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Vanilla (Vanilla planifolia Andrew) is a plant that has high
economic value; the plant is oriented for export. Postharvest
handling is necessary to produce good quality vanilla; One of

g:i\i/nv;ords : them is the drying process. This study aims to measure the drying
Hybrid postharvest, time of vanilla, measure the decrease in moisture content, and

Vanilla. analyze the efficiency of drying wet vanilla using a rack-type
hybrid dryer. The research was conducted with three treatments,
namely: drying using solar energy, drying using electrical energy,
and drying using solar energy and electrical energy (hybrid).
Based on the results of the study, it was found that drying using
solar energy, drying using electrical energy, and drying using
solar energy and electrical energy (hybrid) took 15 days, 17 days,
and 13 days, respectively. The initial moisture content of drying
is about 91.25% which decreases to about 32.44% at the end of
drying. The efficiency of the three treatments was 6.39%, 1.58%,
warjil978@gmail.com and 0.92%, respectively.

*Corresponding Author:

1. INTRODUCTION

Vanilla (Vanilla planifolia Andrew) is one of the plants that is oriented to export because it
has quite a high economic value (Condro, 2017; Makki & Subairi, 2020). Vanilla is
nicknamed “green gold” because of its very high price. Indonesian vanilla has been known
for a long time in the international market as a Java vanilla bean (llham et al., 2004). The
area of vanilla plantations in Indonesia in 2020 is 9,291 hectares with production 1,412
tons (Direktorat Jenderal Perkebunan, 2021).

Vanilla has various types and benefits in the food sector (Junarli et al., 2017), especially
as a flavoring agent (Atya et al., 2021; Sinha et al., 2008), while in the non-food sector, it is
used as a raw material for perfume (Chandrayani & Natha, 2016; Brunschwig et al., 2009).
The benefits of vanilla combined with honey in the health sector are to increase appetite,
increase endurance and stamina, and improve blood circulation. The delicious aroma of
vanilla can also be used for aromatherapy.

Better process technology and production of derivative products must be prepared to
add value to vanilla processing, anticipate market developments, and open up markets for
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vanilla-based products. This condition must be maintained and even improved. The
right strategy is needed to support the development of vanilla in Indonesia so that the
productivity level of vanilla plants and farmers' income are always in good and
sustainable conditions. The drying process is a very critical post-harvest stage because
it can affect the quality (Agustina et al., 2016; Waluyo et al., 2021). One of them is the
drying process used to dry the vanilla so that the shelf life and quality of the vanilla
become better and last longer.

Drying is a process of reducing the water content of materials by using heat energy.
The drying process that is generally carried out by the community to dry agricultural
products is using direct sunlight (sun drying). This drying process has many drawbacks
such as the drying process depends on the weather, requires a large drying area, the
dried material is easily contaminated with dust and dirt, and many of the drying
products are scattered. Sun drying or sun drying provides a less stable temperature
during the drying process (Lestari et al., 2020a). The difference in temperature and
humidity during the day and at night is too high (Safrina et al., 2019), even morning
temperatures are different from those during the day (Nino & Neonbeni, 2020). Based
on this, artificial drying is needed which is drying using technology in the form of
mechanical devices (Putra et al. 2018). This artificial drying not only uses sunlight as a
heat source to dry materials but can also be combined with electrical energy, fuel oil,
biomass, and gas (Warji & Tamrin, 2021; Suhendar et al., 2017). Drying using a dryer
produces better quality than drying directly in the sun.

The shelf-type hybrid dryer is one of the dryers that can be used to dry vanilla.
Drying using a hybrid system utilizes solar thermal energy with the addition of other
energy sources (electricity, biomass fuel, coal, etc.). This study aims to measure the
drying time of vanilla, measure the decrease in water content, and analyze the drying
efficiency of wet vanilla using a rack-type hybrid dryer.

2. MATERIALS AND METHODS

This research was carried out from January to March 2022 at the Agricultural
Engineering Power and Equipment Lab. and the Post-Harvest Bioprocess Engineering
Lab. at the Department of Agricultural Engineering, Faculty of Agriculture, University of
Lampung. The tools used in this study were stoves, pans, rack-type hybrid dryers, lux
meters, kWh meters, cameras, ovens, cups, thermometers, digital and analog scales.
The material used in this research is wet vanilla. The rack-type hybrid dryer is
presented in Figure 1.

