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Abstract

The drying kinetics of red bird’s eye chilies and the color of the product were investigated in a
laboratory scale hot-air dryer under 3 air temperatures of 55, 60 and 65 °C. The 6 mathematical models
(Lewis model; Page model; Henderson and Pabis model; Logarithmic model; Modified Page model; and
Wang and Singh model) were used to fit the experimental data obtained in order to estimate the moisture
ratio as the function of drying time. The results showed that operating temperature enhanced the kinetics
of the drying of chilies; the drying times of chilies at 55, 60 and 65 °C were 510, 360 and 330 min,
respectively. The experimental drying curves obtained at all operating conditions took place in the falling
rate period. Comparing the dried products, it was observed that the red bird’s eye chilies dried at a lower
temperature had higher Hunter L (lightness), a* (redness) and b* (yellowness) values. The experimental
data were fitted to different drying models. The performance of these models was investigated by
comparing the determination of coefficient (R*) and root mean square error (RMSE) between the observed
and predicted moisture ratios. Among the 6 mathematical models, the Wang and Singh model
satisfactorily described the drying kinetics of chilies.
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Introduction

Hot chili is an important spice and condiment in the tropics and subtropics [1]. Bird’s eye chili is a
chili pepper of the species Capsicum frutescens L. in the family Solanaceae, commonly found in South-
east Asia. Bird’s eye chili is known to contain a high moisture content (80 - 90 % (w.b.)) after harvest.
The color can be green or red. It is eaten as a raw and cooked vegetable, and is also used in making paste
and sauce. The red bird’s eye chili is one of the favorite agricultural products in Thailand. It is used as a
spice and also a flavor ingredient in the food industry [2].

Traditionally, in Thailand, some of the bird’s eye chilies are preserved by sun drying in the open air
and exposed to sunlight after harvest, which usually takes several days, depending on the weather
conditions [3]. The farmers expose their chilies to open air on a mat, earthen floor, or the cement floor.
This method has several drawbacks, such as being time consuming, being prone to contamination with
dust, and attracting insects. Furthermore, this drying technique is not suitable for countries with a long
wet season and a low amount of sunlight. Drying time is too long and the quality of dried chilies is not
good in term of color, durability, nutritional content, aroma, etc [4]. Therefore, a hot-air dryer, which is
far more rapid, is an alternative for moisture removal from a body with the presence of heat. Using this
method, a more uniform and hygienic dried product can be produced rapidly [5,6]. Research has been
done to reduce drying time and improve the quality of dried chili obtained. Dried chili can be kept longer,
because its moisture content is so low that harmful organisms such as yeast and bacteria cannot flourish.
Apart from food preservation, drying contributes to a reduction of packaging, storage and transportation
costs. Different drying conditions, such as drying temperature, are known to affect the quality of a food
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product. One of the important criteria of food products is color. Undesirable changes in the color of food
products may lead to a decrease in its quality.

In this research, red bird’s eye chilies were used as a process element for drying in a convective hot-
air dryer. The objective of this research was to study the drying kinetics of chilies in the temperature
range of 55 - 65 °C and the effect of the drying temperature on the color of the final product obtained.
Finally, the 6 drying models were used in the analysis of drying kinetics to investigate a suitable
mathematical model for describing the drying characteristics of chilies.

Materials and methods

Equipments

The drying experiments were carried out using a hot-air dryer, which consisted of an electric heater,
a centrifugal fan, 2 drying trays, and a PID temperature controller, as shown in Figure 1. This hot air
dryer was rectangular, approximately 1.20 m long, 0.40 m wide, and 0.40 m high, with a voltage of 230 V
50 Hz.
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Figure 1 Schematic diagram of hot air dryer.

Preparation of raw material

The fresh red bird’s eye chilies used in this drying experiment were obtained from the local market
in Nakorn Si Thammarat, Thailand. All the chilies were washed and absorbed excess water with tissue
papers and then allowed to cool to room temperature before further processing. The initial moisture

content of the chili samples was 75 & 0.5% (w.b.) determined by a hot air oven at 105 °C for 12 h [7].

