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Nutritional and Phytochemical Profiling of Red, Pink and White Varieties of Cola nitida from South West Nigeria



ABSTRACT
Aim: This study aimed to elucidate the nutritional and phytochemical characteristics of different colour shades of Cola nitida seeds and determine whether colour variation influences their bioactive composition.
Study Design: An experimental study comparing three colour variants (red, pink, and white) of both cured and uncured C. nitida seeds.
Place and Duration of Study: The study was conducted at the Value Addition Research Department of the Cocoa Research Institute of Nigeria (CRIN), Ibadan, Nigeria, within the period of 12 months”
Methodology: The three known colour variants (red, pink, and white) of cured and uncured C. nitida seeds were pulverized into powder form. Subsequently, the samples underwent a comprehensive analysis, including sensory evaluation, proximate composition analysis, mineral profiling, and phytochemical assessment.
Results: Proximate analysis showed no significant differences among the different colour variants in crude fat (2.56 – 2.98 %), ash (2.27 – 2.63 %), moisture (9.66 – 9.97 %), and dry matter (90.03 – 90.34 %). However, crude protein content varied, with red cured kolanut (RCK) having the highest value (15.29 %), followed by pink cured kolanut (PCK, 14.38 %) and white cured kolanut (WCK, 13.88 %). Conversely, carbohydrate content was highest in WCK (67.18 %), followed by PCK and RCK. Mineral analysis revealed that potassium (K) and iron (Fe) were present in the highest concentrations. Caffeine content ranged from 0.102 to 0.167 %, with no significant differences observed among the colour variants.
Conclusion: The findings suggest that variations in the physical colour of C. nitida seeds apparently influence their nutritional and phytochemical composition especially with RCK having the peak protein and mineral composition values.
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1. INTRODUCTION
Cola nitida (Vent) Schott. & Endl. (Kola) is an important commercial crop cultivated mostly in Africa [1]. It is the most economic and useful fruit-producing species of kolanut chewed mostly to suppress sleep and hunger in some West African countries including Ghana and Nigeria [2,3].  
Cola nitida is one of the common species of kolanut in Nigeria. Being an important economic cash crop, it has loads of biological and health significances. These health importance of kolanuts especially C. nitida are keenly attributed to their nutritional, phytochemical, and physicochemical compositions which could vary with their physical properties. 
Cola nitida is primarily cultivated for its caffeine-rich seeds hence they serve as stimulants promoting physical and mental alertness. Also, it is a vital ingredient in the formulation of some energetic drinks and pharmaceutical products [4]. Remarkably, C. nitida is employed in folkloric medicine for the treatment and management of several ailments such as diabetes [5], depression, asthma, whooping coughs, rheumatism, parasitic infections and many other oxidative stress-induced neurodegenerative diseases [6,7,8]. These biological and health contributions of C. nitida seeds to medicine are made possible owing to their nutritional, biochemical and phytochemical compositions. For instance, the potent antioxidant and antidiabetic activities of C. nitida seeds are essentially ascribed to the fact that they are rich in alkaloids such as theobromine, kolanin, L-epicatechin, d-catechin [9,10], as well as tannins, flavonoids, essential oils and saponins [11]. 
Over the years, extensive research has been conducted on the biochemical and nutritional composition of C. nitida seeds, with particular emphasis on their associated health benefits [12,13,14]. In addition, several studies have examined the physical characteristics of the seeds. Physical attributes such as colour, size, shape, and density have been extensively characterized and documented in the literature [15]. The physical properties of kolanuts vary and are important in engineering designs, food processing, handling operations and the likes. A major and an important physical property of C. nitida seeds is the colour. The colours of the nuts have been worked on by several authors including authors Adesida et al [16] and Akpakpan, [17]. Their studies revealed that Cola nitida seeds are easily distinguished by their nuts of two cotyledons which have three colours that may be red, white or intermediate shades of pink as shown in Plate 1. The red variety of Cola nitida is the most prevalent, whereas the white variety appears to be relatively scarce. A single pod may contain any combination of the three colour variants (red, pink, and white). These colour variations may differ from follicle to follicle, from tree to tree, and even within the same tree across different growing seasons. Trees propagated from white nuts produce exclusively white nuts when self-pollinated; however, when cross-pollinated with pollen from trees grown from red nuts, they may yield red, pink, or white nuts [17, 18].


