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	 ABSTRACT 
	










	
Côte d’Ivoire abounds in a wide diversity of groundnut varieties of various origins. Several of them are generally grown without precise knowledge of their biochemical and nutritional characteristics. The aim of this study was therefore to investigate the biochemical and nutritional characteristics of the seeds of 16 groundnut accessions in order to identify those most likely to meet the needs of producers, traders and consumers. The parameters considered were dry matter content, lipid content (L), total sugar content (ST), protein content (P) and energy values (EV) using standardised methods. The results showed significant variability between the accessions evaluated. The moisture content of the samples varied from 4.42% to 11.12%, while the ash content ranged from 2.17% to 3%. The protein, lipid and total carbohydrate contents of the accessions varied from 19.4% to 35.98%, from 29.49% to 53.54% and from 3.71% to 40.49% respectively. Similarly, the energy value varied from 511.29 to 640.62 Kcal/100 g. Hierarchical ascending classification and discriminant factor analysis were used to highlight inter-gene variations between accessions on the basis of these parameters and the quantity of oxalates. The study also showed that six of the 16 accessions (PA1-19, PA1-21, PA8-1, PA12-2, PA12-7, and PA17-2) had better nutritional quality.
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1. Introduction

Groundnut (Arachis hypogaea L.) is one of the crops that provide substantial household income and contribute to food and nutritional security. This legume originated in Latin America and is grown in more than 100 countries in the following regions tropical, subtropical and warm temperate for its high oil content [1]. Moreover, groundnuts are the fifth most important oilseed crop in the world, after oil palm, soya, rapeseed and sunflower [2]. World groundnut production is estimated at 54,272,900 million tonnes, with 33,034,660 million tonnes coming from Asia and 16,316,670 million tonnes from Africa [3]. Côte d’Ivoire remains a small producer, with estimated production of 240,000 tonnes of groundnuts in 2023 [3].

Groundnuts are an important food and medicinal crop. It is consumed either as a dry, fresh or roasted grain, or in the form of processed products such as oil, cake, paste, butter, flour and confectionery [4], [5]. Seeds contain around 45%–50% lipids, 25%–30% protein, 5%–12% carbohydrates and 3% fibre [6]. They are also high in magnesium, potassium, iron, phosphorus and vitamins (B, PP, E) [7]. In addition, studies in the United States have shown that twice-weekly consumption of groundnuts and/or derived products improves the quality of diets [8]. Medicinally, groundnuts are known to treat severe malnutrition and reduce the risk of cardiovascular disease [9].

However, in Côte d’Ivoire, producers use different groundnut varieties without any real mastery of their characteristics, resulting in low yields and a lack of interest from industrialists in this crop for industrial oil production. Consequently, it is important to describe the physicochemical and nutritional traits of the seeds of varieties from accessions collected in Côte d’Ivoire. The aim of this study was to characterise the accessions biochemically in order to identify varieties with a higher food and commercial value than the majority of cultivated varieties, and then to define areas for improvement.

2. Materiels and Methods

2.1. Plant Material

The plant material consisted of 16 groundnut accessions selected following agromorphological characterisation of 57 accessions collected in central and northern Côte d’Ivoire, more specifically in 15 departments. The various biochemical characterisation work on the accessions was carried out in the town of Korhogo located at 9° 27′ 28″ N latitude, 5° 37′ 46″ W longitude and 360 m altitude in the north of Côte d’Ivoire. This region is marked by a dry season from November to April and a rainy season from May to October [10]. The characteristics of these accessions are shown in Table I.
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2.2. Preparation of Samples

A representative seed sample was used for each accession. After drying the seeds in an oven for 48 hours at 100°C, they were ground using a hammer mill fitted with a mesh sieve to assess their nutritional qualities in terms of the following characteristics:

2.3. Biochemical and Nutritional Characterisation of Peanut Seeds

The water and dry matter content of the seeds was determined gravimetrically after oven drying at 100°C to constant weight according to the formulae proposed by Bomisso et al. [11]. The ash content of the seeds was determined gravimetrically after incineration in a muffle furnace according to the method [12]. The total and reducing sugar contents of the samples were obtained using the colorimetric method of Dubois et al. [13]. after ethanosoluble extraction following the method used by Yao et al. [14]. The fat content of the seeds was assessed using the gravimetric method after lipid extraction by refluxing solvents called hexane in a Soxhlet-type extractor. Seed proteins were extracted using the KJELDHAL method and assayed using the method used by Diallo et al. [15]. Total carbohydrate content was estimated by the difference method. According to the method [12], it was calculated using the following formula:

