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Abstract
This study compares the infrared drying kinetics, effective moisture diffusivity, activation energy and color
qualities of organically and conventionally produced sweet red peppers (Capsicum annum L.) dried at three
different temperatures (60, 70 and 80°C). Results showed that the entire drying process for both organic and
conventional sweet red peppers took place mainly in falling rate period. Increasing the drying temperature
decreased the drying time considerably. No significant difference was found between the drying times of organic
and conventional red peppers. The Midilli model yielded the best fit for all data points for organic and conventional
peppers. The drying coefficient of the Midilli model increased with the increase in the drying temperature. The
effective moisture diffusivity and activation energy values of organic pepper samples were found slightly higher
than those of the conventional samples. This result was found to be compatible with the drying coefficient of
Midilli model and characteristic drying rate curves. Higher drying temperatures resulted in brighter red pepper
powder color which is more preferable by consumers. Infrared drying at 60°C for organic pepper samples produced
the best pepper powders in terms of color quality. Moreover, infrared drying at 60°C and 70°C was also judged as
the acceptable drying applications in terms of color quality since they gave the nearest redness to yellowness ratios
and higher brightness values as compared to the color of fresh peppers. Overall, infrared drying at 70°C instead of
60°C resulted in about 22% savings in drying time and can be used to produce high quality organic or conventional
sweet red pepper powder with better color quality.
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Özet
Bu çalışmada, üç farklı sıcaklıkta (60, 70 ve 80°C) kurutulan organik ve geleneksel olarak üretilen tatlı kırmızı
biberlerin (Capsicum annum L.) kızılötesi kurutma kinetikleri, efektif nem difüzyonu, aktivasyon enerjisi ve renk
kaliteleri karşılaştırılmıştır. Araştırma sonucunda, organik ve geleneksel tatlı kırmızı biberlerin kızılötesi kurutma
sürecinin tamamının temel olarak azalan hızlı kurutma periyodunda meydana geldiği saptanmıştır. Kurutma
sıcaklığındaki artışa bağlı olarak ürün kuruma süresi önemli ölçüde kısalmıştır. Organik ve geleneksel kırmızı
biberlerin kurutma süreleri arasında anlamlı bir fark bulunmamıştır. Organik ve konvansiyonel biberlerin kuruma
davranışına ilişkin tüm verilerin matematiksel olarak ifade edilmesinde Midilli modelinin in iyi sonuçları veren
model olduğu belirlenmiştir. Midilli modelinin kurutma katsayısının kurutma sıcaklığındaki artışa bağlı olarak
arttığı saptanmıştır. Organik biber örneklerinin efektif nem difüzyonu ve aktivasyon enerjisi değerlerinin
geleneksel biber örneklerine ait değerlerden biraz daha yüksek olduğu belirlenmiştir. Bu sonucun Midilli
modelinin kurutma katsayısı ve karakteristik kurutma hızı eğrileri ile uyum içinde olduğu saptanmıştır. Yüksek
sıcaklıklarda kızılötesi kurutma ile tüketiciler tarafından daha çok tercih edilen, daha parlak renkte toz kırmızı
biberler üretilebileceği belirlenmiştir. Organik biber örnekleri için 60°C'de kızılötesi kurutma uygulaması ile ürün
renk kalitesi bakımından en iyi kırmızı toz biberlerin üretilebileceği saptanmıştır. Ayrıca, taze kırmızı biberlerin
rengine en yakın renk kırmızılığı oranlarına ve taze kırmızı biberlerden daha yüksek parlaklık değerlerine sahip
olan kırmızı biber tozları ürettikleri için, 60°C ve 70°C sıcaklıklarda kızılötesi ile kurutma uygulamaları da renk
kalitesi bakımından kabul edilebilir kurutma uygulamaları olarak değerlendirilmiştir. Sonuç olarak, 60°C yerine
70°C'de kurutma uygulaması ile ürün kurutma süresinde yaklaşık % 22 tasarruf sağlamış olup, bu uygulamanın
yüksek kaliteli organik veya geleneksel tatlı toz kırmızı biber üretmek için kullanılabileceği saptanmıştır.
Anahtar Kelimeler: Kırmızı biber, Kızılötesi kurutma, Organik gıda, Nem difüzyonu, Renk kalitesi
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1. Introduction
