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were about 15, 5, and 2%, respectively, and those
of the preheated and roasted kernels were about
33.4 and 15.3%, respectively. To increase the
moisture content of the preheated kernel to about
48.6%, it was soaked in water at ambient
temperature of about 30°C for 10 min. Conditioned
samples were kept in different desiccators partly
filled with saturated salt solutions to equilibrate
and maintain the moisture content.

Moisture diffusivity : Conditioned samples were
roasted In an open iron pan with continuous
stirriig. The heat source was 1.5 kW electric
heater. Temperature of the pan surface was
measured with an iron-constant (J-type) thermo-
couple attached to the millivoltmeter having the
least count of 0.01 mV. For the corresponding
millivoit, the temperature was noted from the
standard chart of the thermocouple. For maintaining
a parﬁcular temperature of the pan surface, input
voltage of the heater was regulated by an auto-
transformer, connected to power source. When a
preset temperature of the pan surface was obtained,
the sample was put into the pan and the time of
roasting was noted. Sample was agitated
continuously and the representative samples at 0.5,
1, 2. 3, 4 and 5 min intervals were taken out and
kept quickly in pre-weighed moisture box. Radii of
the individual nuts and kernels of the sample were
measured before Joasting with the help of a vernier
caliper. Equilibrium moisture content of the sample
at roasting temperature was assumed to be negligible
because of very high roasting temperature. Five
equations, viz., quadratic, linear, logarithmic, power
and exponential were tested for best fit of the data
of moisture ratio (MR) and roasting time. Among
these equations, correlation coeflicients of the
following exponential equation was found maximum,
{(>0.992).

MR = M

0
Where, M is moisture content of the sample at any
time 0 (% db), M, is initial moisture content of the
sample (% db}, C, is constant (dimensionless), C,
is constant (min™} and @ is roasting time (min).

The values of C, and C, were obtained from
the exponential equations, best fitted to the data
of moisture content ratio and roasting time and the
constant C, of equation (1) was interpreted,
considering the mass transfer from the porous
bodies as follows (Luikov 1966) :

=C, exp C8 ... ()

Cr?

C,= — o, D=2 .. 2)
T} 2

Where D is moisture diffustvity (m’min™) and r, is

the average radius of the kernel or nut (m).

When Dr?/r? s greater than 1.2, the equation
(2) gives satisfactory results {Luikov 1966). From
Equation (2), the moisture diffusivities of the
samples at 60.2, 33.7 and 25.9% moisture content
(db) of gorgon nut, at 48.6, 33.4, 15.3% moisture
contents of kernels and 200, 300 and 400°C pan
surface temperature, were calculated using the
average radius of the individual kernel and the nut.
Each experiment was replicated thrice. To determine
the relationships among moisture diffusivity,
moisture content and roasting temperature,
randomized design experiments were chosen. Levels
of the moisture content of the samples were
selected which were obtained after drying, preheating
and roasting of the nut. The results were analysed
according to the multiple regression method
(Snedecor and Cochran 1967). Coefficients of each
term of the regression equations were subjected to
F-test at 5% level of significance.
Coefficient of cubical thermal expansion : The method
to determine the coefficient of cubical thermal
expansion of gorgon nut kernel and shell was based
on the standard ASTM test D864-52 for plastics
(ASTM 1968).

Results and Discussion

Moisture diffustvify : The results of the moisture
diffusivity of gorgon nut and kernel are presented
fn Table 1. It is evident that the moisture diffusivities

TABLE 1. MOISTURE DIFFUSIVITY OF GORGON NUT AND
ITS KERNEL

Treat- Tempe- Gorgon nuts Kernels

ment rature

No. Mofsture Moisture Moisture  Moisture
content  diffusivity content  diffusivity
¢ %, db m'/minxl07 9%, db m*/minx107
1 200  60.2 5.11 486 4.87
2 200 337 4.08 335 428
3 200 259 3.88 15.3 359
4 300 602 566 486 5.72
5 300 337 4.78 33.4 5.20
6 300 259 4.39 15.3 420
7 400 602 6.28 486 6.57
8 a00 337 5.29 334 . &1l
9 400 259 478 15.3 4.83
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of the nut and the kernel increase with increase
in moisture content and temperature. The multiple

&

regression analysis of results showed that the

coefficients containing all the moisture and quadratic
terms in the equation for nut, and the coeflicients

0 of second order terms for moisture as well as

temperature of the equation in case of kernel, were
not found significant at 5% level and thus, those
terms wefe omitted from the final equations. The
final re n equations for the nut and the
kernel best fit having the correlation coefficients
of 0.997 for both the cases were -

D, =1.22x107+6.77x10°T  © . (3
D, =1.22x107+5.88x10°M+7.32x10°T . (4)

Where, D, and D, are moisture diffusivity of the
gorgon nut and the kernel, respectively (m’min™),
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M is moisture content of the sample (% db), and
T is the temperature of the sample (°C).

Coefficient of cubical thermal expansion : Cocfficient
of cubical thermal expansion of the kernel and shell
are plotted with moisture content in Fig 1.
Coefficients of cubical thermal expansion of both
kernel and shell are much higher beyond a transition
temperature of 66°C. The coefficlent of cubical
thermal expansion of the shell increases rapidly
above 5% moisture content and 66 to 96°C
temperature range and exceeds the value of the
kernel at about 15% moisture content. But, in
actual roasting operation of the gorgon nut, moisture
content of the shell would never exceed beyond 5%
and that of the kernel in the range of 15 to 33%.
In the above range of moisture content, the
coefficient of cubical thermal expansion of the
kernel is much higher than that of the shell. This
indicates that the nut is subjected to not only the
internal pressure build up within the nut due to
thermal processing, but also to the mechanical
pressure exerted by the kernel on the shell due
to higher rate of cubical thermal expansion.
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