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1. Adaptive neuro fuzzy inference system
2. Mapping
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Table 1 Encapsulation treatments with 100 W ultrasound

HACS concentration (%)

4

4 4 4 2 2 2 2

Limonene concentration (%)

10

10 5 5 10 10 5 5

Ultrasound time (min)

18

9 18 9 18 9 18 9
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5. Simulated intestinal fluid
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Table 2 The comparison of type and number of membership functions of input variables on the
prediction accuracy of limonene release from nanoparticles

The' type of member§hip The qumb er f)f memb grship R2 MSE
functions of input variables functions of input variables

Triangular 2222 0.986 0.75
Trapezoidal 2222 0.965 1.81
Gaussian 2222 0.968 1.02
Triangular 3333 0.956 0.92
Trapezoidal 3333 0.978 1.83
Gaussian 3333 0.995 0.92
Triangular 4444 0.998 0.45
Trapezoidal 4444 0.939 0.82
Gaussian 4444 0.945 0.79
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Fig 1 Structure of ANFIS model sample with 4 inputs
and 4 membership functions for each
input
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Fig 2 Comparison of the obtained experimental data and predicted values by ANFIS model (a) and errors (b) for
selected ANFIS model

Table 3 Selected ANFIS optimized model parameters

Intended parameter Type or value of parameter

Number of membership functions for amylose 4

concentration

Number of membership functions for ultrasound tension 4

time

Number of membership functions for limonene 4

concentration

Number of membership functions for incubation time 4

Type of inputs membership function Triangular

Rules number 256

Type of output membership function Linear

Defuzzification method Wtaver

Aggregation method Sum

Number ofnodes 551

Number of training periods 11

Number of linear parameters 256

Number of non-linear parameters 48

Total parameters 304
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Fig 3 Effects of ultrasound time and amylose concentration (A), ultrasound time and limonene concentration (B),

amylose concentration and incubation time (D) on

release rate of limonene from amylose nanoparticles in SCF condition

Table 4 Analysis of variance (ANOVA) for effect of independent variables on release of limonene

from nanoparticles
F P
Amylose concentration 382.69 0.0005
Limonene concentration 97.21 0.0003
Ultrasound time 466.43 0.0009
Incubation time in SCF condition 1340.23 0.017
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The nanoencapsulation and targeted delivery of nutritional ingredients in the right location and
appropriate time within the digestive tract is one of the key elements in fabricating functional food
products and to deliver the bioactive components incorporated in these foodstuff. With respect to the
complexities of the food network and the gastrointestinal system, it seems necessary to determine a
method in order to evaluate and predict the release level of the wrapped bioactive component in the
desired location and time. In this study, the release behavior of limonene from amylose nanostructures
were examined considering the circumstances of the digestive system and next the adaptive-network-
based fuzzy inference system was used to model the release behavior of limonene. In the design of this
model, limonene concentration, amylose concentration, the time of the execution of ultrasonic stress plus
the incubation time were considered as the input parameters in the circumstances of the simulated small
intestine. Also, the release level was chosen as the output parameter and in order to optimize the models
several membership functions together with numerous learning cycles were implemented in the form of
shooting method. By the evaluation of different models, triangular membership function with 4 functions
for each of the inputs was selected as the optimum model. The high value of the coefficient of
determination (0.99) plus the mean square error of 0.45 in the optimized model implies the acceptable
accuracy of this method to monitor the release level in the digestive circumstances. With respect to the
simplicity and the acceptable accuracy of these intelligent models, they can be suggested as appropriate
solutions to evaluate the controlled release behavior within the food network and the digestive system as
well.
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