Kasetsart J. (Nat. Sci.) 34 : 544 - 549 (2000)

Parametersfor Mango Glace” Drying Simulation

Somboon Wetchacama, Somchart Soponronnarit,

Thanit Swasdisevi and Sakrin Ratsie

ABSTRACT

The objective of thisresearch wasto investigate parameters affecting drying rate of mango glace’,
i.e., diffusion coefficient, equilibrium moisture content, specific heat and density of mango glace’. The
equilibrium moisture content was determined by static method at temperature of 45-70°C and relative
humidity of 10-90%. Saturated salt solutionsand an oven were used for controlling relative humidity and
temperature, respectively. It wasfound that equilibrium moisture content decreased with temperaturefor

relative humidity ranging from 10-60%.

The BET equation was found accurate to describe the

experimental results. The results obtained from drying experiment indicated that diffusion coefficient
increased exponentially with drying temperature. It was further found that density and specific heat of
mango glace” decreased and increased linearly with moisture content, respectively.
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INTRODUCTION

At present, there are many kinds of fruitin
Thailand, which are high requirement for both
domestic and export markets. However, thereis
till problem about fruit storage. Fruit dryingisan
important approach for solving the problem, as
driedfruit canbestoredinwarehousefor longtime.
Fruit drying analysis is an important method to
determine the suitable conditions for reducing
drying cost and maintaining product qualities.

Achariyaviriya and Soponronnarit (1990)
studied drying parameters and developed
mathematical model of papaya glace” drying. It
was found that BET equation (Brunauer et al.
1938) was accurate to describe the experimental
results of equilibrium moisture content of papaya

glace’. A mathematical equationusedfor predicting
diffusion coefficient was accurate to describe at
temperature ranging from 40-80°C. From the
experimental resultsof density and specific heat of
papaya glace’, it was found that both of these
increasedlinearly withmoisturecontent. Nuimeem
et al. (1993) studied the optimum strategy for
pineapple glace” drying. It was found that the
appropriate operating parameters were asfollows:
drying air temperature of approximately 65°C,
specific air flow rate of 11 kg-dry air/h kg-dry
pineapple glace” and air recycle of approximately
of 75%. The product quality was good and energy
consumptionreduced. Teanchai and Soponronnarit
(1991) studied parametersto evaluate and analyse
pineappleglace” drying. It wasfoundthat Iglesias
equation (Iglesias et al., 1975) could describe in
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accordancewithexperimental resultsof equilibrium
moisture content of pineapple glace”. The
experimental conditions were as follows: drying
temperature of 45-70°C and moisture content of
10-80% dry basis. It indicated that diffusion
coefficient increased exponentially with drying
temperature. It wasfurther found that density and
specific heat of pineappleglace” increased linearly
with moisture content.

All fundamental properties such as
equilibrium moisturecontent, diffusion coefficient,
specific heat and densities of mango glace” were
therefore to investigate and determine in order to
use for the mango glace” drying simulation.

MATERIALSAND METHODS

To determine equilibrium moisture content
of mango glace’, the samples were cut into thin
pieces (thickness about 2-3 mm) and placed on
wire net hanging in five bottles which contained
saturated salt solution of KNOj;, NaCl,
Mg(NO3),.6H,0, MgCl,.6H,O and LiCl. After
that, placed the five bottles of samplesin an oven.
Theexperimental conditionswereasfollows: oven
temperature of 45-70°C and testing time was
approximately 14 days. Finally, took the samples
out of bottles to determine equilibrium moisture
content.

Todeterminediffusion coefficient of mango
glace’, the samples were cut into dimension of
1x1x0.5 cm3 and placed in a dryer which drying
temperature and air flow rate could be controlled.
Theexperimental conditionswereasfollows: drying
temperature of 45-70°C, drying air velocity of 0.6
m/s and moisture content after drying was
approximately 15% dry basis.

Todeterminespecific heat of mangoglace’,
the samples were cut into thin pieces (thickness
about of 3-4 mm). Measured the specific heat by
calorimeter at moisture content of 10-60% dry

basis.

To determine density of mango glace’, the
samples were cut into small rectangular pieces.
Weighed the samplesand measured thedimension
by avernier to calculate volume and density. The
moisturecontent of mangoglace’ inthisexperiment
was in range of 10-50% dry basis.

To determine moisture content of mango
glace’, the samples were placed in an oven at
constant temperature of 103°C for 72 hours. The
temperaturewasmeasured by K -typethermocouple,
connected to adatal ogger with an accuracy of + 1°
C.