[image: ]Plate 1. Red, white, and pink varieties of uncured and cured Cola nitida seeds [19].

Despite extensive reports on the nutritional, physicochemical, and physical properties of C. nitida, information regarding the influence of physical attributes particularly seed colour on chemical composition remains limited. Therefore, this study aimed to investigate colour-mediated variations in the nutritional, mineral, and phytochemical compositions of Cola nitida seeds.
2. METHODOLOGY
2.1 Sample Collection and Preparation
Cured and uncured Cola nitida seeds were procured from Ogunmakin Market, Obafemi/Owode Local Government Area, Ogun State, Nigeria. Diseased and defective nuts were manually removed, and the sound samples were sorted according to colour into white, pink, and red varieties. The cured and uncured coloured samples were designated as follows: White Uncured Kolanut (WUK), White Cured Kolanut (WCK), Pink Uncured Kolanut (PUK), Pink Cured Kolanut (PCK), Red Uncured Kolanut (RUK), and Red Cured Kolanut (RCK). Each sample was oven-dried at 65°C to constant weight. Thereafter, 100 g of each dried sample was weighed and subjected to subsequent analyses.


2.2 Sensory Analysis
Sensory evaluation was conducted to assess quality attributes including colour, taste, astringency, crispiness, and overall acceptability of the cured and uncured kolanuts. A 10-member trained panel familiar with kolanut consumption evaluated the samples. A 9-point hedonic scale was employed, where 9 represented “like extremely” and 1 represented “dislike extremely”.
2.3 Proximate Analysis
Moisture, crude protein, crude fat, crude fibre, and total ash contents were determined using standard methods of the Association of Official Analytical Chemists [20]. Moisture content was determined by drying 5 g of sample at 105°C for 3 hours to constant weight. Crude protein content was determined using the Kjeldahl method. Crude fat was assessed using the Soxhlet extraction method. Crude fibre and ash contents were determined according to AOAC procedures.
Carbohydrate content was calculated by difference [21] as follows:
Carbohydrate (%) = 100 − (crude protein + crude fat + ash + crude fibre). All values were expressed on a dry matter basis (g/100 g).
2.4 Mineral Analysis
Samples were ashed in a muffle furnace at 550 °C. The resulting ash was dissolved in hydrochloric acid, filtered, and diluted appropriately prior to analysis.
Macro-minerals (Na, K, Ca, Mg) were quantified using atomic absorption spectroscopy (AAS) following the procedure of Jinadasa and Jayasinghe [22]. Microelements (Zn, Fe, Cu, Mn) were determined by flame atomic absorption spectrometry (FAAS) after microwave-assisted digestion, according to Untea et al. [23]. Chromium (Cr) was analyzed using graphite furnace atomic absorption spectrometry (GFAAS) as described by Ręczajska et al. [24]. Phosphorus (P) concentration was determined spectrophotometrically following Ranganna [25] with slight modifications.
2.5 Phytochemical Analysis 
The phytochemical constituents of the cured and uncured C. nitida samples were quantitatively analysed using standard procedures as described by Olorundare et al. [13] and Odeyemi et al. [26] and while Vuletic et al. [27] and Muhammad et al. [28] methods were adopted in the determination of Caffeine and glycoside contents respectively. The analyses included tests for tannins, saponins, flavonoids, alkaloids, glycosides, caffeine, and phenolic compounds. The results obtained from these determinations are presented in Table 4. 

Data Analyses
Data analysis was done using SPSS version 17 statistical package. All variables were expressed as Mean and standard error of mean (Mean ± SEM) and differences in mean between groups was done using ANOVA. Statistical significance level was set at p<0.05
3. RESULTS AND DISCUSSION
Table 1:	Sensory Evaluation of Cured and Uncured Cola nitida samples
	