Increasing awareness on human, plant, and animal health as well as environment has created an expanding
organic food market. Coinciding with this, consumers' demands for dried organic foods are also increasing and
dried organic products are offered for sale at higher prices compared to traditional products and become more and
more visible on supermarkets. Organic products have higher antioxidant activity, higher concentrations (18–69%)
of desirable antioxidants/(poly) phenolics and other plant secondary metabolites linked to reduced chronic and
neurodegenerative diseases and certain cancers and also, 75% and 48% lower concentrations of agrochemical
residues and Cadmium, respectively (Gomiero, 2018). Organic farming has an increasing trend both in the world
(31.5 million ha in 2007 and 69.8 million ha in 2017) and in Turkey (0.17 million ha in 2007 and 0.54 million ha
in 2017) (Anonymous, 2018; Lernoud and Willer, 2019). However, there have been only a few studies in the
literature comparing the drying kinetics and quality of organically or conventionally grown fruits and vegetables.
Sablani et al. (2011) studied the effects of hot-air and freeze drying on the phytochemical content and moisture
diffusivity of conventional and organic berries and reported that some organic varieties (Meeker1 and Duke)
showed higher moisture diffusivity whereas the trend was inverse for the other pairs (Meeker2 and Reka) as
compared to conventional berries. In another research, freeze drying, air-drying and flash freezing treatments were
compared with respect to total phenolic and ascorbic acid contents of some products (marionberry, strawberry and
corn) grown by conventional, organic and sustainable agricultural practices (Asami et al., 2003). Nevertheless, no
study was found to explore the drying characteristics of red peppers.
Red pepper (Capsicum annuum L.) is an important cash crop all over the world and is widely consumed as
fresh or dried. It is used in food industry for the production of spices, pastes, natural colorants, soups, sauces and
oleoresin (Soysal et al., 2009). The total global pepper production was about 36.1 and 2.6 million tonnes in the
world and in Turkey, respectively (Anonymous, 2019a). Organic production of pepper is also important in Turkey
with about 5558 tons in 2018 (Anonymous, 2019b).
Like many other agricultural crops, fresh pepper fruit is highly perishable as it contains moisture up to 90%
(wet basis). Drying is one of the most widely applied and relatively cost-effective postharvest processing method
to extent the shelf life of red pepper by reducing the water activity to a safe storage limits to inhibit microbial
activity and many of the moisture-originated degradation reactions (Arslan and Ozcan, 2011; Şahin et al., 2012;
Aktaş et al., 2013; Deng et al., 2018). The primary quality characteristic of dried red pepper is red color intensity
(Kim et al., 2002; Ergunes and Tarhan, 2006; Topuz et al., 2011). Like all other fruits and vegetables, characteristic
color of red pepper originates from carotenoids (Deng et al., 2018) and is highly sensitive to post-harvest
processing conditions such as hot-air or natural sun drying (Soysal et al., 2005; Di Scala and Crapiste, 2008; VegaGálvez et al., 2008; Soysal et al., 2009; Vega-Gálvez et al., 2009). Moreover, composition of carotenoids which
controls the color of pepper fruits largely depends on the variety, stage of ripening, cultivation practices and geoclimatic conditions (Arimboor et al., 2015).
Traditional sun drying and hot-air drying are still the most commonly used methods of drying to produce dried
red pepper flakes and powders. However, they have several drawbacks like lengthy drying time, contamination
issues, inability to process large quantities without impairing product quality, manual labor requirements, low
energy efficiency, low product quality due to prolonged exposure to high temperatures (Vega-Gálvez et al., 2008;
Soysal et al., 2009; Doymaz and Kocayigit, 2012). Infrared heating technique is presented as one of the most
