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Comparative Analysis of Frafra Potato Varieties Proximate and Phytochemical Compositions for Enhancing Food and Nutrition Security in Ghana. 




Abstract
Background and Objectives: Frafra potato is an indigenous edible root tuber crop cultivated and consumed by the rural households in Northern Savannah areas, particularly the Upper East Region of Ghana, with varying genotypes and nutritional component traits. The study was conducted to determine and compare the nutritional and Phytochemical Compositions of the crop.
Materials and Methods: Six frafra potato varieties were grown in polypropylene sacks in a garden in the Upper East Region of Ghana. After harvest, the fresh root tubers were ground and used to determine their proximate nutrients, phytochemical, antioxidant and flavonoids concentrations
Results: The root tubers of the varieties were rich in the determined nutrients compositions at varying levels. The highest protein content of 3.78 ± 0.23% and the lowest of 2.68 ± 0.06% were respectively found in ML and WP varieties. Carbohydrates content ranged from the lowest of 17.95 ± 2.25% in NT variety to the highest of 29.77 ± 0.32% in ML. The highest crude fiber content (3.06 ± 0.05%) was again found in the ML while the lowest (1.73 ± 0.07%) occurred in the LV variety. The lowest fat (0.23 ± 0.02%) was recorded in ML while the highest (0.63 ± 0.04%) was recorded in MM variety. The highest amount of ash (1.94 ± 0.07%) was recorded in WP and the least content of ash (0.96 ± 0.04%) in LV variety. The ML variety recorded the highest moisture content of 74.96 ± 2.06%, with the NT recording the lowest moisture (62.09 ± 0.16%). The phytochemical concentration of the root tubers ranged in total phenolics from 69.48 mgGAE/100g in the WP to 82.84 mgGAE/100g in the LV. In total flavonoids from 17.84 mgGAE/100g in LV to 25.16 mgGAE/100g in MM. The mean oxidative capacity was 48.09%.
Conclusion: The root tubers of the six varieties contained varying compositions of the proximate nutrients, phytochemicals and antioxidants. The root tubers of the ML variety recorded the highest contents of the proximate nutrients (protein, carbohydrate and crude fiber). The variety also recorded the lowest fat content, which makes it the most nutritional superior among the six varieties. The ML variety should be recommended for farmers’ production to improve household nutrition, and for crop improvement programmes in Northern Ghana.
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1.0 Introduction
[bookmark: _Hlk164940864]Food security and household nutrition can be improved by focusing on the production of edible crops with high potential in proximate nutrients in rural areas. One very important but marginalized African indigenous edible root tuber with high nutritive attributes with great potential of contributing to rural food security is frafra potato (Solenostemon rotundifolius, poir).
Despite the progress made in global food production, food insecurity continuous to evolve as a developmental challenge that necessitates a multidimensional approach in tackling it.  According to FAO et al. [1], globally about 828 million people were hungry in 2021, and over 3 million of the world’s population could not afford the cost of a healthy diet in 2020. The projections are that if this trend continuous, the overall food insecure people in the world will exceed 840 million by 2030, making it impossible to achieve the United Nation (UN) Sustainable Development Goals (SDGs) of zero hunger, given that hunger and malnutrition still exist in most households in developing countries [1]. 
The population growth is increasing the demand for food and imports of agriculture products are on the rise in African countries [2]. Besides food insecurity, malnutrition or “Hidden hunger”, is a major challenge in Sub- Saharan Africa compared to other parts of the world [3]. Currently, over 50% of the children under 5 are stunted in Africa, and in Ghana, about 19 million out of about 30 million people were unable to afford the cost of a healthy diet [1]. 
Technically, malnutrition arises as a result of deficiency or excess intake of either macro nutrients (carbohydrates, protein and fats) or micro-nutrients (vitamins, minerals and phytochemicals). In terms of functions, micronutrients in the body serves as co-enzymes that accelerate a host of physiological reactions and contribute to the natural antioxidants pool. Nkengfact et al. [4] indicated that antioxidants act to maintain the concentration of free radicals in the body, as excess of the latter may lead to an increase in the body’s susceptibility to infection.  
Food insecurity and malnutrition can be minimized by focusing on the production of crops with better yield and nutrition potential at the household level. One very important but marginalized African indigenous edible root tuber with high nutritive attributes is frafra potato (Solenostemon rotundifolius (poir). The herbaceous plant is a vegetable root tuber crop of the family Lamiaceae. It has numerous scientific and local names, leading to duplication of findings from its research. Frafra potato, popularly known as “Peesa” by the native Frafra people of the Upper region, is a leguminous crop cultivated in the Sudan Savanna and Guinea Savanna Ecological Zones of northern Ghana, which covers five Regions, namely Northern, North-East, North-West, Upper West and Upper East regions [5, 6, 7]. 
Morphologically, frafra potato is a small, short ascending plant that usually produces edible small-sized, black, red, white or dark brown root tubers measuring averagely about 1.53 cm wide and 3.78 cm long, clustered in the soil under the numerous branches. The variety of meals prepared from these root tubers are as diverse as the cultures of the people who consume it. In Ghana, frafra potato tubers may be boiled and taken as snack after peeling off the skin.  The skins may also be peeled and cooked or over-boiled and stirred to form a thick mass and then eaten as a main meal usually with stew, soup or shea butter and spices.  The root tubers can also be processed by coddling and drying in the sun, before storage or milling into flour [5,6, 8].  
Frafra potato root tubers are richly fortified with nutrients, vitamins, minerals and phytochemicals. Nkansah [9], reported that a 100 g of the root tuber contained varying levels of protein, carbohydrate, fat and  fibre. Similar compositions of these nutrients, including tubers’ water, ash and reducing sugar contents have also been reported [6, 10, 11, 12, 13, 14]. The tubers also contain high levels of the major mineral, calcium and of the trace element iron, as well as the vitamins, thiamin, riboflavin, niacin and ascorbic acid. According to Sethuraman et al. [14], frafra potatoes have high concentrations of minerals such as potassium, sodium, calcium, phosphorus, iron, magnesium and manganese.
[bookmark: _Hlk165024453]The crop nutritional potential is comparable to other tubers like yam, cassava, cocoyam, and sweet potato in terms of the levels of protein, lipid, carbohydrates, fibre, vitamins and minerals. The iron content is also about six times higher than in the other root tuber crops.  Its protein has been reported to contain the amino acids glutamic and aspartic acids as well as arginine [15].
[bookmark: _Hlk165026816]Comparing the nutrient contents to root tuber flesh colours,  Apuri et al. [12] reported that the brown colour strain had the highest content of protein followed by the black and then the white fleshed types, whereas fiber content were similar in the brown and black but very low in white types. However, the white fleshed types recorded higher fat content than the brown and black fleshed types
Given its nutritive value, the use of frafra potato for food now transcends the traditional raw tuber eating stage. Culinary experts are innovating into the potential use of the crop in the preparation of international dishes. Tortoea et al. [7] for instance, successfully combined processed flour from root tubers of frafra potatoes with wheat to make bread. They also produced a local pastry called ‘Koose’, which is a popular Ghanaian snack, from flour prepared from a mixture of frafra potato and cowpea. The qualities of both bread and ‘koose’ were as good as those made solely from wheat and cowpea respectively. 