Carbohydrates(%DM):100−[Moisture%+prot(%DM)+lip(%DM)+ash(%DM)]

Oxalate determination was performed according to the method used by Fofana et al. [16]. The energy value corresponding to the available energy was calculated using the specific coefficients of Atwater and Benedict [6]:

E(Kcal/100g)=(4×Protein)+(9×Fat)+(4×Carbohydrate)

2.4. Statistical Analysis

The variability of biochemical characteristics was assessed using descriptive statistics parameters such as the mean, standard deviation, coefficient of variation (CV) and range. An Analysis of Variance (ANOVA) was then performed to assess the discriminatory power of each of the characteristics studied, at a threshold of 5%. In addition, Principal Component Analysis (PCA), Hierarchical Ascending Classification (HAC) and Discriminant Factor Analysis (DFA) were performed to assess the existence of differences between the seed samples studied. These analyses were carried out using STATISTICA version 7.1, and XLTAT version 2016. To identify the elite accessions among the 16 accessions, a simple scatter plot was constructed using the Statistical Package of Social Sciences (SPSS) version 22.0 software (IBM corp., USA) by projecting the accessions into a plane with the most relevant biochemical variables as components.

3. Results

3.1. Variability of Biochemical Parameters of Groundnut Accessions

Total carbohydrate content, reducing sugar content, total sugar content and oxalate content were the most widely dispersed biochemical parameters, with a coefficient of variation of over 25% (Table II). For parameters such as moisture, total carbohydrate content, reducing sugars, total sugars and oxalates, there was a wide range between the minimum and maximum values. The total carbohydrate content varied from 3.71% to 40.49%, giving an average value of 19.1% ± 8.12%. The average reducing sugar content was 0.71% ± 0.46% with a range of 0.12% to 2.54%. Total sugars ranged from 0.32% to 5.78% with an average value of 1.59% ± 1.43%. Oxalate content varied from 154% to 484%, with an average value of 231.27% ± 59.98%. The other characteristics were dry matter content, ash content and lipid content, protein content and energy value. The observed coefficients of variation were less than 25%, indicating little variation for the latter. The Table II presents the results of the analysis of variance (ANOVA). It can be seen that the differences in biochemical parameters between the different accessions were all significant.
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3.2. Variability Factors According to Biochemical Parameters

Table III presents the results of the principal component analyses (PCA) within the accessions. Four (4) axes were identified, explaining 90.81% of the variation between the ten (10) biochemical parameters. The first component, which alone described 41.08% of the variation, was positively correlated with lipid content and energy value and negatively correlated with parameters such as lipid content, energy value, total carbohydrate quantity and reducing sugar content. The second component, which accounted for 22.46% of the variation, was positively correlated with moisture value and negatively correlated with moisture content and dry matter content. Total sugars and oxalate content helped to explain the third component negatively and positively respectively. This component explained 16.35% of the variability. Finally, the fourth component explained 10.91% of the variability and was negatively correlated with ash content.
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3.3. Structuring the Biochemical Diversity of Groundnut Accessions

Hierarchical ascending classification was used to group accessions according to their performance at truncation level 40 (Fig 1). Three groups were obtained. Group I, representing 65% of the accessions, comprised 10 accessions, namely PA13-1, PA8-1, PA1-21, PA12-5, PA1-4, PA17-2, PA1-13, PA12-3, PA13-2 and PA1-11. Group II contained five accessions: PA16-2, PA12-7, PA1-19, PA12-2 and PA12-1 with a proportion of 31%. Group III, with the lowest proportion, i.e. 6.2% of accessions, was characterised solely by accession PA1-16. These accessions are distributed across the different phenotypic groups, regardless of their locality of origin.

[image: images]

Fig. 1: Hierarchical ascending classification (HAC) based on biochemical and nutritional characteristics.

3.4. Characteristics of the Biochemical Diversity of the Groups of Groundnut Accessions

The difference between these groups was revealed by analysis of variance or MANOVA (P = 0.004). Table IV shows that this difference is due to lipid content, protein content, total carbohydrate content, energy value and oxalate content. However, only the oxalate content was able to discriminate completely and the other four characteristics were able to discriminate partially between the groups established by CAH.