promising method of drying to obtain the high quality dried fruits, vegetables and grains (Pawar and Pratape, 2017).
It can be considered as an artificial sun-drying process (Chua and Chou, 2003) as versatile, fast responsive, easily
installable and a low-cost drying technology with simple equipment requirement (Sandu, 1986). Compared to
conventional drying methods, infrared drying has higher energy efficiency, shorter drying time and superior
product quality (Nasiroglu and Kocabiyik, 2009; Onwude et al., 2016). Also, it can be used alone in a continuous
or intermittent mode or easily coupled with convective, conductive and microwave heating (Pawar and Pratape,
2017). However, high drying temperatures or energies may result in lower quality dried product even if they
shorten the drying time (Keskin et al., 2018; Keskin et al., 2019). Infrared energy as part of electromagnetic
spectrum can be transferred to the sample surface directly without heating the surrounding air and has the potential
to save energy up to 50% as compared to convective drying (Nowak and Lewicki, 2004).
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Literature review revealed that studies on the comparison of drying kinetics and color parameters of organic
and conventional products have been very limited. To the best of authors’ knowledge, no detailed study comparing
the infrared drying kinetics and color quality of organically and conventionally grown sweet red pepper exists in
the literature. Hence, the aim of this study was to evaluate the efficacy of infrared drying on the drying kinetics
and color quality attributes of organically and conventionally produced same type sweet red peppers and to model
the infrared drying kinetics data mathematically using non-linear regression technique.
2. Materials and Methods
2.1. Pepper samples
In this research, sweet red pepper (Capsicum annum L., Capia type, Diyar F1 cultivar) produced in organic and
conventional farming methods under greenhouse conditions near Erdemli city (36.6115N, 34.2624E) of Mersin
province, Turkey were used. This pepper type is intensively produced and consumed in Turkey. The pepper samples
which were hand harvested in the red stage were stored at +4°C until drying experiments. The wet based (w.b.) moisture
contents of the peppers were determined by using standard oven method by drying at 103°C for 24 h. Before each
drying experiment, three pepper samples were used for moisture content analysis. The average initial moisture contents
of the organic and conventional pepper samples were 91.25%±0.0.68 (w.b.) and 91.96%±0.64 (w.b.), respectively.
2.2. Infrared drying procedure
An infrared dryer and moisture analyzer (Ohaus MB45 Moisture Analyzer, OHAUS, Pine Brook, NJ, USA) were
used to perform drying experiments. This device is equipped with a 400 W halogen infrared heater and transmits
medium to shortwave infrared radiation. For sample preparation, the pepper samples were washed with tap water and
then rinsed with distilled water and then they were dripped and shredded with about 1.43±0.09 mm thickness. In each
drying process, shredded pepper samples were placed homogeneously in a layer of 6.7±0.05 mm over the entire sample
pan. 35 drying trials for each of the organic (OSRP) and conventionally grown sweet red peppers (CSRP) were
performed for each of the three temperature levels (50, 60 and 70°C) and average values at respective temperature
levels were evaluated in the data analysis. Experiments were performed at about 24°C room temperature in an
acclimatized laboratory. Mass of the pepper samples with initial loads of about 15 g were automatically recorded at
one-minute interval with an accuracy of 0.001 g. The drying experiments were ended at about 0.10 kg (H2O) kg-1 (DM)
moisture content. The dried products were cooled and put into glass jar for further analysis.
2.3. Mathematical modeling
The experimental data were fitted to eleven different thin layer drying models to determine the most suitable drying
equation (Table 1).
Table 1. Mathematical models applied to the drying curves of the organic and conventional sweet red peppers
Model name
1 Newton

