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ABSTRACT 

In sub-Saharan Africa, nutrient deficiency remains a challenge. The challenge is partly due to 

the underutilization of available nutrient sources and failure to optimize nutrients based on agro-

climatic conditions. Oyster nuts (Telfairia pedata) are the under-utilized oilseeds with promising 

food and non-food applications. This study investigated oyster nut's nutrient composition and 

variations across different sites and elevation levels encompassing different agro-climatic 

conditions. Additionally, the stability of crude oyster nuts oil, flaxseed oil, and sunflower oil 

were compared. Fats were the most abundant contents of the nuts with 68%, followed by 25% 

protein, 5% carbohydrates, and 2% ash. Fatty acid contents were dominated by linoleic acid 

(47%), while magnesium was the most abundant mineral (150 mg/100 g). Protein and fat 

contents increased significantly with declining elevations, while sites did not show any 

significant effects. In contrast, linoleic acids and minerals such as magnesium (Mg) and 

phosphorus (P) of the nuts decreased significantly in low elevations. Other nutrients such as 

carbohydrates, potassium (K), palmitic acid, iron (Fe), and stearic acid in the nuts were not 

significantly affected by neither site nor elevations. Finally, oyster nut oil produced high 

peroxide value (PV) and free fatty acids (FFA)  compared to flaxseed and sunflower oil at room 

temperature. Our results highlight that oyster nuts oil stability should be improved before 

storage. Likewise, in lower elevations associated with high temperature and low precipitation, 

oyster nuts' quality is optimized. Hence, oyster nuts can improve nutritional status and income 

generation to farmers and communities in Tanzania. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the problem 

Nutrient deficiency in sub-Saharan Africa remains a challenge despite local and international 

institutions' efforts (Bain et al., 2013; Ecker et al., 2010). Although nutrient-rich sources are 

available, utilization and nutrient optimization in different climatic conditions are still 

challenging (Mbwana et al., 2017). Oyster nuts (Telfairia pedata Hook) is one of the under-

utilized oilseed plants of the family Cucurbitaceae in sub-Saharan Africa (Ajayi, 2015; Asiegbu, 

1987). These nuts are grown for their valuable edible nuts, which are consumed fresh, roasted,  

ground, or added as thickeners in vegetables, soups, or meat dishes (Ajayi, 2015; Musalima et 

al., 2019). The flour made from oyster nut seeds is supplemented in baked products, while its 

pressed oil is used for cooking by local communities (Minzangi et al., 2015;  Okoli & Nyananyo, 

1988). Its vines are drought resistant, have low cultivation input requirements, and high yield 

per area (Agatemor, 2006; Ajayi, 2015; Garrity, 2004; Musila, 2018). Additionally, due to their 

lactogenic and medicinal properties, oyster nuts are used by local pregnant and lactating mothers 

to increase milk production and fast healing after delivery (Ajayi et al., 1990; Kazadi et al., 

2015). Despite these benefits, the nuts' nutritional composition has not been adequately 

quantified, limiting their utilization and contribution to health among rural communities 

(Musila, 2018).  

Moreover, oilseeds are affected by internal and external factors that result in variations in their 

nutrient compositions (Ayerza & Coates, 2011; D'Imperio et al., 2007; Vollmann et al., 2007). 

Under constant agro-ecological conditions, different cultivars show variations in nutrient 

contents, seed size, weight, and agricultural performances (Borges et al., 2007; Vollmann et al., 

2007). Likewise, farming practices and agro-climatic conditions such as temperature, rainfall, 

precipitations, and geographical sites affect plants' physiological reactions, causing variations 

in nutrient compositions (D'Imperio et al., 2007; Romero et al., 2016). Due to existing 

differences in soil composition and agro-climatic conditions in different geographical sites used 

for cultivation, the same oilseeds cultivars were reported to contain nutrients in different 

proportions (Borges et al., 2007; D'Imperio et al., 2007; Romero et al., 2016). Additionally, 

oyster nuts are mostly grown in agroforests of high hills and mountains at 800 to 2000 m.a.s.l 

elevations ranges (Ajayi, 2015; Okoli, 2007). These differences in elevation range cause 

variations in temperature and precipitations. D'Imperio et al. (2007) and Hemp (2006) reported 
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a decline in temperature with a lapse rate of 0.56 ℃ or 1 ℃ for every 100 m upwards, while the 

precipitation rates were also decreasing from low to high elevation levels. As a result, deviations 

in temperature and precipitations might affect enzymatic kinetics in plants resulting in variations 

of nutrient contents such as linoleic acid, oleic acid, protein, and fat saturation in oilseeds 

(Izquierdo et al., 2006). Therefore, there is a need to identify and characterize agro-climatic 

conditions to produce high-quality nutrient sources. 

Oil quality and stability are also affected by variations in fatty acid compositions and antioxidant 

contents (Casal et al., 2010; Velasco & Dobarganes, 2002). Despite their nutritional benefits, 

polyunsaturated fatty acids (PUFA) are more prone to oxidative deterioration during storage and 

high heat cooking (Zhang et al., 2010). The double bond structure in linoleic and alpha-linoleic 

acids (PUFAs) is unstable. It readily reacts with singlet oxygen forming oxidative by-products 

such as free radicals and hydroperoxides aldehydes, causing detrimental health effects to 

consumers (Bozan & Temelli, 2008). Therefore, for long-time storage and high heat 

applications, oilseeds with high monounsaturated fatty acids (MUFA) contents are preferred 

over oilseeds with high PUFA contents.  

1.2 Statement of the problem 

Nutritional composition in oyster nuts has not been adequately studied and quantified, despite 

being wide consumed by pregnant and lactating mothers in northern Tanzania (Ajayi, 2015). 

For generations, oyster nuts have formed an essential traditional and heritage food for local 

tribes in the North of Tanzania and East Africa (Ajayi, 2015; Musila, 2018; Okoli & Nyananyo, 

1988). Various nutritional and medicinal properties associated with oyster nuts have been 

locally claimed with no scientific proof (Musila, 2018). Hence, the quantification and 

establishment of nutritional contents in oyster nuts will enhance informed food choices and local 

communities' consumption.  

Furthermore, oyster nuts are grown in diverse agro-ecological conditions in agroforests and 

mountain ranges, which affects their Physico-chemical quality (Ajayi et al., 1990). Differences 

in elevational ranges result in variations in agro-climatic parameters such as temperature, 

rainfall, and precipitations in growing sites (Ayerza & Coates, 2011; D'Imperio et al., 2007; 

Hemp, 2006). Consequently, nutrient composition and oil quality are affected. Therefore, a 

study on the performance of different sites and elevational ranges will enhance the optimization 

of oyster nuts quality by selecting locations with optimum conditions.  
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Finally, despite being the main product from oyster nuts seeds, oyster nut oil quality and stability 

are unknown (Musalima et al., 2019). High PUFA and low antioxidants contents have been 

reported to affect the stability of oils (Casal et al., 2010; Frega et al., 1999; Zhang et al., 2010). 

Hence, a comparison study on oyster nut oil stability compared to other common vegetable oils 

can provide insights into oyster nut oil's quality and stability.  

1.3 Rationale of the study 

This study's results and findings will provide nutritional information about oyster nuts related 

to their health benefits.  This will enhance informed food choices and consumption among local 

communities in northern Tanzania and East Africa. This study will also provide insights into 

suitable agro-climatic conditions for producing and improving protein and omega-6 contents in 

oyster nuts. Elevational ranges associated with high or low nutrient contents have to be 

stipulated to optimize beneficial nutrients. Furthermore, a comparison of oyster nut's oil stability 

will enable proper utilization and enhancement of oyster nut oil stability.  

1.4 Objectives of the study 

1.4.1 General objective 

To determine variations in nutrient composition and oil stability of oyster nuts (Telfairia pedata) 

across different agro-ecological conditions in Northern Tanzania.  

1.4.2 Specific objectives 

(i) To identify the nutrient composition and quantify nutrient contents of oyster nuts from 

Northern Tanzania. 

(ii) To evaluate existing variations in nutrient contents in samples from different sites and 

elevations in the North of Tanzania. 

(iii) To compare unrefined oyster nuts oil's quality and stability to unrefined flaxseed oil, 

unrefined, and refined sunflower oil at room temperature. 

1.5 Hypotheses 

(i) Oyster nuts contain a highly beneficial nutritional profile. 

(ii) Nutrient contents in oyster nuts will differ across different sites and elevations. 
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(iii) Oyster nut oil will display low oxidative stability at room temperature conditions than 

flaxseed oil and sunflower oil due to high PUFA contents. 

