Evaluation of Nutritional and Antioxidant
Properties of Cola cordifolia Seeds

ABSTRACT |

Abstract: Cola cordifolia is a natural substance rich in nutrients and bioactive compounds. It is important
to incorporate it into the diet to prevent certain metabolic diseases and to improve the nutritional and
health status of populations. This study aimed to evaluate the nutritional and antioxidant properties of C.
cordifolia seeds for their potential use in the dietary field. The seeds were fermented for 6 days and then
sun-dried for 15 days. Nutritional and antioxidant properties were determined using referenced methods.
Nutritional analysis showed that the seeds are rich in calcium (880 mg/100g), magnesium (600 mg/100g),
iron (50 mg/100g), proteins (17.93%), and lipids (10.85%). Seeds exhibited significant levels of
polyphenols (705.15 mg/100g), tannins (267.52 mg/100g), and flavonoids (20.17 mg/100g), with an
antioxidant activity of 62.45% inhibition of DPPH. This study suggests that C. cordifolia seeds could be
used as a dietary supplement to prevent metabolic diseases.
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1. INTRODUCTION

African populations are increasingly facing a resurgence of metabolic diseases such as cardiovascular diseases, cancer,
and diabetes due to changes in dietary habits [1]. In response to this situation, there is a search for new sources of
bioactive compounds in unconventional resources such as medicinal plants and fruits [2]. These unconventional
resources serve as ingredients in diets and remedies for diseases [3, 4], and are used therapeutically by approximately
80% of the population in developing countries [5]. Among these unconventional resources is Cola cordifolia, a fruit
species native to West Africa [6]. It contributes to meeting the primary needs of populations by providing food and
medicinal products. Medicinally, the bark and leaves are used to treat pain, fever, diarrhea, and wounds [7, 8]. The leaf
sap is used in the treatment of leprosy and ocular conditions [9]. In terms of diet, fresh leaves and small branches are
consumed as a diuretic [9], and the fruit pulp is highly valued for its sweet taste and high vitamin C content [10]. Despite
existing research on the use of leaves and bark in treating certain diseases, there is a lack of scientific data on the
nutritional and antioxidant profile of Cola cordifolia seeds. Therefore, the objective of this study is to evaluate the
nutritional and antioxidant properties of Cola cordifolia seeds with a view to their utilization in the food and dietary sectors.

2. MATERIAL AND METHODS
2.1 Material

2.1.1 Biological material




Biological material used in this study consists of Cola cordifolia fruits collected from the botanical garden of the Université
Peleforo Gon Coulibaly in Korhogo.

Figure 1: Cola cordifolia Fruits and Seeds

2.1.2 Chemical product

Reagents and chemicals used in this study are of analytical grade. Vanillin, methanol, sodium carbonate, potassium
acetate, and Folin-Ciocalteu reagent were obtained from Sigma. Hexane, tannic acid, quercetin, and phytic acid were
sourced from Sharlau.

2.2 Methods

2.2.1 Sample Treatment

Sample treatment was performed according to the method described by [11]. Cola cordifolia fruits were manually opened,
and the seeds were separated from the shells. Seeds were fermented for 6 days on banana leaves, with mixing occurring
every 2 days. After fermentation, the seeds were sun-dried for 8 days, then hulled and ground using an electric grinder
(Stainless Steel). Ground material was sieved through a 10 um mesh, and the flour was stored in a plastic container at
4°C.

2.2.2 Determination of Nutritive Properties

2.2.2.1 Moisture

Moisture content was determined using the method described in [12]. 5 g of flour were weighed in a pre-weighed capsule.
Sample was then dried at 105 + 2°C for 24 hours until a constant weight was achieved. After 24 hours, the capsule was
removed from the oven and cooled in a desiccator. Capsule and sample were weighed, and the following expression was
used to determine moisture content:

mi - Mo
Moisture (%) = — x 100
Me

m; : mass of capsule + sample before drying
m, : mass of capsule + sample after drying
me : mass of flour

2.2.2.2 Ash

Ash content was determined using the method described in [12]. 5 g of flour were weighed in a pre-weighed crucible.
Sample was incinerated in a muffle furnace at 550 + 15°C for 12 hours. After incineration, the crucible containing the ash
was cooled in a desiccator. Crucible and ash were weighed, and the following expression was used to determine ash
content:



M1 - Mo
Ash (%) = ———— x 100
Me

mo : mass of capsule
m; : mass of capsule + ash
me : mass of flour

2.2.2.3 Proteins

Protein content was determined using the method described in [12]. 1 g of flour was mineralized in a flask with 20 mL of
concentrated sulfuric acid at 400°C for 2 hours, in the presence of a mineralization catalyst (potassium sulfate +
selenium). After mineralization, the digest was transferred to a flask containing a small amount of water and made up to
100 mL with distilled water. To 10 mL of the diluted digest, 10 mL of 40% NaOH was added, and the mixture was distilled
for 10 minutes, capturing the distillate in a flask containing 20 mL of 4% boric acid with a mixed indicator (methyl red +
bromocresol green). Distillate was titrated with 0.1 N sulfuric acid until the color turned orange. The following expression
was used to calculate the protein content.

