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black Pepper powder, was dried in ¢
at 50°C to achieve the desired Joy Moisture
Content, To achieve high moisture Contents,
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Manufacturing Co. Itd, Tokyo, Japan) was used
for determination of thermal conductivity of the
black pepper samples. The thermal conductivity
meter was calibrated using standard reference
plate. After calibration, a sample pan of volume
100 cm? was filled with black pepper samples
for determination of thermal conductivity. The
weight of black pepper sample in pan of volume
100 cm? was also measured to calculate the bulk
density of the samples. The experiments were
conducted in triplicate at five moisture levels
at average sample temperature of 30°C in the
thermal conductivity meter and the mean
values were taken in the study.

The bulk thermal diffusivity of black pepper
samples was calculated from experimentally
obtained values of specific heat, bulk thermal
conductivity and bulk density at 30°C using
Eq. (1) (Singh & Goswami 2000):

o, =k/pC, (1)
where a, is the bulk thermal diffusivity (m?s"),
k, the bulk thermal conductivity (W m™" K"),

CP the specific heat (] kg’ K"') and p is the bulk
density (kg m™).

Statistical analysis

The data obtained were analysed using
Statistica 6.0 and Microsoft Excel 2003 for
obtaining the variation in specific heat with
temperature and moisture content. Analysis of
variance (ANOVA) was also performed for
statistical analysis of the thermal properties
(Table 1).

Table 1. ANOVA for specific heat, thermal conductivity and thermal diffusivity of cryo-ground b ck

pepper powder
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Results and discussion
Specific heat (C )

The specific heat of black pepper sample
increased with increase in moisture content
(Fig. 1). A similar trend was reported in the
specific heat of guna seed (Aviara et al. 2008),
cumin seed (Singh & Goswami 2000), soybean
(Aviara et al. 2003; Deshpande & Bal 1999;
Deshpande et al. 1996), sheanut kernel (Aviara
& Haque 2001), and borage seed (Yang et al.
2002). The results indicated that the specific heat
was affected significantly by moisture content
and temperature.

The specific heat increased from 225.68 to
4479.53 ] kg' K with the increase in moisture
content (M) from 3.3% to 18.2% dry basis and
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Fig. 1. Influence of muisture content on specilic ,."

of ground black pepper powder
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Source d.f. Mean Square F Value P Value
Specific heat A
Moisture content 35177986 3s5.7* 1.49E-07"
Temperature 1 36824921 37.2* 9.23E-08
Thermal conductivity
Moisture content 1 265.24 15.6* 0.004214
Thermal diffusivity N
Moisture content 1 272.38 16.1* 0.003914

*Significant at P<0.01; F tabulated values at the degree of freedom 1, 58 is 7.09 and 1, 46 is 7.22
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in moisture content from 3.3% to 18.2%. The
relationship between thermal conductivity and
moisture content can be expressed by Eq. (2):

k= 0.0005M ? — 0.0056M +0.1314 (2= 0.96) (2)
for 3.3% dry basis < M < 18.2% dry basis

Similar results were reported by Chandra &
Muir (1971) for wheat and Singh & Goswami
(2000) for cumin seed. They reported that the
thermal conductivity increased as a non-linear
function of moisture content. It was observed
that thermal ¢onductivity was affected
significantly by moisture content (Table 1).

Thermal diffusivity (c)

" The thermal diffusivity of black pepper samples
at 30°C was calculated using Eq. (1) and its
variation with moisture content is shown in
Fig. 4. The thermal diffusivity increased non-
linearly from 10.86 x 10° to 17.36 x 10°m? s
with increase in moisture content from 3.3%
to 18.2% dry basis at 30°C. The relationship
between thermal diffusivity with moisture
content can be represented by Eq. (3):

18

-
-

-
=

Thermal diffusivity x 10%, m*/s

-
=}

] 12 1 18 »
Moisture content (%d.b.)

Fig. 4. Variation in thermal diffusivity of black pepper
powder due to moisture content at 30°C

a, = 0.024M ? - 0.0748M + 10.985 (r*= 0.93) 3)
for 3.3% dry basis < M < 18.2% dry basis

From Table 1, it is clear that thermal diffusivity
was affected significantly by moisture content.

Both positive and negative relationship
between thermal diffusivity (o) and moisture

Barnwal et al.

content (M) have been reported (Dutta et al.
1988); Jiang et al. 1986; Yang et al. 2002; Singh
& Goswami 2000). From Eq. (1), it is clear that
the magnitude of a depends on the combined
effect of k, p(rho) and C . For the material where
the value for k increases faster than that for
p(rho) and CP in the same temperature and
moisture ranges, such as gram, thermal
diffusivity would increase with increase in
moisture content (Dutta et al. 1988; Yang et al.
2002).

From this study, it was observed that specific
heat of black pepper samples increased from
225.68 to 4479.53 | kg' K with the increase in
moisture content from 3.3% to 18.2% and
temperature from -150°C to 100°C. It was
affected significantly (p<0.01) by moisture
content and temperature. The thermal
conductivity of black pepper powder increased
from 0.1161 to 0.1844 W m"' K' with the increase
in moisture content from 3.3% to 18.2% at 30°C.
Its variation showed a quadratic relationship
with moisture content and it was affected
significantly by moisture content. The thermal
diffusivity of black pepper powder increased
from 10.86 x 10 to 17.36 x 10*m? s at 30°C =

with the increase of moisture content from
3.3% to 18.2%. It was affected significantly by j
moisture content and its variation showed a =
quadratic relationship with moisture content.
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