1.6 Significance of the study 

Despite their nutritional and medicinal benefits, oyster nuts are rarely utilized and are among 

the disappearing species (Ajayi, 2015). This research will promote and enhance consumption 

and utilization of oyster nuts in the communities. Utilization of oyster nut as an altenative crop 

will enable income generation to the farmers and improve their livelihoods. In addition, the 

community health including childrens, pregnant and lactating mothers will be improved through 

nutritional benefits obtained from consumption of oyster nuts. 

1.7 Delineation of the study 

This study analyzed nutrient contents in oyster nuts across different sites and elevation levels. 

Oyster nut samples were collected in the agro-forests of the Usambara, Meru, and Kilimanjaro 

mountains at different elevation levels from 800 to 2000 m.a.s.l. Samples were analyzed for 

proximate, fatty acid, and mineral contents using AOAC, (1990) methods, gas chromatography, 

and ICP-OES, respectively. Elevation levels with optimum cultivation conditions for nutrients 

optimization were highlighted and recommended for more cultivation. For the oil stability study, 

oyster nut oil was compared to unrefined flaxseed oil, crude, and refined sunflower oil by 

measuring PV and FFA levels in 6 weeks using titration methods. The stability of oyster nut oil 

at room conditions was highlighted, and improvement methods were recommended.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Conceptual framework 

The study assumption is that, different elevation levels and sites (regions) have different agro-

climatic conditions such as temperature, rainfall, humidity, sunlight and precipitations. 

Variations in agro-climatic conditions in growing areas results in differences in nutrient 

compositions and  quality of oyster nuts. Consequently, the nutrient composition also affects the 

keeping quality of the crude oysternuts oil.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The conceptual framework showing the effects of sites and elevation levels on 

the agro-climatic conditions of growing areas which then affects the nutrient 

compostion of the oysternuts 

Elevations 
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2.1 Oysternuts (Telfairia pedata) 

2.1.1 Origin, diversity, and utilization 

Oysternuts (Telfairia pedata), similarly referred to as Kweme or Zanzibar oil vines are a 

dioecious African liana from genus Telfairia in the family Cucurbitaceae (Achu et al., 2005; 

Ajayi et al., 1990; Okoli & Nyananyo, 1988). The genus Telfairia is comprised of two members; 

Telfairia occidentalis (fluted pumpkin) and Telfairia pedata (Oyster nuts). Oyster nuts are 

native to mainland Tanzania and Mozambique but, are cultivated in South Africa, Malawi, 

Zambia, Ethiopia, Rwanda, Kenya, and Uganda. Fluted pumpkin is famously cultivated for its 

nutritious leaves in west Africa, especially in Guinea, Ghana, Nigeria, and Cameroon (Achu et 

al., 2005; Ajayi, 2015; Kazadi, 2015; Okoli, 2007).   

Oyster nuts are found in diverse ecological and agro-climatic conditions on lowlands and 

highlands of up to 2000 m.a.s.l with an annual rainfall of 1000 mm or more (Ajayi, 2015). The 

oyster nuts grown on higher elevation sites are claimed to produce more yield than those on 

lower elevation (Gardens, 2018). Oyster nuts produce a high yield per area (150 nuts in one 

gourd), are drought resistant, and can thrive well on drained medium loam soils (Ajayi et al., 

1990; Okoli, 2007). In Tanzania, oyster nuts are cultivated along with coffee trees and banana 

plantations in the country's northeast parts. They are also found growing in home gardens on the 

edges of the agroforests of Pare, Meru, Kilimanjaro, and the Usambara mountains (Ajayi, 2015).  

Oyster nuts are cultivated for valuable and nutritious nuts found within a large gourd in the 

agroforests (Okoli, 2007).  According to Ajayi et al. (1990) and Okoli (2007), one gourd can 

contain 70-140 nuts, protected with net-like outer covering. The nut’s kennels are 3-4 cm in 

diameter and contain a high amount of oil used by local communities in East Africa. The taste 

of oyster nuts resembles Brazilian nuts and almonds (Ajayi et al., 1990). The extracted oil is 

used for multiple purposes such as cosmetics, candles, soap making, and household cooking. 

The ground oilseeds are added to vegetables, soups, meat dishes, or consumed fresh. Its flour is 

supplemented in baking products to increase protein contents and improve taste (Ajayi et al., 

1990; Kazadi, 2015; Okoli & Nyananyo, 1988). 

Oyster nuts form an essential medicinal, traditional, and cultural heritage food in East Africa 

(Kazadi et al., 2015). Oyster nuts are given to nursing mothers and pregnant women to improve 

lactation due to their lactogenic properties, enhancing milk secretion (Ajayi, 2015; Okoli, 1988). 

The local tribes in northern Tanzania use oyster nuts as a tonic for fast healing and recovery 

after childbirth (Ajayi, 2015).  In East Africa, the oil is used to treat rheumatism and stomach 
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ailments. (Kayode & Kayode, 2011). Hence, oyster nuts have potential food and industrial 

applications to improve health and income for communities in Sub-Saharan Africa.  

2.2 Variations of nutrients in oilseeds 

2.2.1 The effects of temperature on nutrient quality 

Oil quality is determined by the amount and type of fatty acids compositions (Ayerza & Coates, 

2011). Fatty acid saturation in oilseeds depends on specific enzymatic activities. These 

enzymatic activities depend on temperature to reach maximum or minimum catalysis levels. 

During flowering and fruit filling stages, the optimum temperature for enzymatic activity lead 

to maximum conversions and saturations of beneficial fatty acids (Borges et al., 2007; Mannina 

et al., 2001). Izquierdo et al. (2006) observed a linear relationship between temperature and 

oleic acid saturation in hybrid sunflowers (Helianthus annuus L.), with a steady increment in 

oleic acid saturation with increasing night temperatures. The oleic acid contents were maximum 

at 22℃, which was identified as the optimum temperature for oleate saturates enzymes 

associated with the synthesis of oleic acids. Besides, fatty acid composition in other oilseeds 

such as Chia (Salvia hispanica L.), camelina seeds (Helianthus annuus L.), and chestnuts 

(Castanea sativa L.) have all been reported to be affected by temperature regimes of growing 

locations (Ayerza & Coates, 2011; Borges et al., 2007; Vollmann et al., 2007).  Hence, despite 

the internal factors such as genotypes and cultivars, the temperature has been the main factor 

for variations of fatty acid contents in oilseeds. 

These reflect the possibility of optimizing valuable fatty acid contents by cultivating oyster nuts 

and other oilseeds in locations with optimum temperature. This can be benefit consumers' 

assurance of consuming high-quality seeds containing all expected nutrients in the right 

amounts. Essential fatty acids such as linoleic acids (omega-6) and alpha-linolenic acid (omega-

3) can be optimized and maintained in a good ratio of 1:2 for maintenance of good health (Abedi 

& Sahari, 2014). 

2.2.2 Variations of nutrient contents in different cultivars 

Under constant ecological conditions, different cultivars contain different nutrient compositions 

(Vollmann et al., 2007). Genetic variations among cultivars result in deviations in seed 

performance and nutritional contents. Seeds with more weight, high yield, beneficial fatty acids 

(oleic acids, linolenic acids (omega-3)), and high-quality protein contents are often selected for 

breeding (Borges et al., 2007). Genetic breeding is, therefore, aiming at improving seed quality 
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by optimizing desirable characteristics. In a study by Borges et al. (2007) investigated the 

variations of nutrient contents in different chestnut cultivars indicated significant variations in 

fatty acid contents. Cultivars with more beneficial fatty acids such as oleic acids were selected 

and promoted for use. Despite differences due to cultivars, growing sites' ecological conditions 

also may contribute to significant variations in crude fat and fatty acid contents. Hence, similar 

cultivars should be applied during the determination of effects caused by environmental factors. 

These can prevent interference since both factors have a significant impact on chemical 

compositions. 

2.2.3 Effects of different geographical sites on nutrient composition 

Variations in nutrient compositions in oilseeds from different geographical locations have been 

reported (Ayerza & Coates, 2011; Borges et al., 2007; D'Imperio et al., 2007). In most cases, 

existing variations are due to variations in environmental parameters such as temperature, 

sunlight intensity, precipitations, and soil components (Wruss et al., 2015). Depending on the 

type of oilseed or crop, the effects of environmental factors can be desirable or undesirable. 

These reflect on the need to characterize nutrient contents according to geographical locations, 

facilitating high-quality oilseeds production (Borges et al., 2007; D'Imperio et al., 2007). 

Nutritional variations were exhibited in virgin olive oils (Olea europea) from North, center, and 

Southern geographical positions in Lazio, Italy by D'Imperio et al. (2007). Specifically, these 

variations were detected in linolenic acids, β-sitosterol, oleic acid, and squalene contents. 

Variations were also reported from different areas and elevation levels using different irrigation 

practices. These highlight the effects of geographical locations on nutrient compositions in 

oilseeds. 

