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Edamame is included in perishable products or products that
have a fairly short shelf life if post-harvest processing is not
carried out. One of the post-harvest processing methods

fzxwords : commonly used by the community is drying. The purpose of this
Dryirlvg, study was to analyze the drying process of edamame related to
Edamame, the MLRL and ANN models. This study used a completely
Food Dehydrator randomized design (CRD) with three variations of air velocity,

namely 1 m/s, 3 m/s, and 5 m/s. Data collection was repeated
three times every 30 minutes until 330 minutes. Multiple linear
regression (MLR) model training and validation produce accuracy
values of 88.03 and 82.23, and the value of R2 of 0.93 and 0.90.
While the training and validation of the artificial neural network
(ANN) model resulted in accuracy values of 88.34 and 82.15, and
aulia_b@polije.ac.id R2 values of 0.93 and 0.90.

MCorresponding Author:

1. INTRODUCTION

Soybean (Glycine max Mexx) is a food ingredient that has very high vegetable protein, is
safe for consumption and the price is relatively more affordable when compared to animal
protein sources. The protein content in soybeans is 35% and contains vitamins (vitamins A,
E, K and several types of B vitamins) which are good for health. In Indonesia, soybeans are
widely used as raw materials for processed products such as tofu, tempeh, soy milk, soy
sauce and tauco. One type of soybean that has been cultivated in Indonesia is edamame
soybean (Glycine max (L.) Merril) or better known as Japanese soybean (Akmalovna,
2022).

Edamame is included in perishable products or products that have a fairly short shelf
life if post-harvest processing is not carried out. One of the post-harvest processing
methods commonly used by the community is drying. Drying is the process of removing
water from an agricultural material to the equilibrium moisture content with the
surrounding air (An et al., 2022). Drying has many purposes including maintaining the shelf
life of a material and reducing the moisture content of the material to limit the growth of
microbes that can damage the product. In addition, reduced water content can maintain
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quality characteristics such as taste and nutritional value (Wijaya & Hariono, 2020).
The protein content of edamame is more than 40% on averagei, ncluding all the
essential amino acids that are not owned by other food crops. Edamame also contains
high amounts of calcium, so it can strengthen teeth, bones and prevent osteoporosis.
Phytoestrogens contained in edamame can also reduce the risk of heart disease, lower
cholesterol and also reduce pain for post-menopausal women (Hariono et al., 2018).
Edamame in Japanese is commonly referred to as a branched bean and mao dou in
Chinese (hairy bean). This vegetable soybean originated in China more than 2000 years
ago. Edamame is the same species as soybeans (Glycine max (L.) Merrill), but has larger
seeds, a sweeter taste, smoother texture, and is easily digested by the body. These
nutritious nuts taste good and are good for consumption. Edamame contains about
38% protein, and for example in 1.5 cups of edamame there are 11 grams of protein,
while the average adult needs 46-63 grams per day. Edamame is also rich in calcium,
vitamin A, and phytoestrogens (plant-produced estrogens) (Yudiastuti, 2021).

1.1. Drying Rate

In general drying can be interpreted as a reduction in the water content of a food
product. Drying is the process of removing water from an agricultural material to a
moisture content balance with the surrounding air or at a water content level where
the quality of agricultural materials can be avoided from fungal attacks, insect activity
and enzymes (Argo & Ubaidillah, 2020). The main purpose of drying is to evaporate the
water content in the material so that the shelf life of the material becomes longer.
Drying has a mechanism, namely the air in the drying process has a function as a heat
provider to the material, so that evaporation of water will occur. Another function of
the air is to transport water vapor to be released by the dried material. The speed of
drying depends on the speed of the air, if the speed of the air is increased, the drying
will be faster as well. When the final moisture content begins to reach equilibrium, it
will make the drying time also increase or in other words faster. The factors that affect
the drying process are (1) Physical and chemical properties of foodstuffs, (2)
Arrangement of the composition of food ingredients, (3) Physical properties of the
environment around the dryer, (4) The process of transferring from the heating
medium to the material being dried is a two-step process during drying (Kamila et al.,
2019). Drying time determines how long the material is in contact with heat. Since
most foodstuffs are heat sensitive, the maximum drying time should be used, i.e. the
desired moisture content of the final product has been achieved with a short drying
time. Drying with a high temperature and short time can reduce food spoilage more
than a longer drying time and lower temperature. For example, if you are going to dry
beans, drying with a rack dryer at 80 °C for 4 hours will produce dry beans that have
better quality than drying for 2 days (Santos et al., 2020).