Model equation*
MR = exp(- kt )

References
Ertekin and Yaldiz (2004)

2 Page
3 Henderson and Pabis
4 Logarithmic

MR = exp(-kt n )
MR = a exp(-kt )
MR = a exp(-kt ) + b

Diamente and Munro (1993)
Ertekin and Yaldiz (2004)
Yagcioglu et al. (1999)

5 Midilli et al.

MR = a exp(-kt n ) + bt

Midilli et al. (2002)

6 Wang and Singh
Wang and Singh (1978)
MR = 1 + at + bt 2
7 Logistic
Jain and Pathare (2004)
MR = b (1 + a exp(kt ))
8 Two term
Jain and Pathare (2004)
MR = a exp(-kt ) + b exp(-k1t )
9 Verma et al.
MR = a exp(-kt ) + (1 - a) exp(-bt ) Verma et al. (1985)
10 Two term exponential
MR = a exp(-kt ) + (1 - a) exp(-kat ) Soysal et al. (2006)
11 Diffusion approximation
MR = a exp(-kt ) + (1 - a) exp(-kbt ) Soysal et al. (2006)
*
MR: Moisture ratio; k and k1: Drying coefficients; n: Exponent; t: Time in min; a and b: Coefficients.
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The equilibrium moisture content (Me) was assumed to be zero (Ertekin and Heybeli, 2014; Soysal et al., 2018)
and, the moisture ratio (MR) was simplified to M/M0 instead of (M-Me)/(M0-Me). Non-linear regression analyses were
carried out by using SigmaPlot program (Version 12). The coefficient of determination (R2), residual sum of squares
(RSS) and standard error of estimate (SEE) parameters were utilized to select the best model.
2.4. Calculation of effective moisture diffusivity and activation energy
The experimental drying data for the determination of effective moisture diffusivity (Deff) were interpreted by using
the Fick’s second diffusion equation. General solution of Fick’s second law in slab geometry was employed with the
assumptions of moisture migration by diffusion, negligible shrinkage, constant diffusion coefficients and temperature
using the following equation 1 (Crank, 1975):

MR =

é (2i + 1)2 p 2 Deff t ù
M - Me
8 ¥
1
ê
ú
= 2 å
exp
M 0 - M e p i = 0 (2i + 1)2
4 L2
êë
úû

(Eq.1)

Where MR is the moisture ratio, M is the moisture content, M0 is the initial moisture content, Me is the equilibrium
moisture content, Deff is the effective moisture diffusivity (m2s-1), L is the half thickness of the samples (m), i is a
positive integer and t is time (s).
For long drying periods, Eq. (2) can be further simplified as follows (Wang et al., 2007):

ln(MR) =

8

p2

-

p 2 Deff
4 L2

t

(Eq.2)

The Deff values were interpreted by plotting experimental ln(MR) data versus drying time since the plot gives a
straight line with a slope equal to K = p2 Deff /4L2. An Arrhenius type equation 3was used to describe the temperature
dependency of effective moisture diffusivity as given below (Doymaz and Ismail, 2011):

Deff = D0 exp(- Ea RT )

(Eq.3)

Then, taking natural logarithm of both sides, the equation can be written in a linear form as follows:4

( )

ln Deff = ln(D0 ) - [(Ea R)(1 T )]

(Eq.4)
Where Ea is the energy of activation (kJ/mol), R is the universal gas constant (8.3143x10-3 kJ/mol), T is the absolute
temperature (K) and D0 is the pre-exponential factor of the Arrhenius equation (m2/s).
The Ea value can be interpreted from the slope of the Eq (4) by plotting ln(Deff) versus 1/T (K1=Ea/R).
2.5. Color measurement
Color parameters of fresh and dried-powdered organic and conventional red peppers were measured with a handheld chromameter (Minolta CR-400, Osaka, Japan). In measuring the color of the samples, ground material
measurement apparatus and CIE L*a*b* color model was used. The chromameter was utilized with illuminant C
standard and calibrated using its white reflector plate before measurements. The color is expressed in three dimensions
namely: L* (brightness, 0: black, 100: white), a* (redness-greenness, –60: green, +60: red) and b* (yellownessblueness, –60: blue, +60: yellow) (Keskin et al., 2017). Color change of the material was evaluated by using the a*/b*
ratio, total color difference (DE*) and color difference values (DL*, Da* and Db*) (Soysal et al., 2009).
3. Results and Discussion
3.1. Drying Kinetics Curves
The moisture content of the samples decreased to 0.10 kg (H2O) kg-1(DM) in about 99 to 175 minutes and 100 to
176 minutes depending on the drying temperature for organic (OSRP) and conventional sweet red pepper (CSRP)
samples, respectively (Fig.1, Table 2). As expected, drying time diminished considerably with the increasing drying
temperature. There were no significant differences in drying times of OSRP and CSRP samples dried at 60, 70, and
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80°C. Compared to OSRP, drying time of the CSRP samples lasted about one minute longer. This small difference
may be attributed to the growing conditions of the product as a result of such factors including chemical pesticides and
fertilizers applied during conventional cultivation. Winter and Davis (2006) reported that organic fruits and vegetables
utilize more metabolic energy to synthesize secondary plant metabolites such as polyphenolics and antioxidants since
they are not subjected to synthetic pesticides and fertilizers. About 22% decrease in drying times of OSRP and CSRP
samples could be obtainable by drying at 70°C instead of 60°C. Figure 2 shows the moisture content versus drying
rate curves of OSRP and CSRP samples. After a short warming-up period, drying rates decreased continuously with
decreasing moisture content. All drying processes for both OSRP and CSRP samples took place mainly in the falling
rate period which implies that the migration of the moisture in the red pepper samples was controlled by the diffusion
mechanism (Fig. 2). Similar results have been reported by various researchers on infrared and/or infrared assisted
drying of red peppers (Nasiroglu and Kocabiyik, 2009; Tunde-Akintunde et al., 2014; Cao et al., 2016; Deng et al.,
2018; Soysal et al., 2018).
3.2. Modelling of drying curves
The experimental moisture content data were converted to moisture ratio (MR) and fitted to eleven different
thin layer-drying models (Table 1). Fitting adequacy of these models were compared in terms of the statistical
parameters of the residual sum of squares (RSS), the standard error of estimates (SEE) and the coefficients of
determination (R2). The best model was chosen as the one with the highest R2 value and lowest RSS and SEE
values. Among the eleven drying models used in the study, the Midilli model (Model 5) gave the best fit for all
experimental infrared drying data points for both organic (OSRP) and conventional sweet red pepper (CSRP)
samples with the R2 values greater than 0.9985, the SEE lower than 0.0126 and the RSS lower than 0.0212 (Table
3 and Fig. 3). Thus, the Midilli model interpreted the experimental drying data satisfactorily for infrared drying of
sweet red peppers. The drying coefficient k increased with the increase in drying temperature (Table 3). This result
was confirmed by the drying rate data which exhibited the same trends. The established model was validated by
comparing the predicted and experimental MR values of all drying experiments. The predicted data were observed
to be banded on and around the straight line of the 1:1 ratio (Figure 4).