	Flavour
	Taste
	Astringent
	Crispiness
	Overall Acceptability


	WUK
	4.60 ± 0.12
	4.20 ± 0.03
	5.20 ± 0.03
	5.20 ± 1.02
	5.30 ± 0.03

	WCK
	8.20 ± 0.10
	8.20 ± 0.31 
	7.20 ± 0.20
	8.40 ± 1.03 
	8.30 ± 0.22

	PUK
	4.20 ± 0.02
	4.40 ± 0.02
	4.10 ± 0.12
	4.30 ± 0.21
	5.40 ± 1.11

	PCK
	8.10 ± 0.11
	7.60 ± 0.30
	7.30 ± 0.01
	8.20 ± 0.33
	8.30 ± 0.12

	RUK
	4.40 ± 0.31
	4.30 ± 0.22
	4.00 ± 0.22
	4.30 ± 0.21
	5.40 ± 1.11

	RCK
	8.00 ± 0.22
	7.30 ± 0.11
	7.40 ± 0.20 
	8.10 ± 0.12
	8.20 ± 0.32



Notes:
WUK = White Uncured Kolanuts
WCK = White Cured Kolanuts
PUK = Pink Uncured Kolanuts
PCK = Pink Cured Kolanuts
RUK = Red Uncured Kolanuts
RCK = Red Cured Kolanuts






[bookmark: _Hlk116283788]Table 2:	Proximate composition of Cola nitida samples

	
	%CP
	%CFAT
	%CFIBRE
	%ASH
	%M
	%DM
	%CHO

	WUK
	2.98 ± 0.01
	2.39 ± 0.22
	3.47 ± 0.11
	2.05 ± 0.14
	66.46 ± 0.21
	33.54 ± 0.04
	22.65 ± 0.12

	WCK
	13.88 ± 0.21
	2.56 ± 0.14
	3.92 ± 0.31
	2.49 ± 0.05
	9.97 ± 0.01
	90.03 ± 0.02
	67.18 ± 0.21

	PUK
	4.38 ± 1.02
	2.32 ± 0.01
	3.21 ± 0.12
	2.17 ± 0.02
	62.89 ± 0.31
	37.11 ± 0.32
	25.03 ± 0.30

	PCK
	14.58 ± 0.23
	2.95 ± 0.11
	4.69 ± 0.22
	2.63 ± 0.32
	9.66 ± 0.23
	90.34 ± 0.03
	65.49 ± 0.03

	RUK
	3.17 ± 0.14
	2.47 ± 0.21
	3.26 ± 0.31
	1.88 ± 0.04
	66.01 ± 0.03
	33.99 ± 0.31
	23.21 ± 0.01

	RCK
	15.29 ± 0.21
	2.98 ± 0.31
	4.13 ± 0.03
	2.27 ± 0.03
	9.87 ± 0.13
	90.13 ± 0.22
	65.46 ± 1.02



Notes:
WUK = White Uncured Kolanuts
WCK = White Cured Kolanuts
PUK = Pink Uncured Kolanuts
PCK = Pink Cured Kolanuts
RUK = Red Uncured Kolanuts
RCK = Red Cured Kolanuts









Table 3.	Phytochemical Analysis of Cola nitida samples

	
	% Tannin
	% Saponin
	% Flavonoid
	% Alkaloids
	% Glycosides
	% Caffeine 
	% Phenolic

