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Abstracts: The high moisture content in jalapeno peppers (Capsicum annuum L.) can cause the growth and
reproduction of microorganisms, making processing and long-term storage difficult. The objective of the research is to
evaluate the kinetics of jalapefio pepper drying in a convective dryer. for this reason, the drying of the jalapefio pepper
was carried out in a dryer with hot air at temperatures of 40, 50 and 70°C; obtaining the drying kinetic curves, the drying
time that was 18, 31 and 41 respectively; the effective diffusivity was 2.924E-10m2.s-1 for the temperature of 40°C,
7.521 E-9 m2.s-1 for 50°C and 1.307 E-9 m2.s-1 for 70°C; the degree of correlation (R2) between the moisture content
and the drying time was 0.994 at 70°C with a root mean square error (RMSE) of 0.0429, R2 of 0.990 at 50°C with a
RMSE of 0.0216 and R2 of 0.993 at 40°C with an RMSE of 0.0162, so it is concluded that the criteria for a good
adjustment of the drying model between the experimental temperature, as well as between the humidity rate and the
drying time are met.
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1. INTRODUCTION

The jalapefio pepper of the genus Capsicum is commercially valued by the food industries; the total production
was about 36.1 million tons in the world [1]. They are rich in bioactive compounds (capsaicinoids, gallic acid, caffeic
acid, polyphenols, vitamins C, A, E, B1, B2) [2] [3]. Capsicum is a small genus that includes about 30 species,
among which five are of considerable domesticated and economic importance, nhamely C. annuum, C. chinense, C.
frutescens, C. baccatum and C. pubescens [4] [5]. Preliminary moisture content on a dry basis (db) for fresh
jalapeno peppers ranges from 300-400%, which is extremely high for long-term processing and storage [6].
Therefore, the reduction of moisture in chilies to a safe level of 8 to 9 % (db) becomes mandatory before processing
and storage [7]. The moisture content of fresh produce is reduced through the use of numerous drying techniques.
Among the various drying techniques, hot air circulation around the product is commonly used [8]. Drying is one of
the suitable preservation methods for food products that prevents the growth and reproduction of microorganisms
and results in the reduction of many moisture-mediated spoilage reactions [9].

The jalapefio pepper has been recognized as an excellent source of antioxidants, being rich in ascorbic acid and
other phytochemicals. The drying conditions, in particular the temperature and the drying method, lead to
modifications that can cause quality degradation [10]. The jalapefio pepper is a highly perishable product, since it
has a very short postharvest life, so it is necessary to adopt conservation techniques to prolong the useful life of the
pepper and use it in all seasons [11]. Traditional sun drying is very slow (taking between 7 and 10 days depending
on weather conditions), the final moisture content cannot be controlled, and a relatively low-quality dry product is
obtained. This method has several drawbacks, such as being time consuming, prone to dust contamination, and
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attracting insects. Also, this drying technique is not suitable for countries with a long-wet season and little sunlight
[12]. Drying conditions, including drying air temperature, relative air humidity, air velocity, sample thickness, and
dryer types determine drying kinetics. Drying kinetic models are necessary to improve product quality and optimize
the process [13].

The objective of the research is to evaluate the effect of temperature on the drying kinetics of jalapefio pepper,
to contribute to knowledge in the field of food engineering and the Peruvian national agroindustry with the design of
a new product.

2. MATERIALS AND METHODS
2.1. Experimental Equipment

The drying experiments were carried out using Alimentos Blanik BDA020 convective dryer of chinese origin,
which consisted of a bottom heated hot air controllable electric heater, a centrifugal fan and 5 drying trays. This hot

air dryer was cylindrical, approximately 0.32 m in radius and 0.26 m high, with a voltage of 220 V and a power of
250 Was can be seen in Figure 1.
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Figure 1: Schematic diagram of the tray drying system. (1. Blower; 2. Valve; 3. Relative humidity and
temperature indicator; 4. Heater; 5. Tray column dryer and 6. Automatic thermoregulator)