(V1- Vo) x 14x 6.25 x N

Proteins (%) =
Me

2.2.2.4 Lipids

Lipids content was assessed using the method described in [13]. 10 g of flour were weighed into a pre-weighed cellulose
extraction capsule. Capsule containing the flour was plugged with cotton and placed in a Soxhlet extractor. Extraction was
performed using 300 mL of hexane in reflux for 7 hours. After extraction, the hexane was evaporated using a rotary
evaporator, and the pre-weighed extraction flask containing the oil was dried in an oven at 100°C for 20 minutes. The
flask and oil were then cooled in a desiccator and weighed. The following expression was used to calculate the lipid
content:

M1 - Mo
Lipids (%)= ———  x 100
Me

mo: mass of empty flask
m; : mass of flask + ail
me: mass of flour

2.2.2.5 Carbohydrate
Carbohydrates and energy value were calculated using the method described in [14]. This method considers moisture,
ash, lipid, and protein contents, as well as energy coefficients.

Carbohydrates (%) = 100 - [moisture (%) + lipids (%) + proteins (%) + ash (%)]
Energy value (kcal/100g) = 4 x proteins (%) + 9 x lipids (%) + 4 x carbohydrates (%)

2.2.2.6 Mineral

Mineral content was quantified using the method described in [15]. This method employs argon plasma source ionization
mass spectrometry. 0.25 g of ash from the flour was homogenized in 10 mL of a 50% hydrochloric acid and 50% nitric
acid mixture. The resulting mixture was filtered, and the volume was adjusted to 100 mL with demineralized water.
Quantitative analysis was performed using standard solutions of minerals.



2.2.2.7 Oxalates

Oxalate content was determined using the method of [16]. 1 g of flour was homogenized in 75 mL of 3 M sulfuric acid. The
mixture was stirred for 1 hour using a magnetic stirrer. After stirring, the mixture was filtered, and 25 mL of the filtrate were
titrated hot with 0.05 M potassium permanganate solution until a pink endpoint was reached. The following expression
was used to determine oxalate content:

2.2 xV
Oxalates (mg/100g) = x 100
—ffte—

V: volume of burette discharge
me: mass of flour

2.2.2.8 Phytates

Phytate content was evaluated using the method described in [17]. 1 g of flour was homogenized in 20 mL of 0.65 N
hydrochloric acid. Mixture was stirred for 12 hours and then centrifuged at 1200 rpm for 40 minutes. To 0.5 mL of the
supernatant, 3 mL of Wade reagent was added, and the mixture was allowed to rest for 15 minutes. Optical density was
read at 490 nm against a blank. Phytate content was determined using a standard curve of sodium phytate solution at 1
mg/mL.

2.2.3 Determination of antioxidant Properties

2.2.3.1 Extraction of Phenolic Compounds

Phenolic compounds were extracted using the method described in [18]. 1 g of flour was homogenized in 10 mL of 70%
methanol. Mixture was centrifuged at 1000 rpm for 10 minutes. Supernatant was collected in a 50 mL flask, and the
residue was re-extracted with 10 mL of 70% methanol and centrifuged again. The combined supernatants in the 50 mL
flask were adjusted to 50 mL with distilled water.

2.2.3.2 Phenolic Compounds

Phenolic compounds were quantified using the method described in [18]. To 1 mL of phenolic extract, 1 mL of Folin-
Ciocalteu reagent and 1 mL of 20% sodium carbonate were added successively. The volume of the mixture was adjusted
to 10 mL with distilled water. After 30 minutes of incubation in the dark, optical density was measured at 725 nm against a
blank. Total phenol content was determined using a standard curve of gallic acid solution at 1 mg/mL

2.2.3.3 Tannin

Tannins were quantified using the method described in [19]. To 1 mL of phenolic extract, 5 mL of 0.1 mg/mL vanillin
reagent was added. Mixture was allowed to stand in the dark for 30 minutes. After incubation, optical density was
measured at 500 nm against a blank. Tannin content was determined using a standard curve of tannic acid at 1 mg/mL.