The influence of geographical positions on olive oil compositions was also reported by Romero 

et al. (2016). Geographical positions were found to influence phenolic compounds than cultivars 

and ripening periods in samples from Limari valley and Molina sites in Chile (Romero et al., 

2016). These variations were caused by differences in temperature and irrigation practices of 

particular geographical locations. These indicate geographical areas' potential in discriminating 

nutritional composition in oilseeds when other factors are kept constant.  

2.2.4 Effects of elevations on nutrient composition 

Different elevation levels are associated with variations in environmental factors such as 

temperature, rainfall, precipitation, humidity, and soil compositions (Hemp, 2006). Variations 

of these environmental factors have caused, different elevation levels to exhibit different 
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chemical compositions within similar cultivars (Ayerza & Coates, 2011; D'Imperio et al., 2007). 

Changes in temperature and precipitations were reported in a study conducted on slopes of 

Mount Kilimanjaro and Usambara by Hemp (2006). The study intended to investigate climatic 

conditions' variations due to changes in elevations from the bottom to the mountains' top. The 

temperature declined at a rate of 0.56 ℃ per every 100 m upwards. These were from the bottom 

of 800 m with 23 ℃ to 5000 m with -7 ℃ on top. Due to evaporation rates, as temperature 

decreases, precipitation increased from bottom to top. These results reflect the expected 

variations in nutritional contents in oyster nuts from samples collected at different elevations 

along ridges of Mount Kilimanjaro, Usambara, and Meru. 

Differences in elevation levels were also reported to cause variations in linoleic acid, squalene, 

β-sitosterol, and oleic acids in olive oil samples from Lazio (Mannina et al., 2001). The 

difference of 100 m to 400 m was enough to cause significant variations in nutritional contents. 

These indicate the strength of elevation levels in discrimination of nutrient contents compared 

to cultivars, agricultural practices, sowing seasons, ripening periods, harvest season, and 

physiological maturation (Ayerza and Coates, 2011; D’Imperio et al., 2007; Romero et al., 

2016). As pointed out by Ayerza and Coates (2011), variations in chemical composition in chia 

seed from different elevations can help determine the seeds' origin. Hence, elevations are an 

essential factor in optimizing beneficial nutritional contents in oyster nuts and other oilseeds.  

2.2.5 Other factors causing variations in nutrient compositions 

Soil mineral concentrations, agricultural practices, sunlight, harvest period, and physiological 

maturation are other factors for variation of nutrient compositions (Borges et al., 2007; Junior 

et al., 2017; Romero et al., 2016; Wruss et al., 2015). Mineral composition in oilseeds has been 

affected by soil mineral concentrations (Kabata-pendias, 2004). The uptake of minerals from 

the soil to plants depends on soil mineral concentration and soil pH, which influences the 

transfer gradient (Romero et al., 2016). Selenium concentration in Brazilian nuts (Bertholletia 

excels) was reported to depend directly on soil pH and mineral concentration (Junior et al., 

2017). High selenium concentration in the soil led to more selenium concentrations in the nuts; 

vice versa was true for soil pH where high soil pH affected uptake of minerals leading to lower 

selenium concentrations. These reflect the importance of soil mineral richness to plant 

physiology.  

Precipitation and rainfall regimes are the other potential contributors to chemical variations in 

oilseeds (Mannina et al., 2001; Nenadis et al., 2015). Physiological activities in plant cells and 
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tissues require a balance in electrolytes and transfer medium for nutrients. High precipitation 

and rainfall result in a balance in electrolytes and physiological activities, causing increased 

secretion of essential molecules and nutrients (D’Imperio et al., 2007). Nenadis et al. (2015) 

reported reduced phenolic compounds and antioxidant activity on Arbutus unedo plants due to 

reduced precipitation. This highlights the importance of water to physiological activities in 

plants. Agricultural practices such as irrigation can result in a high concentration of critical 

biological molecules and healthy plants (Nenadis et al., 2015). Hence, the precipitation and 

rainfall regimes are likely causes for variations in nutrient contents in oilseeds.  

2.3 Oil stability 

During storage, oils are susceptible to oxidative or enzymatic deterioration, resulting in 

chemical, sensory, and nutritional changes (Abdalla & Roozen, 1999; Casal et al., 2010; 

Hasiewicz-Derkacz et al., 2015). These changes are undesirable and result in detrimental health 

effects to consumers, such as developing cardiovascular diseases and cancer due to the 

formation of free radicals (Hasiewicz-Derkacz et al., 2015). Additionally, rancid oil is 

associated with off odors that signal a deterioration of oil or oil-containing foods (Zhang et al., 

2010). Deterioration of fats is also associated with depleting essential nutrients such as 

antioxidants (Bozan & Temelli, 2008). Stable oils such as virgin olive oils have a long shelf life 

and retain their nutritional and organoleptic properties (Casal et al., 2010). Therefore, 

determination of oil stability and shelf life is important before it can be stored. 

2.3.1 Internal factors affecting oil stability 

Oil structures contain three fatty acids (FA) attached to the glycerol molecule making a 

triglyceride (Abuzaytoun & Shahidi, 2006). These polyunsaturated fatty acids (PUFA) and 

monounsaturated fatty acids (MUFA) are more susceptible to oxidation. This is due to the 

reactive double bond structure. During the oxidation process, singlet oxygen or free radicals 

tend to attack the double bonds resulting in alkyl peroxides and water molecules  (Casal et al., 

2010). High amount of PUFA such as linoleic acids and alpha-linolenic fatty acids results in 

more oxidation reactions resulting in the deterioration of fats. In a study by Casal et al. (2010) 

to determine olive oil changes under deep-frying conditions of up to 170 ℃, fatty acid contents 

correlated with oxidation indication parameters. More deterioration was observed in oil with 

high PUFA contents compared to MUFA and SFA. Free fatty acids (FFA) are also more prone 

to oxidation reactions than triglycerides (Zhang et al., 2010). The neutralization process during 

oil refining reduces the amount of FFA making oils more stable. 
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The amount of antioxidants also affects oils' stability (Bozan & Temelli, 2008; Casal et al., 

2010; Hasiewicz-Derkacz et al., 2015). Antioxidants are bioactive compounds found naturally 

or added to oils that act as scavengers for free radicals (Hasiewicz-Derkacz et al., 2015). Stable 

oils contain vitamin E (tocopherols), carotenoids, sterols, and phenolic compounds that donate 

electrons to reactive free radicals to neutralize and form stable compounds (Velasco & 

Dobarganes, 2002). For these reasons, the amount of antioxidants affects oils' stability, and more 

commercial antioxidants such as tocopherols, β-carotenes, and quercetin are added to enhance 

oils stability (Łukaszewicz et al., 2004).  

2.3.2 External factors affecting oil stability 

Apart from internal factors (FA, enzymes, metals, phospholipids, and antioxidants), 

deterioration rates are accelerated by external factors such as temperature, oxygen, and light 

(Velasco & Dobarganes, 2002). Temperature affects reaction kinetics for the oxidation process, 

causing a high amount of peroxide end products. Under high temperatures, antioxidant activity 

is affected, and the autoxidation process is accelerated (Zhang et al., 2010). In a study by Casal 

et al. (2010) determining olive oils' stability compared to vegetable oils under frying conditions 

(170 ℃), olive oil was more stable than vegetable oils. Despite having a high amount of vitamin 

E, vegetable oils contain a high amount of PUFA compared to olive oils, hence at high-

temperature antioxidant activity is reduced, and high deterioration rates occur. This highlights 

the suitability of low PUFA oils for high-temperature deep-frying.  

Oxygen also accelerates rates of oil deterioration (Velasco & Dobarganes, 2002). Under room 

temperature conditions, oxygen dissolves in oil and forms more reactive singlet oxygen, readily 

reacting with fatty acid double bonds forming alkyl peroxides. The oxidation process is more 

rapid in the presence of oxygen; hence, oxygen is replaced by nitrogen during the packaging of 

oil and oil-containing food (Zhang et al., 2010).  

Absorption of light energy by electrons in outermost orbitals in oil pigments results in excitation 

and oxidation (Abuzaytoun & Shahidi, 2006). This results in the formation of free radicals, 

which accelerates further oil oxidation. These pigments (chlorophyll), which cause 

photosensitization, are removed during the refining process making oil more stable (Velasco & 

Dobarganes, 2002). Hence, to prevent further oxidation, oils are stored under dark conditions or 

in amber bottles. 
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2.3.3 Methods for evaluation of oil stability 

Various methods are used to determine oil stability (Łukaszewicz et al., 2004). These methods 

are used to evaluate the extent of oil deterioration by measuring indicative parameters. Factors 

such as percentage of free fatty acids (FFA), peroxide value (PV), amounts of β-carotene, type 

of fatty acids, and specific extinction coefficient are widely used. Others are changes in the 

number of phenols, tocopherols, and oxidative stability (Velasco & Dobarganes, 2002). In most 

cases, these parameters are determined simultaneously to enable precision in the evaluation of 

oil stability. 

