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Abstract— Drying rate of lime was determined
experimentally as a function of drying temperature.
Single layer drying data obtained at four different
temperatures (45, 60, 70 and 100°C) were fittedhi
logarithmic drying model. The drying process was
conducted until the moisture content reaching uB%
d.b. at different drying temperatures. Accordinge th
results, the rate of drying changed with the drying
temperature. Drying time for reaching 8 % d.b. maie
contents of lime were 27, 38, 371 and 825 houdyyhg

temperatures of 100, 70, 60 and 45°C respectively.

Drying lime at observed temperatures can be comsie
as drying in a falling rate period and the equiiilom
moisture content varied with the drying temperatofe
lime.
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I.  INTRODUCTION
Limes (Citrus aurantifolia [Christm.] Swingle) atae
fruit of tropical citrus tree closely related tarlens [3].
Lime juice resembles lemon juice and it contains &%
citric acid [5]. The fruits are almost always pidkehen
unripe (green), and are usually consumed beforg the
reach the ripe state (yellow) [7]. It is smallezgdier, has
a higher acidity and a stronger aroma [4].
The normally used plant parts of lime are juicd &mit
skin (pericarp). Juice is always used as drink ford
culinary purposes. Citrus fruits are generally stored as
long as apples, thus common or refrigerated stosage
more economical and widely used [6].
Controlled atmospheric storage has modest benfefits
citrus fruit storage but is not recommended dudhe
limited interest and high cost Limes can be presgras
dehydrated slices, cordials, salted lime and bliack.
Dehydration of fruits is commonly done in differgurts
of the world to improve the keeping quality and to
preserve the fruit for consumption during off seeso
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In the gulf region where fresh Lime fruits are not
available, dehydrated whole lime is used as anliexte
thirst quencher.

Dehydrated whole lime is called black lime. Whaleitf
or powder of black lime is used as a spice. Blatk lis a
unique product, consumed mainly in the Middle Hakt
However, no reports are available on systematiéingry
conditions of lime fruit, [1].

At present there are no well set international ddiaths for
dehydrated lime. But, based on the gulf demandsiug
content less than 10% and regarding the color biack
preferred in Saudi Arabia where as brown for theept
gulf countries. When the fruit is broken it musteg the
characteristic lime flavor and when dipped in wdtesre
should not be any bitterness [8].

So far dehydration characteristics of whole limgtfhave
not been studied of black lime. Therefore, in thligsdy
the drying characteristics of whole lime were stddin
detail.

Il. MATERIALS AND METHODOLOGY
Drying characteristics of lime was studied at défe
drying air temperatures. Effect of drying temperaton
the drying time is important in developing commalci
scale lime dryers. Range of temperature for thdystuas
45°C to 100°C. The normal fruit and vegetable dyyin
temperature is 60°C and the lower drying tempeestur
than 60°C can be used for in-bin drying. The higher
temperature of 100°C was selected as the lime is
presently dried at higher temperatures than 60°C.
2.1 Materials
This study was conducted during the Maha season,
October 2008 to February 2009. Lime (Citrus
aurantifolia) is widely used in black lime prepéoat
Lime fruits which are visually similar in size anghturity
(greenish yellow) were procured from Hadabima Super
Market (Gannoruwa, SL) and stored in the cold gferat
5°C until use. Initial moisture contents of samplesre
determined by air-oven method. Before the startaxth
drying experiment, fruit samples were removed fritwe
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refrigerator and left in a plastic bag in the ladtory for 8
hours to equilibrate to the room temperature.

2.2 Drying characteristics

Single layer drying characteristics of lime weradéd
using a convectional dryer at temperatures of 45,70
and 100°C. Fig. 1 shows the schematic diagramefth
recirculating dryer unit.

