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Abstract

The specific heat, thermal conductivity and thermal diffusivity of doum palm fruit were determined as a function of
moisture content which varies from 24.05 to 67.59%. The specific heat and thermal conductivity were found to have
a range of 1496.46 — 2966.67 J/kg K and 0.1671 - 0.3338 W/mK respectively. Their values increased linearly with
increasing moisture content values at 0.05 level of significance. Specific heat and thermal conductivity were found
to be moisture dependent. A non-linear relationship was established between thermal diffusivity and moisture
content in the above moisture range, within the temperature range of 334 - 337K. The values obtained for these
thermal properties could be useful in heat treatment of doum palm fruit.
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INTRODUCTION

Doum palm fruit popularly known as gingerbread and
goriba in hausa belongs to Palmae family which is
made up of over 217 genera and 2500 species that
grows to 6 or 9 m and usually has forked stems with
fan shaped leaves, 65-75 cm long. It grows in the
Sahel, and hot Savannah, between 12-18 N from
Senegal to Northern Nigeria, Chad, Zaire and North
East Africa. It is listed as one of the useful plants of
the world (Fletcher, 1997; Lokuruka, 2008, Nwosu et
al., 2008). This fruit is widespread all over semi-arid
Sahelian zone of West Africa and appears in March
and persists until the following season’s flowers, in
Nigeria (Moussa et al., 1998; Orwa et al., 2009). It is
commonly found in the northern part of Nigeria and
usually consumed by children in this part of the
country just like the way almond is consumed by
children in the western part of Nigeria. The husk from
the fruit can be pounded to form powder or cut off in
slices; the powder is often dried then added to food as
a flavouring agent. Young shoots produce tasty palm
cabbage; the husk is edible, and so are the immature
seeds if well prepared (Orwa et al., 2009). The trunk of
this type of palm commonly branches into 2 like a ‘Y’
and often each branch divides again ina Y’ form,
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giving the tree a very distinctive appearance. The fruit
is ovoid or slightly 3 lobed. It is as shown in figure 1.

Figure 1: Doum Palm Fruit

Having searched for information about the thermal
properties of doum palm fruit, little or no information
was available on the detailed thermal properties of this
fruit and their dependency on operation parameters
that would be useful when subjected to heat treatment.
Therefore, an investigation was carried out to
determine moisture-dependent thermal properties of
doum palm fruit in the moisture range of 24.05 to
67.59%.
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a initial moisture content of sample in %.(wb)
A surface area of the material

A initial mass of the sample in g

b desired moisture content measured in % (wb)
C  specific heat of calorimeter in J/kgK

C;  specific heat of doum palm fruit

C,, specific heat of water in J/kgK

Dy, bulk density of doum palm fruit

dT  temperature difference (K)

K thermal conductivity
L  thickness of material (m)

M. mass of calorimeter

Notation

M; mass of doum palm fruit

My, mass of hot water in g

M, mass of cold water in g

q rate of heat supply

Q quantity of water added in g.

R! rate of temperature fall of mixture after
equilibrium (K/s)

T. temperature of cold water

T. equilibrium temperature of mixture (K)
temperature of hot water

T, temperature of doum palm fruit

MATERIALS AND METHODS
Some quantities of doum palm fruits were purchased
from Mando Market, Kaduna in Nigeria and stored in
a cool place before carrying out the experiment. Ripe
fruits of doum palm were used for the purpose of this
experiment as shown in figure 1 All the experiments
were conducted at room temperature. The thermal
properties  considered were determined using
appropriate number of fruits for each of the properties.
Sample Preparation
Some moisture levels were obtained by moisture
adjustment as done by Olaniyan and Oje, (2002). A
method for adjusting the fruit’s moisture content
without damaging its morphology was developed to
prepare samples for subsequent tests. The fruit was
oven-dried at 110°C for 16 hours until there was no
change in its mass. In this method, the initial moisture
content (19.39% wb) was used with the value for
quantity of water absorbed by the fruit using mass
balance equation in equation 1, to get the following
moisture contents: 24.17%, 33.52%, 43.04% and 56.27
% (wb) after it was soaked in water for 3, 7, 16 and 36
hours, respectively. After conditioning the fruits to the
moisture levels, the adjusted samples were stored in
the cellophane bags and stored in the fridge at about
15°C before the experiment as conducted by Olaniyan
and Oje, (2002).
Q=A(b-a)/(100 - b) @)
Thermal Properties
The thermal properties of doum palm fruit were also
determined taking the response and behaviour of the
material during heating or cooling into cognizance.
The thermal properties obtained in the course of this
experiment include specific heat, thermal conductivity
and thermal diffusivity. This was determined at five
moisture levels.
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Specific Heat of Doum Palm Fruit