The rich starch (about 28.62% of dry matter) content in frafra potato root tubers make it useful beyond nutrition [16, 17]. The crop contains phytochemicals including saponins and anthraquinones with the former having been reported to lessen the cholesterol content of human blood. As such it can be used in the treatment of schistosomiasis (bloody urine), dysentery, sleeplessness, convulsion, diseases affecting the lungs, eye (glaucoma), and heart as well as contractions of the intestine [18, 19].  

Despite its importance there is dearth of information on frafra potatoes nutritional attributes and other relevant chemical properties of the various varieties cultivated in Ghana. This study is to investigate six indigenous frafra potato varieties that are grown in Northern Ghana. The evaluation of the   nutrient and other chemical properties of the varieties will help in selecting superior varieties or genotypes for farmers and researchers, and will enhance the cultivation and consumption of frafra potatoes in rural households in Ghana. 

2.0 Materials and Methods

2.1 Description of Study Site: 
[bookmark: _Hlk101499133][bookmark: _Toc2303408][bookmark: _Toc514651846][bookmark: _Toc514651579][bookmark: _Toc514653749]Six frafra potato varieties were cultivated in polypropylene sacks in a garden at Yorogo- Gaabiisi (10.8280153N, 0.9380438W) in the Bolgatanga Municipality (10.7875°N, 0.8580°W) of the Upper East Region, Ghana. The study was carried out from 10th July to 30th October, 2021 and repeated from 23rd July to 30th November, 2022. This was to among other things, determine the nutritional and phytochemical content and the potential of the crop in improving household food security and income. This is necessary because in the Upper East Region the cultivated land area per household is dwindling due to steady increasing population per land area.

