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Article Info ABSTRACT
Article type: Background and Objectives: In recent years, increasing attention
Research Full Paper to the health and quality of food products has led to the importance

of food processing using new methods. One of the significant
challenges in this field is the turbidity of fruit juices, particularly red
berry juice. An effective way to reduce turbidity is by using natural
absorbents. In this regard, banana peel is introduced as a natural
absorbent that can significantly contribute to the reduction of
turbidity in red mulberry juice. Known for its rich compounds,
including pectin and plant fibers, banana peel is recognized as a
potential source for absorbing suspended particles and reducing
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Revised: 2025-01-14 Materials and Methods: The primary materials studied in this
Accepted: 2025-02-14 research are red berry juice and banana peel. The berry juice

prepared for this research had a Brix value of approximately 78,
which was reduced using distilled water through a series of 15
dilutions. The banana peel was dried at a mild temperature of 45 oC
in a laboratory oven and then ground to a uniform size of 1 mm
using industrial sieves. The study compared neural network and
factorial methods for reducing the turbidity of red mulberry juice
with the natural absorbent of banana peel. The independent variables
considered included temperature, time, and stirrer speed, each

Keywords: investigated at four different levels, with the experimental design
Optimization employing a factorial approach. The responses measured were the
Natural Adsorbent percentage reduction in turbidity and the percentage reduction in
Banana Peel absorbent efficiency.

Neural Network

Red Berry Juice Results: The results showed that the maximum reduction in

turbidity (47.22%) with the lowest reduction in the efficiency of the
natural absorbent (57.65%) was achieved at a temperature of 30 oC,
with surface absorption duration of 3 hours and a stirring speed of
300 rpm. Additionally, a neural network was utilized to predict the
two dependent variables as functions of the independent variables.
The neural network modeling demonstrated high accuracy in
predicting the target variables, with mean relative error (MRE)
values of 2.06% and 0.90% for the turbidity reduction percentage
and the absorbent efficiency reduction percentage, respectively. In




contrast, the factorial method yielded MRE values of 4.58% and
6.04%, thus significantly enhancing the prediction accuracy for the
two dependent variables.

Conclusion: Banana peel, as a natural absorbent, was effective in
reducing the turbidity of red mulberry juice. Furthermore, the
factorial method proved to be effective as one of the experimental
design approaches for identifying optimal operating conditions in
the turbidity reduction process. The use of a neural network for
predicting the results of laboratory research demonstrated a high
degree of confidence in modeling outputs. In this study, the neural
network provided improved predictions for the two dependent
responses, leading to enhanced outcomes in both turbidity reduction
and absorbent efficiency reduction.
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Table 1- Range of data used in this study.

Variable Range
J:,;,:,A 63 9=
Temperature (°C)
20-50
(osedos 4 55) Los
Time (h) 1-4
(cesls) 0L
Stirrer (rpm) 100 - 700
(4233 ;5 535) Ojed Co pos
Turbidity removal (%) 18.46 — 57.65

(1) crysiS ials

Reduction of adsorbent efficiency (%) 31.62 — 69.98
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Table 2- The design of the experiment has been carried out and the results related to each of the independent

variables along with the results predicted by the model

Responses
Parameters bl
b bl Experimental Predicted
AL ol ot
Stirrer Reduction of Turbidity Reduction of
Temperature Time (rpm) Turbidity natural Removal natural
©) (min) Qe 93 Removal (%) adsorbent (%) adsorbent
(1,5 5 Los (4i33) Olej D) () 508 2als efficiency (%) <55 S8 efficiency (%)
(ks sl Lrals o (1) QS zals
20 1 100 18.46 31.62 19.45 35.21
20 1 300 20.64 40.35 21.65 41.98
20 1 500 27.45 46.71 26.66 49.41
20 1 700 25.74 55.46 24.47 51.44
20 2 100 27.96 34.65 29.12 37.52
20 2 300 29.44 42.22 30.4 44.69
20 2 500 31.47 48.63 32.89 49.93
20 2 700 30.87 55.55 30.92 57.52
20 3 100 28.66 36.12 27.96 38.18
20 3 300 30.47 43.36 28.92 46.79
20 3 500 32.73 48.91 31.91 51.97
20 3 700 31.42 55.71 29.6 53.74
20 4 100 31.41 40.58 32.49 43.12
20 4 300 34.44 45.67 34.59 46.94
20 4 500 35.69 51.51 37.67 53.81
20 4 700 33.12 58.63 32.97 60.89
30 1 100 30.72 36.46 31.25 39.44
30 1 300 37.41 46.32 38.87 44.73
30 1 500 39.62 52.23 40.42 53.73
30 1 700 38.44 55.61 39.88 57.61
30 2 100 39.42 37.69 40.66 36.09
30 2 300 52.11 46.45 54.23 48.63
30 2 500 51.43 53.19 54.02 57.92
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30 2 700 48.96
30 3 100 41.74
30 3 300 57.65
30 3 500 52.32
30 3 700 49.44
30 4 100 39.77
30 4 300 51.03
30 4 500 50.67
30 4 700 48.06
40 1 100 29.41
40 1 300 35.93
40 1 500 36.44
40 1 700 34.74
40 2 100 36.32
40 2 300 41.21
40 2 500 41.02
40 2 700 40.94
40 3 100 39.32
40 3 300 42.12
40 3 500 41.88
40 3 700 39.99
40 4 100 37.55
40 4 300 40.81
40 4 500 39.46
40 4 700 38.91
50 1 100 28.66
50 1 300 33.75
50 1 500 31.47
50 1 700 29.42
50 2 100 29.45
50 2 300 30.44
50 2 500 29.75
50 2 700 27.45
50 3 100 26.41
50 3 300 25.52
50 3 500 25.43
50 3 700 24.74
50 4 100 24.61
50 4 300 22.12
50 4 500 21.79
50 4 700 20.02

