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Figure 1- Shapes of the membership functions used in this study, including triangular, trapezoidal, generalized bell,
Gaussian, double Gaussian, and Pi-shaped types.
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.Table 1- The results for each of the independent variables along with the results predicted by the model

Qg (G o Jovo 5 i
Dependent variables Independent variables
(%) Jgililgw cdale PH w5 olboj Wl yd glod
Bioethanol concentration (cel) (o1 5 ilw 4 43)
Joe P Process time Process
Model Experimental temperature
14.54 15 5 60 30 1
6.81 8 5 60 25 2
9.90 11 5 96 30 3
3.81 4 3 60 30 4
14.54 15 5 60 30 5
5.24 5 3.75 38 33 6
6.70 8 7 60 30 7
5.62 6 5 24 30 8
6.07 6 3.75 81 27 9
7.79 7 6.25 81 27 10
10.01 9 6.25 81 33 11
14.54 14 5 60 30 12
5.24 5 6.25 38 27 13
14.54 14 5 60 30 14
4.02 4 3.75 38 27 15
7.79 7 3.75 81 33 16
14.54 15 5 60 30 17
6.96 6 6.25 38 33 18
14.54 14 5 60 30 19
9.70 11 5 60 35 20
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Table 2- p-values related to bioethanol production (linear, quadratic, and interaction effects)

(%) Jgililgm cdale | o
(%) Joililgw clals S i Ol
Bioethanol fi Effects
concentration
Y Independent
variables
p-value
0.009 X1) Lo
Temperature (b3) Jgl 4z ol 5
0.001 X2) ole; First-order (linear)
Time effects
0.009 X3) pH
Lo 0.000 Xy° . .
dal, 0,0 0.000 Xq’ Second-order effects s ‘w;f[?‘;‘
. 0.726 XX - . . . -
03 sl 0.726 X X3 (on )-!). il ol i b eSS
L iy 0.726 X, X5 Interaction effects i edim S

J5bla A5 55 sl pite 2 sl (5510 el 2 Lol pem 03w ys laber i ol b Y Jgr

Table 3- Quadratic polynomial coefficients along with fitting coefficients for each dependent variable in bioethanol
production
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First-order (linear)
-8.60
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1271 Second-order
0.36 ) )
5 Bre 5 Brr Buo) (GioSod ) Jilice ol 1
0.36 Interaction
%96.93 R-square
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Figure 2- Response surface diagram of the concentration of bioethanol produced based on changes in temperature and
process time.
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Figure 3- Response surface diagram of the concentration of|_t|)ioethanol produced based on changes in temperature and
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Figure 4- Response surface diagram of the concentration of bioethanol produced based on changes in time and pH
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Figure 5- Optimal values (numerical optimization) of bioethanol production conditions
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Table 4- Comparison of model error based on different numbers of input membership functions.

o lads O3l o Loy
Sele 3
No. of
Structure MFs No. of MF type
e slaijed Wlpeesd S0 gl (eSS sl N S
Triangula ~ Trapezoida  Generalized Gaussia ~ Combination I1-
number fuzzy rules r | bell n gaussian shaped
1 222 8 418.32 34.35 46.16 66.21 50.46 31.30
2 3.2.2 12 134.65 104.16 133.27 138.66 118.48 34.19
3 232 12 65.03 58.47 41.90 45.38 56.72 57.78
4 223 12 155.28 149.01 131.48 137.34 145.47 179.72
5 233 18 26.04 63.14 28.14 30.12 40.88 67.81
6 3.2.3 18 69.67 67.77 70.12 74.69 70.40 75.06
7 3.3.2 18 44.61 61.88 50.18 49.99 65.66 72.54
8 333 27 13.75 67.57 25.01 15.06 70.67 88.80
9 433 36 8.51 56.64 10.66 10.42 40.83 64.03
10 343 36 41.63 68.50 48.82 42.57 84.19 75.67
11 3.34 36 38.22 67.08 49.55 42.98 83.88 69.42

e Co e wb gl )l -0 gu
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Table 5- Parameters of the triangular membership function.

Cogas &b ] AT ¥ 6999 ¥ sosss
Membership function Parameters Input 1 Input 2 Input 3
MF1 a 21.67 -4.5 15

b 25 24 3

c 28.33 52.5 4.5
MF2 a 25 24 2.99

b 28.33 52.5 4.49

c 31.67 81 5.99
MF3 a 28.33 52.5 4.5

b 31.67 81 6

c 35 109.5 7.5
MF4 a 31.67

b 35

c 38.33
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Figure 5- Compare predicted and experimental values for training and evaluation data along with the results of the
design of experiment model.
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Table 6- Error Metrics (MAPE, RMSE, MAE) of Fuzzy and RSM Models for Training and Evaluation Data.