Drying procedure

The red bird’s eye chilies were dried in a hot-air dryer. In each experiment, approximately one
hundred grams of the bird’s eye chilies were used. Firstly, the hot-air dryer was switched on, and the inlet
air used to dry the sample was heated up to the desired temperature by an electric heater; the air
temperature was measured by a type K thermocouple and controlled by a PID controller (Omron, ESCN,
Japan). The air velocity in the dryer, measured with an anemometer (YK-80AM, Japan) with a precision
of 0.1 m/s, was set at 1.5 m/s. Then the chilies were placed on the stainless steel perforated tray, and
the experiment began. The experiments were carried out at the drying air temperatures of 55, 60 and 65
°C at atmospheric pressure. Moisture content of the chilies was measured at various time intervals,
ranging from 15 min at the beginning of the drying to 60 min of the last periods of the drying process.
The drying experiment was performed until the moisture content of chilies decreased to 10 + 0.5 %
(w.b.). The surface color of the final product was measured by a Hunter colorimeter, which measured 3

220 Walailak J Sci & Tech 2015; 12(2)


http://www.sciencedirect.com/science/article/pii/S0260877406002214#ref_fig1#ref_fig1

Drying Kinetics of Bird’s Eye Chilies in a Convective Hot-Air Dryer Kongdej LIMPAIBOON

http://wjst.wu.ac.th

parameters: the lightness (L), redness (a*) and yellowness (b*). All experiments were repeated at least 3
times. The average of the moisture ratio at each value was used for drawing the drying curves.

Mathematical modeling of drying curves

The experimental drying data was graphically analyzed in term of moisture ratio with drying time.
Initially, the experimental drying data, which was measured in terms of moisture content (w.b.), was
converted into dry basis (d.b.). Then, the moisture content on dry basis was used for calculating the
moisture ratio (MR) of the chilies at any time by the following equation;

M, M,

MR =—"—"72¢%
MO _Me

M

where M, M, and M , are the initial moisture content (d.b.), moisture content (d.b.) at any time (min),

and equilibrium moisture content (d.b.), respectively.
The drying kinetics data of bird’s eye chilies were fitted to published drying models, namely, Lewis,
Page, Henderson and Pabis, Logarithmic, Modified Page, and Wang and Singh, as shown in Table 1.

Table 1 Mathematical models for describing drying kinetics

Model name Model expression References
Lewis MR =exp(—kt) [8]

Page MR =exp(—kt") (]
Henderson and Pabis MR = aexp(—kt) [10]
Logarithmic MR =a+bInt [11,12]
Modified Page MR =exp(—kt)" [13]

Wang and Singh MR =1+ at + bt? [14]

These models were fitted to the experimental data in their linearized forms using regression
technique. The coefficient of determination (R*) was one of the main criteria for selecting the best
equation. In addition to the coefficient of determination, the root mean square error (RMSE) of the
deviations between the experimental and calculated values for models was used to determine the best fit.
These parameters can be described as follows;

N

Z (MRexp,i - MRpre,i )2
R*=1-2 @)

N —
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where MR,,; is the experimental data, MR is the predicted data, MR, is the mean value of
experimental data, and N is the number of experimental data points. The best model describing the drying
kinetics of chilies was chosen as one with the highest coefficient of determination and the least root mean
square error [15-17].

Results and discussion

Drying characteristics
The profiles of moisture content changes at various drying times in 3 different operational
temperatures (55, 60 and 65 °C) are shown in Figure 2.
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Figure 2 Drying curves of chilies at different temperatures: (<) 55 °C, (x) 60 °C, (®) 65 °C.

From the drying curves, it is seen that the increase in temperature reduced the total drying time
needed to achieve the required moisture content 10 % (w.b.) of the dried chilies. The reason is, according
to kinetic theory, due to the increased energy of water molecules as temperature is increased. Hence, the
escaping of molecules becomes easier from the medium and faster at a higher temperature. As shown in
Table 2, the total drying time required to reduce the moisture ratio to any given level was 510, 360 and
330 min at 55, 60 and 65 °C, respectively.

Table 2 Total drying times of chilies at 55, 60 and 65 °C

Drying temperature (°C) Drying time (min)

55 510
60 360
65 330
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Figure 3 shows the variations of drying rate with moisture ratio of bird’s eye chilies at different
temperatures. It can be noticed that there was no constant rate period in the drying of bird’s eye chilies
under experimental conditions, and the drying curves showed only a falling-rate drying period. At the
beginning of the drying process, drying rate increased with the increase of temperature of the drying air.
From the experimental results, the drying rates were 0.15, 0.25 and 0.30 kg water/(kg dry matter.h) at 55,
60 and 65 °C, respectively. The highest value of drying rate was obtained during the experiment at 65 °C.
The main reason for above results is that the higher temperatures speed up the diffusion of water from the
interior of the solid to the surface.
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Figure 3 Variation of drying rate with moisture ratio at different temperatures: (&) 55 °C, (X) 60 °C, (®)
65°C.