Evidently the Ghana Statistical Service (GSS) [20] reports on the 2021 population and housing census indicated that Bolgatanga Municipal had a total of 139,864 people of which the 63.82% live in the city of Bolgatanga while 43.30% reside in the rural communities. Yorogo-Gaabiisi Community for instance had about 700 inhabitants, of which about 50.50% were males and 49.50% were females. Frafra potato crop is predominantly cultivated by the women-folks in the area. 
2.2 Sampling and analysis
The polypropylene sacks were filled with soil sampled at 10cm depth from the study site using the protocol of Motsara and Roy [21].  Three soil samples, 20g each, were taken from each heap of soil prepared for use to fill each polypropylene sack. The soil from these samples was aggregated and a composite sample was taken after which the sacks were filled before planting. Using the same protocol, another six composite soil samples were taken after crop harvest at maturity. Thus, twelve (12) composite soil samples (before planting and after maturity), were appropriately labelled, and sent for analysis at the Soil Sciences Laboratory of Kwame Nkrumah University of Science and Technology, Kumasi, Ghana.
2.3 Planting Materials
Six varieties of frafra potato were obtained from Ecological Agriculture Department, Bolgatanga Technical University, as part of the previous collection from the Savannah Agricultural Research
Institute (SARI-CSIR), and indigenous farmers in the Upper East Region. The varieties were Manga-Moya (MM), Nachim –Tiir (NT), Maa-Lana (ML), WAAP Peisa (WP), Nutsuga Peisa (NP), and Local Variety (LV). They were nursed and sprouted tubers used for transplanting.

2.4 Cultivation and harvesting of the tubers
The sprouted tubers of the six varieties were transplanted onto polypropylene sacks filled with soil and placed in a garden in completely randomized block design with three replications. The plants were watered when necessary. The experiment was repeated, and the first trial crop was harvested on the 30th October, 2021, while the second was on 30th November, 2022. Plate 1 shows the freshly harvested frafra potato root tubers.
[image: D:\Eco Agric 27th Jan 2017\Project students 20th March 2013\Ayisoba 2021\Harvest picture\IMG_20211030_123154.jpg]
Plate 1 The frafra potatoes freshly harvested from one of the polypropylene sacks.

2.5 Nutritional and phytochemical composition of root tubers of frafra potato
At harvest, six fresh root tubers were taken from each variety, weighed, parceled and appropriately labeled for laboratory analysis. The tubers were weighed, dried and homogenized, and proximate analysis was carried out using the Association of Official Analytical Chemist (AOAC) [22] protocol. Total flavonoids concentration (TF) was done using ethanol solution and absorbance, measured at 420 nm using spectrophotometer [23]. The Folin-Ciocalteau protocol was used to determine total phenolic content (TP) [24, 25] using gallic acid as standard. The antioxidant properties of the root tubers were also determined using the 1,1- diphenyl-2 picrylhydrazyl (DPPH) radical-scavenging assay [26].

2.6 Data analysis:
The average duplicate values of the nutrients and phytochemical compositions of each variety of frafra potato were imputed in Microsoft Excel spreadsheets and analyzed using STATA 15 (StataCorp LLC, 4905 Lakeway Drive College Station, Texas 77845 USA). The data of the two different trials were compared statistically and found to be similar with no significant differences between them. They were therefore combined and the mean values used for the analysis. The results were then presented in the form of tables and graphs for interpretation.


3.0 Results and Discussion  
3.1 Soil analysis results 
The textural class of the soil used to fill the polypropylene sacks was loamy sand with the sand having an average composition of 91.83%. The proportion of clay increased from a mean value of 2.93% before planting to 4.19% after harvest while that of silt decreased from the average of 5.24% before planting to 5.17% after harvest. The soil had an average pH of 5.47 before planting which decreased to 5.43 after harvest. The average concentration of available P before planting was 103.68 mg/kg which decreased to 85.77 mg/kg after harvest. Total N content was 0.130% which decreased slightly to 0.127% after harvest. The mean concentrations of the major mineral elements including the exchangeable bases (K, Ca, Mg, Na) and exchangeable acidity (Al, H) (cmol/kg) are presented in Table 1.
 
	Table 1: Mean concentrations (cmol/kg) of the mineral nutrient elements in the soil sample.