	WUK
	0.0012 ± 0.21 
	0.124 ± 0.31
	0.0015 ± 0.21
	0.137 ± 0.22
	0.103 ± 0.13
	0.126 ± 0.33
	0.134 ± 0.01

	WCK
	0.023 ± 0.01
	0.221 ± 0.15
	0.0026 ± 0.11
	0.324 ± 0.12
	0.113 ± 0.02
	0.145 ± 0.23
	0.166 ± 0.21

	PUK
	0.0009 ± 0.02
	0.105 ± 0.01
	0.0006 ± 0.12
	0.152 ± 0.31
	0.111 ± 0.11
	0.132 ± 0.10
	0.139 ± 0.31

	PCK
	0.033 ± 0.15
	0.225 ± 0.23
	0.0035 ± 0.02
	0.342 ± 0.12
	0.131 ± 0.02
	0.161 ± 0.23
	0.185 ± 0.11

	RUK
	0.0019 ± 0.21
	0.133 ± 0.23
	0.0013 ± 0.12
	0.126 ± 0.02
	0.089 ± 0.01
	0.102 ± 0.11
	0.113 ± 0.22

	RCK
	0.031 ± 0.31
	0.236 ± 0.02
	0.0038 ± 0.20
	0.356 ± 0.04
	0.128 ± 0.03
	0.167 ± 0.22
	0.189 ± 0.14










Figure 1.	Macro mineral analysis of Cola nitida samples




Figure 2. Micro mineral analysis of Cola nitida samples



Uncured kolanuts are freshly harvested nuts from which the husks and testa have been removed without any preservation. Curing involves wrapping freshly harvested kola nuts, without husks and testa, in fresh banana leaves, Aframomum leaves, or matured leaves of Obeche (Triplochiton scleroxylon K. Schum.) and placing them in a woven basket for varying periods. Curing enhances taste and improves quality characteristics compared with uncured nuts, as previously reported [3]. Freshly harvested nuts are highly hydrated and astringently bitter due to the abundance of complex secondary metabolites and polyphenolic compounds [19].
These observations were corroborated by the sensory evaluation results (Table 1), which showed that cured kolanuts were preferred in terms of taste, flavour, astringency, and overall acceptability. In contrast, uncured nuts exhibited pronounced bitterness and astringency when chewed. Proximate analysis further revealed that uncured nuts contained higher moisture content and were more hydrated than cured nuts. Overall, the cured kolanuts demonstrated higher nutritional, mineral, and phytochemical contents, confirming that the curing process enhances the biochemical and sensory quality of C. nitida seeds.
Colour is a critical quality attribute in food products, and understanding its effect on nutritional and chemical composition is important for industrial and pharmaceutical applications. Proximate analysis, which includes assessment of protein, carbohydrate, fibre, ash, fat, and moisture contents, is commonly used to evaluate the nutritional value of food substances [29]. As presented in Table 2, proximate compositions of red, pink, and white cured C. nitida seeds were compared.
No significant difference was observed among the samples in terms of crude fat (2.56–2.98%), ash (2.27–2.63%), moisture (9.66–9.97%), or dry matter (90.03–90.34%). However, crude protein content differed notably, with red cured kolanuts (RCK) exhibiting the highest value (15.29%), followed by pink (PCK, 14.38%) and white (WCK, 13.88%) varieties. Conversely, carbohydrate content was highest in white cured kolanuts (WCK, 67.18%), followed by pink and red varieties. These results suggest that while seed colour minimally affects fat, ash, and moisture contents, it influences protein and carbohydrate levels.
Mineral analysis indicated that macro- and microelement contents varied among the samples. Red and pink kolanuts generally contained higher concentrations of essential minerals such as calcium, magnesium, potassium, and iron compared with white nuts. Similarly, phytochemical analysis (Table 3) revealed that red cured kolanuts possessed higher levels of bioactive compounds, including alkaloids, flavonoids, and phenolics, followed by pink and then white seeds. These findings are consistent with previous studies reporting that pigmentation in C. nitida seeds is associated with variations in bioactive and nutritional composition [17,18].
Overall, the study demonstrates that curing enhances the sensory, nutritional, mineral, and phytochemical quality of C. nitida seeds, and that seed colour significantly affects protein, carbohydrate, mineral, and bioactive content. Red cured kolanuts consistently exhibited superior quality across all parameters, followed by pink and white varieties. These findings suggest that industries and pharmaceutical companies aiming to utilize kola nut-derived products may prioritize the use of red cured kolanuts to maximize nutritional and bioactive benefits.
4. CONCLUSION
Research into the medicinal and pharmaceutical importance of Cola nitida has increased significantly over the past few decades, highlighting the need for detailed evaluation of both cured and uncured kolanuts. In this study, the three colour shades of C. nitida (red, pink, and white) were analyzed for sensory attributes, mineral content, and phytochemical composition. The results indicated that cured kolanuts generally contain higher levels of nutritional components compared with uncured ones. Moreover, the results also indicated that color variants of C. nitida seeds exhibit similar proximate compositions, except for crude protein and carbohydrate contents, which vary significantly. RCK shows the highest protein content, while WCK has the highest carbohydrate content. Potassium and iron are the predominant minerals, suggesting potential nutritional significance. Caffeine content is relatively low and consistent across variants. These findings suggest that C. nitida seeds, particularly RCK, could be a valuable source of protein and minerals, warranting further exploration of their nutritional and pharmaceutical potential. Among the colour variants, red kolanuts exhibited the highest nutritional content, followed by pink and then white. These findings suggest that industries, particularly those in the food and pharmaceutical sectors, may consider prioritizing the use of red cured kolanuts to maximize nutritional and bioactive benefits.
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