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EFFECT OF MOISTURE CONTENT ON THERMAL
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The selected thermal properties, namely specific heat, thermal conductivity and thermal dif-
fusivity were determined for pumpkin seeds in the moisture content range of 5.32-24.00%
(d.b.). Specific heat was determined using the method of mixtures. Thermal conductivity
was measured by the transient technique using the line heat source method assembled in a
thermal conductivity probe. Specific heat, thermal conductivity, and thermal diffusivity of
pumpkin seeds were found between 2.53 and 3.13 kJ kg™*K™2, 0.113, and 0.135 W m~K™,
9.954 x 107 and 1.289 x 107" m? %, respectively, under the conditions with by changing
moisture content. Specific heat and thermal conductivity of pumpkin seeds increased with
increasing moisture content, while thermal diffusivity decreased with the increase in mois-
ture content.
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INTRODUCTION

Nowadays, foods are processed and served to consumer in numerous ways with the
help of technologica developments in food industry. Thermal processes are widely
applied to foods to obtain high quality products. Therefore, thermal properties of agricul-
tural materials and foods need to be known to better understand their nature and to be able
to develop new technologies. Properties of food materials vary drastically under various
thermal conditions affecting their physical, chemical and nutritional properties.

Specific heat, thermal conductivity, and thermal diffusivity are important thermal
properties. Specific heat has an important role in determination of energy cost and for the
dimensions of machinery and equipment that are needed in thermal processes. Further-
more, specific heat of food materials changes according to their physical and chemical
properties. Thermal conductivity depends mainly on moisture content, temperature, poros-
ity, and distribution of component phases.! Therefore, several experimental studies on
determination of thermal properties of food and agricultural materials were reported in
literature; on cumin seed (Sing and Goswami?); rough rice (Yang et al.¥); African yam
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bean (Irtwange and Igbekal): parchment coffee bean (Perez et al.[®); minor millet grain
and flours (Subramanian and Viswanathan®); wheat (Tavman and Tavmanl™);
mushrooms (Shrivastava and Datta®); chickpea (Sabapathy and Tabill¥); corn, sun-
flower, wheat, and barley (Kayisoglu et al.[!%); and borage seeds (Y ang et al.[*Y). Krokida
et al. [*2 selected and presented datain the literature for thermal conductivity of foodstuffs
obtained from various scientific sources, and Maraulis et al.[*®! also studied on improving
a mathematical model to estimate the thermal conductivity of some foodstuffs as a func-
tion of moisture content and temperature, and to fit the model simultaneously to a data
available in the literature. However, no study has been reported on thermal properties of
pumpkin seed in the literature.

Pumpkin seed (Cucurbitae pepo L.) is an agricultural product with economical
interest to some European countries and has considerable nutritional value for human
consumption due to its 37.8-45.4% oil and 25.2—37.0% protein contents. It also has valu-
able dietetic and medicinal advantages besides being a source of edible qils, proteins and
minerals of good quality.™ The seed of pumpkin is eaten as a snack after roasting by
separating the kernels from hulls and gives good results in curing prostate. The oil
extracted from the pumpkin seed is commonly used as salad oil.[** Moisture content of
the pumpkin seed is very high during harvest (30-35% wet basis). Seeds must be dried
for storage, handling and processing. The moisture content of the roasted pumpkin seeds
must not exceed 6% (w.b.) for a good quality product.*® Different heating techniques
are applied to pumpkin seeds during handling and processing which affect the quality of
the product. The arrangement and design of these technological processes are the most
important factors for food quality. The aim of this research was to determine the specific
heat, bulk thermal conductivity, and bulk thermal diffusivity of pumpkin seed as a func-
tion of moisture content.

MATERIALS AND METHOD
Samples Preparation

The pumpkin seeds were obtained from the local market. The seeds were cleaned
from foreign materials such as stone, sand, soil etc. and the initial moisture content of
seeds was determined by using the vacuum oven method at 70°C for 24 h.[*"%8 Theinitial
moisture content of the seed was 5.32% (d.b.). Some predetermined quantity of distilled
water was added to the samples to enhance moisture content of seeds. L ater, samples were
packed in sealed moisture resistant flexible bags and kept at + 4°C in arefrigerator for 48 h
to ensure uniform moisture distribution.!>*# Samples were held in |aboratory for them to
reach room temperature and to release the free moisture before starting the experiment.
Experiments were conducted at five different moisture contents of 24.00, 15.40, 12.10,
8.70, and 5.32% (d.b.), respectively.