Drying rate is the amount of time-based decrease in water content in food which
is much influenced by the physical and chemical properties. It is very important to
analyze the drying rate to determine the process of decreasing the water content that
occurs from the beginning of the drying process until it reaches a constant water
content. Importance drying rate is the basis for developing a rate prediction model
drying. Predictive models can help interpret drying results without the need to do real
experiments in the field (Diaz et al, 2018).

1.2. Artificial Neural Network (ANN)

Networking is an efficient way to map and provide solutions to complex problems.
There are various types of networks that can be built but basically all networks consist
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of two components, namely a set of nodes and the relationship between these nodes
(connections) (Wijaya et al., 2020). One type of network sees these nodes as “artificial
neurons”. This network is called an artificial neural network. An artificial neural
network (ANN) is a computational model and artificial representation of a biological
neural network (brain). This network attempts to simulate the learning process in a
biological neural network (Ojediran et al., 2020). The term artificial is used because this
neural network is implemented using a computer program that is able to complete a
number of calculation processes during the learning process. Artificial neural networks
have been widely used in various fields such as engineering, medicine and finance
(Cabaneros et al., 2019). Application ANN in agricultural engineering research are
increasing in many areas including plant growth modeling (Aji et al., 2020), prediction
rice amylose content (Saputra et al., 2022), prediction of biodiesel yield (Haryanto et
al., 2020), and so on.

Biological neural networks consist of millions of nerve cells in charge of processing
information. Nerve cells will receive signals/information through synapses located in
the dendrites or nerve cell membranes (neurons). Received information that meets a
certain threshold will activate neurons and send a response through the axon  (Sun
et al., 2019). Like biological neural networks, artificial neural networks also
consist of several neurons called nodes and there are connections between these
nodes (Adhitya et al., 2017). These nodes will transform the information received
through the outgoing connection to other neurons. In artificial neural networks, this
relationship is known as weight. In other words, weights have the same function as
dendrites or axons in biological neural networks. Information which is an input will be
processed by a propagation function which will add up the values of all weights and will
be compared with a certain threshold value through the activation function of each
node. If the input passes the threshold, the node will be activated and will send output
to all nodes associated with it (Chokphoemphun, 2018). In an artificial neural network,
the nodes will be collected in layers called node layers. The information provided on
the artificial neural network will be propagated layer to layer, starting from the input
layer to the output layer through another layer known as the hidden layer (Cabaneros
et al., 2019). The propagation process can be either backward or forward propagation
and this process depends on the learning algorithm used on the network (Yudiastuti et
al., 2021).

Several learning methods that are currently known include the hebb rule,
perceptron, delta rule and backpropagation. Among the various learning methods,
backpropagation is the most commonly used learning method (Guiné, 2019). This
learning process is included in the supervised learning method. The learning process
with backpropagation consists of two stages, namely the forward propagation stage
and the backward propagation stage. In the forward propagation stage, the value or
information that enters the input layer will be propagated through the network to the
output layer. The resulting output value is compared with the expected output value so
that the error value is obtained (Sarkar et al., 2021). This error value is then used to
correct the existing weights in the backward propagation stage. This process will
continue to repeat until a certain condition becomes a condition for stopping the
learning process (Kaveh et al., 2018). This condition can be in the form of an error value
or a certain number of iterations which if it has been achieved means the learning
process has been completed (Liu et al., 2020).
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2. MATERIALS AND METHODS

The research was carried out during March-July 2022 at the Politeknik Negeri Jember,
Indonesia. This study used a completely randomized design (CRD) with three variations
of air velocity, namely 1 m/s, 3 m/s, and 5 m/s. Data collection was repeated three
times every 30 min until 330 min.

