



Proximate analysis of the leaves and fruits of some selected Solanaceous species


Abstracts 
The present study aimed to evaluate the proximate composition of leaves and fruits of selected solanaceous species collected from different regions of Sudan. Plant samples were collected, taxonomically identified, and subjected to proximate analysis, including determination of moisture, ash, crude protein, crude fat, crude fiber, and carbohydrate components using standard AOAC methods. The result revealed significant variation in nutritional composition among spices and between plant organs .moisture content ranged from 5.73-8.35 % in leaves and 2.90-4.20% in fruits. Ash content was considerably higher in leaves (12.94-30.40%) compared to fruits (0.001-1-0095)., indicating greater mineral accumulation in vegetative tissues. Crude protein content varied from 14.00-27.12 % in leaves and 3.00-6.50% in fruits, with Datura innoxia and Solanum schimperianum exhibiting the highest protein levels. Crude fat content was generally low, ranging from 1.74-5.85% in leaves and 1.005-5.00% in fruits. Crude fiber content ranged from 7.22-23-52% in leaves and 2.01-2.41% in fruits, while carbohydrate content varied from 24.24.21-40.53% in leaves and 3.00-6.60%in fruits. Overall, leaves demonstrated higher nutritional value than fruits, particularly in terms of protein, mineral, and fiber, whereas fruits contributed moderate carbohydrate content. The findings highlight the nutritional potential of these solanaceous species and support their possible utilization as alternative source of nutrients, contributing to food security and dietary diversification in Sudan. 
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1. Introduction 
 The family Solanaceae is one of the most economically and pharmacologically important plant families, comprising approximately 98 genera and over 2,700 species distributed worldwide particularly in tropical and subtropical regions. Several members of this family, including Capsicum annuum, Solanum spp., and Physalis angulata, are widely utilized as food crops, while others such as Datura spp., Hyoscyamus muticus, and Withania somnifera are recognized for their medicinal properties.in addition to their ethnobotanical significance, Solanaceous species are rich source of bioactive compounds, including alkaloids, flavonoids, and phenolics, which contribute to their nutritional and therapeutic value (.Kushwaha and Tiwari, 2025; Jan et al., 2024; Yadav and  Koshi, 2022; Ralte et al., 2021).
Proximate analysis is a fundamental approach for evaluating the nutritional composition of plant materials, providing essential information on major constituents such as moisture, ash, crude protein, crude fat, crude fiber, and carbohydrates. These parameters are critical for assessing the dietary potential of plant species and their suitability for use in food, pharmaceutical, and industrial application. Variation in proximate composition are influenced by multiple factors, including species diversity, plant organ, environmental conditions, and geographical distribution ( Shahid et al., 2023; Quadri et al., 2021). 
 In Sudan, the flora of Solanaceae is diverse and adapted to wide range of ecological zones, from arid and semi-arid regions to more humid environments. Despite the abundance and traditional utilization of many solanaceous species in Sudanese communities, comprehensive data on their nutritional composition remain limited. This gap is particularly evident for wild and underutilized species. Whose potential contributions to food security and nutritional health have not been fully explored.
Leaves and fruits represent two functionally distinct plant organs with differing metabolic roles, which is often reflected in their chemical compositions. Leaves are generally associated with higher protein, mineral (ash) , and fiber contents due to their involvement in photosynthesis and metabolic activity
(Bhatla and Kathpalia; Uzoekwe, and Ezenwajiugo, 2023; Kumar et al., 2022), whereas fruits tend to accumulate carbohydrates and water to support seed development and dispersal (Aguirre et al., 2018      ; Crang  et al;., 2018; Parolin et al., 2010). Therefore, comparative analysis of these organs provides valuable insights into the nutritional allocation strategies of plants.
The present study aims to evaluate the proximate composition of leaves and fruits of selected Solanaceous species collected from different regions of Sudan using standard AOAC methods. By comparing the nutritional profiles of these species, this work seeks to highlight their potential as alternative source of nutrients and contribute to the growing body of knowledge on Sudanese plant resources. 

