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Abstract

:

A study was carried out to assess the physico-chemical characteristics of wild fruits: Myrianthus holstii and Garcinia buchananii, consumed by rural communities in Rwanda. Although the species have been prioritized for domestication in the country, very little information has been documented on their yield potential, morphological traits, and nutritional compositions. Data were collected from nine fruiting trees for each species in the Bugesera and Nyamagabe districts. All fruits per tree were counted and 10 fruits were harvested for characterization. The proximate composition, vitamins, and minerals were analyzed using Association of Official Analytical Chemists (AOAC) methods. Analyses of inferential statistics were performed to detect differences in means among the fruits from different populations. The highest yield (279 kg/tree) for M. holstii was recorded in the Musebeya population while the highest (15.12 kg/tree) for G. buchananii was recorded in the Juru populations. The quantities of vitamins A and C in M. holstii fruits ranged from 0.92 mg/100 g to 0.93 mg/100 g and from 19.22 mg/100 g to 19.94 mg/100 g, respectively. The quantities of vitamins A and C in G. buchananii fruits ranged from 0.56 mg/100 g to 0.95 mg/100 g and 33.82 mg/100 g to 34.84 mg/100 g, respectively. The most abundant mineral element recorded in this study was iron (15.95 mg/100 g) found in the M. holstii species and contributing 159.5% of the recommended daily allowance. The results obtained in this work suggest the potential value of G. buchananii and M. holstii for the development of novel products in the food industry. The findings also offer opportunities for tree selection to support their domestication and to reduce pressure on the remaining population in the wild.
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1. Introduction


Although the world is recovering from the global pandemic, it is coping with the consequences of the ongoing war in Ukraine, which has shaken food and energy markets [1]. Agrifood systems remain highly vulnerable to shocks and disruptions arising from conflicts, climate variability and extremes, and economic contraction. These factors keep challenging the capacity of agrifood systems to deliver safe, nutritious, and affordable diets for all. On the other side, global hunger, measured by the prevalence of undernourishment, remained relatively unchanged from 2021 to 2022 but is still far above pre-COVID-19-pandemic levels. The proportion of the world population facing chronic hunger in 2022 was about 9.2%, compared with the 7.9% recorded in 2019. Furthermore, recent projections show that almost 600 million people will be chronically undernourished in 2030 [2].



Malnutrition is among the greatest societal challenges, causing vast health, economic, and environmental burdens [3]. Several countries are also experiencing the double burden of malnutrition wherein undernutrition coexists with overweight, obesity, and other diet-related diseases [4,5,6]. More importantly, poor diets and the resulting malnutrition due to the lack of basic proteins, energy foods, and micronutrients [7] are more severe in Sub-Saharan Africa and are increasingly becoming a public health problem [3,4]. In addition, in 2022, 2.4 billion people living in rural areas did not have access to nutritious, safe, and sufficient food all year round [2], underlining the enormous challenge of achieving the United Nations (UN) Sustainable Development Goal 2 (SDG2) of the zero-hunger target by 2030.



Non-timber forest products (NTFPs) are forest products derived from both plants and animals [8]. These products are vital for subsistence and meeting the sources of daily nutrition requirements [9]. The edible products of wild plants are among the NTFPs commonly utilized as sources of supplementary nutrition in both developing and underdeveloped countries [10]. Nutrients are essential elements for good health, and people get their required nutrients from a variety of foods, particularly fruits. A lack of nutrients results in many diseases such as scurvy and anemia, caused by vitamin C and iron deficiencies, respectively [11]. Approximately two billion people across the globe consume wild foods for their nourishment and also utilize them as sources of income, thereby improving their living standards [12].



