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Evaluation of Changes in Food Properties and Mineral Composition of Tiger Nuts at
Variable Drying Temperatures
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ABSTRACT: Effective storage conditions can resolve the challenge of food scarcity and extinction of certain food
species. Therefore, this study investigated the changes in the food properties and mineral composition of tiger nuts at
temperatures of 23, 40, 55, 80 and 100 °C. Results show that while the temperature of 55°C influenced water, crude protein
and carbohydrate contents retention in the tiger nuts, fats were better retained at 80°C. This indicates that food nutrients
and properties of tiger nuts should be better retained at temperatures > 50°C.
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Tiger nut is a monocotyledonous plant with about
4000 species with high contents of starch, fat, sugar,
protein, phosphorus, potassium and vitamins E and C
(Ekeamyanwu and Ononogbu, 2010). Since it has high
nutritional and low viscosity values, it is mostly
cultivated for food and biodiesel production in the
Valencia region of Spain, Australia, North and South
America, Europe and Egypt (Adel et al, 2015). Though
African countries are major producers and exporters of
tiger nuts, it can however be grown in most regions of
the world. This is because of its’ good water retention
capability, suitability to different soils and short
maturity period (www.
nwtf.org/conservation/bulletins/bulletin_07.pdf).

Moreover, current research is focused on food sources
(Wells et al, 2017; Zhenzhang et al, 2019), extraction
of food products (Chemat et al, 2017; Chen et al, 2019;
Arya et al, 2019) and food processing techniques
(Chemat et al, 2017; Barbosa-Canovas et al, 2019;
Jones et al, 2019). However, food security should be
given more attention due to the growing world
population and consequences of neglect. To address
this potential threat to human existence, researchers
have investigated the effect of several factors on food
supply. That is, few of the researched factors are the
effect of pesticide residues (Carvalho 2017; Bonner
and Alavanja 2017; Popp and Nagy 2012), and
climatic conditions. Research has shown that
temperature is a climatic factor that limits the
maximum yield of crops (Davis et al, 2017).

For this reason, researchers have previously
investigated the impact of temperature variation on
wheat production (Parry et al, 2004). For example,
Parry et al (2004) showed that temperature increase
affected wheat production more than rainfall.
Therefore, they concluded that crop yields
dramatically decrease with increase in temperature.
Though it has generally been accepted that
temperature affects crop yields (Parry et al, 2004;
Davis et al, 2017), more research is needed to examine
the effect of temperature variation on other edible
crops. This will determine the optimal temperature
condition of storing fresh tiger nuts in order to
preserve its’ food and mineral components. As a
result, this study is investigating the changes in the
food properties and mineral composition of tiger nuts
at different temperature conditions.

MATERIALS AND METHODS
Preparation and Analyses of fresh tiger nuts: Samples
of fresh tiger nuts were purchased from a local market
at Benin City, Edo State. Thereafter, they were washed
with distilled water to remove impurities, without
affecting their chemistry. Proximate composition
analysis was conducted for the moisture content, crude
protein content and carbohydrate contents of the tiger
nuts. More so, the mineral and vitamin content
analyses of tiger nuts samples were carried out. That
is, the samples were analyzed for several minerals
such as potassium, calcium, iron, copper and vitamins
C and E contents.
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Calculation Procedures: The drying rate calculation
for each samples at different temperatures were carried
out using the formula:

Where:

Area, A = % xvVi—aZ (Kolev,2011)......... 2
Diameter of tiger nut, D = 6.27mm (Sanchez et al,
2012): Heat transfer coefficient, h= 20.442 (Perry
chemical engineering handbook, 1999): Latent heat of
vaporization of water = 22.6X 10°J/Kg (Vaclavik and
Christian, 2008).

RESULTS AND DISCUSSION

Table 1 presents the proximate composition of tiger
nuts. Moisture content of the tiger nuts reduced with
increasing temperature because of the effect of heat on
vaporization of the moisture, present in the tiger nuts.
However, the sharp increase at 55°C as well as the
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subsequent reduction could be due to the sudden
exposure of the tiger nuts to atmospheric conditions,
at the sun-drying temperature (Tunde and Oke, 2011).
To illustrate, figure 2 shows a corresponding decrease
in drying rate. This is as a result of the presence of
atmospheric moisture. Furthermore, similar trends are
reported for the crude protein, carbohydrate and fats
contents. In brief, the temperature of 55°C influenced
water, crude protein and carbohydrate contents
retention in the tiger nuts, while fats were better
retained at 80°C. This is because, sun-drying at 55°C
has shown to better preserve the food contents of tiger
nuts in comparison to temperature at 40, 80, and
100°C. Nevertheless, drying at 23°C is more preferable
as it proves to retain more of the food contents. On the
other hand, Table 2 shows the drying rates of the
samples at different temperatures. It is presented that
unlike the proximate composition, drying rate of tiger
nuts increase with temperature. This indicates that
higher temperature conditions better preserves the
tiger nuts than lower temperatures.