Free fatty acids (FFA) are long-chain fatty acids detached from triglycerides molecules (Bozan 

& Temelli, 2008). These FFA is indicative of the extent of deterioration of oils and has been 

reported to be more prone to oxidation than triglycerides chains (Frega et al., 1999). Though the 

oil's acidity is associated with microbial stability, high free fatty acids result in high deterioration 

rates (Bozan & Temelli, 2008). During oil refining, the neutralization process reduces the FFA 

contents making the oil more stable. Hence, FFA contents in oil are an essential parameter for 

the measurement of oil deterioration.  

Peroxide value (PV) is another critical parameter that gives the number of hydroperoxides 

present in oil (Casal et al., 2010). The oxidation process involves three stages, which are 

initiation, propagation, and termination stages. In the initial stage, the double bonds are attacked 

by singlet oxygen or other radical compounds resulting in the formation of alkyl peroxy radicals, 

which further propagates the oxidation process. The process involves forming other polymeric 

and volatile end products such as hydrocarbons, ketones, and aldehydes. At the termination, 

stage peroxides are formed along with water molecules (Abuzaytoun & Shahidi, 2006; Casal et 

al., 2010; Velasco & Dobarganes, 2002). Hence, the determination of peroxide value indicates 

the extent of deterioration and the storage period. The oils which have been stored for more 

extended periods are expected to have high peroxide values depending on the type of fat. 

According to European Union standards, virgin oils should have PV values below 20 mEq 

O2/kg, 10 mEq O2/kg for vegetable oils, and 15 mEq O2/kg for refined oils (Casal et al., 2010).    
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study sites  

The study was conducted in northern Tanzania, where oyster nuts are mostly grown (Fig. 2). 

Three oysternut growing sites (Kilimanjaro, Tanga, and Arusha) were purposefully selected as 

described in Appendix 2. In Kilimanjaro, samples were collected along agroforests of Mount 

Kilimanjaro in Moshi (Uru 1, Uru 2, Materuni, Materuni kwa Helman, and Marangu 1, Marangu 

2) from 800 up to 2000 m.a.s.l. In Tanga, the study was conducted along agroforests of the 

Usambara Mountains located in Korogwe district (Fune kiwandani, Kwekibomi, Kwashemshi, 

Kwamanoro, Bungu village, and Msiga village) from 900 up to 2000 m.a.s.l. Arusha region, 

samples were collected along edges of agroforests of mount Meru located in Arumeru disctrict 

(Nkoaranga kwa sumari, Nkoaranga-2, Songolo, Sura, Nshing’a, and Sura kibaoni) from 900 to 

2000 m.a.s.l.  These sites were selected along mountain edges from bottom to top because they 

span different elevations (m.a.s.l) associated with variations in climatic factors such as 

temperature,rainfall, and precipitations regimes (Hemp, 2006).  

 

Figure 2:  Map showing study sites in three regions of Arusha (agro-forests of mount 

Meru), Kilimanjaro (agro-forests of Mount Kilimanjaro), and Tanga (agro-

forests of Usambara mountains) in northern Tanzania 



 

14 
 

3.2 Sample collection 

Oyster nut samples were collected in May, June, and July 2019, during harvest season in 

Kilimanjaro, Arusha, and Tanga. Only naturally grown Telfairia pedata species ewere used in 

this study to prevent nutrient variations due to differences in spcies or farming practices.  At 

each site, growing areas were allocated into three fields based on elevational ranges categorized 

into “low elevation” (800-1200 m.a.s.l), “medium-elevation” (1200-1600 m.a.s.l), and “high 

elevation” (1600-2000 m.a.s.l). Six samples were collected from each site (region), as described 

in Table 1. Samples were cleaned, sun-dried as described by Musalima et al. (2019), and 

transported to the laboratory for analysis. 

 

Plate 1:  Oyster nut showing; “A” oyster nut gourd, “B” oyster nut plant leaves and 

flowers, “C” dried oyster nut seeds  
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Table 1: Description of collection sites and their environmental conditions (i.e., average 

annual temperature range, average annual rainfall range, and elevational 

gradient) in the year 2019 in northern Tanzania 

Region 
Number of 

samples 

Environmental conditions 

Temperature (°C) Rainfall (mm) 
Elevation 

(m.a.s.l) 

Arusha 6 17 - 20 800 - 1200 900 – 1600 

Kilimanjaro 6 21 - 27 200 – 2300 800 - 2400 

Tanga  6 30 - 32 1100 - 1400 700 – 1200 

(TMA, 2018) 

3.3 Samples for comparison of oil stability 

The stability of unrefined oyster nut oil was compared with the stability of  unrefined flaxseed 

oil (Linum usitatissimum, L.) and two brands of sunflower (Helianthus annuus) vegetable oil 

(refined and unrefined). Oyster nut oil was extracted directly from oyster nut kernels using a 

laboratory oil extractor (scheler w85, deniz scheler, Germany). The other three oil samples 

(Nativ Leinol, Osana, and nativ Osana) were bought from the local market in Wels, Austria. 

Each oil sample was stored in a 500 ml amber bottle in the dark at room temperature of 27 ℃ 

for six weeks. Peroxide value (PV) and free fatty acid (FFA) contents were evaluated after every 

7 days for 6 weeks.  

3.4 Chemical analyses 

3.4.1 Proximate analyses 

Oysternut samples from individual plants were prepared by removing the fibrous outer shell and 

splitting the inner shell to obtain the kernels (Fig. 2). Each sample was ground to flour using a 

blender (krups KB4351, Germany) and stored at 4 °C before analysis (Nielsen, 2014). 

(i) Moisture contents 

Moisture contents were determined according to Yerlikaya et al. (2012) by drying 5 g of each 

sample in a hot-air oven (Cascade Tek CTF112, USA) at 105 °C overnight to reach the constant 

weight. The following formular was used to calculate moisture contents. 

% 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =
(𝐴 − 𝐵) ∗ 100

A
 

Where; A = Weight of the fresh sample (g), B = Weight of dry sample (g), % Dry matter = 100-

% moisture. 
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Figure 3:  The oyster nut (Telfairia pedata) showing (A) closed oyster nut seed, (B)opened 

shell, (C) fibrous outer shell, (D) inner shell, (E) kernel after being split in half, 

(F) ground oyster nut kernel 

(ii) Ash contents 

Ash content was determined according to AOAC (1990) method no 950.49. The empty crucibles 

were prepared by being burned in a muffle furnance (Tmax-1750DD, China) at 500 ℃ for 5h 

to reach a constant weight and then put in the desiccator to cool the temperature. Then, 5 g of 

the sample was poured into crucibles and put in the oven overnight at 500 ℃ to burn all the 

organic matter, and the inorganic ashes were weighed after being cooled in a desiccator (Nielsen, 

2014).  

% 𝑎𝑠ℎ =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑠ℎ (𝑔)

weight of dry samples (g)
∗ 100 
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(iii) Crude fat contents 

The crude fat content of oyster nuts samples was determined according to AOAC (1990) method 

no 934.50. Crude fat was determined using the Soxhlet apparatus. First, the 250 mL round-

bottomed flask was prepared by being dried in the oven (Cascade Tek CTF112, USA)  for 1 

hour at 105 ℃ before being weighed and introduced into the Soxhlet setup. Afterward, 15 g of 

a fat-free thimble sample was subjected to continuous extraction with petroleum ether 

(AppliChem GmbH, Germany) for 6 hrs at 120 ℃ heating plate. Then, the solvent was 

recovered, and the oil sample in 250 ml round-bottomed flask was dried in the oven (Cascade 

Tek CTF112, USA) at 105 ℃ for 3 hrs. Dry oil was cooled in a desiccator and weighed. Crude 

fat content was determined using the following formula. 

% crude fat =
weight of crude fat (g) ∗ 100%

weight of the dry sample (g)
 

(iv) Crude protein contents 

Crude protein content was determined by using the Kjeldahl method, AOAC 981.10 (AOAC, 

1990). First, 0.5 g of oyster nut samples in the digestion tube was added with 1 Kjeldahl tablet 

(Sigma-Aldrich, USA), 20 mL of H2SO4 (95%) (AppliChem GmbH, Germany), spatula of 

stearic acid (AppliChem GmbH, Germany), and five boiling stones (Sigma-Aldrich, USA). The 

tube was then heated for digestion (10 min x 40 watts, 20 min x 80 watts, 40 min x 100 watts, 

and 10 min for 40 watts). After digestion, the tube was cooled for 30 minutes. Then, distillation 

was done by Kjeldahl system (Hanon K9860, China) using 35%  NaOH (AppliChem GmbH, 

Germany) set at 80 mLs for 7 minutes with 3% H3BO3 (AppliChem GmbH, Germany). The 

resulting solution was titrated with 0.1 HCl (AppliChem GmbH, Germany) in the burette. 