HI Thermometier

|

Racks
Heater —} |

Fig. 1: Schematic diagram of the drying chamber
Dryer was preheated to the required temperature and
samples of thirty fruits were placed on trays iesitie
dryer. Weights of the samples were recorded at
predetermined time intervals until the equilibrigweight
change is less than 0.01g for 4 hours). Moisturgert of
the samples during the course of drying was caledla
using the final moisture content and the weighadat
Drying data were fitted to the logarithmic dryingodel
(1) using the method of least-squares and the miyayi
coefficients (k) were calculated for different drgi
conditions.

k = }-—|n{£hﬂr__54§2} CD
t (Ml - Me)

Where,

M = moisture content (decimal d.b.)

Me = equilibrium moisture content (decimal
corresponding to the drying air

Mi = initial moisture content (decimal d.b.)

k = drying coefficient (h—-1)

2.3 Moisture content measurement

Moisture content of lime was determined by air oven
method (100+2°C in 24 hours). The whole samplénoé |
was dried in an air oven at 100+2°C for 24 hours to
determine the dry matter content of lime. Moisture
content (dry basis) was calculated (2).

d.b.)
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MCa = {M} (2)

(Dw)
Where;

MCdb = Moisture content, decimal d. b.,
FW = Fresh weight, g,

DW = Dry weight, g.

M. RESULTS AND DISCUSSION
Drying data were analyzed and the effects of teatpes
on quality parameters were presented. Single ldgeng
data were fitted to the logarithmic drying modeldan
goodness of fit was expressed as the standard artbe
estimate. These data are important in selecting the
required drying procedure in getting the final dtyabf
dehydrated lime based on the demand.
3.1 Drying characteristics of lime at
temperatures
Average moisture contents of lime, calculated based
weight loss and the moisture content after drying a
selected drying temperatures (100, 70, 60 and 4&f€)
shown in fig. 2. The rate of drying changes witke th
drying temperature and it takes 27 hours to redbee
moisture content up to 8% d.b. at 1000C drying. At
450C, it takes 825 hours to bring down the moistore
8% d.b. At 60 and 700C it takes 371 and 38 hours
respectively to reach 8% d.b. moisture content.
Fig. 3 shows the observed (dotted line) and theulsitad
moisture contents (solid line) of lime dried at 100
Time taken by drying lime to reach 8% d.b. moisture
content at different drying temperatures was preskn
from Table 1.
Table 2 lists the drying constant calculated basedhe
equation 2.9, initial and final moisture and thanstard
error of the estimate. According to the resultsahithmic
drying model fitted well (SE 0.11 to 0.5 decimabJd.
with the observed data within the temperature range
studied (45 to 100°C).
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Fig. 2: Change in moisture content of lime withgim
at different drying temperatures
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Fig. 3: Observed and the simulated moisture costent
lime dried at 100°C

Table 1. Time taken by drying lime to reach 8% d.b.
moisture content at different drying temperatures.

Drying condition | Time taken to reach 8% d.h.
Temperature(°C) | Moisture content (h.)

100 27

70 38

60 371

45 825

Table 2: Drying Coefficient ‘k’ and the logarithmic
drying model with drying air conditions

Temperature 100 70 60 45
(°C)
Average
% RH 60.45 375 52.91 56.48
(Room)

Drying constant (k)
1/h 0.1608 | 0.114
Equilibrium
Moisture
Content 0 0 0.029 0.08
(Me)

Decimal d.b.
Original Moisture
Content

(Mo) 6.09 6.12 6.09 6.28
Decimal d.b.
Standard error (S.E,
Decimal d.b.)

0.0124 0.0078

0.33368 | 0.152 | 0.05886 | 0.50009

According to the results, drying time decreasedhwit
increasing drying temperature. The drying constighof
the logarithmic drying model increased with inciags
drying temperature. Drying lime at all temperatunese
considered as in the falling rate period. The dopiim
moisture content was decreased with increasingngryi
temperature. Equilibrium moisture contents wereselto
zero above 70°C of drying temperature.
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V. CONCLUSIONS

Drying lime at selected temperatures can be coresidas

drying in a falling rate period. The equilibrium sture

content varies with the drying temperature andhiigber
the drying temperature lower the equilibrium maistu
content.
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