[image: images]

3.5. Correlation between Biochemical and Agromorphological Characteristics

The correlation matrix revealed that there was a significant difference between the different biochemical and agromorphological characteristics at the 5% threshold (Table V). A positive and significant correlation was recorded between dry seed yield and seed oxalate content (RGrs/Ox = 0.45 with p < 0.001). Dry seed yield was negatively correlated with moisture content (RGrs/H = −0.32 with p = 0.001) and total sugar content (RGrs/SR = −0.33, p = 0.03) but positively correlated with ash content (RGrs/C = 0.35 with p = 0.02) and oxalate content (RGrs/Ox = 0.45, p = 0.001) (Table VI). In addition, oxalate content was positively correlated with plant span, plant height, number of primary branches, number of secondary branches, number of days to maturity, weight of 100 dry pods and weight of dry seeds.
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3.6. Structuring of Groundnut Accessions According to Biochemical and Agromorphological Characteristics

The results of the scatter plot showed a structuring of the groundnut cultivars into three groups (Fig. 2). Group I consisted of cultivars with a very high seed yield and a very high oxalate content (PA1-19, PA1-21, PA8-1, PA12-2, PA12-7, and PA17-2). Group II contained only an intermediate cultivar (PA1-16) with a low seed yield and high oxalate content.
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Fig. 2: Scatter plot showing the distribution of peanut cultivar groups according to oxalate content and seed yield.

4. Discussion

In this study, the various groundnut seeds obtained very low moisture content values. These values ranged from 4.42% to 11.12% dry matter. In general, groundnuts are known for their low moisture content. This ensures a good, long shelf life with little risk of microbial contamination. High moisture content reduces storage time and impacts seed quality [17].

Groundnut accessions have ash contents of between 2.17% and 3%. These contents are statistically identical to those found by Diallo et al. [15] who obtained contents between 2.55% and 2.98% in the voandzou study. These values thus indicate that groundnut seeds are also important sources of minerals for the populations that consume them. According to Amarteifio et al. [18], this difference in ash content could be explained by soil texture and composition, which may have an effect on plant mineral uptake, and by varietal differences [19], [20].

The lipid contents of the different groundnut accessions obtained ranged from 29.49% to 53.54%. Our values are essentially identical to those obtained by Alleidi et al. [21] who reported groundnut lipid contents of 36.30% and 52.80% with an average of 44.92% ± 12.34%. Our result shows that peanut accessions have a significant lipid content. Lipids are an important source of energy, with each gram providing around 9 Kcal. In addition, they increase the palatability of foods [22].

The protein content of peanut seeds increased from 19.4% to 35.98%. These values differ from those reported by Amartiefio et al. [23] on voandzou in southern Africa and Amartiefio et al. [24] on voandzou in southern Africa. These authors obtained values of between 15.1 and 22.1 g and between 17.5 g and 21.2 g of protein per 100 g of dry matter respectively. This difference is thought to be due to the environmental conditions under which the seeds were grown [25], [26]. These species were not studied under the same conditions or in the same countries, and the climates of the study sites were also different. In addition, the high protein content of groundnuts could help prevent protein-energy malnutrition in children [27], [28].

As well as being rich in protein, peanut seeds are also rich in carbohydrates, confirming the fact that peanuts are a legume. In this study, the total carbohydrate content of groundnut cultivars ranged from 3.71% to 40.49%. These values are much lower than those reported by Diallo et al. [15] on voandzou in Côte d’Ivoire. These authors reported mean total carbohydrate contents between 54.05% and 73.50%. This difference observed between these two results could be attributed to varietal properties as well as to the environmental conditions of the crops [29], [30]. Indeed, as the study sites were different, rainfall could also be one of the causes of the different values observed on the different sites. However, the values obtained in this study are much higher than those reported by Diomendé et al. [4] for groundnuts (15.48 g/100 ± 1.7 g/100 g DM) and cashew nuts (16.35 g/100 ± 0.10 g/100 g DM). The carbohydrate levels observed in this study are relatively high, which is appreciable because carbohydrates are the main source of energy for metabolism. They also provide essential energy for brain and nervous system function and play a role in protein anabolism [22].

Furthermore, the high lipid, carbohydrate and protein contents in this study clearly indicate that these peanuts are an energy food. The energy values obtained from the 16 groundnut accessions studied ranged from 511.29 to 640.62 Kcal/100 g. These values are virtually identical to those reported by Diomandé et al. [4]. They obtained energy values of 530.23 ± 0.6 Kcal/100 g and 529.51 ± 0.56 Kcal/100 g for groundnut seeds and cashew nuts respectively. The energy in legumes comes from proteins, carbohydrates and especially lipids [31]. The very high energy value of our foods can be attributed to their high lipid content. One gram of fat provides 9 Kcal of energy, while proteins and carbohydrates only provide 4 Kcal/g [22].

