Mohsen Mokhtarian et al. / Performance of Fuzzy Logic Model to Foresee

Mohsen Mokhtarian (PhD)™, Ahmad Kalbasi-Ashtari (PhD)?, Hamid Tavakolipour (PhD)?
! Department of Food Science and Technology, Roudehen Branch,
Islamic Azad University, Roudehen, Iran
2 Department of Food Science and Technology, Faculty of Agricultural Technology and
Engineering, University of Tehran, Karaj, Iran
3 Department of Food Science and Technology, Sabzevar Branch, Islamic Azad University, Sabzevar, Iran

Introduction: One of the most popular nuts in lran is Pistachio
(Pistachia vera L.). This nut is used as a food additive due to its high
and uniquenutritional properties. Postharvest operations such as
handling, cleaning, packaging and storing conditions have considerable
effects on sensory attributes, the nutraceutical benefits, and shelf-life.
Therefore, this research aims to predict the EMC of ground pistachio
nut (GPN) undergoing 20°C storage based on two key criteria
[i.e. T and ERH= (a»x100)] and application of the intelligent system of
fuzzy logic.

Materials and Methods: The fuzzy logic model (FLM) was used to
foresee of the EMCs (ads. /des.) behavior of GPN. First, the data
obtained for EMC were run in MATLAB software & the fuzzy logic
package was applied for EMC modeling of GPN. The variables were
divided into two groups: inlet including storage temperature and water
activity (aw) and outlet is EMCs. Next, effective verbal variables were
defined for both dependent and independent variables.

Results: The FLM could predict EMCs (ads. /des.) of GPN with an R?
value equal to 0.9959 and 0.9869, respectively

Conclusions: Totally, the obtained results of present study are
operational by workstations of GPN producer & theirplants to control
the shelflife.
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1. Introduction

The most important horticultural products
in Iran is pistachio. Production of pistachio
nut in Iran, USA and Turkey (as three major
producing countries) in 2018 were 551307
(~38% of Global production or GP), 447700
(~31% of GP) and 240000 (~17% of GP)
MT, respectively (1, 2). Since a major
portion of Iran's pistachio production is
exported, this crop has a major role for
providing foreign income for our country.
Because of important role of pistachio in our
economy, finding the most suitable
preservation & storage conditions (to protect
its quality criteria) is vital (3).

Water activity (aw) of pistachio plays an

essential  role in  acceleration  of
physiochemical changes (such as
decolorization),  biochemical  reactions
(e.g. browning & fat oxidation) &
microbiological growth. (aw) is highly

related to the moisture content (MC) or
amount of available water and temperature
(T) of pistachio undergoing different
postharvest stages such as drying, storage &
packaging (3).

Various study has been performed to

show the influence of aw, MC&T on
pistachio deterioration. Recently,
Tavakolipour et al. (4) studied lipid

oxidation kinetics of GPN at different
temperature (15-40°C) & RH (11-87%) &
reported that the kinetic modeling follow
zero-order model. They indicated that the
greatest activation energy (Ea) needed to
oxidize fattyacid (FA) of GPN acceded up to

50kJ/mol at a RH=33%. They also reported
that these processes are endothermic
(AH™™>0) & non-spontaneous (AG*">0).
Furthermore, Tavakolipour and Mokhtarian
(5) developed a new approach to calculate
GPN hysteresis via the goodness analytical
equation of isotherm curve based on
definite-integration-method (DIM). The
maximum hysteresis is involved to the
multilayers of section with 0.2<aw<0.6. In
fact, the said hysteresis accord to the
capillary condensation region of pistachio
and it decreases with increasing temperature.
Furthermore, Tavakolipour (6) stated that
the suitable T, RH for bulk-storage of
pistachio nuts respectively were 0-10°C and
65-70% or keeping at> 10°C (e.g. 15°C)
&<32%. At these conditions the monolayer
MC of pistachio had the shortest changes in
its lipid quality factors. Staudt et al. (7) used
DIM approach for forecasting isotherms
curve at various T via the (Brunauer—
Emmett-Teller model) BET  model.
Moreover, Zomorodian et al. (8) applied 13
models to find the goodness-fit for canola
seed and demonstrated that Halsey-model
had high correlation to predict the isotherm-
curve.