2.1. Materials and Equipment
The equipment used in this research is a rack type food dehydrator, thermometer gun,
digital scales, and thermocuples. The food dehydrator is designed to use iron as the
main ingredient with a 1500 Watt electric heater as its heating power. The dimensions
of this dryer are 70 cm x 80 cm x 80 cm for the rack and 100 cm for the height of the
iron frame with a drying temperature of 40°C-60°C for 6—8 hours according to the
object of the material being dried. The fan mounted on the dryer as a hot air blower
measures 16 inches with a power of 18 Watts with adjustable speeds of 1,3 and 5 m/s.
The material used is fresh edamame which has been ground as much as 2,400
grams for three repetitions of drying or 800 grams for each drying process. The fresh
edamame as the research sample was obtained from the Tanjung market, Jember
Regency with a moisture content of 73-78% material.

2.2. Determination of Moisture Content

This analysis begins by finding the total water content of the material first using the
thermogravimetric method. This method is done by inserting a sample of 3 grams
(milled edamame) into the oven for 24 hours at a temperature of 105°C with three
replications. The water content of edamame is the moisture content of the wet basis
which is calculated by Equation 1 :

Wo—Wr

with My = fresh edamame initial moisture content (%); W, = weight before oven
(grams); and Wt = weight after oven (grams).

2.3. Material Drying

The parameter measured in this study was the weight of ground edamame (Wt) at
each measurement time (30 minutes). Sample dried by forced convection by blowing
hot air with a temperature of 70°C and the air rate in the drying chamber has three
variations, namely 1, 3 and 5 m/sec from the data of the SATO brand anemometer,
SK27V (0-40 m/s). Weighing of the material was carried out every half hour to
determine the weight of the water lost and stops when the dry sample weight reaches
a constant condition and does not decrease in weight or in this study up to 6 hours.
Edamame drying was carried out nine times, namely three repetitions at three
variations of air velocity in drying.

2.4. Statistic Analysis

Statistical analysis was carried out on the average value of the sum of the drying rate
values for each measurement time (30 minutes) on three replications in each variation
of the drying air rate. Statistical analysis used is a one-way test of variance with a level
99% significance and will proceed to Duncan Multiple Range Test (DMRT) if it is proven
to be significantly different.
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2.5. Development of Multiple Linear Regression (MLR) Model

The MLR model was made to obtain a linear equation between the drying time variable
and the air rate in the drying chamber as the independent variable and moisture
content as the dependent variable. The linear equation formed from the MLR model is
as in Equation 2.

y=ax; +bx; +k (2)

where y = water content value (%); x; = drying time (hours); x, = drying air speed (m/s);
a = coefficient of x4; b = coefficient of x,; and k = equation constant.

2.6. Artificial Neural Network (ANN) Model Development

The ANN model was made to obtain a non-linear equation between the variable drying
time and drying air rate as the independent variable and moisture content as the
dependent variable. The ANN model developed as shown in Figure 1 is a
backpropagation type ANN with a supervised training method.

Hidden Hidden
layer 1 layer 2

Drying time
— % Moisture
content

Dryer air rate
—_—

Figure 1. ANN architecture for drying rate prediction

The network architecture used is 2-2-2-1, which means 2 input nodes, 2 hidden
layer 1 nodes, 2 hidden layer 2 nodes, and 1 output node. The type of network training
used is trainlm (Levenberg Marquardt) with a network learning rate of 0.01 and an
iteration of 1,000 times.Variation of activation function is a combination of activation
function logsig and tansig in the ANN architecture. the activation functions that were
trained and tested amounted to eight variations, namely logsig-logsig-logsig, logsig-
tansig-logsig, tansig-tansig-logsig, tansig-logsig-logsig, tansig-logsig-tansig, tansig-
tansig, logsig-tansig- tansig and logsig-logsig-tansig.

2.7. Model Validation
MLR model and the ANN model were tested for accuracy with the Mean Absolute
Percentage Error (MAPE) value and the coefficient of determination (R%). The MAPE
test as in Equation 3 is a test to measure the performance of the model by measuring
the magnitude of the estimation error percentage between the observed value and the
predicted value. The lower the MAPE value, the more accurate the model.