Figure 1. Infrared drying curves of organic and conventional sweet red peppers
Table 2. Drying time of each drying temperature for organic and conventional sweet red peppers
Product Type
Organic red pepper

Conventional red pepper

Drying Temperature (oC)
60
70
80
60

Drying Time (min)
175.00±6.20a
127.57±4.07b
99.00±3.06c
176.00±7.94a

70
80

128.00±4.05b
100.20±3.54c

Different letters in same column indicate significant differences for each product type (p<0.05)
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Figure 2. Infrared drying rates of organic and conventional sweet red peppers
3.2. Modelling of drying curves
The experimental moisture content data were converted to moisture ratio (MR) and fitted to eleven different
thin layer-drying models (Table 1). Fitting adequacy of these models were compared in terms of the statistical
parameters of the residual sum of squares (RSS), the standard error of estimates (SEE) and the coefficients of
determination (R2). The best model was chosen as the one with the highest R2 value and lowest RSS and SEE
values (data not shown). Among the eleven drying models used in the study, the Midilli model (Model 5) gave the
best fit for all experimental infrared drying data points for both OSRP and CSRP samples with the R2 values greater
than 0.9985, the SEE lower than 0.0126 and the RSS lower than 0.0212 (Table 3). The drying coefficient of the
Midilli model k increased with the increase in drying temperature (Table 3).
Table 3. Statistical parameters and model constants for Midilli model for the infrared drying of red peppers
Drying
temp.(°C)
60
Organic
70
red pepper
80
60
Conventional
70
red pepper
80
Product

R²
0.9988
0.9987
0.9985

Statistical parameters and model constants
SEE
RSS
k
n
a
b
0.0111 0.0212 0.0022 1.4348 0.9718 -0.0002
0.0115 0.0165 0.0036 1.4326 0.9757 -0.0003
0.0126 0.0153 0.0047 1.4799 0.9731 -0.0003

0.9989
0.9987
0.9987

0.0104
0.0115
0.0116

0.0186
0.0165
0.0134

0.0022
0.0036
0.0045

1.4235
1.4239
1.4788

0.9738 -0.0003
0.9808 -0.0003
0.9753 -0.0003

3.3. Effective moisture diffusivity
All drying processes for both organic (OSRP) and conventional sweet red pepper (CSRP) samples occurred
mainly in the falling rate period as shown in Figure 2. Therefore, it may be modeled as a diffusion-controlled
process. The effective moisture diffusivity (Deff) values for different drying temperatures (60, 70, 80°C) are given
in Table 4.
Table 4. Effective moisture diffusivity for organic and conventional sweet red peppers
Product
Organic
red pepper
Conventional
red pepper