2. Material and Methods
2.1. Sites of the collection 
 The collection process includes different regions of Sudan as following:
      Table 1: the studied species and Coordination of the collection sites.
	Plant species
	Site
	Coordination

	Capsicum annuum
	Blue Nile- El-Rossers.
	11°47′20″ N 34°21′33″E

	Datura ferox 
	Khartoum –Tutti island
	15° 37' 0" N 32° 31' 0" E

	Datura innoxia 
	
	

	Datura stramonium 
	
	

	Physalis  angulata 
	
	

	Solanum americanum 
	
	

	 Solanum dubium
	
	

	Hyoscyamus muticus 
	North Sudan –Dongola
	19°10′11.37″N  30°28′29.62″E

	Nicotiana glauaca 
	
	

	Lycium persicum 
	East Sudan-Arkawet Area
	14° 42' 52" N.   33° 18' 8" E

	Solanum  incanum 
	
	

	Solanum schimperianum 
	
	

	Solanum villosum 
	
	

	Withania somnifera 
	
	



2.2. Plant Materials
Plant specimens were collected from different sites of the study areas. Preliminary species identification was carried.  The identified species were compared with already identified herbarium specimens at the herbarium of Botany Department –University of Khartoum.
2.3. Proximate Analysis
The proximate analysis (carbohydrates, fats, proteins, moisture and ash) of all plant samples were determined by using AOAC methods (AOCS, 2000).
2.3.1. Determination of Moisture 
3 gram of dry plant material was taken in a Petri plate and placed in oven at about 1050C for 6 hours, cooled in desiccator and moisture content was calculated using the following formula;
Moisture (%) = Weight of fresh sample – Weight of dry sample    × 100
                                                  Weight of sample   



2.3.2. Determination of Ash 
1.0±.01 gm. of dried plant materials was taken in a weighted crucible and burnt over low flame. The crucible was then placed in furnace at 5500C for 3 hours until white ash was obtained. The percent ash was calculated as;
	Ash (%) = weight of sample after ashing    ×    100
                                    Weight of sample
2.3.3. Determination of Fats
 Soxhlet extractor was used to get fat content of the sample. 5gm of plant material were put on paper thimble and run for six hours on heating mantle. The percent crude fat was determined by using formula (AOCS, 2000);
Crude Fat (%) = Weight of beaker with fat – Weight of empty beaker     × 100 
                                          Weight of original sample
2.3.4. Determination of proteins
Plant sample was added to the digestion mixture (copper sulphate: Potassium sulphate: ferrous sulphate: 1:18.5:0.25 (w/w/w) and 20 mL of concentrated sulphuric acid was added to the flask and boiled for 2 hours. The digest was transferred to the distillation assembly and 10 mL of 40% sodium hydroxide solution was added to the digest in the assembly. This process was followed by titration to remove the ammonium borate formed in distillation process. The percent protein was calculated by the following formula; 
                   Protein (%) = 1.4 × 6.25 × 0.1N HCl × Vol OF H2 SO4 (used)
                                                       Weight of sample
2.3.5. Determination of Carbohydrates 
Carbohydrate was determined by using the formula; 
Carbohydrate (in grams) = 100-(%crude fat + %crude fiber + % Ash + % Protein)








3. Results 
The proximate composition of leaves and fruits of the investigated solanaceous species showed considerable variation across taxa (table 2 and 3), reflecting both interspecific diversity and organ-specific metabolic allocation.
3.1. Moisture contents
Moisture content exhibited moderate variation among species. In leaves, values ranged from 5.73% in hyoscyamus muticus to 8.35% in physalis angulata. In fruits, moisture  content was comparatively lower, ranging  between 2.90% (in P. sngulata and Solanum shimperianum) and 4.20% (in Solanum incanum). Overall, leaves consistently showed higher moisture content than fruits.
3.2. Ash contents
Ash content indicative of total mineral composition was markedly higher in leaves than in fruits. Leaf ash content ranged from 12.94% in S.shimperianum to 3.40 % in Lycium persicum and H.muticus. In contrast, fruit ash content was minimal, ranging from 0.001% in S.schimperianum to 1.0095% in S.incanum. These findings highlight the greater mineral accumulation in vegetative tissues.   
3.3. Crude protein
Protein content showed a clear distinction between plant organs , with leaves containing significantly higher levels than fruits . leaf protein ranged from 14.00% (H.muticus ) to 27.12 % (D.innoxia and S.schimperianum). In fruits, protein content was lower, varying between 3.00% (D.stramonium) and 6.50% (S.dubium) .
Table 2: leaves proximate analysis of the studied solaneaous species (moisture, ash, protein, fat, fiber, and carbohydrate contents on a dry weight basis). 
	Plant species 
	Moisture%
	Ash %
	Protein%
	Fat %
	Fiber %
	Carbohydrate %