S EEY RSM Joe

Fuzzy Model RSM Model
Data Type MAPE (%) RMSE MAE MAPE (%) RMSE MAE
Training 0 0 0 7.776 0.812 0.579
Evaluation 8.467 0.953 0.88 22.711 2.654 2.397

(8B ol —F J g

Table 6- Fuzzy rules.

o o,lets osl Tt

Law Number Law Description

1 if (T is T MF1) and (t is t MF1) and (pH is pH MF1) then (BP=-0.0203xT-0.02858xt-0.003008xpH-0.000752)

2 if (T is T MF1) and (t is t MF1) and (pH is pH MF2) then (BP=-0.04061xT-0.05715xt-0.006016xpH-0.001504)
3 if (T is T MF1) and (t is t MF1) and (pH is pH MF3) then (BP=-0.002485xT-0.003497-0.000552xpH-9.202x10™°)
4 if (T is T MF1) and (t is t MF2) and (pH is pH MF1) then (BP=-0.0196xT-0.02759-0.002904xpH-0.0007261)
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if (Tis T MF1) and (tis t MF2) and (pH is pH MF2) then (BP=0.03859xT+0.1315%t+0.009752xpH+0.00166)

if (Tis T MF1) and (t is t MF2) and (pH is pH MF3) then (BP=0.0365xT+0.08999xt+0.007247xpH+0.001467)

if (T is T MF1) and (t is t MF3) and (pH is pH MF1) then (BP=-0.00133 xT-0.00399xt-0.000197xpH-4.924x10%)
if (T'is T MF1) and (t is t MF3) and (pH is pH MF2) then (BP=0.02513xT+0.05871xt+0.005163*pH+0.001013)
if (Tis T MF1) and (tis t MF3) and (pH is pH MF3) then (BP=0.02078xT+0.05401xt+0.004309%pH+0.0008109)
if (Tis T MF2) and (t is t MF1) and (pH is pH MF1) then (BP=-0.03046xT-0.04287xt+-0.004512xpH-0.001128)
if (Tis T MF2) and (tist MF1) and (pH is pH MF2) then (BP=0.1451xT+0.07909xt+0.02531xpH+0.004611)

if (Tis TMF2) and (t is t MF1) and (pH is pH MF3) then (BP=0.09929xT+0.07717xt+0.01634x pH +0.003296)
if (Tis T MF2) and (tist MF2) and (pH is pH MF1) then (BP=0.02211xT+0.06165%t+0.0007954xpH+0.000629)
if (Tis T MF2) and (t is t MF2) and (pH is pH MF2) then (BP=0.1049xT+0.2446x1t+0.01857xpH+0.003278)

if (Tis T MF2) and (tist MF2) and (pH is pH MF3) then (BP=0.07824xT+0.1586xt+0.01284xpH+0.002595)

if (Tis TMF2) and (tist MF3) and (pH is pH MF1) then (BP=0.01641xT+0.03082xt+0.001545xpH+0.0005395)
if (Tis TMF2) and (t is t MF3) and (pH is pH MF2) then (BP=0.05447xT+0.1049%t+0.009152xpH+0.001801)

if (T is T MF2) and (t is t MF3) and (pH is pH MF3) then (BP=0.03956xT+0.08945xt+0.007168xpH+0.001357)
if (Tis TMF3) and (tis t MF1) and (pH is pH MF1) then (BP=-0.03206xT-0.03692xt-0.003886xpH-0.0009715)
if (T is T MF3) and (t is t MF1) and (pH is pH MF2) then (BP=0.1419xT+0.09099xt+0.02657xpH+0.004925)

if (Tis TMF3) and (tis t MF1) and (pH is pH MF3) then (BP=0.1031xT+0.08249x%t+0.01718xpH+0.003436)

if (T is T MF3) and (t is t MF2) and (pH is pH MF1) then (BP=0.02057xT+0.0674xt+0.0014xpH +0.0007793)

if (Tis TMF3) and (tist MF2) and (pH is pH MF2) then (BP=0.1018xT+0.2561xt+0.01978xpH+0.00358)

if (T is T MF3) and (t is t MF2) and (pH is pH MF3) then (BP=0.08191 xT+0.1638xt+0.01365xpH+0.00273)

if (Tis TMF3) and (tis t MF3) and (pH is pH MF1) then (BP=0.0184xT+0.0368xt+0.00184xpH+0.0006133)

if (T is T MF3) and (t is t MF3) and (pH is pH MF2) then (BP=0.05846xT+0.1169xt+0.009743%xpH+0.001949)

if (Tis TMF3) and (t is t MF3) and (pH is pH MF3) then (BP=0.04357xT+0.09365xt+0.007478xpH+0.001409)
if (T is T MF4) and (t is t MF1) and (pH is pH MF1) then (BP=-0.02137xT-0.02461xt-0.002591xpH-0.0006477)
if (T is T MF4) and (t is t MF2) and (pH is pH MF2) then (BP=-0.04275xT-0.04922xt-0.005181xpH-0.001295)
if (T is T MF4) and (t is t MF1) and (pH is pH MF3) then (BP=0.00004868xT+0.332xt+2,091xpH +1.475x10°)
if (Tis T MF4) and (t is t MF2) and (pH is pH MF1) then (BP=-0.02064xT-0.02376xt-0.002501xpH-0.0006253)
if (T'is T MF4) and (t is t MF2) and (pH is pH MF2) then BP=0.09387xT+0.1841xt+0.0143xpH+0.002611)