Indigenous fruits are among the edible fruits of wild plants that play crucial roles in the livelihoods of rural communities [13,14]. These fruits have different chemical compounds like dietary fibers, organic acids, and phenolic compounds that make them good sources of medicines [15,16,17]. Edible wild fruits are also very rich in carbohydrates, proteins, fats, vitamins, and minerals that may be deficient in other common diets [18]. Studies on some indigenous fruit species, such as Adansonia digitate (Malvaceae), Parinari curaterifolia (Chrysobalanaceae) and Vitex doniana (Lamiaceae), have shown substantially higher quantities of nutritive elements than the domesticated fruits that are commonly consumed by the local communities [19,20,21], indicating their nutritional importance.



Myrianthus holstii (Urticaceae) and Garcinia buchananii (Guttifefae) are among the prioritized wild indigenous fruit trees in Rwanda. Their fruits are consumed during the learn period from June to September as food and sources of herbal medicine. Furthermore, the fruits of M. holstii are regarded as famine food [22] and have been proposed for industrial food production [23]. Even though the fruits of prioritized species are edible and often sold in local markets [24], no studies have evaluated their yield potential, morphological traits, and nutritional composition. Hence, those species that have food and nutritional potential may therefore be overlooked in agriculture and nutrition development planning, policies, and projects. Therefore, this study assessed the yield and fruit morphological and nutritional traits of the M. holstii and G. buchananii fruits of Rwanda. The morphological characterization of indigenous fruits contributes to the identification of elite trees for domestication [18,25]. Therefore, the characterization of the fruit yield and nutritional values of these indigenous fruits will contribute to the development of their domestication programs and sustainable utilization.




2. Materials and Methods


2.1. Study Sites and Sampling Method


This study was carried out in the Bugesera and Nyamagabe districts of Rwanda (Figure 1) between June and July 2023, which is the peak season for both species. Before the study, a field survey was carried out to identify major sites where M. holstii and G. buchananii trees exist (Figure 2). Three administrative sectors in each district with major occurrences of M. holstii and G. buchananii trees were chosen and the locations of the available trees at each site were mapped using the Global Positioning System (GPSMAP64s, Garmin Ltd, Olathe, KS, USA).




2.2. Fruit Yield Evaluation


Three fruiting trees of M. holstii and G. buchananii per site (Table 1) were randomly selected for sampling and characterization. All the fruits hanging on the selected trees were counted twice and the mean fruit number per tree was calculated. Ten well-ripened fruits per tree were harvested from the top, middle, and lower tree canopy. The harvested fruits were weighed using a weighing balance and the yield per tree was calculated by multiplying the mean fruit weight of the sampled fruits per tree by the mean number of fruits per tree.




2.3. Fruit Collection and Processing


Fully ripened fruits that had turned yellow from green were handpicked randomly from nine individual trees of each species from the study areas. Fruits from the same tree were sorted and packed together in cooler boxes and then transported to the University of Rwanda (UR)’s Huye Biotechnology Laboratory Complex for analysis. Fruits were washed thoroughly with distilled water to remove any attached impurities and then characterized.




2.4. Morphological Characterization of Myrianthus holstii and Garcinia buchananii Fruits


Morphological characterization of fruits (Figure 3) was carried out using eight morphological descriptors, namely fruit length, fruit diameter, fruit weight, number of seeds per fruit, seed weight, seed length, seed diameter, and percentage of pulp weight. The fruit, seed, and pulp weights (g) were assessed using an analytical weighing balance while their sizes (cm) were measured using a Vernier Caliper (Mitutoyo, UK). The percentage of fruit pulp was estimated by the formula in Equation (1).


  P u l p   p e r c e n t a g e ( % ) =    W e i g h t   o f   p u l p   W e i g h t   o f   f r u i t    × 100  



(1)








2.5. Determination of Proximate Content in the Fruits


For moisture content evaluation, 5 g of fresh fruit pulp was weighed using a dry porcelain dish of known weight. The sample was then dried in a vacuum oven at 110 °C for 4 h and then cooled in a desiccator and re-weighed. The moisture content was calculated according to the AOAC standard method [26] using Equation (2).