The various multivariate analyses based on biochemical parameters made it possible to classify the accessions into three groups. These groups can be distinguished only by five biochemical parameters, of which oxalate appears to be the most significant. The results of this study reveal oxalate contents of between 154% and 484%, levels significantly higher than those reported for leafy vegetables, which vary between 44.20 ± 1.27 mg/100 g and 64.75 ± 0.52 mg/100 g [32]. However, a very high oxalate content can be anti-nutritional as oxalate has the ability to bind to cations such as calcium (Ca2+) and iron (Fe2+) to form insoluble oxalate crystals. These crystals can be responsible for 80% of cases of kidney stones when deposited in the kidneys and urinary tract [33]. Consequently, Balogun et al. [34] suggested applying heat treatment to peanut seeds to reduce oxalate levels.

The dendrogram was used to structure 3 groups with a truncation of 40% similarity. These groups themselves formed subgroups. Accessions in groups 1 and 2 are more similar and are characterised by parameters such as oxalate content of 196.96 ± 15.09 mg/100 g and 266.93 ± 24.65 mg/100 g respectively. The oxalate content observed in group 3 was 396.00 ± 21.67 mg/100 g. This result is similar to those reported in Niger by Diagara et al. [35], who obtained three very distinct groups with 30 voandzou accessions studied. These results could be explained by the genetic diversity of these species.

Furthermore, the correlation study between agromorphological and biochemical traits revealed that seed yield was positively correlated with dry matter, ash and oxalate content, stem height, primary and secondary branches and the weight of 100 dry seeds. This suggests that an improvement in seed yield has a positive impact on the above-mentioned traits. The identification of elite groundnut accessions (PA1-19, PA1-21, PA8-1, PA12-2, PA12-7, and PA17-2) based on their oxalate performance (400 mg/100 g) and seed yield (560 kg/ha) could meet the food and nutritional needs of producers and consumers.

5. Conclusion

This study determined the biochemical composition and nutritional potential of 16 groundnut accessions grown in the north of Côte d’Ivoire. The overall results show a wide diversity between these accessions on the basis of biochemical composition. They also indicate appreciable protein, lipid, carbohydrate and oxalate values, with considerable energy values. A correlation study between agronomic and biochemical parameters revealed that seed yield was positively correlated with dry matter, ash and oxalate content. This would indicate the possibility of improving both groundnut yields. On the basis of seed yield and oxalate content, the six accessions PA1-19, PA1-21, PA8-1, PA12-2, PA12-7, and PA17-2 were selected and should enable better use to be made of groundnuts and their by-products for the benefit of growers. However, the very high levels of oxalate in these accessions suggest that there is room for improvement.
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TABLE I

CHARACTERISTICS OF 16 GROUNDNUT ACCESSIONS FOR 16 QUANTITATIVE TRAITS

Accessions Dg NJF EP HT NBPr NBS NIM LonG LarG LonGr LarGr NGr_G Pl100Gs P100Grs RGs RGrs
PA1-4 7.56 31.6 27.7 21.6 155 154 144 29.5 13.1 14.15 8.59 222 10.28 8.56 514 443
PA1-11 82 336 314 272 162 11.7 139 44.6 12.8 14.31 8.55 3.31 10.63 8.85 532 447
PA1-13 6.67 321 304 267 141 117 142 27.8 12.7 13.85 8.38 3.41 10.24 8.54 512 338
PA1-16 743 323 254 2251 165 128 142 30.4 13.3 14.81 8.64 2.34 11.85 9.87 593 330
PA1-19 822 331 29.1 235 141 156 145 30.1 134  13.64 9.02 3.36 12.45 10.37 623 590
PA1-21 696 333 296 258 158 11.1 142 30.5 12.9 14.19 8.55 3.39 12.07 10.06 604 550
PA8-1 776 32 299 245 151 104 145 27.1 12.8 14.61 8.56 2.4 10.09 8.41 505 427
PA12-1 6.67 30.6 347 268 172 883 138 30 126 13.83 7.79 1.71 11.4 9.5 570 430
PA12-2 81 339 265 242 126 152 143 29.3 13 14.51 8.68 4.06 12.6 10.5 630 509
PA12-3 793 309 299 188 165 12.7 144 26 12.2 13.85 7.61 2.39 8.88 7.4 444 336
PA12-5 872 383 20.1 166 184 149 151 323 12.6 1437 7.9 3.56 7.34 6.12 367 262
PA12-7 53 292 332 275 157 161 139 28.1 12.5 13.76 8.11 2.78 11.27 9.39 564 428
PA13-1 7.83 332 328 255 155 187 139 313 13.1 13.73 8.36 3.39 11.16 9.3 558 36l
PA13-2 7.1 324 237 222 141 156 140 30 13.1 13.75 8.69 1.56 11.06 9.21 553 470
PA16-2 593 291 337 293 943 323 107 26.5 13.3 19.16  87.81 3.59 10.74 8.95 537 406
PA17-2 725 354 281 219 125 157 145 31.6 12.7 15.46 8.84 4.31 12.7 10.58 635 332