if (T is T MF4) and (t is t MF2) and (pH is pH MF3) then (BP=0.06762xT+0.1159%t+0.009662xpH+0.001932)

if (T'is T MF4) and (t ist MF3) and (pH is pH MF1) then (BP=0)

if (T is T MF4) and (t is t MF3) and (pH is pH MF2) then (BP=0.04827xT+0.08274xt+0.006895xpH+0.001379)
if (T is T MF4) and (tis t MF3) and (pH is pH MF3) then (BP=0.03369xT+0.06483xt+0.005185xpH+0.0009792)
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Integrated modeling using fuzzy logic and response surface in predicting
and optimizing bioethanol production conditions

Integrated modeling using fuzzy logic and response surface in predicting
and optimizing bioethanol production conditions

The phrase “Comparison of Modeling with ... Methods” is grammatically incorrect. It should be revised to
“Comparison between ... Methods” >>>>Comparative Modeling of Fuzzy Logic and Response Surface
Methodology for Prediction and Optimization of Bioethanol Production Using Saccharomyces cerevisiae and
Red Mulberry Juice

>>>or, considering your methodology, “Integrated Modeling Using ...” is more accurate and professional

Background and Obijective: One of the most important aspects of bioethanol production is the
optimization of fermentation process conditions. In this regard, modeling and accurate prediction of
processes using modern methods are essential. Red mulberry juice, as a rich source of natural sugars, can
be used as a raw material for bioethanol production. Saccharomyces cerevisiae is a key microorganism in
the fermentation of sugars for bioethanol production. The present study, after reviewing related literature
and background, includes: bioethanol production using diluted mulberry juice, optimization of operating
conditions for high-purity bioethanol production, separation and purification of bioethanol to a high
purity level, and a comparison between two experimental design methods—response surface
methodology (RSM) and fuzzy logic—for predicting the output results.

Materials and Methods: The raw material used for bioethanol production was red mulberry juice with a
Brix of 78, obtained from local markets in Sanandaj. Saccharomyces cerevisiae PTCC 5269 was obtained
and activated from the Pasteur Institute of Iran. The mulberry juice was diluted with distilled water to a
Brix of 10. The prepared solution was adjusted to an acidic pH of 4.75 (the optimal growth value for the
yeast used). A yeast dosage of 0.375 g/L was added and the mixture was placed in a stirred incubator at
200 rpm and 30°C. Fixed values included an inoculum volume of 150 mL, and an initial feed volume of
350 mL with a Brix concentration of 10. An experimental design was conducted to optimize the pH,
duration, and temperature of the bioethanol production process to maximize ethanol yield.

Results: To validate the independent variables in the experimental design, the p-value threshold of 0.05
was used as described in the methods. For the independent variables (temperature, process time, and pH),
the first-order effects on the dependent variable (ethanol concentration) were significant, with p-values of
0.009, 0.001, and 0.009, respectively. The determination coefficient (R?) of the fitted model was 96.93%,
indicating a good predictive capability. The optimum point identified from the experimental design
corresponds to approximately 66 hours of process time at 30.65°C with a pH of 5.18, which would yield
an ethanol production of about 14.86% when using red mulberry juice. The ethanol produced in this study
exhibited relatively low purity, with an optimum yield of 14.62%; impurities are attributed to suspended
and insoluble matter (acids, sugars, proteins) and other by-products that can form under specific



fermentation conditions. Separation of ethanol from the optimum solution was performed via distillation.
After 12 hours of distillation, the product was purified and analyzed by refractometry, achieving a purity
of 90.39%. Subsequently, multiple membership functions were evaluated for designing the fuzzy model.
After evaluation, the model with 4, 3, and 3 membership functions for the first, second, and third input
parameters and 36 fuzzy rules was selected as optimal. This model demonstrated acceptable performance
with an average relative error of 8.51%.

Conclusion: Red mulberry juice shows strong potential for bioethanol production. Response surface
methodology (RSM) is an effective experimental design and statistical analysis tool for reducing the
number of experiments. Saccharomyces cerevisiae demonstrated a robust ability to produce bioethanol,
and analyses indicated that this factor significantly influenced ethanol yield. The final product
characteristics showed good ethanol content with low turbidity and color. Distillation for separation and
purification led to higher-purity ethanol with a lower Brix than the starting material. For future work,
researchers are encouraged to repeat the study with other substrates capable of producing bioethanol and
to compare results across different materials and conditions.

Keywords: Bioethanol, Saccharomyces cerevisiae, red berry juice, optimization, fuzzy logic, response
surface, distillation Saecha . visi i VAT imization-distiHation