  M o i s t u r e   c o n t e n t ( % ) =    W e i g h t   o f   d r y   s a m p l e   W e i g h t   o f   f r e s h   s a m p l e    × 100  



(2)







The pH, total soluble solids (TSS), and total titratable acidity (TTA) values were determined using standard methods used in AOAC [26]. A digital pH meter (model: Hanner) was used while a handheld refractometer was used to determine the TSS values as described previously [27]. Briefly, each pulp sample was dropped on the refractometer and the reading was taken within 30 s. After each reading, the refractometer was cleaned with cotton wool soaked in 95% ethanol and rinsed with distilled water before the next use.



For TTA estimation, 10 g of the pulp was mixed with 60 mL of de-ionized distilled water and three drops of phenolphthalein indicator and then titrated with 0.1 N Sodium hydroxide (NaOH) until the solution turned to pink color. The volume of NaOH added to the solution was multiplied by a correction factor of 0.007 to estimate titrable acidity as a percentage of citric acid. The results were then expressed as a percentage of the citric acid using the formula in Equation (3) [28,29].


  T T A =    T i t r e X   A c i d   f a c t o r   0.007   × 100   W e i g h t   o f   s a m p l e ( 10   g )     



(3)







The micro Kjeldahl method [26,29] was used to determine the quantity of nitrogen in the fruits, which was then multiplied by the factor 6.25 to estimate the percentage (%) of crude protein. Dietary fiber content was analyzed following procedures outlined by AOAC [26]. Fat content was determined by continuous extraction with diethyl ether using the Soxhlet apparatus [30]. The percentage of crude fat content was then calculated using Equation (4) [28].


  P e r c e n t a g e   %     c r u d e   f a t =    M a s s   o f   o i l × 100   M a s s   o f   d r y   s a m p l e     



(4)








2.6. Determination of the Mineral Composition in the Fruits


Analyses for calcium (Ca), potassium (K), sodium (Na), phosphorus (P), zinc (Zn), copper (Cu), and iron (Fe) were carried out according to the standard methods [26]. Two (2 g) of the dried fruit pulps were mixed with 5 mL of distilled water and 25 mL of concentrated nitric acid. The mixture was then digested under reflux over a water bath at 90 °C for 4 h. The refluxed solution was cooled and then mixed with 10 mL of concentrated perchloric acid. The samples were further digested for 1 h, cooled, and mixed with concentrated hydrochloric acid (2 mL) and the final volume was filled to 100 mL with distilled water. The analyses of minerals were then carried out in triplicates using an atomic absorption spectrophotometer (Shimadzu Ltd, Kyoto, Japan) with a graphite furnace and the results were expressed as mg of the analyte per 100 g [31].




2.7. Determination of β-Carotene and Vitamin C Content in the Fruits


Beta-carotene was determined based on the method described previously by the AOAC [28] while vitamin C analysis was carried out by titration method as described previously [32]. Both Beta-carotene and vitamin C were expressed in mg/100 g.





3. Statistical Analysis


All statistical analyses were performed in the R software, version 4.3.3 [33]. We performed an analysis of variance (ANOVA) to test for differences in the yield, fruit morphological traits, and nutritional composition of G. buchananii and M. holstii fruits from different administrative sectors. We also performed Pearson’s correlation coefficient (r) to understand the association among our variables. The statistical significance was determined at p ≤ 0.05 followed by the Tukey multiple comparison test.




4. Results and Discussion


4.1. Yield and Morphological Characterization of Fruits from Selected Indigenous Wild Fruit Trees


The fruit yield per tree in G. buchananii differed significantly across the three sectors in Bugesera (p ≤ 0.05), with the lower yields observed in trees found in the Musenyi sector and the highest recorded in the Juru sector (Figure 4A). However, the fruit length, diameter and weight, seed number, weight, length and diameter, and % pulp did not show any significant differences (p > 0.05) among the G. buchananii fruits from different sectors (Table 2).