% N =
14.01 (titrer volume − blank volume) conc.  of acid

sample wt x 10
 

The factor of 5.4 was used to determine the protein percent from the nitrogen value for oily 

samples (AOAC, 1990). 

Carbohydrates were calculated according to Grosso et al. (2000) as the difference of other 

contents from 100%. All analyses were done in triplicates. 
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3.4.2 Mineral analyses 

Samples were prepared as described by Saracoglu et al. (2007), and Xie et al. (2013) using the 

dry ashing digestion procedure with few modifications. All the reagents were prepared from 

analytical grade chemicals and double-distilled deionized water was employed. All the 

equipments were washed using 4 mol/L hydrochloric acids and rinsed with deionized water 

before being used. First, 2 g of sample material in a porcelain container was burned in a muffle 

furnace oven (Tmax-1750DD, China)  set at 500 °C for six hrs. Then, 5 mL of 4 mol/L 

hydrochloric acids (AppliChem GmbH, Germany) was added, followed by distilled water and 

filtered. For dilution, 1 mL of the sample was added in a tube of 1 mL of 4 mol/L hydrochloric 

acids (AppliChem GmbH, Germany) and dissolved in 8 mL distilled water to make a 10 mL 

dilution. The mineral analysis was done using pre-calibrated ICP-OES (model Icap7200 Duo, 

Thermo Fisher, Waltham, USA), equipped with an auto-sampler (Teledyne ASX-280, Omaha, 

NE 68144, USA). Magnesium (Mg), potassium (K), calcium (Ca), copper (Cu), iron (Fe), zinc 

(Zn), phosphorus (P), and sodium (Na) were analyszed. All analyses were done in triplicates. 

For calibration procedures, standard solutions of analytes were prepared by dissolving a stock 

of 1000 mg/L of all analyzed elements to generate a calibration curve. 

3.4.3 Fatty acids analyses  

Fatty acid methyl esters (FAME) were prepared as described by Teh and Birch, (2013) where, 

10 mg of dry oyster nut oil sample was methylated and suspended with a 5 mL mixture of acetyl 

chloride (Sigma-Aldrich, USA) and methanol (AppliChem GmbH, Germany)  in the ratio of 

1:50. The mixture was left for 4 hrs at 60 ℃. The reaction was stopped by adding 2.5 mL of 0.6 

g/mL sodium carbonate (AppliChem GmbH, Germany). Fatty acid methyl esters were extracted 

by 2 mL hexane (AppliChem GmbH, Germany)  and 1 mL of the upper clear phase transferred 

to a GC vial.  The appropriately diluted hexane extract was inserted in a thermo-trace gas 

chromatography (thermo Elecron Corp, Italy) equipped with an auto-sampler (AS, 2000). The 

detection was carried out with a flame ionization detector (FID) (Agilent Tech Inc., Wilmington, 

DE, USA). The chromatographic conditions were composed of an injection volume of 2 µL, 

and the injector temperature 240 ℃. Helium was applied as carrier gas with 120 kPa constant 

pressure and a flow of 30 mL/min. while, the Agilent capillary column DB23 60 m, 0.25 mm 

ID and, film thickness of 0.25 µm were used for analytical separation. The oven temperature 

gradient was set at 0-3 minutes at 130 °C, then 6.5 °C per minute to 170 °C, followed by 2.8 °C 

per minute to 215 °C, and then was maintained for 10 minutes. Finally, 3 °C per minute to 240 

°C and maintained for 15 minutes. The FID was set at a temperature of 280 °C and an airflow 
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of 450 mL/min with hydrogen flow of 45 mL/min and makeup gas of nitrogen held at 40 mL/min 

(Gao et al., 2015). Data were analyzed using Chrom card data system version 2.8 from Thermo 

Finnigan (Fig. 4). Each oyster nut oil sample was analyzed in duplicates. For calibration, an 

external standard method was used where standard solutions (Agilent Tech Inc, USA) with 

known analyte concentrations and fixed volume were prepared and injected in the column. The 

calibration plot was prepared and used to determine the concentration of the fatty acids in oyster 

nut samples. 

 

Figure 4:  A chromatogram showing response (pA) against time (min) for the fatty acids 

analyses using GC-FID 
 

3.4.4 Oyster nut's oil stability 

(i) Peroxide value 

Peroxide value was analyzed as described by Casal et al. (2010) where 5 g of oil samples were 

measured in an Erlenmeyer flask and dissolve the sample by adding 25 mL of the 3 volumes of 

glacial acetic acid (Fresenius GmbH, Austria) and 2 volumes of chloroform (AppliChem GmbH, 

Germany)   solvent mixture. Then, 0.5 mL of the saturated potassium iodide (AppliChem 

GmbH, Germany) solution was pipetted to the sample and swirled on a magnetic mixer (IKA 

RCT, Germany) for precisely 60 seconds. Then, the solution was diluted with 25 mL of distilled 

water to stop the reaction. Then 1 mL of 1% starch solution (Fresenius GmbH, Austria) was 

added, followed by titration using the 0.01 sodium thiosulfate solution (AppliChem GmbH, 

Germany) in the burette until the blue color disappears.  
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PN =
(a −  b) ∗ c ∗ 1000

E
 

Where a = total consumption of sodium thiosulphate standard solution, b = consumption of 

sodium thiosulphate in a blind test, c = Concentration of used sodium thiosulphate solution, E = 

lipid weight. 

(ii) The acid number and free fatty acids 

The FFA was analyzed according to Frega et al. (1999), where 15 g of the oil sample was 

weighed into an Erlenmeyer flask and dissolved in 50 mL (1 volume ethanol + 1 volume toluene) 

solvent mixture (AppliChem GmbH, Germany). Few drops of the phenolphthalein indicator 

solution (Fresenius GmbH, Austria)  were added then, titrated with the potassium hydroxide 

(AppliChem GmbH, Germany) standard solution until the titration endpoint (permanent red 

coloring). 

AN =
a ∗ c ∗ 56.1

E
 

Where, a = consumption (mL) of potassium hydroxide solution, c = concentration of the 

potassium hydroxide solution (mol/L), E = lipid weight, 56.1 = molar mass (g/moL) potassium 

hydroxide. 

FFA% = AN ∗
M(FS) ∗ 100

56.1 ∗ 1000
 

Where, M (FS) = Molar mass of free fatty acids = 282 g/moL.  
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Plate 2:  Laboratory analyses showing “A” researcher during analyses, “B” Petroleum 

ether recovery during the analysis of fat, “C” oyster nut oil cold extraction 

using Sichler extractor, “D” gas chromatography column used for methyl 

esters separation, “E” rapid moisture analyzer, “F” gas chromatograph used 

for methyl esters analysis, “G” 10 mL volumetric flasks during mineral 

analyses 

3.5 Statistical analysis 

Two-way analysis of variance (ANOVA) was used to compute the effects of elevations, 

categorized into "low elevation" (800-1200 m.a.s.l), "mid-elevation" (1200-1600 m.a.s.l), and 

"high elevation" (1600-2000 m.a.s.l), the three growing sites, and their interactions on nutrient 

compositions (proximate, minerals, and fatty acid contents) in oyster nuts (Romero et al., 2016). 

T-test was used to compare oyster nut oil's stability to flaxseed oil, refined, and unrefined 

sunflower oils (Zhang et al., 2010). Person correlation was used to establish the effects of 

storage time on the peroxide value (PV) and Free fatty acid (FFA) contents in the four oil 

samples (Casal et al., 2010). Additionally, data diagnostic tests such as the normality test (using 

Shapiro-Wilk) were run before analysis (Angelini, 2018). Post-hoc tests using Turkeys' multiple 

comparison tests were done to compare means. The criterion for significance was set at p < 0.05. 

All analyses were run using R-software Version 3.3.  
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Results 

4.1.1 Proximate contents (fat, protein, ash, and carbohydrates) 

Descriptive statistics for proximate results for oyster nuts indicated that fat was the most 

abundant content, followed by protein, carbohydrates, and ash contents on a dry matter basis 

(Table 2). Protein was the second most abundant content ranging from 23.1% to 25.3% while, 

ash and carbohydrates were the least abundant contents with 2.5% and 4.4% averages 

respectively. The energy contribution by consumption of 100 g of oysternuts is expected to be 

690 to 719 callories with most from fat contents. 

4.1.2 Fatty acid contents 

 Fatty acid content analysis revealed that the polyunsaturated fatty acid (PUFA), made of linoleic 

acid (C18:2 n-6), was with 47% the most abundant component (Table 3). Saturated fatty acids 

(SFAs) were 43%, mainly composed of palmitic acid and stearic acid (Table 3). Another fatty 

acid of interest was oleic acid (C18:1 n-9), which constituted low amounts of monounsaturated 

fatty acids (MUFA). Other important fatty acid such as linolenic acid (omega-3) was not 

detected during fatty acid analysis. 