	Base
	Before planting
	After harvest

	K
	2.215
	3.131

	Ca
	3.267
	3.300

	Mg
	2.167
	2.100

	Na
	0.124
	0.084

	N
	0.130
	0.127

	P
	103.680
	85.77

	C
	0.875
	0.778

	Al
	0.362
	0.418

	H
	0.550
	0.583



There have been reports that the nutrient and phytochemical content of root tubers depend on the chemical composition of the soil on which the plants were grown [27, 28, 29, 30, 31]. This implies that the plants absorb the nutrients from the soil which they ultimately store in the root tubers. It is shown in Table 1 that the concentrations of Mg, Na, N, P and organic C in the soil before planting are higher than those after harvest. However, it is also evident that the plants release some nutrients into the soil, since the concentrations of K, Ca, Al and H in the soil before planting are less than those after harvest (Table 1). Generally, Al3+ and H+ in soil indicate the exchangeable acidity of the soil. The results showed that soils grown with frafra potatoes may have marginal increases in Al and H concentration (acidity) and may need some soil amendments for subsequent crop production.
3.2 Proximate nutrients compositions in frafra potato tubers
[bookmark: _Hlk165041269]The analyzed nutrients showed that the six frafra potato varieties were rich in proximate nutrients to varying degrees (Table 2). The tuber dry matter content ranged from 37.91 ± 0.16g in ML variety to 25.04 ± 2.06% in NT variety; whilst the tuber content ranged from 74.96 ± 2.06g in NT variety to 62.09 ± 0.16% in ML variety.  The average protein content across the six varieties was 3.16 ± 0.13%.   The ML variety recorded the highest protein content of 3.78 ± 0.23% while the WP variety recorded the lowest protein content of 2.68 ± 0.06%. The respective protein content of ML and WP are over four and three times higher than reported protein contents in similar studies by Sethuraman et al. [14], but lower than that reported by Apuri et al. [12]. The higher moisture content in NT fresh tubers than that of the ML fresh tubers indicates that decreasing tuber moisture content increase tuber nutrient concentration in frafra potato.
The study findings generally showed that frafra potatoes contain on the average, about three times higher protein content than the mean content reported in sweet potato [32]. The results also showed a very high carbohydrate content, ranging from the highest value of 29.77 ± 0.32% in ML to the lowest of 17.95 ± 2.25% in the NT variety. However, the NT variety carbohydrate content is similar to that of18.92 ± 0.72%reported in Malaysia by Sethuraman et al. [14].

The mean crude fibre content of the frafra potato varieties (Table 2) was 2.22±0.05% which was higher than the 2.03 ± 0.12% reported by Sethuraman et al. [14]. The crude fibre content (2.22±0.05%) was three times higher than the value of 0.73% recorded by Apuri et al. [12] in Frafra potato and 0.72% by Ayimbire et al. [32] in sweet potato. The highest crude fibre content of 3.06 ± 0.05%, was recorded in the ML variety, whereas the lowest content of 1.73 ± 0.07% was recorded in the LV variety.





Table 2: Proximate nutrients composition and dry matter of root tubers of six frafra potato varieties

 
	Variety
	Protein
%
	Carbohydrate
%
	Crude fibre
%
	Crude Fat
%
	Ash
%
	Dry matter (g)
	Moisture
(%)

	MM
	3.39 ± 0.03
	19.14 ± 0.25
	2.19 ± 0.10
	0.63 ± 0.04
	1.17 ± 0.00
	26.52 ± 0.08
	73.48 ± 0.08

	NT
	3.30 ± 0.20
	17.95 ± 2.25
	1.97 ± 0.01
	0.38 ± 0.01
	1.44 ± 0.00
	25.04 ± 2.06
	74.96 ± 2.06

	ML
	3.78 ± 0.23
	29.77 ± 0.32
	3.06 ± 0.05
	0.23 ± 0.02
	1.06 ± 0.00
	37.91 ± 0.16
	62.09 ± 0.16

	WP
	2.68 ± 0.06
	25.57 ± 0.23
	1.87 ± 0.11
	0.27 ± 0.02
	1.94 ± 0.07
	32.32 ± 0.10
	67.68 ± 0.10

	NP
	2.71 ± 0.24
	18.12 ± 0.22
	2.51 ± 0.02
	0.36 ± 0.05
	1.66 ± 0.06
	25.35 ± 0.01
	74.65 ± 0.01

	LV
	3.08 ± 0.01
	26.79 ± 0.45
	1.73 ± 0.07
	0.33 ± 0.03
	0.96 ± 0.04
	32.90 ± 0.39
	67.10 ± 0.39

	Mean
	3.16 ± 0.13
	22.89±062
	2.22±0.05
	0.37±0.03
	1.37±0.03
	30.01±0.47
	69.99±0.48