Note: Dg: Germination time, NJF: Number of days to flowering, EP: Spread of the plant, HT: Stem height, NBPr: Number of primary branches,
NBS: Number of secondary branches, NJM: Number of days to maturity, LonG: Pod length, LarG: Pod width, LonGr: Length of seed, LarGr: Seed
width, NGr_G: number of seeds per pod, P100Grs: weight of one hundred dry seeds, P100GSs: weight of one hundred dry pods, RGs: dry pod yield,
RGst: dry seed yield.
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TABLE III: SuMMARY OF PRINCIPAL COMPONENT ANALYSIS (PCA) OF NUTRIENT PARAMETERS

Axis Eigenvalue Cumulative own value % Total variance Cumulative change (%)
1 4.1 4.1 41.08 41.08
2 2.24 6.35 22.46 63.54
3 1.63 7.98 16.35 79.89
4 1.09 9.08 10.91 90.81
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TABLE VI: CORRELATION BETWEEN AGROMORPHOLOGICAL AND BIOCHEMICAL VARIABLES

Paramétres  H (%) MS(%)  C (%) L (%) P(%) GT (%) VE(Kcal/ll00g) SR (%) ST (%) OX (mg/100 g)

Dg 0.11 —0.11 —0.06 —0.18 0.21 —0.03 0.08 0.19 0.06 —0.22
NJF —0.36 0.36 0.60 0.04 0.06 0.37 0.56 —0.29 0.35 0.21
EP —0.23 0.23 0.32 0.22 0.16 0.08 0.24 —0.31 0.11 0.32
HT —0.35 0.35 0.31 0.12 0.10 0.16 0.30 —0.19 0.19 0.36
NBPr —0.13 0.13 0.32 0.04 0.02 0.18 0.27 —0.34 —0.02 0.40
NBPr —0.13 0.14 0.31 0.05 0.03 0.17 0.28 —0.35 —0.03 0.41
NIM —0.24 0.24 0.58 0.04 0.01 0.36 0.52 —0.33 0.29 0.28
NGr_G —0.13 0.13 —0.28 —0.13 —0.08 0.06 0.01 0.07 —0.08 0.03
LonG —0.25 0.26 0.19 —0.35 —0.29 0.42 0.36 0.05 0.12 0.16
LarG —0.03 0.04 0.20 —0.29 —0.26 0.27 0.20 0.08 0.14 0.09
LonGr —0.13 0.13 0.16 —0.33 —0.11 0.30 0.33 0.09 0.21 0.05
LarGr —0.16 0.17 0.19 —0.07 —0.18 0.17 0.12 —0.06 0.09 0.01
P100Gs —0.33 0.31 0.32 0.21 0.04 0.01 0.05 —0.34 —0.08 0.36
P100Grs —0.34 0.32 0.31 0.17 0.05 0.03 0.09 —0.44 —0.16 0.33
RGS —0.36 0.33 0.32 0.21 0.04 0.01 0.05 —0.34 —0.09 0.36
RGrs —0.32 0.36 0.35 0.17 0.05 0.02 0.09 —0.33 —0.2 0.45

Note. Dg: Germination time, NJF: number of days to flowering, EP: span of the plant, HT: Height of the stem, NBPr: Number of primary branches,
NBS: Number of secondary branches, NJM: Number of days to maturity, NGr_G: number of seeds per pod, LonG: Length of the pod, LarG: width
of the pod, LonGr: Length of the seed, LarGr: Width of the seed, P100Grs: weight of one hundred dry seeds, P100GSs: weight of one hundred dry
pods, RGs: Dry pod yield, RGsr: Dry seed yield, H (%): moisture value, Ms (%): dry matter content, C (%): ash content, L (%): lipid content, P (%):
protein content, GT (%): total carbohydrate content, VE (Kcal/100 g): energy value, SR (%): reducing sugars, ST (%): total sugar content and Oxa
(mg/100 g): oxalate content.
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TABLE IV: CORRELATIONS X PARAMETERS