2.2. Experimental Procedure

18 units of jalapefio peppers were purchased at the Miraflores organic farmers market in Peru in order to reduce
biological and respiratory activities until the time of the experiment, these were placed in a no-frost refrigeration
chamber at a temperature of 4.6-7.2 ° c. [14], then all the peppers were washed and the excess water was
absorbed with paper tissues, then they were allowed to cool to room temperature and finally the width and length of
the jalapefio peppers were measured with the foot of king before further processing. The initial moisture content of
the chili samples was 73 + 0.6% (w.b.) determined by a hot air oven at 105 °C for 12 h. These conditions were
previously reported by (Suvarnakuta, Devahastin, and Mujumdar 2005). Then the jalapefio pepper samples had
different thicknesses and were divided into 3 groups of 6 units with the codes A (A1, Az, Az, As, As 'y As), B (B1, Bz,
Bs, B4, Bs y Bs) and C (Ci, Cz, Cs, Cs, Cs y Ce) that were kept in the Alimentos Blanik BDA020 convective dryer at a
temperature of 70, 50 and 40 °C respectively and in all cases at an air velocity of 1.8 m.st. Moisture loss was
measured periodically with an interval of 60 min of drying with a SARTORIUS analytical balance calculated based
on dry matter (db) [15].
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2.3. Moisture Assessment

The experimental drying data were graphically analyzed in terms of the relationship of humidity with the drying
time. Initially, the experimental drying data, which was measured in terms of moisture content (w.b.), was converted
to dry basis (d.b.). Then, the moisture content on a dry basis was used to calculate the moisture ratio (MR) of the
chili peppers at any time using the following equation;

Mt - Me
MR=—_° 1)
MG - Me

Where MR, Mo, Me y Mt are the moisture ratio, the initial moisture content (d.b.), the equilibrium moisture content
(d.b.) and the moisture content (d.b.) at drying time t (min), respectively [16].
2.4. Effective Diffusivity of Moisture

Fick's second diffusion equation was used to calculate the effective diffusivity, considering constant moisture
diffusivity, infinite slab geometry, and uniform initial moisture distribution [15]:

[+4]
8 1 (2i + 1)2n2D, st
MR = —Z xp [ — (2)
n? L (2i+1)? °xP 412
i=

Where Deff is the effective diffusivity of moisture (m2.s1), L is half the thickness of the samples (m), i is a positive
integer and t is the time (s).

Considering that only the first term of the series is significant, then equation 2 is converted to equation 3 [17].

8 ]ITZDefft
MR ZFexp (— 12 ©))

For long drying periods, equation 2 can be simplified as we noted in equation 4 [18].

8 R—ZDeff (4)
ln(MR) = F— 212 t

By plotting the logarithm of the experimental MR values (InMR) versus the drying time, a straight line with a

2
slope of K = HTDL';& was obtained and Deff was calculated with equation (5) [19].

417K (5)
75 )
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2.5. Activation energy

The activation energy refers to the amount of energy required to initiate the diffusion of moisture during the
drying process. This measurement provides us with information about how temperature influences this process, and
this relationship can be expressed using the Arrhenius equation, identified as equation (6) [20].

D = Dyexp (%) (6)

In this equation, Ea represents the activation energy (in m2.s1), T denotes the absolute drying air temperature in
K, Do stands for the Arrhenius factor (m2.s1), and R corresponds to the universal gas constant (8.314 kJ mol?).
Calculating the activation energy (Ea) involves creating a graph of InDeff as a function of the inverse of temperature
(A/T) [21]

2.6. Statistical Analysis

The correlation coefficient (R2) with equation 7 and the root mean square error (RMSE) with equation 8 were
determined to assess the fit between the model and the experimental data [22]. The highest R? and the lowest
RMSE is what must be met for the model to be optimal [23].

2
R2 1 Iz?r:l(MRp}-g.[‘ - MRexp.i)2:| (7)
1 (MRpre = MRexp,)
N 1/2
1 2
RMSE = IEZ(MR;;}‘G.I' - MRexp.I’) l (8)
i=1

Where MR, — predicted MR; MR,,, — experimental value of the MR.

3. RESULTS
3.1. Drying Kinetics
During the drying of the jalapefio pepper, the weights of the different samples were taken sequentially to build

the graphs corresponding to the drying kinetics by varying the moisture rate (MR) using equation 1, this procedure
will be carried out with the temperatures of 70°C, 50°C and 40°C e.g. Figure 2.
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Figure 2: Drying kinetics of jalapefio pepper temperature vs time, a) 40 °C vs time (h) b) 50 °C vs time (h) ¢) 70°C vs time (h)
3.2. Moisture Rate in Jalapefio Pepper

Then figure 3 was made, containing the results of the Ln(MR) (moisture rate) with respect to time (h) in each
experimental unit with temperatures of 70°C, 50°C and 40°C.
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Figure 3: Variation of Ln(MR) vs drying time (h) of jalapefio pepper, a) Ln(MR) at 40°C vs drying time (h) b) Ln(MR) at 50°C vs
drying time (h) c) Ln(MR) at 70°C vs drying time (h).