59.44 47.02 57.04
39.08 40.96 42.96
47.22 59.02 49.07
58.63 50.62 56.12
61.02 49.23 64.92
40.74 39.46 42.92
48.11 48.63 52.97
58.96 47.61 56.1
64.36 48.62 61.72
39.28 31.63 42.79
48.32 34.72 46.51
59.06 35.67 57.18
60.71 32.9 63.99
40.25 35.55 45.21
49.05 43.57 46.74
59.62 43.59 63.63
63.79 41.99 66.12
40.96 37.26 44.63
49.92 41.62 46.31
61.63 40.32 63.87
65.7 39.55 67.96
41.63 36.08 49.41
50.21 40.02 58.12
63.12 39.23 59.02
66.24 38.23 63.91
41.02 28.87 45.32
52.65 34.63 58.68
63.17 33.56 61.05
64.79 30.96 69.79
42.96 31.29 44.56
53.12 33.09 54.99
65.75 31.45 67.83
66.25 30.56 63.57
43.19 29.26 45.85
54.62 29.12 57.26
66.85 28.47 69.45
67.52 28.06 70.93
43.89 27.12 46.12
55.72 24.54 61.19
68.79 23.12 71.66
69.98 22.06 73.82
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Figure 1. Changes in the dependent variables based on the selected independent variables a) Removal of
turbidity (%) b) Reducing the efficiency and specific surface of the natural adsorbent of banana skin (%)
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Figure 2. The final optimization resulting from the experimental design using the factorial method.
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Table 3. MRE and MSE values of the networks with different hidden neurons.

Number of neurons

Turbidity Removal (%)

Reduction of Natural Adsorbent Efficiency (%)

. (1) &35 a8 (1) &L Jials
[ENSPEPHIENEY

MRE (%) MSE MRE (%) MSE
2 7.91 13.60 1.67 1.27
3 4.64 4.55 1.34 0.78
4 3.31 2.26 1.09 0.50
5 2.42 1.24 0.90 0.40
6 2.06 1.13 0.94 0.53
7 2.08 1.15 0.94 0.49
8 2.18 1.68 0.99 0.55
9 2.08 1.73 0.98 0.64
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Table 4. Parameters of the model to predict Turbidity Removal.

Wii
Neuron Temperature (°C) _ Time (h) Stirrer (rpm) by bi=-0.1855
Sass (Gogedw i) Loy (Col) 0ls (4o 3 3) Ojah o Wi
1 20.564 1,061 20311 1.536 0.275
2 7717 -0.541 0.037 4921 -0.320
3 -3.150 -0.873 -5.355 2.246 -0.244
4 13.637 -1.280 -3.944 1.764 0.146
5 5.964 2.826 -0.847 2.073 0.172
6 -4.503 -12.340 1.372 2.303 -0.106

Pl 2l S ot sl dbe gla il -0 Jger
Table 5- Parameters of the model to predict Reduction of Natural Adsorbent Efficiency.

Wii
Neuron Temperature (°C) _ Time (h) Stirrer (rpm) by bi=-0.4858
s (Gosbo ) bos (ol Ol (4ids 43 533) Ojan S g Wig
1 6.589 0.598 2217 7268 0.036
2 0.246 0.930 -1.246 0471 0.400
3 1.430 -0.159 5.138 -3.944 0.138
4 0.107 -0.620 2.389 -0.231 0.509
5 6.892 2.579 -3.729 -0.283 0.075
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Figure 3. Comparison between the experimental and predicted data of ANN related to the validation data set.
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Table 6- Comparison of MRE (%) values obtained by ANN and Factorial.

Target variable Model .
Chla e Jde MRE (%)
Turbidity Removal (%)

(1) ooy _pals ANN 2.06

Factorial 4.58

Reduction of Natural Adsorbent Efficiency (%)

LS ials (%) ANN 0.90

Factorial 6.04
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