Color of dried bird’s eye chili
From the experiments, it was observed that the red chilies dried at higher temperature had more dull
red; the red color of chilies faded out from bright red to dull red and a darker color (less lightness).

Table 3 Comparison of color parameters of dried chilies at different temperatures.

Drying time (min)

Drying temperature (°C)

L a* b*
55 33.74 27.86 2.72
60 32.29 26.82 20.93
65 31.02 24.26 18.46
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Table 3 shows the color parameters of dried red chilies in terms of the lightness (L), redness (a*)
and yellowness (b*) values. These results indicated that the color of dried chilies was slightly dependent
on the air temperature used in the drying of the product. The values of L, a* and b* for dried chilies
obtained at higher temperature were lower than those for dried chilies obtained at lower temperature. For
instance, the redness (a*) value decreased from 27.86 to 24.26 when at a higher temperature. This result is
in agreement with previous literature studies on the drying of red chilies [6,18,19]. The reason for
reduction of red color is that, according to literature, the red color is mainly due to carotenoid pigments
[20], so the red chilies dehydrated at higher temperature had a lower a* value that may be due to
carotenoid destruction [21,22].

Evaluation of the drying models

The moisture content data obtained at different drying air temperatures were converted into
moisture ratio expressions and then curve fitting computations with drying time (min) were performed for
all 6 drying models given in Table 1. The drying coefficients (a, b, k and n) obtained from these models
are given in Table 4. The statistical analyses undertaken on the drying data to evaluate the models for
different temperatures, such as coefficient of determination and root mean square error obtained using
Egs. (2) and (3), are shown in Table 5.

From statistical analysis results, the values of R? obtained from all the models varied from 0.8895 to
0.9990, and the RMSE values varied between 0.008739 and 0.087830. It was found that the higher R’
values and the lower RMSE values were obtained from the Wang and Singh model, where the R’ and
RMSE values varied between 0.9981 to 0.9990 and 0.008739 to 0.012983, respectively. Therefore, the
Wang and Singh model may be assumed to represent the thin-layer drying behavior of bird’s eye chilies.

Validation of the selected model was confirmed by comparing the predicted moisture contents with
the measured moisture contents at different drying conditions. The plots of experimental and predicted
moisture ratio with drying time are given in Figure 4. It shows that the Wang and Singh model is in good
agreement with the experimental results.

Table 4 Prediction of model coefficients.

Model Drying temperature (°C) k n a b
Lewis 55 0.00480
60 0.00820
65 0.00890
Page 55 0.00067 1.320
60 0.00135 1.310
65 0.00183 1.280
Henderson and Pabis 55 0.00580 1.425
60 0.00940 1.374
65 0.01000 1.302
Logarithmic 55 2.3090 -0.353
60 22490 -0.375
65 2.1850 -0.370
Modified Page 55 0.00395 1.320
60 0.00651 1.310
65 0.00728 1.280
Wang and Singh 55 -0.0029 2x10°
60 -0.0049  6x10°
65 -0.0055  8x10°
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Table 5 Results of statistical analyses obtained from the selected models.

Model Drying temperature (°C) R RMSE
Lewis 55 0.8895 0.087164
60 0.9503 0.079126
65 0.9628 0.066903
Page 55 0.9865 0.023354
60 0.9955 0.011941
65 0.9978 0.009068
Henderson and Pabis 55 0.9274 0.081665
60 0.9716 0.054251
65 0.9790 0.039630
Logarithmic 55 0.9380 0.065365
60 0.9780 0.038327
65 0.9860 0.029368
Modified Page 55 0.9865 0.107421
60 0.9955 0.087830
65 0.9978 0.077222
Wang and Singh 55 0.9990 0.012983
60 0.9990 0.008739
65 0.9981 0.011010
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Figure 4 Comparison between experimental data and best fit of Wang and Singh model at different
temperatures: (<) 55 °C, (x) 60 °C, (®) 65 °C, (-) prediction.

Walailak J Sci & Tech 2015; 12(2)

225



Drying Kinetics of Bird’s Eye Chilies in a Convective Hot-Air Dryer Kongdej LIMPAIBOON

http://wjst.wu.ac.th

Conclusions

In this study, the influence of air temperature (55, 60 and 65 °C) on the drying kinetics and color of
red bird’s eye chilies was investigated. It was found that the drying kinetics of bird’s eye chilies took
place in the falling rate period, under experimental conditions. The color of the product was dependent on
the temperature of the air used in drying: higher air temperature produced greater color loss. Finally, the
results obtained from fitting the experimental data to the 6 empirical kinetics models can be concluded
that the Wang and Singh model, which gave a higher coefficient of determination (R and a lower root
mean square error (RMSE), was considered the best for describing the dehydration kinetics of bird’s eye
chilies.