Figure 1. Rack-type hybrid dryer (Warji & Tamrin, 2021)
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2.1. Design of Experiment

Drying process was conducted using different energy sources, namely solar energy,
electrical energy, and hybrid (combination of solar and electrical energy). Each
treatment was performed using 7 kg of wet vanilla pods with two replications. The
stages of the research are presented in the flowchart of Figure 2.

Preparation of vanilla in the form of wet pods
(7 kg per weatment with 2 replications)

{

Withering of vanilla pods by
immersing them in water at
63+C-65°C for 2-3 min.

v

WVanilla pods were fermented at
38°C-40°Cfor24 h.

v

Measursment of nitial
mazs and moisture content

v

Drying process
l l

Using solar Using Using hybrib
ENETEY electrical energy (solar +
ENETEV electrical)

Einizh

/ Dried Vanilla (moisturs content 30-33%5) /

Figure 2. Flowchart of research steps

2.2. Research Parameters

Parameters measured include (1) drying temperature, (2) drying time, and (3)
electricity consumption. Parameters observed for efficiency analysis include (4) water
vapor load, (5) drying rate, (6) measurement of moisture content, (7) source energy
(input), (8) energy utilized (output), and (9) drying efficiency.

a. Drying Temperature

Drying air temperature measurements were carried out using a thermometer placed
inside the device on each shelf and a thermometer outside the device to determine the
ambient temperature, and observed every hour.

b. Drying Time

Drying time is the time needed to dry the vanilla, starting when the appliance is
exposed to sunlight or when the electricity is turned on until the desired vanilla
moisture content is reached, namely 30% - 35%.

c. Electrical Energy Consumption
Electrical energy consumption is measured using a kWh meter. The consumption of
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electrical energy is used to calculate the efficiency of using electrical energy.

d. Water Vapor Load
The load of water vapor (W,a.por) Was calculated as:

(1—M,) x Initial Weight (kg)
(1) (1)

W, apor = Initial weight (kg) —

where W,.por is Water vapor load (kg H,0), M, is initial water content (% wb), M is final
water content (% wb).

e. Drying Rate
Drying rate (M) over drying time of t (hour) is presented in (kgH,O/h) and was
calculated according to the following equation :

) anpor
M= Mo @)

f. Water Content
Water content (M) was calculated from initial mass (my,) and final mass (my) of
sample according to the following equation:

M= Mpy — My (3)

Myp

g. Energy Source (Input)
Input energi (Q;,) utilized during drying was calculated from consumed electricity
through:

Qin = P (KW) x Yt (h) (4)

where P is electricity power (W).

Meanwhile, input energy from solar (Q,,,) was calculated through equation 5 (Nursanti,
2010):

Qun =T X TXAXE (5)

where Qs,, was expressed in (kl), / is solar radiation flux (watt/mz), T is transmissivity of
polycarbonate (90%), and A is aperture area (m?®). The value of solar radiation was
calculated by converting the results of measurements using a lux meter and converted
to W/m? unit.

h. Energy Utilized (Output)
The amount of energy utilized during drying can be calculated by the equation (Taib,
1988):

Q=0+ @, (6)
where Q is the amount of heat used to heat and evaporate the water of the material

(kJ), Q1 is amount of heat used to evaporate the water of the material (klJ), and Q, is
amount of heat used to heat the water material (kJ).
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Ql = M{’apor X th (7)

with Wyap0r is water vapor load (kg H,0), and Hj, is latent heat of water (kJ/kg). The
latent heat value of water is temperature dependent and can be calculated by the
following equation:

Hy, = 2.501— (2361 x1073) x T x 1000 (8)

where T is the temperature in the drying chamber (°C) (Hartanto et al., 2011).

Qy=m x Cp X A (9)

with m is mass of dried material (kg), Cp is specific heat of material being dried
(kJ/kg °C), and DT is material temperature rise (OC).

i. Drying Efficiency

Drying efficiency (Eff) was calculated based on the comparison between the amount of
energy to evaporate the water of the material with the source energy from electricity
and solar energy, using the equation:

Eff = % X 100% (10)

where Q. is energy used to evaporate water and heat the material (kJ), and Q;, is
energy from energy sources that enter the drying chamber (k).

