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Variations in nutrient composition of oyster nuts
(Telfairia pedata) across different agro-climatic
conditions

Emmanuel Mwakasege®?*, Anna Treydte3*, Otmar Hoeglinger®, Neema Kassim® and
Edna Makule®

Abstract: In sub-Saharan Africa, nutrient deficiency remains a challenge. The
challenge is partly due to the underutilization of available local nutrient sources and
failure to optimize nutrients based on agro-climatic conditions. This study investi-
gated the nutrient composition and variations in the underutilized oyster nuts
(Telfairia pedata) from different sites and elevation levels encompassing different
agro-climatic conditions. 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 150 mg/100 g, the
most abundant mineral element. Protein and fat contents increased significantly
with declining elevations, while sites did not show any significant effects, except for
oleic acids. These were higher in Tanga compared to Kilimanjaro and Arusha sites.
In contrast, linoleic acids and minerals such as magnesium (Mg) and phosphorus (P)
decreased significantly in low elevations. Other nutrients such as carbohydrates,
potassium (K), calcium (Ca), iron (Fe), palmitic acid, and stearic acid were not
significantly affected by site nor elevations. Our results highlight that, particularly in
lower elevations associated with high temperature and high precipitation, oyster
nuts’ quality is optimized and can contribute to reducing micronutrient deficiency

and improve local communities’ nutritional status in sub-Saharan Africa.
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PUBLIC INTEREST STATEMENT

Oyster nuts (Telfairia pedata) are underutilized
oilseeds with potential food and industrial appli-
cations. These nuts form an important part of
traditional and heritage food in sub-Saharan
Africa where they are regarded as highly nutri-
tious. For generations, the nuts have been con-
sumed by pregnant and lactating mothers due to
their lactogenic properties. The nuts have

a similar taste to almond and are consumed
while fresh, roasted, or added as thickeners in
soup dishes. The oil has been used in soap making
and the cosmetic industry. Due to their resistance
to drought, low input requirement, and high yield,
these nuts have the potential to alleviate existing
nutritional deficiency in sub-Saharan Africa.
Therefore, this research will enhance the nutri-
tional information database and enable optimi-
zation of the nutrient quality of these nuts.
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1. Introduction

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 is still
a challenge (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 & Dullou, 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 & Dullou,
2015; Musalima et al., 2019). The flour made from oyster nut seeds is supplemented in baked
products, while its pressed oil is locally used for cooking by local communities (Kazadi et al.,
2015; Okoli, Bosa & Nyananyo, 1988). Its vines are drought resistant, have low cultivation input
requirements, and high yield per area (Agatemor, 2006; Ajayi & Dullou, 2015; Garrity, 2004;
Musila, 2018). Additionally, due to their lactogenic and medicinal properties, the oyster nut is
used by local pregnant and lactating mothers to increase milk production and fast healing
(Kazadi et al., 2015). Despite these benefits, these nuts’ nutritional composition has not been
adequately quantified, limiting their utilization and contribution to health among rural commu-
nities (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 nutri-
ent 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 2,000 masl elevation ranges (Ajayi & Dullou, 2015; Okoli, 2007). These differences in
elevation range cause variations in temperature and precipitations. D’Imperio et al. (2007)
and Hemp (2006) reported a decline of temperature with a lapse rate of 0.56°C and 1°C for
every 100 m upwards while the precipitations rates were also decreasing from low to high
elevation levels. As a result, deviations in temperature and precipitations might affect enzy-
matic kinetics in plants resulting in variations of nutrient contents such as linoleic acid, oleic
acid, protein, and fat saturation in oilseeds (N. G. Izquierdo et al., 2006). Therefore, there is
a need to identify and characterize agro-climatic conditions for the production of high-quality
nutrient sources.

This study evaluated and quantified the nutrient contents and potential of oyster nuts as the
under-utilized source of nutrients. We also assessed the variations in oyster nuts’ nutrient
contents from different sites and elevation levels to highlight the effects of agro-climatic
conditions on nutrient contents. We hypothesized that (a) nutrient contents in oyster nuts
will differ across different sites, with oyster nuts grown in the eastern sites with colder
temperatures being higher in nutrients than the western sites. We further expected that (b)
nutrient contents in oyster nuts will increase in higher elevations, where cooler temperatures
and higher precipitations are experienced. Our study highlights oyster nuts’ nutritious potential
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Figure 1. 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.
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when grown under optimal environmental conditions which can improve local communities’
diet and health.