Measurement of Specific Heat

The method of mixtures, which is accepted one of the most suitable methods for
seeds and grains,t! was used to determine the specific heat (cg) of pumpkin seeds.:>¢
This method is based on the heat gain of the cold source which is equivalent to the heat
loss of the hot source, in isometric condition. Specific heat measuring apparatus consisted of
a calorimeter with a capacity of 300 ml, test capsule, thermocouples, heater and temperature
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measuring equipment. The calorimeter (75.0 mm height, 70.0 mm inner diameter) was a
composite of copper, insulation material and polyvinyl chloride. A cylindrical aluminum
test capsule (50.6-mm height, 44.0-mm outer diameter, and 1.5-mm wall thickness) was
used in the calorimeter to prevent samples from absorbing water. The heat capacity of
empty cylindrical aluminum test capsule was determined experimentally. Calibration of
the cal orimeter was done using distilled water (c,, = 4.187 kJkg™K™) in test capsule. The
samples werefilled in the test capsul e without |eakage and the capsule containing the sam-
ples was dropped into the hot distilled water in calorimeter at 358 K. The temperature
change was recorded at an interval of 1 s with Fluke 54 |1 thermometer and K type ther-
mocouple (Fluke Corporation, USA). After reaching the equilibrium temperature namely
not changing the temperature, measurement was stopped and the specific heat was calcu-
lated using Egs. (1) and (2):[%56

CeaWea (Teq — To) + CaWy (T — Tg) = W, (T = T,,,) Q)
= G Wiy (Te — Tw) — CcaWea (Tca _ Te) (2)
Ws (Ts - Te)

where ¢, is specific heat of the sample (kJ/kg K); c,, is specific heat of water (kJ/kg K); c.,
is specific heat of the capsule (kJ/kg K); w,, is mass of water in the calorimeter (kg); W, is
mass of the capsule (kg); w, is mass of the sample (kg); T, is initial temperature of the
capsule containing the sample (K); T, is equilibrium temperature of the mixture (K); T, is
initial temperature of water in the calorimeter (K) and T is the initial temperature of the
sample (K). Experiments were repeated three times for each moisture level to determine
the effect of moisture content of seeds on specific heat.

Measurement of Thermal Conductivity

Thermal conductivity of pumpkin seed was determined by thermal conductivity
probe method using line heat source principle.[t278910 The experimental apparatus for
determination of thermal conductivity was shown in Fig.1. The thermal conductivity
probe, which was built in the laboratory conditions in this study, was constructed from
glass material and had a diameter of 3.84 mm, alength of 130.0 mm with a thickness of
0.27 mm. The heating wire used for heating apparatus had a diameter of 0.4 mm and a
length of 130.0 mm (10.74 Q m™1). Temperature rise was measured using K-type ther-
mocouple of 0.5 mm diameter. The pumpkin seed was filled in cylindrical container
then, the container was closed by alid with a hole right in the center (Fig. 1) and later,
the thermal conductivity probe was inserted into the bulk of pumpkin seed through the
hole. A 4.5 V voltage and 1.2 A current was applied to thermal conductivity probe
which was inserted into the center of the sample. The temperature (T) increases were
recorded for 90 seconds with one-second intervals when the power was on. Then the
power was switched off and the decreases were recorded for 90 seconds with one-second
intervals. The maximum slope method was used to calculate the thermal conductivity of
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Figure 1 Schematic diagram of thermal conductivity measurement.

pumpkin seed and thermal conductivity (k) of a sample was calculated using the
following equationf>"#9;

k:gdln(t) ©)
47 d(AT)

wherek isbulk thermal conductivity (W m™K1); Q isthe heat input per unit length of hot
wire (W mY); tistime (); T is temperature (K). Loca slope (S) and the coefficient of
determination (R?) of temperature versus the Int were determined for each 5 data point
sequence from 1% to 90™" data with no overlap using linear regression analysis. Local slope
was cal culated using the following equation. 278910

din(t) 1 4

d(AT) S

The maximum slope obtained from the curve of local slopes versus time was deter-
mined based on the highest slope value and the highest R? for the thermal conductivity
calculation.[”®91011 The heat in Eq. (3) was generated in a hot wire at arate Q:

Q=I?R (5)

where | is electric current (A) and R is the electric resistance per unit length hot wire
Q@m™).
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When Eq. (3) was reorganized, the thermal conductivity of pumpkin seed was calculated
using the Eq. (6) ["81Y;

k= !"RL ©)
dr S

Experiments were repeated three times for each moisture level to determine the effect of
moisture content of pumpkin seeds on thermal conductivity.

Thermal Diffusivity Calculation

The thermal diffusivity (o) of pumpkin seeds was calculated from experimentally
determined values of specific heat, thermal conductivity and bulk density using Eq. (7) >4:

where o isthe thermal diffusivity (m? s™); k is the thermal conductivity (W m™ K7); c,is
the specific heat (kJ kg™t K™) and p is the bulk density of pumpkin seeds (kg m~). An
analysis of variance (ANOVA) procedure of Minitab 14.0 Software (Minitab Inc., State
Park, PA) was used to determine the significance (p < 0.05) of the effects of the moisture
content on the specific heat, thermal conductivity and thermal diffusivity of pumpkin seed
and to construct linear regression equations to predict specific heat, thermal conductivity,
and thermal diffusivity of pumpkin seed.

RESULTS AND DISCUSSION
Specific Heat

Specific heat of pumpkin seeds was determined between 2.53-3.13 kJ kg™*K™t in
the moisture content range of 5.32—24.00% (d.b.) (Table 1). Specific heat of pumpkin seed
was affected by the moisture content. A linear relationship between moisture content and
specific heat was found after regression analysis (Table 2). Specific heat increased with
the increase in moisture content of the seeds (Fig 2). These results are supported by the
findings of other researchers: Subramanian and Viswanathan'® found that the specific heat

Table1 Thermal properties of pumpkin seed as affected by moisture content.