Drying
temp. (°C)
60
70
80
60
70
80

Linear equation
y = -0.000474x + 0.643317
y = -0.000679x + 0.692900
y = -0.000890x + 0.591254
y = -0.000468x + 0.653068
y = -0.000677x + 0.704413
y = -0.000879x + 0.651015
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D0 (m2 s-1)

Deff (m2 s-1)
-4

1.4963×10

1.4964×10-4

21.56×10-10
30.88×10-10
40.48×10-10
21.29×10-10
30.79×10-10
39.98×10-10

R2
0.947
0.953
0.953
0.942
0.945
0.955
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It was found that the Deff values of the pepper samples were remarkably influenced by drying temperature.
Increasing the drying temperature accelerated the water molecules inside the product leading to higher vapor
pressure, faster evaporation and rapid reduction in product moisture content, resulting in higher Deff values. This
result is in good agreement with previous studies on drying of red pepper (Thuwapanichayanan et al., 2011;
Darvishi, et al., 2013; Tunde-Akintunde et al., 2014; Deng et al., 2018; Soysal et al. 2018).
Depending on the drying temperature, the Deff values of OSRP and CSRP samples ranged from 21.56´10-10 to
40.48´10-10 m2s-1 and from 21.29´10-10 to 39.98´10-10 m2s-1, respectively (Table 4). The Deff values of the OSRP
samples were found slightly higher than those of the CSRP samples. The Deff values were comply with the drying
coefficients of Midilli model and drying rate data and both of them followed the similar trajectory. Similar findings
were reported for red pepper by Cao et al. (2015). Sablani et al. (2011) conducted hot air drying experiments at
65°C to compare the Deff values of organic and conventional berries. They reported that the organic fruits had
higher Deff values as compared to conventional fruits whereas the trend was reverse for other fruit varieties.
The pre-exponential factor of the Arrhenius equation (D0) was predicted as 1.4963×10-4 m2s-1 and 1.4964×10m s for the OSRP and CSRP samples, respectively (Table 4). The D0 value denotes moisture diffusivity when
temperature goes to infinity. Greater D0 value means the weaker resistance to the diffusion (Turhan et al., 1997).
D0 value of OSRP and CSRP samples was found almost the same. This suggests that both pepper samples showed
almost same resistance to the moisture removed in the product as a result of infrared drying process. The Deff values
obtained in this study lay in general within the range of 10-11-10-9 m2s-1 as previously reported for various biological
materials (Saravacos, 1986; Rizvi, 1986; Madamba et al., 1996; Maskan et al., 2002; Wang et al., 2007; Kumar et
al., 2011). They were also found to be very similar (Cao et al., 2016) and higher (Deng et al, 2018; Soysal et al.,
2018) than the published data for red pepper given in Table 5. The differences might be due to drying conditions,
type and scale of drying equipment, proposed model used for calculation, physico-chemical properties of the
product such as type, composition, tissue characteristics, thickness, cultivar and ripening stage and other
uncontrolled parameters (Sanjuán et al., 2003; Darvishi et al., 2014; Deng et al., 2018).
4

2 -1

Table 5. Comparison of data of the present study and the previous studies

Product and drying method

Drying
temp. (°C)

Deff
Ea
Reference
(x10-10 m2s-1) (kJ mol-1)

Organic red pepper-sliced, infrared
Conventional red pepper-sliced, infrared

60-80
60-80

21.56-40.48
21.29-39.98

30.85
30.87

Present work
Present work

Red pepper-whole, infrared drying
Red pepper-whole, infrared assisted hot air
Red pepper-sliced, infrared