2.3. Data Analysis

Data from observations and calculations in the form of drying rate, changes in moisture
content, drying temperature, energy consumption, equipment capacity and drying
efficiency were analyzed using Microsoft Excel, presented in tables and graphs.

3. RESULTS AND DISCUSSION

3.1. Drying Temperature

Based on testing with solar energy, the highest recorded temperature was 65 °C, while
the lowest temperature was 25 °C. The average temperature is 43.2 °C. Drying
temperature fluctuations with solar energy are strongly influenced by the intensity of
sunlight; the temperature in the morning is lower than the temperature in the
afternoon.

Based on testing using electrical energy, the highest temperature is 44 °C, while the
lowest temperature is 26 °C. While the average temperature is 35.4 °C. The average
ambient temperature is 26.2 °C.

Based on testing with hybrid energy, the highest temperature was 652C, while the
lowest temperature was 27 °C, and the average temperature was 41.29 °C. The
average ambient temperature in this test is 26.38 °C. The distribution of drying
temperatures is presented in Figure 2. The average temperature of this hybrid is higher
than drying with electric heating but lower than drying with electricity.

Drying using solar energy has a higher temperature than testing using electric and
hybrid energy; this is because at the time of testing using a sun dryer, it was only
carried out during the day, namely for 7 hours per day (from 09.00 WIB to 16.00 WIB)
and no drying and temperature measurements were carried out at night. While hybrid
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and electric drying using a hybrid dryer are carried out 24 hours per day; specifically for
drying with electricity during the day is placed indoors so that it does not get additional
energy from the sun so that the average drying temperature is lower. While hybrid
drying gets solar heating and additional electrical energy; the daytime temperature
was the highest of the other two treatments but on average in the afternoon, evening,
and morning it was lower than the sun drying treatment. This causes the average
hybrid drying temperature to be lower than drying with solar energy alone.

70
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Temperature {oC)

10

0
0 1000 2000 3000 4000 5000 6000 7000 8000
Time (minutes)

Sun Electric Hybrid
Figure 2. Drying temperature for different drying modes

3.1. Moisture Content and Drying Time

The results of the water content test showed that the fastest decrease in water
content was found in tests using solar energy and electrical energy (hybrid), followed
by testing using solar energy, and testing using electrical energy. The initial moisture
content of the three was 92.07%, 90.48%, and 91.91% then decreased to 32.86%,
31.61%, and 32.82% at the end of drying respectively (Figure 3). The results of the
drying of the three have met the requirements for the drying water content of vanilla
pods; The condition for the moisture content of dry vanilla pods is 25-38% (Anandito et
al., 2010; BSN, 2022).
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Figure 3. Graph of the decreasing water content of vanilla under different drying
modes

The decrease in water content on drying vanilla is very slow because the vanilla

pods are pod-shaped and the water content in the wet vanilla pods is very high; the
initial moisture content is an average of 91.25%. Decreasing the water content should
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be done slowly; slow drying cannot be done with flash drying. A rapid decrease in
moisture content requires high temperatures; this causes the surface of the vanilla pod
to dry quickly but the water content inside the pod is still high (Wibisono & Djoowasito,
2005).

Drying time testing using solar energy, testing using electrical energy, and testing
using solar energy and electrical energy (hybrid) were 360 hours (15 days), 400 hours
(17 days), and 312 hours (13 days), successively. The average drying temperatures of
the three tests were 21 °C, 35.35 °C, and 41.29 °C, respectively; with the ambient
temperature of the three was 30.29 °C, 26.19 °C, and 26.60 °C, respectively.

The drying process using a hybrid dryer can be carried out continuously or
continuously so that vanilla drying can run faster than drying using solar heat; although
drying in the sun has a higher temperature, it can only be done during the day. Hybrid
drying is faster than electric drying because the hybrid drying temperature is higher
than electric drying even though the time is the same continuously day and night.

Meanwhile, the problem with drying vanilla using solar energy is that the vanilla
drying process is very dependent on the weather during the drying process; this is in
line with the constraints of drying cassava chips using sunlight (Warji & Tamrin, 2021).