4.1.3 Minerals contents 

Trace element analysis found that magnesium (Mg) and phosphorus (P) contents were about 

four times higher than other mineral elements such as potassium (K), Calcium (Ca), and Iron 

(Fe) (Table 4). Magnesium and phosphorus had averages of 172 mg/100 g and 179 mg/100 g 

respectively. Potassium (K), calcium (Ca), and iron (Fe) contained in averages of 16 mg/100 g, 

14 mg/100 g, and 12 mg/100 g respectively. Other mineral elements such as selenium (Se), 

sodium (Na), Manganese (Mn), zinc (Zn), and copper (Cu) were found in minimum amounts 

ranging from 0.5 mg/100 g to 4 mg/100 g. 

4.1.4  Variations of nutrient contents across different sites  

There was no significant difference in all proximate contents, including fat (F2, 9 = 3.98, P = 

0.072) and protein contents (F2, 9 = 0.71, P = 0.527) across sites. Still, there were slightly higher 

protein and fat contents in the Tanga region than Kilimanjaro and Arusha (Table 2).  Ash and 
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carbohydrates trends were slightly but not significantly higher in Arusha compared to 

Kilimanjaro and Tanga regions (F 2, 9 = 1.72, P = 0.25 and F 2, 9 = 1.34, P = 0.68, respectively; 

Table 2). Furthermore, determination of oil quality across sites showed that oleic acid (C18:1 n-

9) was slightly higher in Tanga compared to Kilimanjaro and Arusha (F2, 9 = 5.91, P = 0.035; 

Table 3) while linoleic acid (C18:2 n-6) was not significantly different across sites (F2, 9 = 0.47, 

P = 0.668). 

In addition, the most abundant minerals magnesium (Mg) and phosphorus (P) were not 

significantly different across sites (F2, 9 = 0.16, P = 0.854 and F2, 9 = 1.54, P = 0.287, 

respectively; Table 4).  

4.1.5 Variations of nutrient contents across different elevation levels 

In contrast, ash, protein, and fat compositions significantly differed across elevations. Both 

protein (F2, 9 = 69.38, P = 0.001) and fat (F2, 9 = 24.75, P = 0.002) contents were significantly 

lower in higher elevations compared to lower elevation levels while the opposite was true for 

ash contents (F2, 9 = 28.13, P = 0.001; Fig. 2). Moreover, oil quality based on fatty acid contents 

differed significantly only for linoleic acid (F2, 9 = 51.31, P < 0.001) by increasing in high 

elevation levels (Fig. 2). Other fatty acid contents found in oysternuts were not significantly 

different across elevations.  

Table 2: Average (± SD) of oyster nut ash, fat, protein, carbohydrate, and energy contents 

across different sites in northern Tanzania collected in the year 2019 

Sites Ash (%) Fat (%) Protein (%) Carbohydrates (%) 
Energy 

(kcal) 

Arusha 3.0 ± 0.1a 63.2 ± 1. 5a 23.1 ± 1.9a 7.1 ± 3.6a 690.1 ± 23.1a 

Kilimanjaro 2.8 ± 0.1a 66.4 ± 2 .6a 22.8 ± 1.2a 4.8 ± 3.9a 707.9 ± 19.2a 

Tanga 2.3 ± 0.3a 68.1 ± 1.2a 25.3 ± 1.0a 1.4 ± 1.6a 719.2 ± 17.6a 
Different letters in superscript indicate significantly different means within columns (sites) by Turkey's multiple comparison test at P = 0.05.  
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Table 3:  Average (± SD) of fatty acid contents of oyster nuts across different sites 

from samples collected in June – August 2019 in northern Tanzania 

Fatty acids (%) 
 Sites  

Arusha Kilimanjaro Tanga 

Linoleic acid (C18:2 n-6) 49.8 ± 2.4a 48.1 ± 0.5a 45.7 ± 0.2a 

Palmitic acid (C16:0) 32.7 ± 1.5a 33.5 ± 0.5a 32.4 ± 1.3a 

Stearic acid (C18:0) 9.8 ± 1.8a 9.5 ± 0.6a 11.4 ± 2.1a 

Oleic acid (C18:1 n-9) 7.6 ± 1.1a 7.8 ± 0.7a 8.1 ± 1.1b 

Palmitoleic acid (C16:1 n-7) 0.2 ± 0.0a 0.2 ± 0.0a 0.2 ± 0.0a 

Myristic acid (C14:0) 0.1 ± 0.0a 0.1 ± 0.0a 0.1 ± 0.0a 

Arachidic acid (C20:0) 0.3 ± 0.0a 0.3 ± 0.0a 0.3 ± 0.0a 

Saturated fatty acids (SFAs) 43.1 ± 1.2a 43.4 ± 0.7a 44.3 ± 1.1a 

Mono-unsaturated fatty acid (MUFAs) 7.7 ± 1.1a 8.0 ± 0.7a 8.3 ± 1.0a 

Poly-unsaturated fatty acids (PUFAs) 49.8 ± 2.4a 48.1 ± 0.5a 45.7 ± 0.2b 
Different letters in superscript indicate significantly different means within rows by Turkey's multiple comparison test at P = 
0.05. 

Table 4: Average (± SD) of mineral contents in oyster nuts across different sites in northern 

Tanzania collected from June – August 2019   

Minerals (mg/100 g) 
Sites 

Arusha Kilimanjaro Tanga 

Magnesium (Mg) 220.8 ± 80.1a 210.9 ± 50.9a 94.7 ± 21.2a 

Phosphorus (P) 205.2 ± 35.1a 202.5 ± 26.6a 131.7 ± 65.2a 

Potassium (K) 17.4 ± 4.8a 18.0 ± 2.9a 16.2 ± 3.1a 

Calcium (Ca) 19.9 ± 5.1a 12.3 ± .3a 9.9 ± 2.8a 

Manganese (Mn) 0.2 ± 0.05a 0.1 ± 0.05a 0.1 ± 0.04a 

Iron (Fe) 12.9 ± 1.0a 12.2 ± 1.2a 11.1 ± 1.0a 

Copper (Cu) 0.4 ± 0.0a 0.4 ± 0.0a 0.5 ± 0.1a 

Zinc (Zn) 1.4 ± 0.5a 1.2 ± 0.6a 1.3 ± 0.4a 

Selenium (Se) 0.01 ± 0.0a 0.01 ± 0.0a 0.01 ± 0.0a 

Sodium (Na) 4.3 ± 0.9a 4.2 ± 2.2a 4.2 ± 3.6a 
Different letters in superscript indicate significant differences within rows by Turkey's multiple comparison test at P = 0.05. 

Only magnesium (Mg) contents increased from low to high elevations (F2, 9 = 85.50, P < 0.001; 

Fig. 5) while phosphorus (P) was higher in lower elevations (F2, 9 = 41.29, P < 0.001). Other 

mineral contents were not significantly different across different elevations. The interaction 

between sites and elevation was not significantly different in most cases except for Phosphorus 

contents (F 2, 9 = 11.01, P = 0.009).   
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Figure 5:  Bar graphs showing average (±SD) for variations of nutrient compositions (A) 

fat, (B) protein, (C) linoleic acid, and (D) magnesium in oysternuts across 

different sites and elevation levels collected in northern Tanzania in 2019. 

Different letters above column groups of three indicate significant difference 

across elevations. “Low” = low elevation (800-1200 m.a.s.l), “medium” = 

medium elevation (1200-1600 m.a.s.l), and “high” = high elevation (1600-2000 

m.a.s.l).  N = 18 

4.1.6 Oil stability 

Peroxides and free fatty acid contents significantly correlated with time in all four oil samples 

(Table 5). Oxidation rates increased with time in all oil samples (Fig. 6). Unrefined oyster nut 

and flaxseed oil recorded higher FFA contents, by an increase of 0.13% and 0.9%, compared to 

0.04% and 0.02% for unrefined and refined sunflower oils during the six weeks. The peroxide 

values (PV) increased by 4.35 mEq O2/kg in oyster nut oil sample while, flaxseed oil, unrefined, 

and refined sunflower oils recorded 7.88 mEq O2/kg, 1.61 mEq O2/kg, and 1.13 increase 

respectively. 

No significance difference was observed in average produced FFA contents of oyster nut 

compared to flaxseed oil ( p = 0.362), unrefined sunflower oil (p = 0.220) or refined sunflower 

oil (p = 0.142) in six weeks. Additionally, oyster nut produced significantly higher peroxide 

values PV compared to unrefined sunflower (p = 0.034) and refined sunflower oil (p = 0.021). 