60-80
50-80
50-70

15.8-37.8
1.75-8.97
0.61-1.26

42.67
50.90
33.50

Cao et al., 2016
Deng et al., 2018
Soysal et al., 2018

3.4. Activation energy
Activation energy (Ea) defines the minimum energy required to initiate moisture diffusion from a product
(Kadam et al., 2011) and the sensitivity of diffusivity against temperature (Turhan et al., 1997). This means that
the greater the Ea values, the more sensitivity of the diffusivity to the drying temperature. Ea values were calculated
from the slope of the Eq (4) by plotting ln(Deff) versus 1/T (slope=Ea/R). The Ea values were computed as 30.85
kJ/mol for the OSRP and 30.87 kJ/mol for the CSRP samples (Table5). These Ea values were within the range of
12.7-110.0 kJ/mol which is reported for most agricultural products (Zogzas et al., 1996) and the Ea values for red
peppers reported in different studies (Table 5). The closeness of Ea values shows that the organic pepper is as
sensitive as the conventional pepper to infrared drying temperature and furthermore, organic or conventional
growing practices of the same variety product did not significantly alter the Ea values. This result is also
conforming to the profiles of moisture content versus drying time and drying rate versus moisture content, the
drying coefficient data of Midilli model, Deff and D0 values.
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3.5. Color quality assessment
The color data were presented in Table 6 as the means of seven independent measurements for each sample.
The mean L*, a*, b* and a*/b* color values of fresh organic sweet red pepper (OSRP) samples were 30.93, 24.10,
22.34, 1.08 while the values for the conventional sweet red pepper (CSRP) samples were 30.18, 25.29, 21.81, 1.16
which relates to matte red color (Table 6). The L*, a* and b* values of fresh OSRP and CSRP samples were almost
identical (p<0.05). On the other hand, the a*/b* ratios of fresh OSRP and CSRP samples were significantly
different (p<0.05) which means that the color of fresh CSRP samples was deeper in red compared to OSRP.The
L* values of the dried samples were remarkably higher than the fresh samples which denotes that the infrared dried
pepper powders were in lighter red color than the fresh ones (p<0.05). The L* values of both OSRP and CSRP
samples were significantly enhanced at higher drying temperatures resulting in lighter product colors (p<0.05).
Similarly, except the a* value of the CSRP sample dried at 80°C, the a* and b* values of the dried samples were
significantly higher than the values of the fresh samples. Similar findings regarding L*, a* and b* values were
reported by Nasiroglu and Kocabiyik (2009) and Keskin et al. (2018). Kim et al. (2004) and Topuz at al. (2011)
reported that the red color intensity which mainly originates from ketocarotenoids, capsanthin and capsorubin
formed during ripening of the pepper was used as a primary criterion in the evaluation of the quality of paprika.
Moreover, Soysal et al. (2005) and Ergunes and Tarhan (2006) suggested that the red pepper with higher brightness
and redness and mild yellowness values can be considered as more favourable and marketable products in view of
color quality. Regarding the differences in color parameters (Table 7), a positive correlation was found between
the infrared drying temperature and ΔE* and ΔL* values. The highest ΔE* value was found for the CSRP samples
dried at 80°C while the lowest ΔE* was obtained for the OSRP samples dried at 60°C. Beside this, higher infrared
drying temperatures produced brighter red pepper powder color which is more preferable by consumers (Table 6).
Table 6. Effect of infrared drying temperatures on the color parameters of sweet red peppers
Product type
Organic
red pepper
Conventional
red pepper

Drying
temp. (°C)
Fresh
60
70
80
Fresh
60
70
80

L*

a*
a

30.93±0.02
52.69±0.81b
54.33±0.85c
57.10±0.84d
30.18±0.02a
57.06±0.87b
57.58±0.73b
59.26±0.80c

b*
a

24.10±0.03
34.22±0.76d
32.69±0.80c
27.94±0.40b
25.29±0.04a
31.58±0.66c
30.64±0.55b
25.31±0.74a

a*/b*
a

22.34±0.06
40.34±0.82b
41.16±0.90bc
41.82±0.90c
21.81±0.06a
40.14±0.57c
39.96±0.38bc
39.55±0.68b

1.08±0.00b
0.85±0.01c
0.79±0.03d
0.67±0.02f
1.16±0.00a
0.79±0.03de
0.77±0.02e
0.64±0.02g

Different letters in same column for organic and conventional peppers indicate significant differences (p<0.05)