RESULTSAND DISCUSSION

The BET equation (Brunauer et al., 1938)
was employed for the regression anaysis. It is
written as follows:

RH/(1-RH)Mgq = 1M, C + [(C-1)/
(M, O)IRH (1)

Where RH

Meq

relative air humidity, fraction
equilibrium moisture content of
mango glace’, % dry basis

M, and Cweredependedondryingair temperature
(T) asfollows:

M, = 21.443exp (-0.015175T)

C = 6738.6 exp (-0.13443T)

It was found that the BET equation could
describe in accordance with experimental results,
asshowninFigurel. From the study on the effect
of air temperature and relative humidity on
equilibrium moisture content of mango glace” as
showninFigure2,itwasfoundthatif air temperature
increased, equilibrium moisture content decreased
at relative humidity from 10-60%. It was because
when air temperatureincreased, vapour pressure of
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mango glace” increased, causing equilibrium
moisture content decrease. On the other hand,
when relative humidity was higher than 60%,
equilibrium moisture content increased. At higher
range of relative humidity, the effect of sugar
content was more significant. The vapour was
absorbed more. Figure 3 shows the comparison
among equilibrium moisture content of mango
glace” with sugar concentration of 60°Brix, papaya
glace’ (Achariyaviriya and Soponronnarit, 1990)
and pineapple glace” (Teanchal and Soporonnarit,
1991) with sugar concentration of 70°Brix. The
BET eqguation was used to calculate equilibrium
moi sturecontentsof thesefruitglace”. Itwasfound
that at air temperature of 45-70°C, equilibrium
moi stureisothermlinesof mango and papayaglace’
were nearly the same values, but those of mango
and pineappleglace’ weredifferent. Itwasbecause
the internal structures of each kind of fruit were
different.

From the experiment on the diffusion
coefficient of mango glace” at air temperature of
45-70°C, the regression equation technique was
used to analyze experimental results. It wasfound
that the relationship between diffusion coefficient
and drying air temperature could be written as
follows:

D = 5.2148x1010 exp (0.079062T) (2)
where D = diffusion coefficient of mango
glace’, m?/h
T = drying air temperature, °C

Figure 4 showsthe comparison of diffusion
coefficient of experimental and simulated resultsat
varioustemperatures. Itwasfoundthat thediffusion
coefficient varied with air temperature. It was
because when air temperature increased, the
differenceof internal and external vapour pressures
alsoincreased, causing moving rate of water from

inside to the surface of mango glace” increase.

Figure 5 shows the comparison of the
diffusion coefficient of mango glace” with sugar
concentration of 60°Brix, papaya glace”
(Achariyaviriya and Soponronnarit, 1990) and
pineappleglace” (Teanchai and Soporonnarit, 1991)
with sugar concentration of 70°Brix. It wasfound
that the best moisture diffusion of the three fruit
types at the same air temperature was pineapple,
papaya, and mango glace’, respectively. It was
because the internal structure of pineapple glace’
was more porous than those of mango and papaya
glace’.

Figure 6 shows the mango glace” densities
at various moisture contents. It was found that
density decreased linearly with increasing of
moisture content. Using least square regression
technique to determine the relationship between
density and moisture content of mango glace’, the
following equation was found.

p = 1419.8-3.8057M 3
where p = density of mango glace’, kg/m3
M = moisture content of mango

glace’, % dry basis

Figure 7 shows the comparison of the
densities of mango glace’(sugar concentration of
60°Brix), papaya glace (Achariyaviriya and
Soponronnarit, 1990) and pineapple glace”
(Teanchai and Soporonnarit, 1991) at various
moisture contents. The sugar concentration of the
last twofruitswas 70°Brix. It wasfound that when
moi sturecontent increased, density of mangoglace’
decreased, but densities of papaya and pineapple
glace” increased. It was because the internal
structure of mango glace” had higher shrinkage
than those of papaya and pineapple glace’.

Figure 8 shows the relationship between
specificheat and moisture content of mangoglace’.
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It was found that specific heat increased linearly
with moisture content. Least square regression
technique was used to determine the relationship
between specific heat and moisture content of

mango glace’. The relation equation can be
expressed as below:
Cg= 223+ 0.0205M 4
WhereCg = Specific heat of mango glace’,
kJkg°C
M = Moisture content of mango

glace’, % dry basis

Figure 9 shows the comparison of specific
heat of mango glace” (sugar concentration of 60°
Brix) and pineapple glace” (Teanchai and
Soporonnarit, 1991) at various moisture contents.
The sugar concentration of pineapple glace” was
70°Brix. It was found that specific heats of these
fruits varied linearly with moisture content. At
moisture content ranging from 0-70% dry basis,
specific heat of mango glace” was higher than that

of pineapple glace’.
CONCLUSION

From the experimental results and
discussion, it can be concluded as follows:

1. The BET equation was found accurate
to describe the experimental results of equilibrium
moisture isotherm at air temperature of 45-70°C
and relative humidity of 10-90%. From the
experimental results, it wasfound that equilibrium
moisture content of mango glace” decreased with
air temperature at relative humidity ranging from
10-60%. The comparison of equilibrium moisture
contents of mango, papaya and pineapple glace’
showed that the equilibrium moisture i sotherms of
mango and papaya glace” were nearly the same.

2. Mathematical equation developed to
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predict the diffusion coefficient of mango glace’
was good prediction with air temperature ranging
from 45-70°C. From the experimental results, it
was found that diffusion coefficient increased
exponentially with air temperature. The best
moisture diffusion of the three fruit glace” types
was mango glace’, papaya glace” and pineapple
glace’, respectively.

3. Mathematical equation developed to
predict the density of mango glace’ was good
prediction at all of moisture content levels. From
the experimental results, it was found that when
moisture content increased, density of mango
glace decreased, but densities of papaya and
pineapple glace” increased.

4. Mathematical equation developed to
predict the specific heat of mango glace” wasgood
prediction at all of moisture content levels. 1t was
further found that at moisture content range of O-
70% dry basis, specific heat of mango glace’ is
higher than that of pineapple glace’.
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