Recently, extensive studies have been
published for using of intelligent systems
[Genetic-algorithm (GA), ANN, fuzzylogic-
system (FLS) & suchlike] to predict of
process factors and food quality attributes
during the operation time. For instance, for
instance, Mokhtarian and Garmakhany (9)
predicted the ultrasound osmotic
dehydration properties [solid gain (SG) &
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water loss (WL)] of courgetti (summer
squash or a kind of zucchini) by ANN. The
ANN outcomes illustrated that, tanh
activation function (with 46-nodes in 1" &
2" HL) was chosen the topology could
predict SG & WL of courgetti with an R?
value equal to 0.938 and 0.985, respectively.
Ghodsvali et al. (10) predicted the
biophysical properties of barley malt
including 1000-kernel weight (R?>=0.783), px
(R*=0.767) & terminal velocity (R?=0.991)
using ANN (as more accurate model with 8-
nodes). Tavakolipour and Mokhtarian (11)
estimated EMC of GPN through ANN&GA
approaches. The results showed, the GA had
higher accuracy to modeling of EMC
(R?=0.9996). Tavakolipour and Mokhtarian
(12) developed the perceptron neural
network (PNN) model for predicting
moistureratio (MR) of pistachio nut via
convective air dryer and the goodness outlets
was achieved when they used PNN with 7
nodes in 1" & 2" HL(R?=0.994).
Lertworasirikul and Saetan (13) applied the
ANN model to osmotic parameters
(SG&WL) prediction of kaffirlime peel.
Madadlouet al. (14) predicted casein protein
size using RSM coupled with the ANN
method (RSM-ANN). Goni et al. (15) used
the ANN model as an intelligent tool for
predicting freezing & thawing times.

On the other hand, several researchers
have used FLS in various area of food
technology, e.g. applying of the FLS
approach for predicting drying kinetics (16),
evaluation of sensory properties (17, 18),
water activity (19), water quality (20) and

deep-fat frying parameters (21).

Nevertheless, few studies have been done on
the application of intelligent tools
(especially  fuzzy logic) in modeling
isotherm of food and agricultural products.

Generally, according to notes mentioned
above, this research aims to evaluate the
possibility of FLS use for predicting
(ads./des.) MC of GPN to monitor storage
conditions momentarily.

2. Materials and Methods
2.1. Materials

Fresh pistachio nut (Kerman variety) was
bought from a fruiterer in Sabzevar.
The pistachio nuts should be dried from
about 40%MCWB to safe storage moisture
of <~7%MCWB (22). The pistachionuts
dried to ~4<MCWB(%)<~6 are adopted
beside those dried to ~6<MCWB(%)<~11
(because of higher in favorable [such as
crispness & sweetness] and lower in
unfavorable [such as bitterness & rancidity]
organoleptic-quality indicators) (22, 23).
The GPN was produced by weighting ten
gram of pistachio kernels crushed in a home
mill (Black & Decker, London) for 30s (the
mean particle size=250um). According to
Tavakolipour and Mokhtarian (5, 11),
different saturated salt solutions was
employed to got steady state (constant)
relative humidity.

2.2. Quantifying of equilibrium

moisture content (EMC)

Static gravimetric method was used to
measuring sorptionisotherm of GPN at
different temperature (15, 25, 35 & 40°C).
In order to obtained different aw of GPN
(ranger from 0.11 to 0.88), eight saturated
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salt solutions (SSS) were prepared (24).
After transferring 150 mL of each SSS into
separate glass containers, their grids were
suspended. About two grams sample of GPN
was weighed separately and placed on grids
in the containers, which were then tightly
closed, and kept in convective ovens at
different air temperatures for equilibration.
The required time to reach equilibrium
moisture content for sample of GPN was
close to 18 day. Equilibration was achieved
when the changes in MC (D.B.) did not
exceed 0.1%, and it was <0.001 (g/[g.DM])
for three consecutive weighting at 3-day
intervals (25). A vacuum oven (T=70°C &
P=150 mbar) was used for 6h to compute the
MC of each GPN sample (26). For the (ads.)
process, the GPN samples were placed in
suspended petridish in containers having
silica gel. Again, the same protocol was re-
done to reach the equilibrium moisture
content. Desorption isotherms were obtained
on the dried GPN in a glass container over
distilled water. At high levels of ay (greater
than0.7), a little amount of toluene (C7Hs)
was placed in a capillary tube fixed to the

inner wall of different containers to inhibit
microbial spoilage of the GPN samples (27).