3.2. Drying Rate

The drying rate of vanilla is presented in Table 1. The results showed that the amount
of water evaporated during the drying process using solar energy was 4.121 kgH,0 so
the drying rate of wet vanilla in drying using solar energy was 0.0114 kgH,O/h. For
drying materials using electrical energy, the vapor load of evaporated water is 4.136
kgH20, so the drying rate is 0.0103 kgH,0/h. While testing the material using electrical
and solar energy (hybrid) the vapor load of the evaporated water is 4.145 kgH,O so
that the drying rate is 0.0133 kgH,0/h.

Table 1. Drying rate under different drying modes

. W,yapor Average Drying .
Drying Mode (kgH:O) Temperature (°C) Drying Rate (kgH,0/h)
Sun 4.121+0.038 43.21+0.396 0.0114+0.00011
Electric 4.13610.141 35.35+1.206 0.0103%£0.00035
Hybrid 4.145%0.059 41.29+0.588 0.0133+0.00019

The results showed that the higher the temperature used and the more energy
distributed, the faster the drying rate. According to Winarno (1995) that the higher the
drying temperature, the faster evaporation occurs, so that the water content in the
material is lower.

3.2. Source Energy (Input)
Vanilla drying is carried out using two sources of heat energy, namely solar thermal
energy and electrical energy. The solar radiation value obtained in the drying process is
336.38 W/m?. The energy produced in drying with materials using solar thermal energy
is 833,700.18 kJ. The resulting solar energy is 208,740.18 kl. The drying process uses
sunlight in this dryer using a fan to remove moisture from the drying chamber. The
amount of electrical energy needed by the driving fan is 624,960 kJ.

Drying using electrical energy for 400 hours produces energy of 935,776.8 kJ.
Meanwhile, drying using solar energy and electricity (hybrid) for 312 hours produces
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1,974,024.1 k) of energy, with 494,280.1 kJ of solar energy and 1,479,744 kJ of
electrical energy.

Based on research that has been carried out, the greatest energy during the drying
process is found in drying using electricity and solar energy (hybrid). This is because in
hybrid drying the drying process uses two energy sources, namely electricity and solar
energy. Drying time also affects the source of energy in drying vanilla; dry the material
to a moisture content below 35%. The longer the drying time, the more energy is used
(Table 2).

Table 2. Energy sources (Input) under different drying modes

Drying mode Solar energy (kJ) Electrical energy (kJ) Energy input (kJ)

Sun 208,740.18+7305.91 624,960+3,124.80* 833,700.1846,777.75
Electrical 0 935,776.80+7,798.14**  935,776.80+7,798.14
Hybrid 171,679.5845150.39  1,479,74419,485.54** 1,651,423.58+14,635.93

*Energy for fan blower; **Energy for heater and fan blower

3.3. Energy Utilized (Output)

The energy used in drying is divided into two, namely energy to evaporate the water in
the material and energy to heat the material. The energy to evaporate water is
obtained from the multiplication of the water vapor load (W,,por) and latent heat (Hy).
The latent heat obtained from drying with a load using solar energy is 2,429.5 kJ and
the energy to evaporate water in the material is 2,380.91 kJ/kg. Meanwhile, the energy
for heating the material is 93.08 kJ, so the total energy used in the drying process uses
solar energy, which is 2,473.99 k.

The latent heat from drying with a load using electrical energy is 2,439.2 ki/kg, the
energy for evaporating water in the material is 2,244.064 kJ, and the energy for heating
the material is 66.12 kJ so that the total energy needed in drying uses electrical energy
of 2,310.184 kJ.

While the latent heat generated from drying with a load using solar energy and
electricity (hybrid) is 2,438.7 kl/kg, the energy to evaporate water in the material is
2,024.121 kJ, and the energy to heat the material is 107.57 kJ so that the total energy
needed in drying using solar energy and electricity (hybrid) is 2,131.691 k.

Drying with materials using solar energy and electrical energy (hybrid) is drying
which has higher total energy compared to other drying modes (Table 3). This is due to
the large amount of water vapor load in the material being removed. Based on
research conducted by Lestari et al. (2020b), the energy required for drying the
material is related to the initial mass of the material, the greater the mass of the
material being dried, the greater the amount of water that must be evaporated from
the inside so that the energy used for drying it will be greater.