2. Materials and methods

2.1. Study sites

We conducted the study in northern Tanzania, where oyster nuts are mostly grown (Figure 1). We
purposefully selected three oyster nut growing sites (Kilimanjaro, Tanga, and Arusha). In
Kilimanjaro, samples were collected along agroforests of Mount Kilimanjaro located at 3.0674° S,
37.3556° E from 800 up to 2000 masl. In Tanga, samples were collected along agroforests of the
Usambara Mountains located 4.7500° S, 38.5000° E, from 900 up to 2000 masl. Arusha region,
samples were collected along edges of agroforests of mount Meru found 3.2393° S, 36.7627° E,
from 900 to 2000 masl. These sites were selected along mountain edges from bottom to top
because they span different elevations (masl) associated with variations in climatic factors such as
temperature and precipitation regimes (Hemp, 2006).

2.2. Sample collection

We collected oyster nut samples in May, June, and July 2019, during harvest season in the sites.
Only naturally grown Telfairia pedata species were used in this study to prevent nutrient variations
due to differences in species or farming practices. At each site, growing areas were allocated into
three fields based on elevational ranges categorized into “low elevation” (800-1,200 masl), “med-
ium-elevation” (1,200-1,600 masl), and “high elevation” (1,600-2,000 masl). Six samples were
collected from each site (Table 1). Samples were cleaned, sun-dried as described by Musalima et al.
(2019), and transported to the University of Applied Sciences, Wels, Upper Austria, for analysis.
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Figure 2. 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.

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 # samples Environmental conditions
Temperature (°C) Rainfall (mm) Elevation (masl)
Arusha 6 17-20 800-1,200 900-1,600
Kilimanjaro 6 21-27 800-2,300 800-2,400
Tanga 6 30732 1,100-1,400 700-1,200

Source: TMA (2018).

2.3. Chemical analyses

2.3.1. Proximate analyses

Oysternut samples were prepared from individual plants by removing the fibrous outer shell and
splitting the inner shell to obtain the kernels (Figure 2). Each sample was ground to flour using
a blender and stored at 4°C before analysis (Nielsen, 2014). Moisture contents were analyzed
according to Yerlikaya et al. (2012) by subjecting the samples in a hot-air oven at 105°C over the
night. Ash contents were analyzed by burning the samples in a muffle furnace at 500°C for 8 hours
(Nielsen, 2014). Crude fat was determined by using petroleum ether in a soxhlet apparatus
extraction, according to the AOAC (1990) method (no 934.50). Crude protein was determined by
using the Kjeldahl method (AOAC, 1990; no 981.10). Carbohydrates were calculated according to
Grosso et al. (2000) as the difference of other contents from 100%. All analyses were done in
triplicates.

2.3.2. 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. 2 g of
sample material in a porcelain container was burned in a furnace oven set at 500°C for 6 hours.
A 5 ml of 4 mol/l hydrochloric acids was added, followed by distilled water and filtered. 1 ml of the
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Figure 3. Bar graphs showing
average (+SD) for variations of
nutrient compositions (A) fat,
(B) protein, (C) linoleic acid, and
(D) magnesium in oyster nuts
across different sites and ele-
vation levels collected in
northern Tanzania in 2019.
Different letters above column
groups of three indicate signif-
icant difference across eleva-
tions. “Low” = low elevation
(800-1,200 masl), “med-

ium” = medium elevation (1,-
200-1,600 masl), and

“high” = high elevation (1,600-
2,000 masl). N = 18.
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sample was added in a tube of 1 ml of 4 mol/l hydrochloric acids 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 68,144 USA). We analyzed magnesium (Mg), potassium (K), calcium (Ca),
copper (Cu), iron (Fe), zinc (Zn), phosphorus (P), and sodium (Na). 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.

2.3.3. Fatty acid 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
and methanol in the ratio of 1:50. The mixture was left for 4 hours at 60°C. The reaction was
stopped by adding 2.5 ml of 0.6 g/ml sodium carbonate. Fatty acid methyl esters were extracted by
2 ml hexane 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 equipped with an autosampler
(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 pl, and the injector temperature 240°C. 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 um 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 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. Each oyster
nut oil sample was analyzed in duplicates. For calibration, an external standard method was used
where standard solutions 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.
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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+£0.1° 63.2 +1.5° 23.1+1.9¢9 7.1 £ 3.6° 690.1 + 23.1¢
Kilimanjaro 2.8 £0.1° . 66.4 + 2 .6° 228 +1.2¢° 4.8 +3.99 707.9 + 19.2¢
Tanga 23 +0.3° 68.1 +1.2¢ 253 +1.0¢ 1.4 +1.6° 719.2 + 17.6°

Letter “a” in superscript indicate no significant differences within rows by Turkey’s multiple comparison test at P=0.05.