2.3. Fuzzy logicsystem(FLS)

For collecting the required-data for
simulating of the empirical EMCs (ads./des.)
data, GPN was stored at various T&aw. The
actual numbers of storage temperature(T)
and water activity (aw) were chosen as the
inlets of the FLS. As well, the EMCs data
(ads./des.) of GPN was adopted as the
desired outlets. Three stages were take place
in the FLS. Firstly, FLS alter the set of inlet
sorption-isotherm data into fuzzy inlet via
different isotherm-functions(fuzzification).
Secondly, IF-THEN rules & Mamdani
implication method (MIN) were applied to
covert the fuzzy inlet data to the fuzzy outlet
data and Thirdly, the fuzzy outlet data (got
by the inference engine derived from this
system) are converted again into an actual
number of EMCs (ads./des.) via the same
defuzzification functions (see Fig. 1).
The package of fuzzy logic of MATLAB
(2010b, 7.11.0.584) was applied to modeling
of GPN isotherm data (16).
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Fig. 1- Schematic structure of the fuzzy inference engine (FEE) to predict EMC of GPN
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Where Xexpi & Xperi are the actual and predicted values of X, Xmean is the mean predicted value and N

is the total number of data (16).

3. Results
Simulation of ground pistachio nut EMCs
(ads./des.) of was done using the

“Mamdani”-approach. By this arrangement
the FR’s were defined between inlet (T&aw)
and outlet (EMCs) variables. Moreover, the

TRIMF was employed in the fuzzification of
variables. Totally, 32IF-THEN rules with
the “AND” operator was obtained for GPN
isotherm; some of these rules are given in
Table 2.
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Table 1- The verbal variables along with MF in the fuzzification of sorption isotherm of GPN
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Low
Medium
Little high
High
Excessively low
Very low
ILow
Negativemedium
IMedium
High
Veryhigh
Excessively high
Excessively low
Very low
Little low
Low
Very negative medium
Negative medium
Medium
Positive medium
Very positive medium
Little high
High
Very high
Excessively high
Excessively low
Very low
Little low
Low
Very negative medium
Negative medium
Medium
Positive medium
Very positive medium
a bit high
Little high
High
Very high
Excessively high

23
—

Triangular (TRIMF)

[15, 15, 25]
[15, 25, 35]
[25, 35, 40]
[35, 40, 40]
[0, 0.11, 0.15]
[0.09, 0.23, 0.25]
[ 0.15,0.32,0.35]
[ 0.25,0.44,0.46]
[ 0.46,0.53,0.6]
[ 0.6,0.65,0.7]
[ 0.7,0.75,0.85]
[0.75,0.85, 1]
[0,1,1.3]
[1,1.5,1.7]
[1.5,2, 2.2]
[2.2, 2.5, 3]
[2.5, 3, 3.4]
[3, 3.4, 4]
[3.5, 4.2, 5]
[4.4,5.2, 5.6]
[5.2, 5.4, 5.6]
[5.2,7.1,7.3]
[6,7.3, 7.5]
[7.3,8.2, 8.4]
[7.5,8.5,9]
[0,1.1,1.3]
[1.1, 1.45, 1.9]
[1.5, 2, 2.3]
[2,23,3]
[2.3,3,3.4]
[3, 3.6, 3.8]
[3.8, 4, 4.8]
[4, 4.8, 5.4]
[4.9, 5.35, 5.9]
[5.2,5.7, 6.8]
[5.9,7.25, 7.5]
[6.8, 7.9, 8.4]
[8, 8.5, 9.2]
[8.5,9.2, 9.5]