Table 3. Energy used (Output)

Drying mode Latent Heat  Energy to vaporize EnergY to heat Energy utilized
(kJ/kg) water (kJ) material (kJ) (Output) (kJ)
Sun 2,429.50 14,625.59 52.52 14,720.11
Electric 2,439.20 14,830.34 66.12 14,896.66
Hybrid 2,438.70 15,046.78 107.57 15,154.35
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3.4. Efficiency

3.4.1. Drying Efficiency

The highest drying efficiency is found in drying with materials using solar energy with
an efficiency value of 6.39% (Table 4). However, having a higher efficiency value
compared to other drying methods is not directly proportional to the speed at which
the water content decreases in the material. The decrease in water content in drying
using solar energy tends to be slower, it even takes quite a long time, namely 15 days
to reduce the water content as desired. This is because drying with solar energy only
uses an effective time of 8 hours per day if the other two treatments use 24 hours per
day. Vanilla drying requires a long drying time, Wibisono & Djoyosumito (2005) stated
that drying using an oven with a temperature of 50 C requires more than 7 days. While
Helmi (2008) states that drying vanilla at room temperature takes 30-45 days and the
process becomes faster if it is dried in an oven, which takes 10 days.

Table 4. Drying efficiency of different drying modes

Drying mode Drying Efficiency (%)
Sun 6.39+0.0073
Electricity 1.58+0.0067
Hybrid 0.9210.0041

All drying efficiency values using a dryer still show results that are less effective for
drying vanilla, with the efficiency value obtained still below 10%. Based on research
conducted by Sari (2014), the low-efficiency value is due to the high intensity of the
sun entering the drying system but not being utilized optimally. The way that can be
done to increase drying efficiency is by rotating the racks during drying so that each
rack is not in the same position from the beginning to the end of drying. This method
has the potential to increase drying efficiency because by rotating the drying rack, the
temperature received by the material will be more uniform (Sains et al., 2020).

The low efficiency of vanilla drying is also caused by the slow drying process of
vanilla; the fast drying process cannot be applied to the vanilla drying process, fast
drying can make the outer vanilla shell harden while the inside of the vanilla is not yet
dry. Only a little of the heat energy provided is utilized to evaporate water vapor. This
condition allows vanilla to be dried using an intermittent system (intermittent drying)
so that the energy required for drying is smaller so that the efficiency becomes greater.

3.4.2. Performance Efficiency

The real capacity of the three tests on the hybrid dryer is 7 kg. The capacity of this
hybrid dryer is 0.7 kg per rack. The maximum capacity of this rack-type hybrid dryer is
6 kg per rack; the hybrid capacity of 60 kg. Drying performance efficiency of 11.67%.
The drying capacity of vanilla can still be increased because the shelf conditions are not
yet optimally filled with vanilla pods (Figure 4) so the efficiency can be increased.
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Figure 4. Spread vanilla pods on a drying rack
4. CONCLUSION

Based on the results of the research that has been carried out, it can be concluded (1)
the average final moisture content obtained in drying vanilla with solar energy after
drying for 15 days is 31.61%, drying with electrical energy after drying for 17 days is
32.82%, and drying with energy solar energy and electric energy (hybrid) after drying
for 13 days by 32.86%; (2) the rate of drying vanilla using solar energy is 0.0114 kgH,0/
h, drying with electrical energy is 0.0103 kgH,0/h, and drying with solar energy and
electric energy (hybrid) is 0.0133 kgH,0/h; (3) the efficiency value of the hybrid dryer
for drying vanilla with solar energy is 6.39%, drying with electricity is 1.59%, and drying
with solar energy and electric energy (hybrid) is 0.92%; (4) the real capacity of the
hybrid dryer for drying vanilla with solar energy is 0.06 kg/hour, drying with electric
energy is 0.01 kg/hour, and drying with solar energy and electric energy (hybrid) is 0.02
kg/hour. O'clock. The maximum theoretical capacity of this rack-type hybrid dryer is 6
kg per rack so in this hybrid drying, vanilla can be added to 5.3 kg per rack to maximize
the capacity of the drying device.
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