2.2.3.4 Flavonoids

Flavonoids were determined using the method described in [20]. To 0.5 mL of phenolic extract, 0.5 mL of distilled water,
0.5 mL of 10% aluminum chloride, 0.5 mL of 1 M sodium acetate, and 2 mL of distilled water were added successively.
Mixture was left at room temperature for 30 minutes, and optical density was measured at 415 nm against a blank.
Flavonoid content was determined using a standard solution of quercetin at 0.1 mg/mL.

2.2.3.5 Antioxidant activity

Antioxidant activity was determined using the method described in [21]. To 2.50 mL of phenolic extract, 1 mL of 3 mM
DPPH solution was added. Mixture was incubated in the dark for 30 minutes, and optical density was measured at 415
nm against a blank. A control tube (2.5 mL methanol + 1 mL DPPH) was prepared under the same conditions as the test.
The following expression was used to determine antioxidant activity

[DOc¢ - (DOe - DOW)]
Antioxidant activity (%) = x 100
DOc




DOc: absorbance of control tube (1 mL DPPH + 2.5 mL methanol)
DOe : absorbance of test tube (1 mL DPPH + 2.5 mL phenolic extract in methanol)
DOb : absorbance of blank tube (1 mL methanol + 2.5 mL phenolic extract in methanol)

2.2.3 Statistical analyzis

All tests were performed in triplicate, and results were expressed as mean * standard deviation. Analysis of variance
(ANOVA) was performed using StatPlus 2009 software. Fisher's test at a 95% confidence level was used to determine
significant differences between means.

3. RESULTS AND DISCUSSION

3.1 Nutritional properties

Figure 2: Dried, dehulled, and ground seeds of C. cordifolia

Table 1 presents biochemical properties of Cola cordifolia seeds. Biochemical parameters are statistically different at the
5% significance level. The moisture content of the seeds is 14.46 + 0.30%. This value is higher than those recorded by
[22] for shea cake (12.18%), cotton seeds (9.71%), and mango kernel seeds (9.23%), but lower than those of [23] for
dried mango peels (14.55%) and dried cashew apple cake (25.33%). These observed differences may be due to methods
and drying times. Low moisture content of the studied seeds could be advantageous for long-term storage, as it would
reduce microbial development [24]. Regarding ash content, the value obtained is 3.38 + 0.02%. This value is significantly
higher than those found by [25] in baobab pulp (2.98 to 3.06%) but lower than those of [26] in cocoa pods from three
varieties (6 to 9.40%). Seeds studied may contain appreciable amounts of minerals, as ash represents the total mineral
content of the sample. For proteins, the seeds contain 17.93%, compared to [27], who reported a value of 28.60% in
fermented Parkia biglobosa seeds. Seeds studied could be considered a significant source of protein, as their content
exceeds 12% [28]. Additionally, the protein content of these seeds is similar to that of chickpeas (18%) [14]. Thus, Cola
cordifolia seeds could be used in the food industry as supplements in the preparation of infant porridges to prevent
protein-energy malnutrition in children [29]. Lipid content of the seeds is 10.85%, which is lower than that recorded by [30]
for Kent (21.54%) and Keitt (18.74%) mango seed kernels but higher than that of [31] for voandzou seeds (7.77%). Seeds
studied could be considered a notable source of lipids. A biochemical characterization of this fat could reveal potential
uses in food or cosmetics. Cola cordifolia seeds (53.38%) cannot be considered a significant source of carbohydrates
compared to starchy products (70%) [32]. These low total carbohydrate and lipid contents explain the lower energy value
(382.69 Kcal/100g) compared to [27] and [33], who reported 503 and 471.75 Kcal/100g in Parkia biglobosa seeds.

Table 1. Biochemical Composition of Cola cordifolia Seeds

Parameters Quantity
Moisture (%) 14.46 + 0.30d
Ash (%) 3.38 £ 0.02f

Proteins (%) 17.93+0.11c



Lipids (%) 10.85+0.14e
Carbohydrates (%) 53.38 + 0.84b
Energy value (Kcal/100g) 382.69 + 1.32a

Values in the table are means of the tests with standard deviations. Statistical differences between these means at a 95% confidence
level are indicated in the column by different letters a, b, c, d, e, and f.

