For lipid content, however, genotype selection may need to consider the agroclimatic production zone. Although 

the environmental effect was significant, its contribution was smaller than that of genotype, indicating a 

substantial genotypic contribution to lipid synthesis. 

 

4. Conclusion 
 

The evaluation of six tiger nut genotypes across Ouagadougou and Bobo-Dioulasso demonstrated substantial 

variation in the biochemical composition of their tubers. Carbohydrates and lipids were the principal 

components, with overall mean values of 60.21% and 25.97%, respectively, while the mean energy value was 

480.73 kcal/100 g. Protein, ash, moisture, and β-carotene contents also varied among the evaluated materials. 

Genotype, environment, and genotype × environment interaction contributed differently to the observed 

biochemical variation. Carbohydrate and ash contents were not significantly affected by environment, indicating 

greater consistency across the two locations. In contrast, protein, lipid, moisture, and β-carotene contents were 

environmentally influenced. N2BR showed the highest lipid content in Ouagadougou, whereas N1MC showed 

the highest lipid content and energy value in Bobo-Dioulasso. P181J maintained comparatively high 

carbohydrate content in both environments. These results provide a basis for selecting genotypes according to 

targeted biochemical traits. However, confirmation across additional locations and agricultural seasons is 

required before firm recommendations are made for breeding, varietal improvement, processing, or wider crop 

promotion in Burkina Faso. 

 

5. Limitations 
 

This study was limited to six tiger nut genotypes evaluated in two environments and may therefore not represent 

the broader diversity of Cyperus esculentus cultivated in West Africa. Biochemical analyses were conducted on 

dried tuber flour, and seasonal variation was not assessed. Soil conditions, crop management, maturity stage, 

and post-harvest handling may have influenced some traits but were not examined in detail. The study also 

relied mainly on laboratory biochemical analyses and statistical comparisons, without evaluating sensory 

properties, processing performance, or consumer acceptability. Multi-location and multi-season studies are 

required to confirm genotype stability. 
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  %   H =   PE − ( MF − M 0 ) PE × 100


  %  C MS =  (   Pf − Pv  P e × 100 ) x    100  100 − % H


  TL / MS ( % ) =  [   Pf − Pv Pe × 100 ] ×  100  100 − % H


  TP =   C × D Ci × 100


  %   Carbohydrates = 100 − ( %   Proteins + %   Lipids + %   Moisture + %   Ashes )


  Energie   Value    ( Kcal   /   100 g ) = [ %   Carbohydrates × 4    ( Kcal ) + %   Proteins   × 4    ( Kcal ) + %   Lipids   × 9   ( Kcal ) ]        


  T = 0 , 216   A 663 − 0 , 304   A 505 + 0 , 452   A 453