	%CV
  
	10.2                        
	12.7
	11.3                        
	18.9
	5.1
	3.8
	1.7



Key to table:  FPV = Frafra Potato Variety, MM = Manga-Moya, NT = Nachim –Tiir, ML = Maa-Lana, WP = WAAP Peisa, NP = Nutsuga Peisa, LV = Local variety.  CV= Coefficient of Variation 
Table 3: Root tubers proximate nutrient contents in this study compared with those obtained in similar studies in frafra potatoes 

	Nutrient content (%)
	Current study
	Sethuraman et al. (2020)
	Apuri et al. (2018)
(Frafra potato flour)
	Ayimbire et al. (2018)
(Sweet potato)

	Protein 
	3.16 ± 0.13
	0.84 ± 0.06
	4.81
	1.35 ± 0.04

	Carbohydrate 
	22.89±062
	18.92 ± 0.72
	83.39* 
	20.87 ± 1.69

	Crude fibre
	2.22±0.05
	2.03 ± 0.12
	0.73
	0.72 ± 0.01

	Crude Fat
	0.37±0.03
	0.48 ± 0.06
	0.47
	3.19 ± 0.53

	Total ash
	1.37±0.03
	1.63 ± 0.13
	3.56
	0.90 ± 00

	Moisture
	69.99±0.48
	78.14 ± 0.84
	3.67
	73.69 ± 0.32



* Nitrogen Free Extract
The fat content ranged from the lowest value of 0.23 ± 0.02% in ML variety to the highest value of 0.63 ± 0.04% in MM variety, whereas the average value across all varieties was 0.37±0.03% (Table 2). Thus, the variety with the lowest fat and highest content of the major nutrients (protein, carbohydrate and crude fibre) was the ML variety, making it the best among the six varieties in terms of nutrition and less cholesterol build-up in consumers. Therefore, the ML variety in particular and frafra potatoes in general, may be recommended among tuber crops as a healthier food source.  
The average ash content across the six varieties was 1.37±0.03%. However, the WP variety recorded the highest amount of ash (1.94 ± 0.07%) whereas the LV had the least content of ash (0.96 ± 0.04%). It has been reported that the amount of ash obtained from a food substance indicates the content of minerals in the food [33]. 
The average content of moisture in the fresh tubers was 69.99±0.48%, which is lower than that of 78.14 ± 0.84% in Pahang, Malaysia [14] (Table 3). The highest moisture content of 74.96 ± 2.06% was in the ML variety while the NT contained the least amount of moisture (62.09 ± 0.16%). The NT variety, therefore, is likely to taste sweeter than the ML one. The ML variety, again had the highest dry matter content (37.91 ± 0.16%) while the NT variety recorded the least dry matter content (25.04 ± 2.06%) much lower than the overall average dry matter content of 30.01±0.47% (Table 1). 

Generally, the variations in the crude protein, carbohydrates, crude fiber and crude fat among the six varieties ranged from 10.2% to 18.9%. This indicates that the varieties are inherently different in nutritional composition and selecting frafra potato based on nutritional composition can bring improvement in farmers’ livelihood. In terms of nutritional composition, the frafra potato crop, particularly the ML and MM varieties are recommendable for farmers and consumers as well as for various food formulation programmes.

3.3 Phytochemical composition in frafra potato
phytochemical substances such as phenolics, flavonoids and anti-oxidants in plant produce play vital roles in the digestibility and nutrition of consumers of the produce. These chemical substances may also serve as defense mechanism against certain environmental, disease and pest conditions. This study has shown that frafra potato tubers contain considerable concentrations of phenolic and flavonoid compounds as well as antioxidants. The phytochemical substances enable plant produce to possess antioxidants, antimicrobial, antiepileptic, antimutagenic and antitumor properties which can boost plant’s defense mechanism and consumers’ health.  These health promoting properties in plant produce are also found to be associated with hypocholesterolemic, hypoglycemic and immunomodulatory functions in the body [34, 35]. Consumption of frafra potato based-food may prevent certain health-related conditions in individuals, and can improve the general well-being of the household.


3.3.1 Concentration of phenolics compounds
Phenolic compounds with concentrations ranging from 69.48 mgGAE/100g in the WP variety to 82.84 mgGAE/100g in the LV variety were recorded in the studied frafra potatoes (Fig 1). 