Mineral composition is presented in Figure 2. Seeds contain significant amounts of calcium (880 mg/100g), magnesium
(600 mg/100g), phosphorus (254 mg/100g), potassium (1233 mg/100g), and iron (50 mg/100g). Calcium, magnesium,
and phosphorus contents of the studied seeds are considerably higher than those of [27] in soumbara, with values of
15.45 and 32.35 mg/100g for calcium and magnesium, respectively, and [22] in shea cake (Ca: 154 mg; Mg: 67 mg; P: 24
mg). Consumption of 100 g of C. cordifolia seeds could cover the daily requirements for calcium and magnesium,
estimated at 800 mg and 400 mg, respectively, but not phosphorus (800 mg) [34, 35]. These minerals are involved in
bone and tooth formation, muscle contraction, cellular energy production, and blood pressure regulation [36, 37]. Seeds
studied could be used as an ingredient in infant formula. Potassium is the predominant mineral. Its presence could be
beneficial to consumers, as it plays a role in regulating blood pressure, the proper functioning of the nervous system, and
muscle activity [38, 39]. Iron content of the seeds (50 mg/100g) could largely cover the daily iron requirement estimated at
8 mg [34]. This richness in iron could be used in food formulations in Africa to prevent anemia caused by malaria and
immune deficiencies [40].
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Figure 3: Mineral Composition of Cola cordifolia Seeds

Table 2 presents the anti-nutritional factors and the ratios of anti-nutritional factors to minerals. Oxalate and phytate
contents of the studied seeds are 332.50 mg/100g and 20.78 mg/100g, respectively. These oxalate and phytate levels are
significantly lower than those reported by [41] for dried C. sesamoides leaves (oxalates: 480 mg/100g; phytates: 27
mg/100g) and L. hastata (oxalates: 750 mg/100g; phytates: 24 mg/100g). Oxalates and phytates are anti-nutritional
factors that can reduce the bioavailability of essential minerals such as calcium and iron [42]. To predict the bioavailability
of calcium and magnesium, the oxalate/Ca, phytate/Ca, and phytate/Fe ratios were calculated. Oxalate/Ca ratio (0.37) is
well below the threshold of 2.5, suggesting that oxalates may not significantly impact calcium bioavailability. Similarly, the
phytate/Ca ratio (0.02) is below the threshold of 0.5 [42]. However, the phytate/Fe ratio (0.41) exceeds the norm of 0.4,
which could affect iron bioavailability. Thermal treatments of the seeds may be beneficial to reduce phytate levels and
improve iron bioavailability [43].

Table 2. Anti-Nutritional Factors in C. cordifolia Seeds

Parameters Values
Oxalates (mg/100 g) 332.50 +3.53a
Phytates (mg/100g) 20.78 £0.47b
Oxalates / Ca 0.37

Phytates / Ca 0.02

Phytates / Fe 0.41




Values in the table are means of the tests with standard deviations. Statistical differences between these means at a 95% confidence
level are indicated in the column by different letters a and b.

3.2 Antioxidant properties

Table 3 shows the antioxidant properties of C. cordifolia seeds. Levels of polyphenols, tannins, and flavonoids are
statistically different (p < 0.05). Contents are 705.15 mg/100g for polyphenols, 267.52 mg/100g for tannins, and 20.17
mg/100g for flavonoids. Seeds studied exhibit a DPPH inhibition percentage of 62.45%. Polyphenol and tannin levels in
the seeds are significantly higher than those reported by [26], who recorded polyphenol values ranging from 176.90 to
301.40 mg/100g and tannin values between 5.90 and 21.80 mg/100g in the placenta of three cocoa varieties. However,
the polyphenol and flavonoid levels are lower than those found by [44] in dried C. sesamoides leaves (1100 mg/100g and
81.12 mg/100g). Consumption of C. cordifolia seeds could be beneficial to consumers, as polyphenols protect the body
against free radicals responsible for cellular aging and cardiovascular diseases [45]. Additionally, flavonoids are powerful
antioxidants that combat oxidative stress [46]. Tannins present in the seeds could also protect consumers against free
radicals, as tannins have antioxidant activity [47].

Table 3. Antioxidant Compounds in C. cordifolia Seeds

Parameters Values
Polyphenols (mg/100g) 705.15 £ 0.19a
Tanins (mg/100g) 267.52 £ 0.78b
Flavonoids (mg/100g) 20.17 £0.29c
Antioxidant activity (%) 62.45 + 0.45

Values in the table are means of the tests with standard deviations. Statistical differences between these means at a 95% confidence
level are indicated in the column by different letters a, b, and c.

4. CONCLUSION

This study was conducted to evaluate the nutritional and antioxidant properties of Cola cordifolia seeds. The results
indicate that the studied seeds are significant sources of proteins, lipids, and minerals. Additionally, the study revealed
that these seeds are rich in polyphenols and possess a noteworthy DPPH inhibition percentage. Cola cordifolia seeds
could be utilized in food formulations to contribute to food security and to prevent certain metabolic diseases.
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