0;—F;

MAPE =137, [O—} % 100% (3)

Accuracy = 100% — MAPE (4)
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3. RESULTS AND DISCUSSION

In Figure 2 it can be seen that the greater the air velocity in the drying chamber used in
this study, the greater the decrease in water content. The water content used at the
beginning of the test at each drying air rate (1, 3, and 5 m/s) and use temperature 70
°C was 74.12%. The rate of decrease in water content in the three drying air rates
moves exponentially which shows a rapid decrease in the first two hours and then
moves slowly until it reaches a constant moisture content.

Q0
80 :l
70 =
60 1
= 50 4
£
U 40 —8—1m/s
-]
30 4 —8—3m/s
20 A 5 mys
10 1
0 — T — — — — T

0 30 60 90 120150 180 210 240 270 300 330 360

Time (minute)

Figure 2. Drying rate on variations of drying air rate

The above data is continued to find the standard deviation of each treatment. In
Figure 3, it can be seen that each treatment gave a different final result of water
content. at drying air rates of 1, 3 and 5 m/s the final moisture content of the material
was 22%, 17% and 13%, respectively.
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Figure 3. Interpretation of standard deviation values for all variations

3.1.Multiple Linear Regression Model (MLR)

Multiple Linear Regression Model (MLR) is a development of the Simple Linear
Regression Model which only uses one input variable and not non-linear regression
such as exponential regression or logarithmic regression. The amount of data for the
development of the MLR model uses a proportion of 2:1, namely 2/3 data for training
or 66 data and 1/3 data for testing or 33 data. The MLR model developed from the
training data can be seen in Equation 5 and the graph of observations vs predictions
from the training results can be seen in Figure 4.

y =-0,17x; - 1,48, + 78,51 (5)

where y = moisture content (%); x1 = drying time (minutes); x2 = air drying rate (m/s).
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The P-values of x4, X,, and intercept of 1.3x10°°, 4.3x10™*, and 9.4x10° respectively
that means significant because under the standard value of 0.05. The equation that
have been build eligible to predict the moisture content from drying time and air drying
rate from soybean drying.

pred (%)

obs (%)

Figure 4. Observations vs. predictions on the results of the MLR model training (the
shaded area is in the range of +3.71% of the return)

The mathematical equation function of the MLR is used for validation so that the
accuracy of the model can be known. The graph of observations vs predictions from the
validation results can be seen in Figure 5.

100
80

60

pred (%)

40

20

0 20 40 60 80 100
obs (%)

Figure 5. Graph of observations and predictions on the results of testing the MLR model
(the shaded area is in the range of £3.71% of the return)

3.2. Artificial Neural Network (ANN) Model

The Artificial Neural Network (ANN) model data was also developed with the same data
as the model development data MLR. The developed ANN model is backpropagation
type ANN with supervised training method. The network architecture used is 2 input
nodes, 2 hidden layer 1 nodes, 2 hidden layer 2 nodes, and 1 output node. The results
of the development of the ANN model can be seen in Table 1 which shows that the
activation function purelin-purelin-purelin is the best activation function that produces
the largest accuracy and R® value. Observation vs prediction graphs from training
results and data validation results are shown in Figures 6 and 7.
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Table 1. Comparison of the results of training and validation of the ANN model for
various activation functions