The color redness and brightness parameters of the infrared dried pepper powders did not decrease but
remarkably improved as compared to fresh product (Table 7).
Table7. Effect of infrared drying temperatures on the difference in color parameters of sweet red peppers
Product type
Organic
red pepper
Conventional
red pepper

Drying
temp. (°C)
Fresh
60
70
80
Fresh
60
70
80

ΔL*

Δa*

Δb*

ΔE

a*/b*

21.76±0.81a
23.40±0.85b
26.17±0.84c
26.88±0.87cd
27.40±0.73d
29.08±0.80e

10.12±0.76f
8.59±0.80e
3.84±0.40b
6.29±0.66d
5.35±0.55c
0.02±0.74a

17.99±0.82ab
18.82±0.90bc
19.48±0.90c
18.33±0.57ab
18.15±0.38ab
17.74±0.68a

30.00±1.17a
31.25±0.97b
32.85±1.15c
33.15±0.87cd
33.30±0.71cd
34.07±0.94d

1.08±0.00b
0.85±0.01c
0.79±0.03de
0.67±0.02f
1.16±0.00a
0.79±0.03de
0.77±0.02e
0.64±0.02g

Different letters in same column for organic and conventional peppers indicate significant differences (p<0.05)

Considerably higher changes in Δa* values for both OSRP and CSRP powders were obtained at lower drying
temperatures (Table 7). The improvement in the redness of the infrared dried OSRP samples were higher compared
to CSRP samples. Whereas the change in yellowness (Δb*) values remained at a very limited level compared to
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the changes in redness (Δa*) values. It is clear that increasing the drying temperature caused significant decrease
in the a* values of dried peppers (Table 6). In addition, increasing the drying temperature increased the b* values
of the OSRP powders while significantly reducing the b* values of the CSRP powders (p<0.05). This resulted in
a*/b* ratios of dried OSRP powders being higher than CSRP powders. Thus, the a*/b* ratio given in Table 6 can
be used to decide the best drying treatment for color quality. The highest a*/b* ratio was obtained in OSRP samples
dried at 60°C. No significant difference was found among the a*/b* ratio of CSRP samples dried at 60 and 70°C
and OSRP samples dried at 70°C. Hence, infrared drying at 60°C and 70°C can be evaluated as the acceptable
drying applications in terms of color quality since they gave the nearest redness to yellowness ratios and higher
brightness values as compared to the color parameters of fresh peppers which are desirable for the production of
high quality dried sweet red pepper.
4. Conclusions
This research was carried out to compare the infrared drying characteristics of organically and conventionally
produced sweet red peppers and to select the best drying application with respect to color quality. The results showed
that the entire drying process for both organic (OSRP) and conventional sweet red peppers (CSRP) took place mainly
in falling rate period. Increasing the drying temperature decreased the drying time considerably. Although the average
drying time of CSRP samples lasted about one minute longer than OSRP, this difference was not statistically significant.
Among the eleven models included in the study, the Midilli model gave the best fit for all data points for OSRP and
CSRP samples. As expected, the drying coefficient k increased with the increase in the drying temperature.
The effective moisture diffusivity (Deff) values of the OSRP samples were found slightly higher than those of the
CSRP samples. The activation energies (Ea) were computed as 30.85 kJ/mol for the OSRP and 30.87 kJ/mol for the
CSRP samples. Both pepper samples showed almost same resistance to the moisture removed in the product as a result
of infrared drying process. Growing practices (organic or conventional) of the same variety red peppers did not alter
much of the profiles of moisture content versus drying time and drying rate versus moisture content, the drying
coefficient (k) data of Midilli model, effective moisture diffusivity and activation energy values all of which followed
the similar trends. The OSRP samples dried at 60°C had the highest redness to yellowness ratio which denotes the
deeper in red color. No significant differences were found among the redness to yellowness ratio of CSRP samples
dried at 60°C and 70°C and OSRP samples dried at 70°C.
Consequently, infrared drying at 60°C and 70°C can be evaluated as the acceptable drying applications in terms of
color quality since they gave the nearest redness to yellowness ratios and higher brightness values as compared to the
color parameters of fresh peppers, which is desirable for the production of high quality dried sweet red pepper powders.
Infrared drying at 70°C resulted in about 22% savings in drying time and could be used to produce high quality organic
or conventional sweet red pepper powder with better color quality.
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