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6. Bead

7. Micelle formation

8. Coacervation

9. Emulsion-solvent evaporation

10. Ionic gelation

11. Sodium sulfate

12. Sodium tripolyphosphate (STPP)
13. Low molecular weight (LMW)
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1. Chitosan

2. Flocculent

3. Dietary

4. Hypocholesterolemic effect

5. Food and Drug Administration (FDA)
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11. Multilayer perceptron (MLP)
12. Radial basis function (RBF)
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High molecular weight (HMW)
Resveratrol
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1. Poly dispersity index (PDI)
2. Power law model
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Fig 1 Schematic of the artificial neural network
used for physical properties and viscosity
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1. Momentum
2. Epoch
3. Mean square error (MSE)
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5. Bayesian Regularization
6. Gradient descent

7. Feed forward

8. Standard back propagation
9. Hyperbolic tangent
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1. Response surface methodology (RSM)
2. Central Composite Design (CCD)

3. Face Center

4. Levenberg—Marquardt
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3. Scaled conjugate gradient (SCG)

4. Logistic sigmoid

5. Linear

6. Mean absolute percentage error (MAPE)
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1. Tan-sigmoid
2. Purelin
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Table 1 Comparison of two artificial neural network models to predicting the physical and rheological

properties
. .. Zeta . . Electrical
N]i:(ml‘ik g:l?lrcl::‘:; ;’l‘earflll:lg Epoch Statlstltcal Size (nm) PDI potential VlS;OSlty conductivity n Pkf' n
gorithm parameters (mv) (mPa.s) (uS/cm) (Pa.s)
TanhAxon- Levenberg- R 0.9882 0.9914 0.8469 0.7492 0.9327 0.0725 0,5064!6
MLP Tanh Axon Marquardt 1000 MSE 237.9233  0.0003  44.0844 0.2532 0.2451 0.0002  2.9x10
(LM) Topology 3-4-5 3-4-2
TanhAxon- Levenberg- R 0.6536 0.9802 0.9189 0.2195 0.1371 0.0205 0.9759_7
RBF Tanh Axon Marquardt 1000 MSE 1261623  0.0025  93.9932 1.2153 2.0164 0.0002  1.8x10
(LM) Topology 3-4-5 3-4-2
Sigmoid Axon- Levenberg- R 0.9881 0.9534 0.9431 0.9212 0.9636 0.8854 0.88837
MLP SigmoidAxon  Marquardt 1000 MSE 303.6101  0.0005  31.5482 0.1463 0.3382 0.0001  1.2x10°
(LM) Topology 3-4-5 3-4-2
Sigmoid Axon- Levenberg- R 0.4327 0.9118 0.7926 0.0214 0.9314 0.8858 0.89688
RBF SigmoidAxon  Marquardt 1000 MSE 7306.775  0.0009  93.4500 1.1016 0.7219 0.0001  9.7x10
(LM) Topology 3-4-5 3-4-2
TanhAxon- R 0.9674 0.9562 0.9443 0.7140 0.8344 0.1925 0.9171_7
MLP TanhA Momentum 1000 MSE 445.7776  0.0003 52.2080 0.3189 0.5505 0.0002  3.9x10
an xXon
Topology 3-4-5 3-4-2
TanhAxon. R’ 0.7024  0.5789  0.9104 0.7844 0.6222 4x10° 0.1324.
RBF Momentum 1000 MSE 5264.7242  0.0031 162.4700 0.3041 2.1784 0.0002  9.2x10
TanhAxon
Topology 3-4-5 3-4-2
SigmoidAxon- R 0.8464  0.7700  0.1998 0.8010 0.7114 0.6085  0.6897
MLP : . Momentum 1000 MSE 11130.88  0.0060 226.6121 1.2264 1.9178 0.0002  9.2x10
Sigmoid Axon
Topology 3-4-5 3-4-2
SigmoidAxon- R’ 0.0938  0.0400  0.1243 0.1933 0.0835 06212 0.0348
RBF : . Momentum 1000 MSE 10338.390  0.0067 253.4630 0.9970 2.2661 0.0002  9.0x10°
Sigmoid Axon
Topology 3-4-5 3-4-2
Table 2. Comparison of two artificial neural network models to predicting the turbidity and
colorimetric properties
Network Trans'fer Learfling Epoc Statistical Turbidity 2" b’ Chroma L AE Wi
model Function algorithm parameters
TanhAxon- Levenberg- R 0.6269 0.2767 0.6712  0.6737  0.0412 0.0476  0.0122
MLP TanhAxon Marquardt 1000 MSE 0.0013 0.8333 2.1625 2.0886  39.7339 47.3369 48.7851
(LM) Topology 3-4-1 3-4-1 3-4-2 3-4-3
TanhAxon- Levenberg- R 0.9668 0.0039 0.7848 0.7693  0.7529  0.7288  0.7527