	C.annuum
	5.786
	19.855
	23.625
	3.570
	9.522
	37.642

	D. ferox 
	7.8

	14.008
	26.41

	3.9

	10.21

	39.251


	D. innoxia
	6.296
	14.940
	27.125
	3.296
	7.220
	38.123

	D.stramonium
	7.756
	14.101
	25.375
	2.608
	11.180
	38.980

	H. muticus
	5.737
	30.384
	14.000
	2.635
	11.700
	35.544

	L. persicum
	7.341
	30.397
	20.125
	2.026
	15.900
	24.211

	N.glauca
	6.237
	19.804
	21.000
	5.858
	11.190
	35.911

	P.angulata
	8.352
	16.105
	26.250
	4.502
	10.350
	34.441

	S.americanumm 
	7.141
	18.390
	17.500
	2.190
	14.240
	40.539

	S. dubium
	6.079
	20.325
	20.125
	1.740
	19.650
	32.081

	S.incanum
	7.141
	18.390
	17.500
	2.190
	14.240
	40.539

	S. schimperianum schimperianum
	7.648
	12.941
	27.125
	2.614
	21.100
	28.572

	S. villosum
	7.543
	16.867
	18.375
	2.008
	23.520
	31.687

	W.somnifera
	7.383
	14.223
	22.750
	2.416
	16.450
	36.778



Table 3: fruits proximate analysis of the studied solaneaous species (moisture, ash, protein, fat, fiber, and carbohydrate contents on a dry weight basis).
	Plant species 
	Moisture%
	Ash %
	Protein%
	Fat %
	Fiber %
	Carbohydrate %