AT,
AT,
ATs
ATy
WA
WAz
WA;3
WA,
WAs
WAs
WA,
WAs
EMCags1
EMCags2
EMCadgs3
EMCads.4
EMCadgss
EMCadgss
EMCags7
EMCauss
EM CAds.9
EMCads.10
EMCads.11
EMCads.12
EMCads.13
EM CDes.l
EM CDes.Z
EMCpess
EM CDes.A
EM CDes.S
EM CDes.G
EM CDes.7
EM CDes.8
EM CDes.Q
EMChpes.10
EMChpes.11
EM CDes.lZ
EM CDes.lS
EMCpes.14
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Table 2 -The FR to modeling of GPN sorption isotherm

adsorption desorption
B if WA, and AT, then EMCass  and EMCoess
2 if WAs  and AT, then EMCads7 and EMCpess
8 if WA, and AT, then EMChads4 and EMCpess
4 if  WAs and AT, then EMCass  and EMCoess
s i WA, and AT, then EMCasss  and EMCoess
6 if  WAs and AT, then EMCass  and EMCoess
_ if WAg and AT; then EMCags.13 and EMCpes.13
8 if  WAs and AT, then EMCadss and EMCpess
e if WA, and AT, then EMCas2  and EMCoes2
_ if WAg and AT, then EMCads.13 and EMCpes.13
i if wA; and AT, then EMCas1i  and  EMCpesn
12 if WA, and AT, then EMCads1 and EMCpes1
s if WAL and AT; then EMChads.1 and EMCpes?
14 if WA and AT, then EMCass  and  EMCpesio
s if WA;  and AT: then EMCas2  and EMCoes
16 if WA; and ATy then EMCasss  and EMCoess
i if WA, and AT, then EMCadsz2 and EMCpes2
18 if  WA; and AT, then EMCas2  and EMCoes2
e if WA;  and AT, then EMCas2  and EMCpes1
200 if WA;  and AT, then EMCas1  and EMCoes2
2 if WA, and AT, then EMCads1 and EMCpes1
2 | if  WA; and AT, then EMCas2  and EMCoes2
_ if WA, and AT, then EMCads.11 and EMCpes.12
24 if WA, and AT, then EMCass  and EMCoess
s if WA, and AT: then EMCass  and EMCoes 7
26 if  WAg and AT, then EMCassizs  and  EMCpesis
_ if WAs  and AT, then EMCadss and EMCopess
.28 | if WA, and AT, then EMCasu:  and  EMCpes2
29 if WAs  and AT, then EMCass  and EMCoess
o080 if wA;  and AT; then EMCasszi ~ and  EMCoesit
D8 if wAs  and AT, then EMCas1zs  and  EMCpesis
- if WAs and ATy then EMCadss and EMCpes.g

Specifications of the FLS (MAMDANI type) are given as follows:
e  Decision method for AND/OR fuzzy logic system operators respectively are “MIN” & “MAX”.
e Implication and Aggregation method, respectively are: “MIN” & “MAX”.
o  Defuzzification: ‘CENTROID (center of gravity).
The outlet performance of the fuzzy expert engine program and fuzzy sets after defuzzification for EMCs

(ads. /des.) of GPN are summarized in Table 3.
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Table 3- Summary of fuzzy result to predict ground pistachio nut EMCs (ads. & des.)

Three dimensions (3D) plot of the
relations between inlet and outlet variables
of GPN sorption isotherm (with 32IF-THEN
rules) are given in Figures 2 and 3. With a
glance at Figures 2 and 3, it can vividly be

Adsorption
o Experimental result
RIS 0.1 2
s 0.3 2.1
[ 15 o032 2.4
s 044 3.4
R 053 42
ISR 065 5.4
[ 15 o7 7.3
s oss 8.4
[ 25 ou1 13
25N 023 14
D2 032 17
25 044 25
[ 25 o053 3.2
25 oe6s 5.1
RN 075 72
RNZE 055 8.4
s on 1.1
8 o023 1.4
[ o3 15
s 044 23
S 053 3
S5 065 5
8% 075 7
8 oss 8.3
RO 0.1 1
40 o023 12
4 032 1.4
40 044 2.2
DA 053 3
[ 40 o065 4.9
.40 075 7
40 085 8.2