L. . Training Test
Activation functions 3 2
Accuracy R Accuracy R

logsig-logsig-logsig 89,95 0,95 77,85 0,86
logsig-logsig-purelin 90,00 0,95 77,72 0,86
logsig-logsig-tansig 89,99 0,95 77,75 0,86
logsig-tansig-logsig 89,96 0,95 77,74 0,86
logsig-purelin-logsig 89,66 0,95 77,78 0,86
tansig-logsig-logsig 89,98 0,95 77,83 0,86
purelin-logsig-logsig 89,67 0,95 77,77 0,86
tansig-tansig-tansig 89,87 0,95 78,01 0,86
tansig-tansig-purelin 89,98 0,95 77,88 0,86
tansig-tansig-logsig 89,67 0,95 77,78 0,86
tansig-purelin-tansig 89,83 0,95 77,66 0,86
tansig-logsig-tansig 88,56 0,94 81,76 0,90
purelin-tansig-tansig 89,06 0,94 81,38 0,90
logsig-tansig-tansig 47,26 -0,04 42,92 -0,33
purelin-purelin-purelin 88,34 0,93 82,15 0,90
purelin-purelin-tansig 86,89 0,91 79,02 0,85
purelin-purelin-logsig 88,71 0,93 81,13 0,88
purelin-tansig-purelin 89,98 0,95 77,79 0,86
purelin-logsig-purelin 89,98 0,95 77,79 0,86
tansig-purelin-purelin 89,98 0,95 77,79 0,86
logsig-purelin-purelin 89,98 0,95 77,79 0,86
tansig-purelin-logsig 89,67 0,95 77,78 0,86
tansig-logsig-purelin 90,01 0,95 77,69 0,86
logsig-purelin-tansig 89,83 0,95 77,66 0,86
purelin-tansig-logsig 88,93 0,94 81,43 0,90
purelin-logsig-tansig 89,83 0,95 77,66 0,86
logsig-tansig-purelin 89,99 0,95 77,72 0,86

100

50 R:=0.93 .

& AT
20 N '..
o - - - - o

obs (%)

Figure 6. Graph of observations and predictions on the results of ANN model training (the
shaded area is in the range of £3.71% of the return)
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pred (%)

obs (%)

Figure 7. Graph of observations and predictions on the results of testing the ANN
model (the shaded area is in the range of +3.71% of the return)

The ANN model is transformed into a mathematical equation to simplify the manual
analysis written in Equations 6 to 18. The equation is made based on the value of
weight, bias, and type of activation function obtained from the results of the ANN
simulation with the best architecture. The calculation begins by normalizing the input
data x; (drying time) and x, (drying speed) to have a value of 0-1. The result of the final
equation of this equation is the value of y which indicates the value of water content.

x,

y1=2& (6)
y2 =2 (7)
y3 =0,93y; + 0,22y, + 0,59 (8)
¥4 =-0,57y, - 0,04y, + 0,59 (9)
¥s = y3 (purelin) (10)
Y = Ya(purelin) (11)
y7=0,1ys + 0,82y + 0,53 (12)
ys =-0,85ys - 0,007y + 0,75 (13)
Ys = Y7 (purelin) (14)
Y10 =Yg (purelin) (15)
y11 = 1,03ys + 0,44y45- 0,29 (16)
Y12 = Y11 (purelin) (17)
y =78y (18)

3.3. Model Comparison
The results of the development of the MLR Model and the ANN Model that have been
validated are indicated by the accuracy value and the coefficient of determination (R?).
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The model is said to be the best if it produces the largest accuracy and R® value
because it shows the accuracy of the prediction results. Table 2 which is a comparison
table between the results of the Multiple Linear Regression Model (MLR) and the
Artificial Neural Network (ANN) shows that the ANN model is more accurate for
predicting drying rates.

Table 2. Comparison of training results and validation of prediction models

Training
Model Accuracy R?
MLR 88.03 0.93
ANN 88.34 0.90
Test
Model Accuracy R?
MLR 82.23 0.93
ANN 82.15 0.90

The accuracy of the ANN model in predicting the results has also been proven in
several studies related to the drying rate of foodstuffs. The results of this study indicate
that the coefficient of determination of the ANN model is above 0.9 or very accurate.

The graph of observations and predictions of the results of the training and testing
of the MLR model and the ANN model shown has a shaded area in the range of +3.71%
return. This is based on the standard error of estimation in the acceptable range of
2.36-3.71% based on research of cassava (Sarnavi et al., 2022). In graphs 4, 5, 6, and 7
it is found that the prediction results at the beginning have a higher error rate and
have been shrinking lately.

4. CONCLUSIONS

Multiple linear regression (MLR) model training and validation produce accuracy values
of 88.03 and 82.23, and the value of R? of 0.93 and 0.90. While the training and
validation of the artificial neural network (ANN) model resulted in accuracy values of
88.34 and 82.15, and R? values of 0.93 and 0.90. These results showed that the MLR
model is as good as the ANN model.
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