There was no significant difference in the amount of PV produced by oyster nuts oil compared 

to flaxseed oil (p = 0.269).   
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Table 5: Correlation results of peroxide value (PV) and free fatty acid (FFA) for 

unrefined oyster nut oil, unrefined flaxseed oil, unrefined sunflower oil, and 

refined sunflower oil with time (weeks)  

 

Oysternut = unrefined oyster nut oil, flaxseed = unrefined flaxseed oil, U-sunflower = unrefined sunflower oil, and R-sunflower = refined 

sunflower oil.  

 

Figure 6:  Line graphs showing variations in peroxide value (PV) and free fatty acid 

(FFA) of unrefined oyster nut oil, unrefined flaxseed oil, unrefined sunflower 

oil, and refined sunflower oil samples in six weeks storage period 
 

 Peroxide value (PV) in mEq O2/kg 

 Oysternut Flaxseed U-sunflower R-sunflower 

Time (weeks) 

6 

R2 P R2 P R2 P R2 P 

0.99 < 0.001 0.93 0.001 0.87 0.006 0.82 0.013 

Time (weeks) 

6 

Free fatty acids (FFA) in % 

Oysternut Flaxseed U-sunflower R-sunflower 

R2 P R2 P R2 P R2 P 

0.87 0.006 0.70 0.037 0.93 0.002 0.92 0.002 
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4.2 Discussion 

4.2.1 Proximate contents 

According to the results, oyster nuts can be regarded as a good source of nutrients. Oyster nut 

contained about 25% proteins (Table 2), which was equal to the amount reported in peanuts 

(Arachis hypogaea) (25%) and even higher than that in cashew nuts (Anacardium occidentale) 

(21%), walnuts (Juglans spp.) (17%), and sesame seeds (Sesamum indicum) (19%) (USDA, 

2015). According to WHO (2010), pregnant and lactating women have a recommended daily 

allowance (RDA) for the protein of 1.1 g/kg/day. This large proportion can be acquired through 

oyster nuts' consumption. Additionally, oyster nuts contained high amounts of fat (68%), mostly 

used by local communities for food, cooking, hair, and skin tonic (Ajayi et al., 1990). 

4.2.2 Fatty acid contents 

 Fat in oyster nuts contains high MUFA and PUFA, which are highly beneficial for improving 

health. These can also negatively affect the oil's stability and shelf life since polyunsaturated 

fatty acids, including linoleic acids, are unstable when exposed to heat, light, and oxygen 

(Borges et al., 2007). The quality of the oil is determined by fatty acid composition (Izquierdo 

et al., 2006). Oyster nuts contained monounsaturated fatty acids (MUFA) composed of 8.1% 

oleic acids (C18:1 n-9), which contributes to the stability of the oil and reduces the onset of 

cardiovascular diseases to consumers (Abedi & Sahari, 2014). Additionally, oyster nut oil 

contained about 47% linoleic acid (C18:2 n-6), an essential polyunsaturated fatty acid. A ratio 

of 1:2 for alpha-linolenic acid (C18:3 omega-3) and linoleic acid (C18:2 omega-6) contents have 

been reported to be vital for maintaining good health as they can reduce rates of inflammation 

and cardiovascular diseases when consumed (Abedi & Sahari, 2014; Gibson et al., 2011; Salter, 

2013; Simopoulos, 2011). 

4.2.3 Minerals contents 

Oysternuts contained high amount of magnesium and phosphorus, which are essential for 

maintaining muscle and bone strength, boosting the immune system, and aiding in energy 

production (Fender, 2014). The recommended daily intake for magnesium to maintain body 

health is 310 – 420 mg (King et al., 2005), which can be attained by consuming about 150 g of 

oyster nuts per day. According to Ajayi (2015), unshelled oyster nuts have a shelf life of up to 

eight years.  They also have rich nutrient composition, simple and low input requirements during 

cultivation as fertilization is not required. With these factors, Oyster nuts can be used as an 
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altenative source of minerals in food formulations. In addition, oysternuts can, replace other 

common oilseeds such as peanuts, which are highly susceptible to microbial infestations and 

aflatoxins, often due to storage difficulty (Blesa et al., 2003). 

4.2.4 Variations of nutrients across different sites  

Generally, genotypes and cultivars have been shown to affect oilseeds' chemical contents 

(Borges et al., 2007; Vollmann et al., 2007). However, several studies have recently identified 

that agro-climatic conditions and location can also affect oilseeds' chemical contents (Ayerza & 

Coates, 2011; D’Imperio et al., 2007). In this study, only oleic acid showed variations based on 

sites. Oleic acid was higher in samples from western sites (Kilimanjaro and Arusha) than eastern 

sites (Tanga). Existing variations are probably due to differences in growing conditions, with 

western sites experiencing slightly lower annual temperatures and rainfall conditions (Thornton 

et al., 2009). Hence, the westernmost sites seemed most beneficial for attaining high oleic acid 

content, which has more health and storage benefits (Łukaszewicz et al., 2004). Similar 

observations were reported in the protein and fat composition of chestnuts (Castanea sativa L.), 

where variations in nutrients were found across different sites rather than elevations and seeds 

origin (Borges et al., 2007).  

4.2.5 Variations in protein and fats contents across different elevation levels 

Protein and fat contents declined in higher elevations, which indicates that lower elevations 

might be preferred for optimization of protein contents. Differences in elevations are associated 

with changes in environmental conditions such as temperature and precipitation (Hemp, 2006). 

Due to variations of these environmental factors, different elevation levels have been reported 

to exhibit different chemical compositions within similar cultivars (Ayerza & Coates, 2011; 

D’Imperio et al., 2007). Changes in temperature and precipitations were reported in a study 

conducted on slopes of Mount Kilimanjaro and Usambara by Hemp (2006). These study 

intended to investigate climatic conditions' variations due to changes in elevations from the 

bottom to the mountains' top (Hemp, 2006). The temperature was found to decrease by 0.56 ℃ 

per 100 m.a.s.l upwards. These changes were from the bottom 800 m.a.s.l with 23 ℃ to the top 

5000 m.a.s.l with -7 ℃ (Hemp, 2006). Due to differences in evaporation rates as temperature 

decreases, precipitation increased from bottom to top. These results reflect on existing variations 

in nutritional contents in oyster nuts from samples collected at different elevations along the 

edges of Mount Kilimanjaro, Usambara, and mount Meru. In similar studies, variations of fat 

contents in chestnuts were associated with differences in elevation, temperature, and soil 
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composition. These factors affect rates of enzyme reactions causing desaturation or saturation 

of fat contents (Ayerza & Coates, 2011; Borges et al., 2007). Hence, high protein and fat 

contents optimization in oyster nuts can be achieved in lower elevation levels with 

comparatively higher temperatures. 

4.2.6 Variations in fatty acid contents across different elevations 

In fatty acid contents, the significant increase of linoleic acids from lower to higher elevations 

agrees with studies by Ayerza and Coates (2011); D'Imperio et al. (2007), and Izquierdo et al. 

(2006), who identified temperature as the main factor for the determination of fatty acid 

compositions. The observed differences might reflect desaturase enzyme activity for oyster nuts, 

responsible for converting palmitic acid, oleic acid, and stearic acid to linoleic acid. 

Furthermore, fatty acids are synthesized within plastids containing 16-18 carbon atoms, then 

transported to the cytosol, where desaturation occurs causing linoleic and linolenic acid 

formation (Łukaszewicz et al., 2004). This is supported by a study on hybrid sunflowers 

(Helianthus annuus L.) by  Izquierdo et al. ( 2002), where enzymatic activity catalyzing oleic 

acid desaturations were found to be higher in cooler night temperature than in high day 

temperatures (Izquierdo et al., 2006). The same variations were also reported in chia seeds 

(Salvia hispanica L.) by Ayerza and Coates (2011), where linoleic acids were found to increase 

in higher elevations. Besides, Vollmann et al. (2007) also described temperature as the main 

factor for fatty acid variations in camelina seeds (Camelina sativa L), pointing out the 

significance of optimum temperature for enzymatic activity. 

High elevations receive more annual precipitations (You et al., 2010). Hence, high amounts of 

fatty acid and mineral contents in oyster nut samples from high elevations might also be 

associated with the generally higher annual precipitation in higher elevations apart from 

temperature (Hemp, 2006; Winiger, 2017).  Similarly, Nenadis et al. (2015) reported reduced 

phenolic compounds and antioxidant activity on  Arbutus unedo plants due to reduced 

precipitation, emphasizing the importance of high precipitation to plant nutrient contents and 

physiology. Hence, the optimization of omega-6 fatty acids in oyster nut oily  can be achieved 

by cultivating at high precipitation sites in high elevations or irrigation methods. 