2.4. Statistical analysis

Two-way analysis of variance (ANOVA) was used to compute the effects of elevations, categorized
into “low elevation” (800-1,200 masl), “mid-elevation” (1,200-1,600 masl), and “high elevation”
(1,600-2,000 masl), the three growing sites, and their interactions on nutrient compositions
(proximate, minerals, and fatty acid contents) in oyster nuts (Romero et al., 2016). Data diagnostic
tests such as the normality test (using the Shapiro-Wilk normality test) 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 3.3.1

3 Results

3.1. Proximate, minerals, and fatty acid contents of oyster nuts

Descriptive statistics for proximate results for oyster nuts indicated that fat was the most abun-
dant content in oyster nuts, followed by protein, carbohydrates, and ash contents on a dry matter
basis (Table 2). Fatty acid content analysis revealed that the polyunsaturated fatty acid (PUFA),
made of linoleic acid (C18:2 n-6), was 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 monounsatu-
rated fatty acids (MUFA). Finally, trace element analysis found that magnesium (Mg) and phos-
phorus (P) contents were about four times higher than other mineral elements such as potassium
(K), Calcium (Ca), and Iron (Fe) (Table 4).

3.2. Variations of nutrient contents across different sites and elevation

There was no significant difference in all proximate contents, including fat (F, ¢ = 3.98, P = 0.072)
and protein contents (F,, o = 0.71, P = 0.527) across sites. Still, there was a slightly higher protein
and fat content in the Tanga region than in Kilimanjaro and Arusha (Table 2). Ash and carbohy-
drates trends were slightly but not significantly higher in Arusha compared to Kilimanjaro and
Tanga regions (F , ¢ = 1.72, P = 0.25 and F , o = 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 (F, 9 = 5.91, P = 0.035; Table 3) while
linoleic acid (C18:2 n-6) was not significantly different across sites (F, ¢ = 0.47, P = 0.668). In
addition, the most abundant minerals magnesium (Mg) and phosphorus (P) were not significantly
different across sites (F, ¢ = 0.16, P = 0.854 and F, o = 1.54, P = 0.287, respectively; Table 4)

In contrast, ash, protein, and fat compositions significantly differed across elevations. Both
protein (F,, o = 69.38, P = 0.001) and fat (F, ¢ = 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 (F, o = 28.13, P = 0.001). Moreover, oil quality based on fatty acid contents differed
significantly only for linoleic acid (F, ¢ = 51.31, P < 0.001) by increasing in high elevation levels
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Table 3. Average (* SD) of fatty acid contents of oyster nuts across different sites from

samples collected in June to August 2019 in northern Tanzania

Fatty acids (%) Sites
Arusha Kilimanjaro Tanga

Linoleic acid (C18:2 n-6) | 49.8 + 2.4° 48.1 £0.5¢ 45.7 £0.2°
Palmitic acid (C16:0) 32.7+1.5° 33.5+0.5¢ 324+ 1.3¢
Stearic acid (C18:0) 9.8 +1.8¢ 9.5 +0.6% 11.4 +2.1°
Oleic acid (C18:1 n-9) 7.6 +1.1° 7.8+0.7¢ 81+1.1°
Palmitoleic acid 0.2 £0.0° 0.2 £0.0° 0.2 £0.0°
(C16:1 n-7)
Myristic acid (C14:0) 0.1 £0.0° 0.1 +£0.0° 0.1 +0.0°
Arachidic acid (C20:0) 0.3 +0.0¢ 0.3 +0.0° 0.3 +0.0¢
Saturated fatty acids 431 +1.2¢ 43.4 £0.7° 443 £1.1°
(SFAs)
Mono-unsaturated fatty | 7.7 + 1.1¢ 8.0+ 0.7¢ 8.3+ 1.0¢
acid (MUFAs)
Poly-unsaturated fatty 49.8 +2.4° 481 +0.5° 457 +0.2°
acids (PUFAs)

Letters “a” in superscript indicate no significant different means within columns (sites) by Turkey’s multiple compar-
ison test at P = 0.05.