Myrianthus holstii trees from the Musebeya sector had significantly higher yields (p ≤ 0.05) than those from the Nkomane and Kitabi sectors (Figure 4B). The fruit traits, including the weight, length, and diameter of M. holstii, varied significantly across the location, with the heaviest and longest fruits recorded in the Musebeya sector (Table 2). However, among the seed traits, only the seed weight of M. holstii varied significantly across the locations (p ≤ 0.05), with the seeds from Musebeya being heavier than those from Nkomane and Kitabi (Table 2). Although not significantly different across the locations, our current study revealed that M. holstii fruits have heavy and high pulp contents that can be potentially processed into different products such as juice, jam, and wine and eventually result in high market prices.



Various documented morphological traits showed significant correlations for both G. buchananii and M. holstii. For instance, a strong significant and positive correlation was exhibited between fruit length and fruit weight in G. buchananii (Table 3). In M. holstii, a significant and positive correlation was found between fruit and seed morphological traits (Table 4). Similar results have been reported in other multipurpose trees in East Africa [34]. The significant relationship between the fruit traits of the studied species indicates that one trait can be used to predict the characteristics of other traits, especially in fields where time and finances are often constrained [35].



The morphological characteristics of fruits are important parameters in post-harvest handling and the development technologies involving fruits [36] and in the marketing of fruits since people tend to prefer bigger fruits [37]. Differences in fruit and seed morphological characteristics have been widely reported in other studies [34,35,38]. The same species of fruits may vary morphologically from one location to another. Thus, knowledge of those characteristics is essential for the selection of propagation material, processing, and pricing. The availability of information on fruit yield and weight implies that it can be used during selection when fruiting potential becomes an objective for domestication. We also observed the existence of a large variation between individual trees, which may be used as a source to select superior individual trees as propagation or breeding materials to improve the domestication of these indigenous fruit trees.




4.2. Proximate Analysis


The findings revealed that in G. buchananii, the pH did not vary across the locations (p > 0.05), with the readings reported in Nyamata being slightly higher than in fruits collected in the Juru and Musenyi sectors. The TTA was significantly higher in fruits from Musenyi and Juru (p < 0.01) than in those from the Nyamata sector. The TSS (p < 0.05) and moisture (p < 0.001) contents in fruits were also higher in fruits from Nyamata than from Juru and Musenyi. However, our data revealed more contents of fibers (p < 0.001), ash (p < 0.05), proteins (p < 0.001), and fat (p < 0.001) in G. buchananii fruits collected in Juru than in Nyamata and Musenyi (Table 5).



The variation in the proximate analysis was also noticed in M. holstii fruits, where the pH was slightly higher than those values recorded for G. buchananii and significantly higher in fruits collected in Musebeya (p < 0.01) than from the Nkomane and Kitabi sectors (Table 5). Fruits from Kitabi recorded more TTA and lower TSS values than those from Nkomane and Musebeya (Table 5). Meanwhile, the moisture content was higher in fruits collected in Nkomane and Kitabi than in Musebeya (p < 0.001) whereas the fiber contents were lower in fruits collected in Nkomane than in Musebeya and Kitabi (p < 0.05). The ash content in M. holstii fruits did not vary significantly across the three sectors (p > 0.05) but showed an upward trend from Nkomane and Musebeya to Kitabi. The protein and fat contents differed significantly across the three sectors in M. holstii fruits (p < 0.001), with the fruits from Nkomane and Musebeya recording more proteins and fats, respectively (Table 5).



pH, TTA, and TSS values are important chemical parameters for fruit pulp as they determine its quality. The pH was low and ranged between 2.9 and 3.5 in both G. buchananii and M. holstii, and these fruits are thus regarded as acidic. Fruits with acidic properties are recommended for the production of juice and jam [39], indicating the potential of the fruits from G. buchananii and M. holstii in industrial production. The studies also recorded more fibers and proteins in both plant species, indicating that their fruits could be good sources of both fibers and plant proteins in comparison to the commonly used exotic fruits. While proteins are known to reduce the risk of stunting and some malnourishment-associated diseases, the role of dietary fibers in health and nutrition has received considerable attention since the mid-1970s. Dietary fiber-rich products have also gained popularity as food ingredients for obtaining health benefits and have encouraged food scientists both to search for new fiber sources as well as to develop high-fiber products [40].