%CV =12

Fig 1 Concentration of phenolic Compounds in  frafra potato varieties
FPV = Frafra Potato Variety, MM = Manga-Moya, NT = Nachim –Tiir, ML = Maa-Lana, 
WP = WAAP Peisa, NP = Nutsuga Peisa, LV = Local variety.
There were variations (CV =12%) in the phenolic compounds in the studied varieties, which indicate that farmers are cultivating frafra potato genotypes with varying phytochemical properties. The LV, NP, MM and NT varieties recorded higher concentrations of the phenolic compounds and could help in protecting tubers against weevil infestation.
3.3.2 Concentration of flavonoids: The concentration of flavonoids in the six frafra potato varieties ranged from the lowest value of 17.84 mgGAE/100g in LV to the highest value of 25.16 mgGAE/100g in MM (Fig 2). The LV variety, which recorded the highest concentration of phenol compounds recorded the lowest concentration of flavonoids. Flavonoids are reported to be associated with effective antioxidative properties and the lowering of blood cholesterol levels [36, 37]. The MM and NT varieties are the best in flavonoids accumulation and could be very effective antioxidants with blood cholesterol suppressing potentials.
 %CV =27

 Fig 2: Concentration of flavonoids in frafra potatoes

FPV = Frafra Potato Variety, MM = Manga-Moya, NT = Nachim –Tiir, ML = Maa-Lana, 
WP = WAAP Peisa, NP = Nutsuga Peisa, LV = Local variety. 


3.3.3 Antioxidant capacities in frafra potatoes
The average antioxidative capacity of 48.09% was recorded across the six frafra potato varieties. The highest free radical scavenging capability (57.28%) was recorded in the LV variety, followed by NP variety which had a free radical scavenging potential of 57.10% (Fig 3). 
 %CV =22

Fig 3: Antioxidant capacities (%) in frafra potato varieties  
FPV = Frafra Potato Variety, MM = Manga-Moya, NT = Nachim –Tiir, ML = Maa-Lana, 
WP = WAAP Peisa, NP = Nutsuga Peisa, LV = Local variety.
The lowest antioxidant potential of 41.97% was found in the WP variety. The phytochemicals and enzymes are thought to be responsible for the antioxidative properties of frafra potato, which account for the nutraceutical attributes of the crop [35]. The determined phytochemical compositions in the six frafra potato varieties show that frafra potato root tubers generally have the potential to boost human health. The phenolic contents of the root tubers may help in exhibiting antimicrobial properties, which could be useful in frafra potato storage.



4.0 Conclusion
The six frafra potato varieties were found to be fortified with proximate nutrients and phytochemical compositions necessary for human health and development. The ML variety recorded the highest content of the proximate nutrients (protein, carbohydrate and crude fibre) as well as the lowest fat content. The crop is an essential food crop providing diets and food preference needs of the households in the areas where it is cultivated.

The assayed phytochemicals and antioxidants values were generally higher in the LV, MM, NP and NT varieties than in the WP and ML varieties.  Phenolic compounds are known to have anti-microbial properties and the high content of phenolic compounds recorded in the varieties, is an indication that frafra potato tubers may possess antimicrobial properties which can enhance storage or shelf-life of  frafra potato tubers. Additionally, increasing frafra potato crop production is largely dependent on farmers’ returns to investment as well as consumers’ taste and preference which hinge on the nutritional and health benefits reported of the crop.

Therefore, the frafra potatoes cultivated in the Savanna Agro-ecological zone have the potential to enhance farmers to increase production based on consumer demand, thereby leading to improvement in household food security. Selecting the varieties with desirable traits such as nutritional, phenolics and anti-oxidant properties   could help chart crop improvement paths, influence farmers’ choice and enhance frafra potato productivity in northern Ghana.  

[bookmark: _GoBack]
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Recommendations
It is recommended that:
i. The Maa’Lana (ML), Local variety (LV), Manga-Moya (MM) and Nutsuga Peisa (NP) recorded averagely values of dry matter, nutritional and phytochemical compositions, and are recommended for production in polypropylene sack cultivation in backyard gardens. 
ii.  The Maa-Lana (ML) variety is nutritionally superior and is recommended for consumers and food formulations and fortification programmes.
iii. The local variety (LV), Manga-Moya (MM), Nutsuga Peisa (NP) and Nachim –Tiir (NT) varieties of the crop were high in phenols, flavonoids and antioxidants and could be recommended to consumers as human health boosters.
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