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

Tanzania collected from June to August 2019

Minerals (mg/100 g) Sites

Arusha Kilimanjaro Tanga
Magnesium (Mg) 220.8 + 80.1° 210.9 + 50.9¢ 94.7 +21.2°
Phosphorus (P) 205.2 + 35.1¢ 202.5 + 26.6° 131.7 £ 65.2¢
Potassium (K) 17.4 + 4.8° 18.0 + 2.9° 16.2 +3.1¢
Calcium (Ca) 19.9 £ 5.1¢ 123 £ 3¢ 9.9 +2.8°
Manganese (Mn) 0.2 £ 0.05° 0.1 £ 0.05¢ 0.1 £ 0.04°
Iron (Fe) 129 £ 1.0° 122 £1.2° 11.1+1.0¢
Copper (Cu) 0.4 = 0.0¢ 0.4 = 0.0¢ 0.5 £ 0.1¢
Zinc (Zn) 1.4 +0.5° 1.2 £0.6° 13 +04°
Selenium (Se) 0.01 + 0.0° 0.01 + 0.0° 0.01 +0.0°
Sodium (Na) 4.3 +09° 42 +22° 4.2 +3.6°

(Figure 3). Other fatty acid contents found in oyster nuts were not significantly different across
elevations.

Only magnesium (Mg) contents increased from low to high elevations (F, ¢ = 85.50, P < 0.001;
Figure 3) while phosphorus (P) was higher in lower elevations (F,, ¢ = 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 ; o = 11.01, P = 0.009).
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4. Discussion

4.1. Proximate, minerals, and fatty acid contents of oyster nuts

According to our results, oyster nuts can be regarded as a good source of nutrients. Our oyster nut
samples 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. We found that this 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 (N. G. Izquierdo et al., 2006). Our
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).

Our study showed that oyster nut samples also contained a 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 and Dullou (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. With these factors, Oyster nuts can be utilized in complementary food formulations.
Oyster nuts can, thus, 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. Variations of nutrients across different sites and elevations

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 our study, only oleic acid showed variations based on sites. Oleic
acid was higher in samples from western sites (Kilimanjaro and Arusha) compared to 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 benefits. Similar observations were reported in the protein and fat compo-
sition of chestnuts (Castanea sativa L.), where variations in nutrients were found across different
sites rather than elevations and seeds origin (Borges et al., 2007).

Furthermore, protein and fat contents declined in higher elevations, which indicates that
lower elevations might be preferred for future cultivations. Differences in elevations are asso-
ciated 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). The study
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intended to investigate climatic conditions’ variations due to changes in elevations from the
bottom to the mountains’ top. The temperature was found to decrease by 0.56°C per 100 masl
upwards. These changes were from the bottom 800 masl with 23°C to the top 5000 masl with
—7°C. Due to changes 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 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 in oyster nuts can be achieved
in lower elevation levels with comparatively higher temperatures.

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 N. G. Izquierdo et al.
(2006) who identified temperature as the main factor for the determination of fatty acid composi-
tions. 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. The fatty acids are then transported to
the cytosol, where desaturation occurs. These cause linoleic and linolenic acid formation
(kukaszewicz et al., 2004). This is supported by a study on hybrid sunflowers (Helianthus annuus L.)
by N. 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. 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.

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
elements also depends on soil mineral concentration and soil acidity levels (Kabata-pendias
et al., 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.

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 water’s importance to
plant nutrient contents and physiology. Hence, the optimization of oyster nut oil quality can be
achieved by cultivating at high precipitation sites in high elevations or irrigation methods.

5. Conclusion

We conclude that oyster nuts are a rich source of nutrients, contributing to the health and social-
economic benefits to communities due to the nut’s rich nutritional profile. High protein, fat, linoleic
acid, and oleic acid compositions make oyster nuts a potential alternative to common oilseeds
used in different food formulations. Furthermore, elevation levels in cultivation areas are an
essential factor for improving nutrient compositions in oyster nuts. Therefore, protein contents
can be optimized by cultivating on low elevation sites. At the same time, oil quality can be
improved through increasing oleic and linoleic acid contents at higher elevation sites with low
temperatures and increased precipitation. As oyster nuts are low in maintenance and
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management requirements, we highlight that these nuts can easily be incorporated in diversifying
the livelihoods and nutrient efficiency in rural communities in sub-Saharan Africa.
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