4.3. Vitamins and Minerals


Our data found significant differences (p ≤ 0.01) in the mean quantities of vitamins A and C in fruits from different locations. The quantities of vitamins A and C in G. buchananii fruits were higher in Juru followed by fruits from Musenyi and Nyamata (Table 6). The vitamin C levels in M. holstii fruits were about 14.66 mg/100 g lower than those observed in G. buchananii (Table 4), indicating that the G. buchananii fruit is very rich in vitamin C. The fruits from the current studies also showed significant quantities of essential mineral content according to the recommended daily allowances (RDAs) [41]. The most abundant mineral elements were iron (15.95 mg/100 g), contributing to 159.5%, followed by zinc (2.321 mg/100 g), contributing to 22.14%; potassium (262 mg/100 g), contributing to 13.1%; copper (0.581 mg/100 g), contributing 4.57%; and sodium (10.7 mg/100 g), contributing to 2.014% of the RDA. The high quantities of these elements allow the fruits to be considered excellent sources of bio-elements [42].





5. Conclusions


This study profiled the yield and morphological and nutritional composition of G. buchananii and M. holstii fruits. The findings showed significant differences in the studied attributes among the different locations. Overall, G. buchananii trees from the Juru population and M. holstii trees from the Musebeya population showed higher yields and better fruit qualities than the other studied populations; thus, those regions may be better than the others for the domestication of indigenous fruits. The study also showed that M. holstii has a higher yield than G. buchananii, with bigger-sized fruits that can attract consumer attention. However, G. buchananii presented more vitamin C content than M. holstii. The studied fruits also appear to be good sources of Na, K, Fe, and vitamins A and C and hence could contribute towards nutritional security and zero hunger. The nutritional content revealed in this study emphasizes the potential of these species to improve the human diet. Therefore, the results suggest the promotion of G. buchananii and M. holstii for use in agroforestry programs and the food industry for the development of novel products. Therefore, awareness of the nutritional content of these species in communities and by stakeholders is required to ensure their sustainable utilization and usage in solving nutritional problems in society. The findings also offer opportunities for tree selection to support domestication processes and reduce pressure on the remaining population in the wild.
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Figure 1. Geographical locations of Garcinia buchananii trees in Bugesera district and Myrianthus holstii trees in Nyamagabe district. 
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Figure 2. Typical trees of Garcinia buchananii (A) and Myrianthus Holstii (B). 
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Figure 3. The phenotypes of fruits and seeds of Garcinia buchananii (a–c) and Myrianthus holstii (d–f): unripe fruits (a,d); ripe fruits (b,e); seeds (c,f). 
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Figure 4. Mean yields of Garcinia buchanannii (A) and Myrianthus holstii (B). The data was expressed as mean ± standard error. Asterisk indicates a statistically significant difference in fruit yield between two different sectors (* p < 0.05); ns—indicates insignificant difference in fruit yield between two different sectors. 
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Table 1. GPS coordinates of sampled trees.
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	District
	Administrative Sector
	Sampled Trees
	Latitude (S)
	Longitude (E)
	Altitude (m.a.s.l)





