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ABSTRACT

Colour is one of the parameters determining the quality of
dried tomatoes. The changes in colour of the skin of tomatoes
during drying in an experimental dryer at various temperatures
were measured every two hours by using a Minolta CR 200
colorimeter and the colours were represented in Hunter-Lab
scale. The objective of this research was to develop a model for
predicting colour changes of tomatoes during drying. The
decrease in darkness as represented by the 8L value varied from
10 to 16%, while the decrease in chroma value (8C) varied from
20 to 37% of the initial values. An empirical logarithmic
equation with six constants was derived to fit the data of the
chroma changes during drying at various temperatures and
times. The model of colour changes of tomatoes can be used for
determining the optimum drying temperature to produce
acceptable colour of dried tomatoes at reasonable cost.
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INTRODUCTION

Drying is one of the methods that can be used to
preserve the quality of tomatoes. Dried tomatoes are
extensively in the food industry. The quality of dried
tomatoes is determined by various parameters such
as moisture content, colour, rehydration ratio, pH,
flavour, and aroma. Of these, colour is one of the
most important parameters and hence it determines
consumer preference. Prediction of colour changes
during drying process therefore, is very important for
determining an appropriate strategy to produce a
high quality product.

The effect of temperature and relative humidity on
the drying process of fruit and vegetables is
relatively well understood, while their effect on colour
is not due to lack of information or data describing the
process of colour changes. Carotenoid particularly
lecopene, is responsible for colour of tomatoes
(Shewfelt et al., 1988). However, the changes in
colour of tomatoes is not only caused by the

deterioration of lecopene. The complex reactions
during drying, particularly at high temperature, which
lead to browning and discolouration in some fruits as
reported by some researchers (Reynold, 1965; Abets
and Wrolstand, 1979; Cornwell and Wrolstand, 1981;
Lozano and Ibarz, 1996) may also take place in
tomatoes. However, these reports are limited to the
effect. of temperature and time on the operators
control for colour. Therefore it is necessary to study
the colour changes of tomatoes during drying in
which the air temperature and drying time was
assumed to be the factors most strongly affecting the
final product.

The Hunter colour scale has been used widely to
quantify the colour of fruit and vegetables (Thai et
al., 1990; Sanguansri et al., 1993; Sanguansri ef al.,
1995; Lee et al., 1996; Lozano and lbarz, 1996;
Madamba, 1997). The darkness, i.e., white and black
is represented by the parameter L, while the colour
components, i.e., red, yellow, green, and blue are
represented by the parameters +a, +b, -a and -b
respectively, all of which can be combined as chroma
by the following relationship:

C:(a2+b2)05 (1)
where +a is red; +b is yellow; -a is green; -b is blue,
and C is chroma.

The chroma, C, is believed to be the most
significant measure of colour for dried tomatoes.
Sanguansri et al. (1993) studied the effect of éabinét,
heat pump, sun, and solar dryers at temperature of
about 50°C on tomato colour and found that the
darkness (L) of tomatoes increases between 0-5%,
while the chroma decreases between 35-67% of the
initial values. Because there were only two points of
colour measurement during drying, an algorithm for
the colour changes could not be developed.

The objective of this study was to evaluate the
colour changes of tomatoes during drying at various
temperatures using the Hunter colour scale. This was
to be the basis for an algorithm to predict colour
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changes which could then be included in a model to
simulate the performance of a drier. Thus the effect of
various drying strategies on colours could then be
included in the overall evaluation of its performance.

MATERIALS AND METHODS

Fully mature tomatoes of Acardia variety were used in
the experiment. The fruits were harvested 65 days
after transplanting, and stored in a cool storage at
temperature of 5°C for 1-5 days. Tomato fruit samples
were cut in halves and spread cut side uppermost on
three stainless steel mesh trays as replication and
this has been more fully described elsewhere by Unadi
et al. (1998). The samples  were then dried in the
chamber from a moisture content of about 15 kg water
kg' dry matter (dry basis) to about 0.12 kg kg™ (dry
basis). The drying experiments were conducted at 40°,
50°, 60°, 70°, and 80°C and at a relative humidity of
approximately 15%.

The temperature and relative humidity in the drying
chamber were monitored by thermocouples calibrated
with a “HAAKA” constant temperature bath using a
British Standard thermometer with an accuracy of
0.1°C. A Data-Taker DTS50 and a PC Toshiba 1200
computer were programmed to record the dry and wet
bulb temperatures in the drying chamber every hour.
Recordings were stopped after the moisture content
of tomatoes reached about 11% (dry basis), i.e., after
about 27 hours and 63 hours at drying temperatures of
80° and 40°C, respectively.

The colour of tomatoes defined in terms of Hunter
L, a, and b parameters was measured with a Minolta
CR-200 colorimeter calibrated with standard white
reflector plate (L =97.87, a=-0.48 and b = 1.91)
(Anon, 1994). The L, a, and b represent darkness
(white and black), red and green, and yellow and blue,
respectively. There were large colour variations in
the halved tomatoes, particularly at the cut surface

because the initial colour of pulp, seeds, and core
was different, and therefore colour measurements of
the skin were taken. The measurements were made at
three different positions on each of nine pieces
making a total of 27 colour readings taken every 3
hours.