Parameters Axis 1 Axis 2 Axis 3 Axis 4
H (%) —0.463 0.786 0.271 —0.269
Ms (%) 0.463 —0.786 —0.271 0.269
C (%) —0.307 —0.474 —0.210 —0.785
L (%) 0.929 0.098 -0.077 —0.117
P (%) 0,548 0.493 —0.481 0.020
GT (%) —0.829 —0.454 0.271 0.137
VE (Kcal/100 g) 0.951 —0.042 —0.115 —0.031
SR (%) —0.667 0.182 —0.395 0.519
ST (%) —0.523 —0.294 —0.715 —0.150
Oxa (mg/100 g) 0.328 —0.450 0.670 0.057

Note: H (%): moisture value, Ms (%): dry matter content, C (%): ash content, L (%): lipid content, P (%): protein content, GT (%): total carbohydrate
content, VE (Kcal/100 g): energy value, SR (%): reducing sugars, ST (%): total sugar content and Oxa (mg/100 g): oxalate content.
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TABLE II:

MINIMUM, MAXIMUM,

MEAN AND COEFFICIENT OF VARIATION FOR NUTRIENT DESCRIPTORS

Variables Minimum Maximum Mean Standard deviation CV (%) F P
H (%) 4.42 11.12 6.53 1.41 21.59 44.85 <0.001
MS (%) 88.88 95.58 93.46 1.41 1.5 44.85 0.001
C (%) 2.17 3 2.6 0.24 9.23 43.99 0.001
L (%) 29.49 53.54 41.82 5.37 12.84 42.76 <0.001
P (%) 19.4 35.98 29.9 4.5 15.05 25.94 0.001
GT (%) 3.71 40.49 19.12 8.12 42.46 86.99 0.001
VE (Kcal/100 g) 511.29 640.62 572.56 29.27 5.11 1139.11 0.001
SR (%) 0.12 2.54 0,71 0.46 64.78 7.25 0.001
ST (%) 0.32 5.78 1.59 1.43 89.93 94.07 0.001
OX (mg/100 g) 154 484 231.27 59.98 25.93 16.02 0.001

Note: H (%): moisture value, Ms (%): dry matter content, C (%): ash content, L (%): lipid content, P (%): protein content, GT (%): total carbohydrate
content, VE (Kcal/100g): energy value, SR (%): reducing sugars, ST (%): total sugar content and Oxa (mg/100g): oxalate content.
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TABLE V: AVERAGE NUTRITIVE TRAITS OF THE THREE GROUPS OF GROUNDNUT ACCESSIONS IDENTIFIED FROM CAH

Parametres Group 1 Group II Group III F P

H (%) 6.97 £ 1.50 5.83+£1.07 5.68 +£0.01 1.33 0.29

Ms (%) 93.02 + 1.50 94.16 + 1.07 94.31 £ 0.2 1.33 0.29

C (%) 2.62 £ 0.28 2.56 £0.16 2.71 £0.02 0.18 0.83

L (%) 39.52 £ 47.02 47.02 + 3.90 38.90 £ 0.17 5 0.02

P (%) 29.39 £+ 3.60 3293 £2.57 19.80+ 0.32 6.82 0.001

GT (%) 21.48 £ 6.62 11.65 +4.72 13.80 &+ 1.56 7.03 0.001

VE (Kcal/100 g) 559.23 £ 24.16 601.56 &+ 22.53 560.88 + 1.22 5.45 0.001
SR (%) 0.85 £+ 0.44 0.51 £0.27 0.36 &+ 0.05 1.65 0.22

ST (%) 1.94 £+ 1.67 1.10 £ 0.86 0.54 £0.2 0.8 0.46
Oxa (mg/100 g) 196.96 £+ 115.09 266.93 £ 24.65 396.00 £+ 21.67 65.63 <0.001

Note: H (%): moisture value, Ms (%): dry matter content, C (%): ash content, L (%): lipid content, P (%): protein content, GT (%): total carbohydrate
content, VE (Kcal/100 g): energy value, SR (%): reducing sugars, ST (%): total sugar content and Oxa (mg/100 g): oxalate content.
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