	Bugesera
	Juru
	T1
	2°6′36″
	30°12′6″
	1458.4



	Bugesera
	Juru
	T2
	2°5′38″
	30°13′57″
	1602.9



	Bugesera
	Juru
	T3
	2°4′52″
	30°14′5″
	1489.9



	Bugesera
	Nyamata
	T1
	2°9′46″
	30°6′22″
	1495.5



	Bugesera
	Nyamata
	T2
	2°11′4″
	30°4′34″
	1504.1



	Bugesera
	Nyamata
	T3
	2°9′42″
	30°4′31″
	1422.6



	Bugesera
	Musenyi
	T1
	2°11′15″
	30°3′18″
	1520.4



	Bugesera
	Musenyi
	T2
	2°11′18″
	30°1′56″
	1422.9



	Bugesera
	Musenyi
	T3
	2°10′58″
	30°1′44″
	1422.5



	Nyamagabe
	Kitabi
	T1
	2°31′10″
	29°25′17″
	2341.6



	Nyamagabe
	Kitabi
	T2
	2°31′38″
	29°26′20″
	2274.1



	Nyamagabe
	Kitabi
	T3
	2°32′45″
	29°27′35″
	2220.5



	Nyamagabe
	Musebeya
	T1
	2°24’49″
	29°26’50″
	2194



	Nyamagabe
	Musebeya
	T2
	2°23′34″
	29°26′13″
	1991.4



	Nyamagabe
	Musebeya
	T3
	2°24′12″
	29°27′12″
	2255.9



	Nyamagabe
	Nkomane
	T1
	2°18′19″
	29°24′31″
	2132.1



	Nyamagabe
	Nkomane
	T2
	2°17′54″
	29°24′12″
	2226.3



	Nyamagabe
	Nkomane
	T3
	2°17′48″
	29°24′1″
	2210.3










 





Table 2. Fruit morphological characteristics of Garcinia buchananii and Myrianthus holstii.
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Location

	
Fruit

Length (cm)

	
Fruit

Width (cm)

	
Fruit Weight (g)

	
Number of Seed/Fruit

	
Seed Weight/Fruit

	
Seed

Length

	
Seed

Width

	
Pulp%






	
Garcinia

buchanannii

	
Juru

	
2.39 ± 0.23 a

	
2.47 ± 0.11 a

	
8.25 ± 1.3 a

	
2.7 ± 0.17 a

	
2.21 ± 0.18 a

	
1.26 ± 0.040 a

	
0.84 ± 0.02 a

	
44.6 ± 5.79 a




	
Musenyi

	
2.25 ± 0.2 a

	
2.28 ± 0.15 a

	
7.59 ± 1.27 a

	
3.13 ± 0.15 a

	
2.37 ± 0.54 a

	
1.25 ± 0.11 a

	
0.83 ± 0.07 a

	
40.2 ± 3.24 a




	
Nyamata

	
2.21 ± 0.38 a

	
3.03 ± 0.78 a

	
6.96 ± 1.93 a

	
2.63 ± 0.32 a

	
2.42 ± 0.24 a

	
1.22 ± 0.055 a

	
0.783 ± 0.04 a

	
38.7 ± 4.12 a




	
p-value

	

	
0.793

	
0.145

	
0.719

	
0.109

	
0.792

	
0.897

	
0.494

	
0.461




	
Myrianthus

holstii

	
Kitabi

	
5.67 ± 1.97 b

	
5.48 ± 1.68 b

	
180 ± 67.9 b

	
18.9 ± 5.55 a

	
17.3 ± 9.43 b

	
1.34 ± 0.46 a

	
0.867 ± 0.27 a

	
71.9 ± 23.9 a




	
Musebeya

	
9.81 ± 0.95 a

	
8.32 ± 0.59 a

	
314 ± 47.4 a

	
23.6 ± 5.44 a

	
41.7 ± 11.7 b

	
1.8 ± 0.02 a

	
1.27 ± 0.19 a

	
84.6 ± 2.32 a




	
Nkomane

	
8.9 ± 0.2 a

	
6.85 ± 0.49 ab

	
227 ± 39.2 b

	
25.9 ± 2.2 a

	
18 ± 4.4 b

	
1.63 ± 0.06 a

	
1.12 ± 0.11 a

	
88.9 ± 0.75 a




	
p-value

	

	
0.014 *

	
0.024 *

	
0.005 **

	
0.135

	
0.024 *

	
0.208

	
0.194

	
0.373








Significance: ** p ≤ 0.01, * p ≤ 0.05; means ± standard errors of mean followed by the same letters within the column and each tree type were not significantly different according to the Tukey multiple comparison test.