Table 1: Proximate composition of tiger nuts

Components Sample A Sample B Sample C Sample D Sample E
@ 23°C @ 55°C @ 40°C @ 80°C @ 100°C
Moisture Content (%)  20.60 12.50 5.40 4.52 3.62
Crude Protein (%) 2.70 2.20 1.16 1.60 1.35
Carbohydrate (%) 11.40 9.65 4.61 6.20 8.71
Fats and oils (%) 1.36 1.21 1.24 1.31 1.06
Table 2: Calculated drying rate of tiger nuts
Samplez A C E D E
Drving Reto 1.5221 1.7367 17T 19805  2.1130

Effect of drying on crude protein content: The results
show the highest protein content of tiger nuts when it
is freshly harvested at normal room temperature of
23%C. Protein content decreased at temperatures of 55,
40, 80 and 100°C. However, protein content was better
retained at 55°C, as shown in figure 1. Research has
similarly reported that protein content was best
retained at 70°C (Hartati ef al., 2018).
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Figure 1: Effect of drying on crude protein content

Effect of drying on moisture content: Since drying at
temperatures above 70°C increases the dissolved
solids due to protein denaturation, the water content as
shown in the effect of drying on moisture content in
Figure 3 decreases. The water content was best
retained at a temperature of 55°C. This result agrees
with that of Hartati et al, (2018) when they found that
the water content of laksan sauce was best retained at
a temperature of 60°C.
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Figure 2: Effect of drying on moisture content

AKHIHIERO, ET; EBHODAGHE, SO; AGBAHOWE, SE



Evaluation of Changes in Food Properties.....

Effect of drying on carbohydrate content: The results
showed that the highest carbohydrate content was
found in fresh tiger nuts at 23°C. Negligible losses
were observed in sample B with drying at 55°C and the
lowest at 40°C. It is shown that drying at 55°C best
preserved the carbohydrate content with a negligible
loss of 2.75mg relative to the fresh sample at 23°C. A
recent study conducted by Hartati et al, 2018 agrees
with this finding. They showed from their results that
the highest carbohydrate content was at 60°C.
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Fig 2: Effect of drying on carbohydrate content

Effect of drying rate on fats content: The results of this
study showed that the highest fat content was at 23°C.
However, when subjected to different temperature
conditions, the fats contents were better retained at
80°C in comparison to other temperature conditions,
as shown in figure 3. When subjected to this
temperature, only a negligible loss of 0.05g was
observed. Similarly, Hatati et al, (2018) obtained the
maximum lipid content at 70°C in their experiment.
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Figure 3: Effect of drying on fats and oil content
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Mineral compositions of tiger nuts: The effect of a
specific temperature of 23°C on the mineral
composition of fresh tiger nuts is shown in Figure 4. It
is shown that the properties of calcium, sodium and
potassium are in significant amounts in freshly
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harvested tiger nuts when compared to presence of
copper and iron.

Table 3: Mineral properties of tiger nuts

Mineral Sample A @ SampleB@ Ogunlade et al,
Components  23°C Fresh 55°C *Sun- 2015
(mg/100) dried Fresh Dry
Na 22.73 19.27 101.30  101.17
K 128.49 32247 12240 12290
Ca 20.05 31.46 83.00 91.60
Fe 1.72 3.39 3.60 3.80
Cu 0.21 0.59 0.20 0.30
*Sun-drying temperature at 55°C was from literature (Tunde and
Oke, 2011).
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Fig 5: mineral properties of tiger nuts at 55°C

The mineral composition of tiger nuts dried at 55°C is
shown in Figure 5. Even with an increase in
temperature from 23°C to 55°C, calcium, sodium and
potassium are still the major constituents of tiger nuts
though the amount of sodium present has reduced.
From the effect of temperature increase (23-55°C) on
the mineral compositions of tiger nuts, the examined
food minerals (Cu, Fe, K, Ca) increased by 0.38mg,
1.67mg, 193.98mg, and 11.41mg respectively, while
sodium decreased by 3.46mg. Therefore, increase in
temperature enhances the mineral composition of most
properties of tiger nuts.

Conclusion: The results of this study showed that
temperature had a significant effect on the food
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properties and mineral composition of tiger nuts.
Drying at 55°C produced the best results for the
properties of crude protein, moisture content and
carbohydrate, in comparison to 40, 80 and 100°C.
However, heating at 80°C was best for maximum fats
and oil retention. Storage at the right condition will
prevent the challenge of food scarcity and loss of
essential nutrients.
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