4.2.7 Variations in mineral contents across different elevations 

Mineral analyses showed variations in magnesium (Mg) and phosphorus (P) contents, which 

increased in high elevations. These variations agree with studies on selenium concentration in 

Brazilian nuts (Bertholletia excels) by Junior et al. (2017). However, plants' uptake of mineral 
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elements also depends on soil mineral concentration and soil acidity levels (Kabata-pendias, 

2004; Romero et al., 2016).  Hence, these variations could be contributed by differences in 

mineral concentrations in different elevations. High mineral contents in oyster nut samples from 

high elevations also indicate mineral-rich soil in the top of volcanic mountains such as 

Kilimanjaro (Hemp, 2006). Hence, additional studies should also focus on the contribution of 

soil mineral concentrations and pH to oyster nut mineral compositions. 

4.2.8 Comparison of oyster nut's oil stability 

Auto oxidation of oil occurs when oil is stored for a certain period, resulting in hydroperoxides, 

aldehydes, and hydrolysis of triglycerides (Casal et al., 2010). Deterioration of oil affects the 

organoleptic and nutritional characteristics of oils and makes oil un-safe for consumption. The 

stability of oil depends on its structural composition (the type of fatty acids), antioxidant 

contents (tocopherol and phenolic), and storage conditions (oxygen, light, temperature) (Frega 

et al., 1999; Hasiewicz-Derkacz et al., 2015; Łukaszewicz et al., 2004; Zhang et al., 2010). In 

this study, PV and FFA contents in all four samples were positively correlated with time. The 

steady increment of these parameters was expected at room temperature (23 ℃), but the extent 

of deterioration was expected to differ depending on each oil's nature and contents. The samples 

were stored at room temperature in an amber bottle and closed with a tight lid to prevent extra 

oxygen from penetrating, but still, PV and FFA increased with time. These indicate the 

importance of effective methods to avoid deterioration, such as adding more vitamin E and 

replacing oxygen with nitrogen (Frega et al., 1999).  

Due to high temperature, enzymatic activities, or high moisture contents in oil, hydrolysis of 

triglycerides occurs due to the detachment of fatty acid tails from glycerol molecule resulting in 

the formation of FFAs (Velasco & Dobarganes, 2002). The FFAs are highly susceptible to 

oxidation; hence, they indicate deterioration in oils (Casal et al., 2010). During the six-week 

storage period, all four oil samples showed no significant difference in the amount of produced 

FFA. Still, the trends indicated high FFA values in unrefined oyster nut oil and flaxseed oil. The 

FFA contents are highly reduced by saponification during the refining process, so FFA contents 

were in low amounts in refined sunflower oil compared to oyster nut and flaxseed oil. High FFA 

contents in flaxseed oil were also reported by Łukaszewicz et al. (2004). Flaxseed oil from 

different cultivars was highly susceptible to deterioration except for samples with added 

antioxidants. Although crude oyster nut oil was freshly prepared, its FFA contents were higher 

than crude sunflower oil and flaxseed oil, indicating instability of oyster nut oil. 
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Peroxide value (PV) is a popular oil oxidation indicator that reflects on the formed 

hydroperoxide compounds (Zhang et al., 2010). In this study, the PV for oyster nut oil was not 

significantly different from that of flaxseed oil. Existing similarities might cause this. Both oil 

samples were unrefined and more prone to oxidation. Additionally, both oil samples contain 

high polyunsaturated fatty acids (PUFA), which are more prone to oxidation. According to our 

results, oyster nut oil contains 47% linoleic acid (PUFA) and only 8% oleic acid (MUFA), while; 

flaxseed oil contains 55% alpha-linolenic acid, 15% linoleic acid (PUFA), and only 16% oleic 

acid (MUFA) (Goyal et al., 2014). Flaxseed oil and oyster nut oil were more prone to oxidation 

due to high PUFA and low MUFA contents, vital for oil stability.  

Oyster nut oil produced significantly higher amounts of peroxides compared to sunflower oil 

samples. Both refined and unrefined sunflower oil samples exhibited more stability compared 

to oyster nut oil. Again, the existing differences in instability are due to fatty acid contents. As 

reported by Zhang et al. (2010), sunflower oil is high in MUFA contents at 57.34% while 

linoleic acid (PUFA) is only 28.97% compared to 47% PUFA contents in oyster nuts. Likewise, 

sunflower oil contains 41.08 mg/100 g vitamin E compared to 2.03 mg/100 g vitamin E, 23.34 

mg/100 g vitamin A, and 2.68 mg/100 g beta-carotenes reported in oyster nut oil by Musalima 

et al. (2019). These results reflect on the implications of high PUFA contents in oyster nut oil 

stability and highlight the need for refining and antioxidants supplementation during long-time 

storage.  
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

We conclude that oyster nuts are a rich source of nutrients, contributing to communities' health 

and social-economic benefits due to the nut's rich nutritional profile. In particular, high protein, 

fat, linoleic acid, and oleic acid compositions make oyster nuts a potential alternative to common 

oilseeds used in different food formulations. Additionally, elevation levels in cultivation areas 

are an essential factor for improving nutrient compositions in oyster nuts. Cultivation of oyster 

nut in lower elevation sites improves protein contents while reducing linoleic acid (PUFA) and 

increasing oleic acid (MUFA). Furthermore, crude oysternut oil is unstable during storage which 

was expected due to high PUFA contents which are relatively easy to oxidize during storage. 

Due to high protein and omega-6 fatty acid contents, it is highlighted that oysternuts can be  

incorporated in improving health and livilihoods in Tanzania. 

5.2 Recommendations 

Oyster nut nutritional quality is affected by agro-climatic conditions; hence, attention is required 

during the selection of cultivation sites. Protein contents should be optimized by cultivating 

oyster nuts on low elevation sites. At the same time, oil quality might be improved by balancing 

oleic acid (MUFA) and omega-6 contents at low elevation sites with high temperatures and high 

precipitations. Additionally, due to instability of oyster nuts oil during storage, utilization of 

oyster nuts should not be limited to its oil but rather ground flour which is a good source of 

protein and fatty acids. 
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APPENDICES 

Appendix 1:  Phytosanitary certificate used during transport of oyster nut samples to 

Austria 
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Appendix 2:  Descriptions and coodinates for areas where the samples were collected in 

Tanga, Arusha, and Kilimanjaro in june and july 2019       

region coordinates latitude longitude ELEVATIO

NS 

name 

kilimanja

ro 

3° 15' 47.90" S, 

37° 23' 40.75" E 

-3.263306 37.394667 1142 m moshi-uru1 

 

3° 15' 32.54" S, 

37° 23' 59.65" E 

-3.259028 37.399917 1663 m  moshi-uru2 

 

3° 15' 31.26" S, 

37° 24' 58.98" E 

-

3.258683

33 

37.416388

89 

1362 m moshi-Materuni 

2   

 

3° 16' 4.05" S, 

37° 23' 24.85" E 

-

3.267791

67 

37.390277

78 

1501 m moshi-Materuni 

kwa helman 

 

3° 16' 43.2" S, 

37° 21' 57.85" E 

-3.35657 37.57484 1798m marangu-2 

 

3° 18' 09.1" S, 

37° 21' 44.25" E 

-3.329585 37.529958 1402m marangu 1 

      

tanga 5° 1' 11.92" S, 

38° 26' 31.63" E 

-

5.019977

78 

38.442222

22 

906 m east usambara-

Fune kiwandani 

 

5° 1' 48.45" S, 

38° 25' 45.82" E 

-5.030125 38.429444

44 

1602 m east usambara-

Kwekibomi 1 
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5° 1' 49.45" S, 

38° 26' 2.43" E 

-

5.030402

78 

38.434166

67 

1063 m east usambara- 

kwashemshi 

 

5° 1' 46.49" S, 

38° 25' 58.25" E 

-

5.029580

56 

38.432777

78 

 1166 m usambara-

kwamanoro 

 

5° 1' 44.38" S, 

38° 25' 39.56" E 

-

5.028994

44 

38.427777

78 

1300 m usambara-bungu 

 

5° 1' 55.46" S, 

38° 27' 7.36" E 

-

5.036565

67 

38.448766

43 

1789m usambara-msiga  

      

arusha 3°20'12.69"s, 

36°48'36.67"E 

-3.336861 36.810194 962m meru-nkoaranga 

(sumary) 

 

3°19'47.79"s, 

36°48'53.34"E 

-3.329944 36.814806 1562m meru-nkoaranga 

2 

 

3°18'52.28", 

36°48'14.45"E 

-3.314528 36.804028 1758m meru-songolo 

 

3°19'32.67"S, 

36°48'13.58"E 

-3.32575 36.803778 1687m meru-Nshing'a 

 

3°23'12.67"S, 

36°49'13.58"E 

-3.345777 36.896543 1174m sura 
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3°23'47.38"S, 

36°47'18.63"E 

-3.384646 36.836279 1298m sura kibaoni 
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