 





Table 3. Correlation coefficients for fruit morphological traits of Garcinia buchananii.
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	Fruit Length
	Fruit Width
	Fruit Weight
	No of Seed
	Seed Weight
	Seed Length
	Seed Width
	Pulp%





	Fruit Length
	1.00
	
	
	
	
	
	
	



	Fruit Width
	−0.54
	1.00
	
	
	
	
	
	



	Fruit Weight
	0.89 **
	−0.57
	1.00
	
	
	
	
	



	No of Seed
	0.22
	−0.68 *
	0.19
	1.00
	
	
	
	



	Seed Weight
	−0.02
	0.31
	0.14
	−0.11
	1.00
	
	
	



	Seed Length
	0.33
	−0.36
	0.55
	−0.02
	0.36
	1.00
	
	



	Seed Width
	0.41
	−0.34
	0.61
	−0.03
	0.11
	0.79 ***
	1.00
	



	Pulp%
	0.61
	−0.41
	0.76 *
	−0.11
	−0.31
	0.24
	0.55
	1.00







Significance: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05.













 





Table 4. Correlation coefficients for fruit morphological traits of Myrianthus Holstii.






Table 4. Correlation coefficients for fruit morphological traits of Myrianthus Holstii.
















	
	Fruit Length
	Fruit Width
	Fruit Weight
	No of Seed
	Seed Weight
	Seed Length
	Seed Width
	Pulp%





	Fruit Length
	1.00
	
	
	
	
	
	
	



	Fruit Width
	0.92 ***
	1.00
	
	
	
	
	
	



	Fruit Weight
	0.85 **
	0.94 ***
	1.00
	
	
	
	
	



	No of Seed
	0.79 *
	0.72 *
	0.63
	1.00
	
	
	
	



	Seed Weight
	0.71 *
	0.77 *
	0.87 **
	0.32
	1.00
	
	
	



	Seed Length
	0.89 **
	0.91 ***
	0.75 *
	0.72 *
	0.65
	1.00
	
	



	Seed Width
	0.84 **
	0.81 **
	0.73 *
	0.47
	0.76 *
	0.88 **
	1.00
	



	Pulp%
	0.73 *
	0.65
	0.41
	0.71 *
	0.27
	0.87 **
	0.67 *
	1.00







Significance: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05.













 





Table 5. Variation in proximate composition of Garcinia buchananii and Myrianthus holstii from different locations.
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Location

	
pH

	
TTA

	
TSS

	
Moisture

	
Fibers

	
Ash

	
Protein

	
Fat






	
G. buchanannii

	
Juru

	
2.99 ± 0.006 a

	
3.61 ± 0.007 a

	
13.7 ± 0.084 ab

	
80.4 ± 0.017 c

	
19.6 ± 0.051 a

	
2.98 ± 0.023 a

	
9.24 ± 0.11 a

	
1.01 ± 0.014 a




	
Musenyi

	
2.97 ± 0.015 a

	
3.66 ± 0.033 a

	
13.7 ± 0.032 b

	
80.5 ± 0.023 b

	
18.8 ± 0.038 b

	
2.67 ± 0.184 b

	
7.81 ± 0.11 b

	
0.91 ± 0.011 b




	
Nyamata

	
3.00 ± 0.0321 a

	
3.48 ± 0.044 b

	
13.8 ± 0.02 a

	
82.7 ± 0.032 a

	
18.4 ± 0.017 c

	
2.59 ± 0.007 b

	
7.99 ± 0.063 b

	
0.78 ± 0.010 c




	
p-value

	