References

[1] MA Hossain and BK Bala. Drying of hot chilli using solar tunnel drier. Sol. Energ. 2007; 81, 85-92.

[2] E Isidoro, DJ Cotter, GCJ Fernandez and GM Southward. Color retention in red chile powder as
related to delayed harvest. J. Food Sci. 1995; 60, 1075-7.

[3] IK Tuncer. How Kahramanmaras red pepper should be operated for internal market and external
market? Sutcu Imam Univ. Publ. 1995; 11, 26-30.

[4] SM Tasirin, SK Kamarudin, K Jaafar and KF Lee. The drying kinetics of bird’s chillies in a
fluidized bed dryer. J. Food Eng. 2007; 79, 695-705.

[5] MI Minguez-Mosquera, M Jaren-Galan and J Garrido-Fernandez. Competition between the
processes of biosynthesis and degradation of carotenoids during the drying of peppers. J. Agr. Food
Chem. 1994; 42, 645-8.

[6] IDoymazand M Para. Hot-air drying characteristics of red pepper. J. Food Eng. 2002; 55, 331-5.

[7] P Suvarnakuta, S Devahastin and AS Mujumdar. Drying kinetics and S-carotene degradation in
carrot undergoing different drying processes. J. Food Sci., 2005; 70, S520-S526.

[8] WK Lewis. The rate of drying of solid materials. J. Ind. Eng. Chem., 1921; 13, 427-43.

[91 EK Akpinar and Y Bicer. Modelling of the drying of eggplants in thin-layers. /nt. J. Food Sci. Tech.
2004; 39, 1-9.

[10] SM Henderson and S Pabis. Grain drying theory I: Temperature effect on drying coefficient. J. Agr.
Eng. Res. 1961; 6, 169-74.

[11] S Singh, R Sharma, AS Bawa and DC Saxena. Drying and rehydration characteristics of water
chestnut (Trapa natans) as a function of drying air temperature. J. Food Eng. 2008; 87, 213-21.

[12] TY Tunde-Akintunde. Mathematical modeling of sun and solar drying of chilli pepper. Renew
Energ. 2011; 36, 2139-45.

[13] DD Overhults, GM White, ME Hamibrined Iton and IJ Ross. Drying soybeans with heated air.
Trans. Am. Soc. Agr. Eng. 1973; 16, 195-200.

[14] CY Wang and RP Singh. 4 Single Layer Drying Equation for Rough Rice. ASAE Paper no: 78-
3001. St. Joseph, MI: ASAE. 1978.

[15] K Sacilik, R Keskin and AK Elicin. Mathematical modeling of solar tunnel drying of thin layer
organic tomato. J. Food Eng. 2006; 73, 231-8.

[16] PN Sarsavadia, RL Sawhney, DR Pangavhane and SP Singh. Drying behaviour of brined onion
slices. J. Food Eng. 1999; 40, 219-26.

[17] PS Madamba. Thin layer drying models for osmotically pre-dried young coconut. Dry. Tech. 2003;
21, 75-97.

[18] KD Scala and G Crapiste. Drying kinetics and quality changes during drying of red pepper. LWT
Food Sci. Tech. 2008; 41, 789-95.

[19] S Kaleemullah and R Kailappan. Modelling of thin-layer drying kinetics of red chillies. J. Food
Eng. 2006; 76, 531-7.

[20] A Anu and KV Peter. The chemistry of paprika. Capsicum Eggplant Newslett. 2000; 19, 19-22.

226 Walailak J Sci & Tech 2015; 12(2)



Drying Kinetics of Bird’s Eye Chilies in a Convective Hot-Air Dryer Kongdej LIMPAIBOON
http://wjst.wu.ac.th

[21] DS Lee, SK Chung and KL Yam. Carotenoid destruction and nonenzymatic browning during red
pepper drying as functions of average moisture content and temperature. Korean J. Food Sci. Tech.
1989; 21, 425-9.

[22] TV Ramakrishnan and FJ Francis. Color and carotenoid changes in heated paprika. J. Food Sci.
1973; 38, 25-8.

Walailak J Sci & Tech 2015; 12(2) 227