RBF TanhAxon Marquardt 1000 MSE 0.0017 0.7348 0.1653 0.2402  58.0009 55.0488 57.2888
(LM) Topology 3-4-1 3-4-1 3-4-2 3-4-3
SigmoidAxon- Levenberg- R 0.6168 0.0528 0.9484 0.9494  0.0573 0.0746  0.0562
MLP SizmoidAxon Marquardt 1000 MSE 0.0007 0.1091 1.0095 1.0157 26.8036 24.3741 27.7634
& (LM) Topology 3-4-1 3-4-1 3-4-2 3-4-3
SigmoidAxon- Levenberg- R 0.0189 0.9406 0.4371 0.4462 09586 09775 0.9457
RBF SizmoidAxon Marquardt 1000 MSE 0.0050  0.1038 0.8958 0.9144  2.1035 2.0868  2.2345
& (LM) Topology 3-4-1 3-4-1 3-4-2 3-4-3
TanhAxon- R’ 0.8535 0.1004 0.6771 0.6582  0.4432 0.5619 0.4792
MLP TanhAxon Momentum 1000 MSE 0.0007 0.1485 1.8072 1.7620  6.4293  5.7561  5.6390
Topology 3-4-1 3-4-1 3-4-2 3-4-3
TanhAxon- R 0.5850  0.0600 0.0992 0.0966  0.7758  0.7949  0.7960
RBF TanhAxon Momentum 1000 MSE 0.0020  0.0981 1.4773 1.4887 28165 2.1337 2.9901
Topology 3-4-1 3-4-1 3-4-2 3-4-3
SigmoidAxon- R 0.6009 0.5671 0.4564 0.4334  0.0736  0.0956  0.0625
MLP SiemoidAxon Momentum 1000 MSE 0.0019 0.1095 0.7051 0.6978  8.6627  7.5337  8.8093
& Topology 3-4-1 3-4-1 3-4-2 3-4-3
SiomoidAxon- R 0.2358 0.0580 0.1366 0.1325  0.6331 0.7317 0.6073
RBF Sigm ‘dAxon Momentum 1000 MSE 0.0020  0.1029 0.6754 0.6864  6.0275 7.9678  6.5691
EMOIAAX0 Topology 3-4-1 3-4-1 3-4-2 3-4-3
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Fig 2 Predicted and experimental data of the physical and rheological properties by the artificial neural
network: (a) particle size, (b) PDI, (c) Zeta potential, (d) viscosity, (e) electrical conductivity, (f) flow behavior
index, and (g) consistency coefficient
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Fig 3 Predicted and experimental data of the turbidity and colorimetric properties by the artificial neural
network: (a) turbidity, (b) a’, (¢) b’, (d) chroma, (¢) L", (f) AE, and (g) WI
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The formation of chitosan nanoparticles (CSNPs) with a high stability still
remains a main challenge in terms of applying the produced particles in the field
of nutraceutical and drug delivery systems. Giving that there are many variables
parameters which could affect the size, morphology, and other properties of
fabricated CSNPs during ionic gelation process along with using sodium
tripolyphosphate (STPP) as the most common cross-linking agent. In this study,
after the production of CSNPs under the influence of various independent
variables such as chitosan (CS) concentration, STPP concentration, and CS to
STPP ratio, in the next step, the physical, rheological, turbidity, and colorimetric
properties of the produced nanoparticles were measured. Finally, two artificial
neural networks (ANNs) — multilayer perceptron (MLP) and radial basis function
(RBF) — with a single hidden layer and different threshold functions, learning
algorithms, etc. were employed to predict the CSNPs properties. The results
revealed that MLP for the physical, viscosity, b*, and chroma properties and RBF
for other properties — with a Levenberg-Marquardt (LM) learning algorithm of
1000 epochs — well predict them with a very high determination coefficients (R2)
and low mean square error (MSE). R2 for nanoparticle size, poly dispersity index
(PDI), zeta potential, viscosity, and electrical conductivity of CSNPs suspensions
were determined 0.9881, 0.9534, 0.9431, 0.9212, and 0.9636, respectively.
However, RBF with a single hidden layer comprising a set of 3 inputs, 4 neurons
in hidden layer, and 3 outputs with the SigmoidAxon- SigmoidAxon transfer
function presented the best results for predicting the L*, AE, and WI properties of
CSNPs suspensions. In addition, R2 for L* AE, and WI of CSNPs were
calculated 0.9586, 0.9775, and 0.9457, respectively. Also, the flow behavior
index of CSNPs suspensions was determined less than 1, which indicates the
pseudoplastic behavior of the samples.