	
0.118

	
0.004 **

	
0.023 *

	
<0.001 ***

	
<0.001 ***

	
0.020 *

	
<0.001 ***

	
<0.001 ***




	
M. holstii

	
Kitabi

	
3.36 ± 0.01 b

	
2.71 ± 0.005 a

	
15.5 ± 0.02 b

	
91.8 ± 1.21 a

	
25 ± 0.033 a

	
3.02 ± 0.014 a

	
9.64 ± 0.063 b

	
0.81 ± 0.026 c




	
Musebeya

	
3.71 ± 0.101 a

	
2.55 ± 0.024 c

	
15.5 ± 0.015 c

	
85.1 ± 0.049 b

	
25 ± 0.064 b

	
2.92 ± 0.045 a

	
9.39 ± 0.063 c

	
2.92 ± 0.045 a




	
Nkomane

	
3.44 ± 0.015 b

	
2.62 ± 0.016 b

	
15.6 ± 0.015 a

	
91.8 ± 1.2 a

	
24.8 ± 0.019 a

	
2.85 ± 0.098 a

	
9.75 ± 0.063 a

	
1.02 ± 0.035 b




	
p-value

	

	
0.004 **

	
<0.001 ***

	
0.004 **

	
<0.001 ***

	
0.032 *

	
0.090

	
< 0.001 ***

	
<0.001 ***








Significance: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05; means ± standard errors of mean followed by the same letters within the column were not significantly different according to the Tukey multiple comparison test. TTA—total titratable acidity; TSS—total soluble solids.













 





Table 6. Vitamin and mineral compositions of Garcinia buchananii and Myrianthus holstii fruits.
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	K
	Fe
	Ca
	Na
	Cu
	Zn
	β Carotene
	Vitamin C





	G. buchanannii
	Juru
	262 ± 2.41 a
	14.7 ± 0.225 a
	15.0 ± 0.073 b
	7.32 ± 0.002 a
	0.0411 ± 0.001 a
	2.27 ± 0.001 a
	0.95 ± 0.001 a
	34.8 ± 0.02 a



	
	Musenyi
	251 ± 2.85 b
	12.7 ± 0.01 b
	15.3 ± 0.047 a
	6.45 ± 0.004 b
	0.0365 ± 0.001 a
	2.15 ± 0.002 b
	0.78 ± 0.001 b
	34.1 ± 0.015 b



	
	Nyamata
	245 ± 0.954 c
	12.6 ± 0.025 b
	14.9 ± 0.062 b
	6.23 ± 0.002 c
	0.0385 ± 0.001 a
	1.89 ± 0.002 c
	0.56 ± 0.003 c
	33.8 ± 0.02 c



	p-value
	
	<0.001 ***
	<0.001 ***
	<0.001 **
	<0.001 ***
	<0.001 ***
	<0.001 ***
	<0.001 ***
	<0.001 ***



	M. holstii
	Kitabi
	164 ± 1.8 b
	15.6 ± 0.28 a
	10.1 ± 0.238 a
	10.1 ± 0.372 a
	0.568 ± 0.001 b
	2.32 ± 0.174 a
	0.93 ± 0.001 b
	19.2 ± 0.02 c



	
	Musebeya
	169 ± 0.442 a
	16 ± 0.093 a
	10.1 ± 0.216 a
	9.81 ± 0.082 a
	0.581 ± 0.002 a
	2.32 ± 0.082 a
	0.932 ± 0.001 a
	19.9 ± 0.01 a



	
	Nkomane
	166 ± 0.582 b
	15.7 ± 0.156 a
	9.95 ± 0.621 a
	9.69 ± 0.16 a
	0.561 ± 0.001 c
	2.32 ± 0.001 a
	0.92 ± 0.002 c
	19.7 ± 0.015 b



	p-value
	
	0.011 *
	0.267
	0.823
	0.291
	<0.001 ***
	1
	<0.001 **
	<0.001 ***







Significance: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05; means ± standard errors of mean followed by the same letters within the column were not significantly different according to the Tukey multiple comparison test.
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