Table 2 shows the drying temperature, the drying time, its effective diffusivity, the R? and the RMSE, obtained
after the experimental tests for each sample with its respective code.

Table 2: Variation of drying time of jalapefio pepper (Capsicum annuum L.) with respect to temperature

Group code Temperature Drying time Effective diffusivity (m2.s™?) R?> RMSE E,(kJ.mol?)
A 70°C 18 hours 1.307 E® 0.994 0.0429

B 50°C 31 hours 7.521 % 0990 00216 4%
C 40°C 41 hours 2.924 E° 0.993 0.0162

4. DISCUSSION

Regarding the models that best interpret the drying processes, the drying work of [24] is cited, which used a
temperature of 40 °C, 50 °C and 60 °C for the drying of the Red chili pepper where the R? values were 0.991 with
an RMSE of 0.048, 0.993 with an RMSE of 0.063 and 0.986 with an RMSE of 0.099 for each temperature
respectively and finally the drying of the Green chili pepper in which the R? value at a temperature of 40 °C was
0.998 with a RMSE of 0.032, at a temperature of 50 °C it was 0.993 with a RMSE 0.051 and at a temperature of 60
°C the R? was 0.984 with a RMSE 0.099 having a high R2 and a low RMSE value, as in the research carried out in
this article with the convective drying of jalapefio peppers by hot air where high R? values and low RMSE values
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were obtained with temperatures of 70°C with an R2 0.994 and an RMSE of 0.0429, those of 50°C with an R? 0.990
and an RMSE of 0.0216 and 40°C with an R? 0.993 and an RMSE of 0.0162.

The highest value of moisture diffusivity was 1.307 E°®mZ2.s1 at an air temperature of 70 °C, while the lowest
value was 2.924 E-1°m2.s'1 at an air temperature of 40°C. The Deff range of most food products was between 10-12
and 10-% m2.s! [25]. Many investigations have reported a similar Deff range, as in the investigations by Abiodun et
al., (Okunola et al. 2023) for Water Yam (10° to 108 m2.s'1), Incedayi [19] for red pepper (10 E-®m?2s1), Handayani
et al., [26] for red chilli ranging from 7.204 E-11 to 1.08 E® m2s'! and Hellismar et al. ., [27] for 'Cabacinha’ pepper
fruits (109).

In the research carried out by Rasool et al., [28] it can be observed that the drying speed increases with the
increase in temperature and the reduction of thickness, obtaining as maximum drying time at a temperature and a
thickness of 60 °C, 7 mm, respectively, and a minimum drying time at a temperature and a thickness of 80 °C, 3
mm, respectively. This can be verified in this investigation because the maximum drying time was 41 hours at a
temperature of 40°C and a thickness of 3.4 cm, and the minimum drying time was 18 hours at a temperature of
70°C and a thickness of 2.1 cm.

CONCLUSSIONS

. The effect of temperature on the drying kinetics of the jalapefio pepper was directly related to the
drying time, so that at a higher temperature the drying time is shorter and vice versa.

. The effective diffusivity in the drying of pickled jalapefio pepper varied from 2.924 E-1%m2s1 at 40°C
to 1.307 E®m2st at 70°C using a convection hot air food dryer. What can be indicated is that the higher the
drying temperature, the effective diffusivity is greater.

. The RZ correlation coefficient was also found between the humidity rate or humidity proportion (MR)
observed during the drying of jalapefio peppers with respect to time (h) at temperatures of 70°C, 50°C and
40°C in which R? values of 0.994, 0.990, and 0.993 and an RMS of 0.0429, 0.0216 and 0.0162 respectively
were obtained. Therefore, the criteria for a good adjustment of the drying model between the experimental
temperature, as well as between the moisture rate and the drying time, are met.

. The energy required to carry out the drying process (referred to as activation energy, abbreviated
as Ea) is closely related to the ingredients present, the characteristics of the tissue structure, specific surface
area, diversity, the ripeness level of the products, and even the pre-treatments applied to the samples.
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