The specific heat of the fruit was determined by
method of mixture as applied by Aviara and Haque,
2001 and Deshpande et al., (1999). The method of
mixtures is preferable because it is widely used for
measuring specific heat of agricultural materials due to
its simplicity and accuracy. This involves the use of a
lagged calorimeter, a digital thermometer to measure
change in temperature with other heat determinant
apparatuses. The lagged calorimeter was calibrated
using various temperatures ranging from 30 - 75°C.
The calibration of calorimeter is necessary to minimize
experimental error. The calorimeter was calibrated by
pouring a certain quantity of cold water, m,, poured
into it. The temperature of the cold water was allowed
to stabilize at T,, before a measured quantity of hot
water myy, at a temperature of Ty, was added to it. The
equilibrium temperature of the mixture of hot and cold
water was recorded. The respective quantities of hot
and cold water were adjusted until a final temperature
of the mixture that was close to the room temperature
was obtained. The energy balance equation for the
calibration of the calorimeter is given in equation 2
(Aviara and Haque, 2001; Deshpande et al., 1999;
Razavi and Taghizadeh, 2007).

C= MLhQﬂﬂgigL - ch Cw
T.- T,

The calibration was replicated five times and the
quantities of hot and cold water were adjusted to
achieve final temperatures within the room
temperature. The average value of the specific heat of
calorimeter was found to be 391.25 J/kg K with a
standard deviation of 5.44 J/kg K. . The setup for the
determination of specific heat of doum fruit is as
shown in figure 2. The specific heat of doum palm
fruit was determined by dropping a sample of known
weight, temperature (within a range of 25 — 30°C) and
moisture content into the calorimeter containing water
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of known weight and temperature. The mixture was
stirred continuously using a copper stirrer. The
temperature was recorded at an interval of 60s using a
K-type thermocouple digital thermometer.

Figure 2: Specific heat apparatus: (a) calorimeter (b)
digital thermometer (c¢) doum palm fruit (d) digital
weigh balance
At equilibrium, the final or equilibrium temperature
was noted and the specific heat was calculated using
equation 3 (Aviara and Haque, 2001).
Co= (M.C + My Co)[T, — (T 'R
Ms[ (Te + thI) - Ts]
The experiment was repeated 5 times at each moisture
level, and the average values of specific heat are
reported.
Thermal Conductivity
The thermal conductivity was determined employing
the method described by Aviara and Haque, (2001)
and Mohsenin, (1980) using a guarded hot-plate
apparatus with steady-state heat flow method as shown
in Figure 2. It consisted of an upper (hot) plate and a
lower (cold) plate, all made of mild steel. The upper
plate was 90 mm in diameter and 30 mm thick. It was
surrounded by a guard ring of 120 mm diameter and
13 mm thickness. The gap between them was filled
with fiber glass at both the top of the plate and the
sides

3)

Figure 3: Thermal conuctivity appératus: (a)
container (b) hot plate (c¢) thermostat (d) voltage
regulator (e) digital thermometer
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to a thickness of 10 mm. The lower plate had a
diameter of 90mm and a thickness of 9 mm. It was
surrounded by a wooden guard ring of 125 mm
diameter and 14 mm thickness, from which it was
separated by fiber glass to a thickness of 14 mm. The
upper plate was heated electrically and this was
controlled using a variable voltage regulator.
Measurements of current and voltage were made using
a multi-meter. The temperature of the plates was
measured with 0.2-mm K-type thermocouples and
digital thermometer at the heat source and heat sink
respectively. The heat flux of the thermal conductivity
apparatus was obtained using samples of known
thermal conductivity, which is also used to calibrate
the equipment. The thermal conductivity of doum
palm fruit was computed from the temperature changes
and heat flux obtained for known thermal conductivity
using a sample at specified moisture content which
was cut into a regular shape. The heat source was
adjusted to maintain a temperature range of 61 — 64°C.
At the equilibrium condition or steady state condition,
the temperature difference was recorded and used in
calculating the thermal conductivity of the sample
from equation 4.

K=¢qL/A4dT 4
The samples used for the experiment were sliced into
slab form with thickness ranging from 7.35mm to
15.25mm as recommended by some researchers. The
surface area of each sample was carefully traced out on
graph sheet to determine the values of their surface
area. The experiment was replicated 5 times for each
of the moisture levels and the average for each of the

moisture level was calculated as the thermal
conductivity.
Thermal Diffusivity

The thermal diffusivity of the doum palm fruit was
determined from the experimental values obtained
from specific heat, thermal conductivity and bulk
density using the following equation.

_K_

Dsz
where [ is thermal diffusivity; K is thermal
conductivity; Dy is the bulk density as reported by
Fadele, (2010) while C; is the specific heat. This was
also computed for five moisture levels.