	C. annuum
	4.10
	1.006
	5.00
	2.90
	2.23
	4.90

	D.ferox 
	4.10
	0.008
	4.50
	3.90
	2.23
	5.10

	D.innoxia
	4.00
	1.0018
	6.10
	4.00
	2.10
	3.30

	D.stramonium
	3.10
	1.008
	3.00
	3.50
	2.21
	5.00

	H. muticus
	3.90
	1.0092
	5.50
	3.10
	2.24
	5.40

	P.angulata
	2.90
	1.005
	4.10
	4.00
	2.38
	6.60

	S. americanumm 
	3.80
	1.0028
	5.20
	5.00
	2.25
	4.90

	S. dubium
	3.90
	1.0015
	6.50
	3.10
	2.16
	5.00

	S.incanum
	4.20
	1.0095
	4.90
	3.90
	2.01
	5.10

	S. schimperianum
	2.90
	0.001
	4.5
	3.80
	2.41
	5.10

	S.villosum
	3.80
	0.005
	3.90
	1.005
	2.20
	4.20

	W.somnifera
	4.00
	0.0035
	5.10
	3.10
	2.10
	3.00



3.4. Crude fats
Crude fat content was relatively low in both organs but showed some variability. In leaves, fat content ranged from 1.74% (S.dubium) to 5.85% (Nicotiana glauca), whereas in fruits it ranged from 1.005% (S.villosum) to 5.00% (S.americanum).
3.5. Crude fiber
Leaf fiber content showed substantial variation, ranging from 7.22% in D.innoxia to 23.52 % in S.villosum. Fruit fiber content was relatively uniform and significant lower, ranging from 2.01% (S.incanum) to 2.41% (S.schimperianum).
3.6. Carbohydrate content 
Carbohydrates constituted a major component of the studied species, particularly, in leaves. Leaf carbohydrates content ranged from 24.21% (L.persicum) to 40.53% (S.americanum and S.incanum). In fruits, carbohydrates content was lower, ranging from 3.00% (Withania somnifera) to 6.60 %( P.angulata).
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Figure2: Fruits proximate analysis of the studied solaneaous species (moisture, ash, protein, fat, fiber, and carbohydrate contents on a dry weight basis).
4. Discussion
 The present study revealed significant variation in the proximate composition of leaves and fruits among the investigated solanaceaous species, reflecting both organ-specific metabolic function and interspecific diversity. A consistent pattern observed in this study is the higher nutritional richness of leaves compared to fruits, particularly in terms of protein, ash, (mineral content), and fiber. This trend aligns well with previous studies on Solanaceae and other plant taxa. 
The higher crude protein content recorded in leaves (up to 27. 12%) compare to fruits (maximum 6.50%) is consistent with earlier findings.  For example, studies on Solanum species and other wild plants  reported that leaves contain significantly higher protein levels   than fruits due to their active role in photosynthesis and enzymatic metabolism (Staveckienė et al., 2024; Tejada-Alvarado et al., 2023; Haliński et al., 2019;  Mibei, 2018).similarly, research in Solanum aethiopicun  and related taxa has shown that leafy tissues serves as primary sites for nitrogen assimilation, explaining their elevated protein content relative to reproductive organ (Orangi,2024; BOTEY, 2024; Han et al., 2021 ). The high protein values observed in Datura innoxia and Solanum schimperianum in the present study suggest their potential as alternative plant-based protein source. 
Ash content, which reflects total mineral composition, was markedly higher in leaves than fruits in this study, with values reaching over 30% in some species. This observation is in agreement with previous reports indicating that leaves accumulate higher concentration of macro-and microelements due to their involvement in physiological process such as photosynthesis and nutrient transport (Lu et al., 2024;  Song et al., 2024; Bhatla and  Kathpalia ,2023; Kumar et al., 2021).  Comparable studies on medicinal Solanaceous plants have also reported higher ash content in vegetative organs compared to fruits, supporting the current findings (Achuenu et al., 2024; Okoli et al., 2024). The exceptionally high ash content recorded in Lycium persicum highlights its potential as a mineral-rich species.  
In contrast, fruit samples generally exhibited lower protein and ash contents but maintained moderate carbohydrate levels. The pattern is consistent with biological role of fruits as energy storage organs that facilitate seed development and dispersal. Similar observations have been reported in comparative studies of fruits and leaves, where fruits showed lower protein but retained appreciated carbohydrate and lipid fractions (Alves et al., 2021; Bayang et al., 2021 ). The relatively higher carbohydrate content in species such as Solanum americanum and S.incanum in this study further supports their potential as energy sources. 
Crude fat content in both leaves and fruits was generally low, which is typical for most leafy vegetables and fruits (Özcan et al., 2020).however, slight variations among species were observed with Nicotania glauca and Solanum americanum showing relatively higher values. Previous studies have similarly reported low fat content in solanaceous plants, indicating that these species are not primary source of lipids but may still contribute essential fatty acids in small amounts (Bahadır et al., 2024; Konopka et al., 2023; Staveckienė et al., 2023).
Crude fiber content showed notable variation, with leaves containing significantly higher levels than fruits. This agrees with earlier reports that structural carbohydrates are more abundant in vegetative tissues due to the presence of cellulose and lignin in cell walls. However, some studies have reported higher fiber content in fruits depending on species and developmental stage (Ma et al.,2023; Zhang et al., 2020 ), indicating that fiber distribution may vary with ecological and genetic factors. The high fiber content observed in Solanum villosum suggests its potential importance in dietary applications, particularly for digestive health.  
The observed variations among species in all proximate parameters highlight the influence of genetic diversity, environmental conditions, and geographical locations (  García et al., 2025; Imran et al.,  2024;     Buba et al., 2022), particularly within Sudan’s diverse ecological zones. Similar conclusions have been drawn in previous studies, where nutrient composition was shown to vary significantly across species and growth conditions. The variability underscores the importance of region –specific studies in evaluating plant nutritional potential.
Overall, finding of this study are in strong agreement with previous literature, confirming that leaves are nutritionally superior to fruits in terms of protein, mineral, and fiber, while fruits primarily contribute energy through carbohydrates. The study also expands existing knowledge by providing new data on unexplored Solanaceous species in Sudan, highlighting their potential    role in improving food security and nutritionally diversity.    
4. Conclusion
The present study provides a comprehensive evaluation of the proximate composition of leaves and fruits of selected solanaceous species collected from different regions of Sudan. The results clearly demonstrate significant variation in nutritional constituents among species and between plant organs. 
Leaves were consistently found to be richer in crude protein, ash, and crude fiber compare to fruits, highlighting their superior nutritional value and potential as important dietary resources. In contrast, fruits exhibit comparatively lower levels of protein and minerals but contributed moderate amounts of carbohydrates, reflecting their role as energy source. Among the studied species, Datura innoxia and Solanum schimprianum showed notably high protein content, while Lycium persicum was characterized by exceptionally high ash content, indicating its richness in mineral elements.
The observed interspecific variability emphasizes the influence of genetic and environmental factors on nutrient composition and underscores the importance of evaluating indigenous plant species under local conditions. The findings also highlight the nutritional potential of underutilization solanaceous species in Sudan, suggesting their possible contribution to food security, dietary diversification, and the development of plant-based nutritional products.
Overall, this study contributes valuable baseline data on the proximate composition of selected solanaceous plants and provides a scientific foundation for further investigations into their phytochemical properties, pharmacological potential and possible applications in food and health sectors.
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