The moisture content of the tomato samples during
drying was measured by weighing the trays after each
colour measurement corrected with the weight of
empty trays. The final moisture content of tomatoes
was determined by drying the samples at 70°C following
the standard oven method used for fruit and
vegetables (AOAC, 1980).

The data from each drying temperature were
plotted and the line trend was developed using
Microsoft Excel program to generate equations that
relate the colour changes and the drying time. To
generalise these equations, the constants of each
logarithmic equation were fitted to an equation using
the same method to relate the effect on temperature
and colour.

RESULTS AND DISCUSSION

The initial colour of the fresh tomato samples varied,
as shown by the value of colour parameters L and C
(Table 1). Consequently, the colour of dried tomatoes
also varied. Since an analysis of colour change on
absolute value of colour was difficult, it was then
based on the differences in darkness (8L) and chroma
(8C) between initial colour value (Z,and C,) and those
at specified drying time t (L, and C,), where 8C = C, - C,
and 8L =L, - L (or C and L, for final colour).

The decrease in darkness value (8L) varied from
10.4% to 16.2 % while the decrease in chroma value
(8C) varied from 19.9% to 26.5 % (Table 1). The data
show that the decrease in chroma is much higher than
that in darkness, and therefore analysing the chroma
change is more likely to produce a meaningful

Table 1. The colour changes of tomatoes before and after drying (average of 27 readings).

T Initial colour Final colour Colour difference
C) L, cv a, Ccv b, Ccv C, L cv a, Ccv b, cv C, 8. (%) oC (%)
(%) (%) (%) (%) (%) (%)

40 38.04 431 2244 529 17.10 331 2822 3445 292 1550 193 1370 363 2067 359 1272 755 19.85
50 38.11 369 2190 285 1853 573 2869 3345 396 1444 392 14.14 585 2022 466 1624 847 2223
60 40.12 505 2440 6.31 2325 3370 492 3472 282 1523 292 1824 282 2415 540 1602 955 23.80
70 38.04 295 2420 547 2450 3447 422 3447 352 1449 1962 396 2439 352 357 1036 10.08 2650
80 4123 392 2238 392 2510 33.63 547 3720 3.15 11.80 1940 382 2273 266 403 1198 10.90 2644

L = darkness (white and black);

a = red and green; b = yellow and blue; C = chroma
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Fig. 1. The predicted change of chroma (8C) of tomatoes during drying at various

temperatures.

relationship between drying condition and final
colour.

The plot of 8C versus time of each treatment
presented in Fig. 1 shows that §C increases as the
drying temperature and time increase. For the first
eight hours, little differences in the effect of
temperature could be detected, but since this
represents at most 20% of the drying time it is not
considered to be significant. However, after eight
hours, the value of 8C was higher at a higher drying
temperature and a longer drying time.

The equation for the data in Fig. 1 was generated
and a logarithmic equation was found to be the most
appropriate for fitting the data, indicated by the high
value of coefficient of determination (R?), i.e.,
between 0.90-0.98. The general logarithmic equation
used is as follow:

8C=Flog(Gt) 2)
where F and G are constants,
The constants F and G are represented in Table 2 and
they vary with the drying time.

To generahse the equation, the constants F and G

F=mT?+nT+p and 3)
G=qT*+rT+s “)
The empirical logarithmic equation therefore became:
3C=(mT*+nT+p)log((QT*+rT+s)t) (5)
where: m, n, p, q, 1, and s are constant
T is temperature (°C)
t is time (hour)
8C is decrease in chroma
The values of constants m, n, p, q, r, and s are given
in Table 3.

The logarithmic equation (5), with temperature
dependent constants F and G, is sufficient for
predicting the changes of chroma (8C) of tomatoes
during drying, indicated by high value coefficient of
determination (R?) of 0.96. The predicted values of 3C
are represented in Fig. 1.

Table 2. The value of constants F and G of equatmn 2
at various temperaturee

from each curve were plotted against the drying Te“‘%e”"“'c = Constant "a'“eé

temperature again, and an equation for each curve )

was generated. A quadratic equation was found to be 40 -4.18 0.791
. . . . . 50 -4.78 0.979

the most appropriate to describe this relationship. 60 -6 46 0.703

The general equations to relate the constants F and G 70 -10.94 0380

to the drying temperature are: + 80 -9.50 0.757
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Table 3. Constants for the equations 2, 3, and 5.

Constants Value

-9.55 x 10
-=1.83 x 102
-1.92
1.77 x 10
-2.21 x 102
1.39

w = o0 w 3 3

CONCLUSION

Drying temperature has a significant effect on the
changes of chroma (8C) of tomatoes. The change of
colour of tomatoes during drying is not only caused
by deterioration of lecopene but it is a complex
process that needs to be fully understood. Increasing
the drying temperature reduces the colour parameter
chroma of tomatoes significantly. The model for
predicting the colour of tomatoes during drying can
be used in developing an optimum drying strategy to
improve the quality of dried tomatoes.
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