Mositurecontent Bulkdensity —Specificheat,c;  Thermal conductivity, k Thermal diffusivity,
(%,db) (kgm™) (kJkgtK (WmtK? a(m?s?
5.32 349.50 2.53 + 0.064 0.113 + 0.014 1.289 x 1077 + 0.0515 x 107°
8.70 410.50 2.62 + 0.106 0.119 + 0.044 1.113 x 1077 + 0.0668 x 107°
12.10 415.17 2.65 + 0.092 0.128 + 0.043 1.161 x 1077 + 0.0522 x 107°
15.40 427.83 2.92 + 0.120 0.134 £ 0.049 1.074x 107 + 0.0451 x 10°°

24.00 434.17 3.13+0.184 0.135 + 0.067 9.954 x 1078 + 0.0896 x 107°
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Table 2 Regression equations for specific heat, thermal conductivity and thermal diffusivity.

Thermal properties Model Y =aX + b R?

Specific heat, c(kJ kg™ K™ 0.0337 MC gy + 2.3279 0.946
Thermal conductivity, k(W m* K%) 0.0012 MC g4 * 0.1108 0.823
Thermal diffusivity, o(m? s™) —0.0136 MC (g4, g + 1.3043 0.795

MC: moisture content; R?: coefficient of determination.
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Figure 2 Variation in specific heat with moisture content.

of six type of millet and their flour varied from 1.33 to 2.40 kJ kg™ K™ in the moisture
content range of 10-30%. Singh and Goswami!? observed arise in specific heat of cumin
seed from 1.33 to 3.09 kJ kg™t K1 with arise in moisture from 11.2 to 22% (w.b.); Hsu
et al.'® found alinear relationship between the specific heat and the moisture content for
pistachios; Subramanian and Viswanathan'® for six type of millet and their flour; Yang
et al.™ for borage seed; Singh and Goswami? for cumin seed; Perez-Alegriaet al.® for
parchment coffee bean.

Thermal Conductivity

The thermal conductivity of pumpkin seeds was found between 0.113-0.135 W m K1
with varying moisture content in the range of 5.32—24.00% (d.b.) (Table 1). The moisture
content affected significantly the thermal conductivity which increased linearly with the
increase in the moisture content (Table 2, Fig. 3). Irtwange and Igbeka®® found that
the thermal conductivity of African yam bean varied from 0.217 to 0.302 W m~*K 1 in the
moisture content range of 4-16%. Tavman and Tavman'”! found that the thermal conduc-
tivity of three varieties of wheat increased linearly with the increase in the moisture con-
tent in range of the 9.17-38.65%. Subramanian and Viswanathan!® reported that the
thermal conductivity of six types of millet and their flour increased linearly with the
increase in the moisture content in the range of 10-30%. Similarly, a linear relationship
was found between thermal conductivity and moisture content for borage seed,™ for
rough rice,® for corn, sunflower, wheat and barley,!*! for cumin seed,? for parchment
coffee bean,™ and for beans.?Y
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Figure 3 Thermal conductivity of pumpkin seed at different moisture contents.
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Figure4 Thermal diffusivity of pumpkin seed at different moisture contents.

Thermal Diffusivity

The thermal diffusivity was determined as 9.954 x 10 —1.289x10" m? s in the
moisture content range of 5.32—24.00% (d.b.) (Table 1). The thermal diffusivity decreased
linearly with the increase in moisture content (Fig.4). A relation was determined between
the moisture content of pumpkin seed and thermal diffusivity. After regression analysis
for thermal diffusivity with respect to moisture content, the regression equation was
obtained. Because of small changes in the densities for different moisture contents, the
thermal diffusivity had a low relationship with the moisture content (Table 2). Singh and
Goswamil reported that the thermal diffusivity was between 14.72 x 1078 —12.87x10° m? s*
in the moisture content range of 1.8-11.1% (d.b.) at 10°C. Thermal diffusivity decreased
with the increase in moisture content for six varieties of millet seeds and their flour,'® borage
seeds,*Y and cumin seeds.!? The negative linear relationship was found between thermal
diffusivity and moisture content. Tavman et a.,1*3 Subramanian and Viswanathan'® and
Yang et al.I¥ reported their results with similar tendencies.

CONCLUSION

In this research, the thermal properties of pumpkin seeds such as specific heat,
thermal conductivity and thermal diffusivity were determined. Specific heat, thermal
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conductivity and thermal diffusivity of pumpkin seeds for the moisture content range of
5.32-24.00% (d.b.) were determined between 2.53-3.13 kJ kg K%, 0.113-0.135 W m*K 7,
and 9.954 x 108 -1.289 x 10" m? s}, respectively. It was found that the thermal proper-
ties of pumpkin seeds are extremely dependent on moisture content. Specific heat and
thermal conductivity of pumpkin seeds increased with increasing moisture content, while
thermal diffusivity decreased with the increase in moisture content.
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