®)

RESULTS AND DISCUSSION

Thermal Properties of Doum Palm Fruit

The results obtained for some thermal properties of
doum palm fruit is given below. These include specific
heat, thermal conductivity and thermal diffusivity. All
these were varied with the moisture content as reported
below.
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Effect of Moisture Content on Specific Heat
Doum Palm Fruit

The variation in specific heat with moisture content is
presented in figure 4. The specific heat of doum palm
fruit varied from 1496.46 to 2987.31 kJ/kgK when the
moisture content rose from 24.05% to 67.59% (db).
The specific heat of doum palm fruit increased with
increase in moisture content and figure 4 showed that
the relationship between them followed a linear
pattern. The regression equation relating the specific
heat of doum palm fruit to moisture content is given in
equation 6 at significance level P < 0.05. Similarly,
some researchers found the specific heat of some
agricultural material to increase with moisture content;
Razavi et al., (2007) for pistachio nuts, Singh and
Goswami, (2000) for cumin seed, Aviara and Haque,
(2001) for shea nut kernel and Deshpande et al., (1999)
for soybean.

of
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Figure 4: Variation of specific heat with moisture
content
Effect of Moisture Content
Conductivity of Doum Palm Fruit
The thermal conductivity of doum palm fruit varied
from 0.1671 to 0.3338 W/mK as the moisture content
increased from 24.05 to 67.59% as shown in figure 5.
The relationship between thermal conductivity and
moisture content of doum palm fruit was found to be
linear at 5% level of significance. Values of thermal
conductivity determined in this investigation were
comparable to thermal conductivities of other fruits
and vegetables reported by other researchers. A similar
trend was observed by Aviara and Haque, (2001) for
shea nut kernel, Bitra et al., (2010) for pea nut pod,
kernel and shell, Singh and Goswami, (2000) for
cumin seed and Shrivastava and Datta, (1999) for
mushroom. At the initial moisture level, rate of
absorption of thermal energy by the sample was very

on Thermal
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low due to low amount of moisture present in it and
thus indicating higher temperature change between the
heat source and heat sink.

0.4 -
0.35 -
0.3 -
0.25 A
0.2 1
0.15 A
0.1 -
0.05 -

O T L] T T
24.05 29.85 38.50 50.07 67.59

K=0.046MC+0.099

R*=0.793

Thermal conductivity (W/m K)

MC% (db)

Figure 5: Variation of thermal conductivity with
moisture content

However, at a higher moisture level the rate of
absorption of thermal energy was high as a result of
large amount of moisture present in it because water
has a higher thermal conductivity compared to dry
agricultural materials and thus contributes to high
thermal conductivity in them. The temperature rise
followed a linear relationship with time after about 40
to 63 minutes of elapsed time. This property could be
useful when heat treating the fruit before it is further
processed.

Effect of Moisture Content on Thermal Diffusivity
of Doum Palm Fruit

The thermal diffusivity of doum palm fruit decreased
from 3.14 x 107 m?*/s to 2.04x10” m?/s and later rose
to 2.99 x 107 m%/s and decreased again to 2.24 x 107
m?/s with increasing moisture content from 24.05 to
67.59% as shown in figure 6. The trend followed by
thermal conductivity of doum palm fruit is sinuous in
nature; this could be as a result of pore spaces within
the fruit as well as structural arrangement of the fruit
components. Bitra et al., (2010) observed the thermal
diffusivity of pea nut pod and kernel to decrease with
increasing moisture content while its shell increased
with increase in moisture content. Also, Aviara and
Haque, (2001) also observed the thermal diffusivity of
sheanut kernel to increase with moisture content. The
dissimilarity between the values obtained for doum
palm fruit and the values obtained by other researchers
may be due to the form in which the samples were
tested. Aviara and Haque, (2001), Taiwo et al., (1995)
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and Bitra et al., (2010) all tested their materials in
granular form for their various samples and were able
to establish a linear relationship between thermal
diffusivity and moisture content. However, Donsi et
al.,(1996), Shrivastava and Datta, (1999) and other
researchers who worked on thermal properties of
agricultural materials in solid form did not give any
information about thermal diffusivity probably as a
result of insignificant relationship between thermal
diffusivity and moisture content.

35 1
3
25 4
2
15 A
p=-0.233MC?+2.190MC?- 6.144MC+ 7.350
14 R?=0.968

05 4

Thermal Diffusivity (m?/s) x10E-7

24.05 2985 385 50.07 67.59

MC% (db)

Figure 6: Variation of thermal diffusivity with
moisture content

CONCLUSION

The investigation of some thermal properties of doum
palm fruit showed that the results of the test is in good
agreement with some of the general trend and ranges
obtained for other similar crops. The properties are
also a good data source useful in the heat treatment of
the fruit as well as design and development of dryer
for the fruit. This will help in using appropriate data
rather than using properties of similar fruits in process
design for doum palm fruit.
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