Desorption

Fuzzy result ~ Experimental result Fuzzy result

1.9 2.2 2.07
211 2.3 2.26
2.36 3 2.92
3.47 3.8 4.2
4.23 4.8 4.73
54 59 8.9
6.93 7.9 7.7
8.33 9.2 9.17
1.4 1.5 1.48
1.6 1.6 1.66
1.88 2.2 221
2.57 3.5 3.47
2.97 4 3.47
5.07 5.4 5.38
6.93 7.4 7.7
8.33 8.5 8.57
0.822 13 1.48
1.4 1.3 1.14
1.25 2 2.11
2.57 3.1 2.9
2.97 3.7 3.47
5.07 5.3 5.38
6.93 7.2 6.88
8.33 8.4 8.57
0.822 11 0.887
0.922 1.3 1.14
1.57 1.9 211
1.9 3 2.9
2.97 3.4 3.47
5.07 51 5.38
6.93 7.2 6.88
8.33 8.4 8.57

perceived that EMCs (ads./des.) increased
and decreased with increasing the water
activity (aw) and increasing storage air
temperature (T), respectively.
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The FR used in developing the FEE to
predict ground pistachio nut EMCs
(ads./des.) are shown in Fig 4. This figure
indeed confirms the recognized results of
Table 2, presented for predicting the outlet
variables according to defined MF
(see Table 1). For example, if the values of
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inlet variables of T and aw are 25°C and 0.8,
respectively, then corresponding EMCs (ads.
& des.) values become 7.59 (%D.B) and
8.04 (%D.B), respectively belongings to
verbal variables of “VERY HIGH”
(EMCads.12) and “HIGH” (EMCpes.12).
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Fig. 4- Different rules used in developing the FM to predict EMC of GPN
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The evaluation of performing the FLS
model was made via two important statistic
standards, specificallyR? and P(%). The
outcome showed, the FL model had a
potential to foresee the EMCs (ads./des.) of
GPN with R? & P (%) values equal (0.9959
& 13.01) and (0.9869 & 40.63), respectively
(see Figure 5).

Adsorption Moisture Content (AMC)

R%=0.9959
AN

Pred. value (%DB)

0 1 2 3 4 5 6 7 8 9
Actual value (%DB)

(@)

(b)

The plot of pred. vs. actual values of
EMCs (ads./des.) is given in Fig 5. As seen,
strong correlation (R%>0.9869) of those
data displayed high level of accuracy for
FLS choosing to foresee ground pistachio
nut EMCs (ads./des.).

Desorption Moisture Content (DMC)

9 A
LN
8 n 2 -
R*=0.9869 o
a 7 N 7 A
[a] o
g 6 7
o
5 4 o
oS A px
& 3 o5
24 sk
24
1 At
O T T T T T T T T 1
0o 1 2 3 4 5 6 7 8 9

Actual value (%DB)

Fig. 5- Pred. (dotted line) & actual values (triangle sign) of the FLS for adsorption moisture conten (AMC) and

desorption moisture content (DMC) of GPN.

4. Discussion

The RH of heated air has a major role in
storage time of GPN (ground pistachio nuts).
Once ambient air is exposed to moisty GPN,
created
between the water present in GPN and the
RH of the surrounding air. The moisture
content remains in GPN under such
conditions is called EMC. The EMC usually
reduces with a rise in temperature depending
on changing of RH existing in contacting air.
Water activity (aw) in GPN is defined as the
relation between their vapor pressures with

a vapor-pressure evenness is

the contacting air media, when it is held in a
completely  undisturbed situation. At

evenness conditions the aywof GPN is alike to
the RH of contacting air (i.e.
aw=0.01XERH). The interactions rateof
food-water with the surrounding air is
determined by its MC & aw. Meanwhile, the
protein, starch, &high molecular-weight
polymers in food and agricultural products
(such as GPN) create higher EMC than
soluble solids, crystalline salts, and sugars
(28). Arslan-Tontul (29) evaluated the EMC
of whole chia seed. He found that the EMC
content of whole chia seed decreased by
increasing storage temperature.
Tavakolipour  and Mokhtarian (5)
investigated the EMC of GPN and claimed

Pistachio and Health Journal/ Vol. 3, No. 1, Winter 2020, 18-31
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that aw andT had positive influence
(p<0.05) on its EMC. They also showed the
maximum EMC (ads.) was attained at (aw)
equal to 0.85 and loading temperature of
15°C (or 25°C), and its EMC reduced with
increasing storage temperature at constant
(aw). The minimum EMC was gained at low
water activity (aw= 0.11) and loading
temperature of 40°C.

Figure 5 which shows, plot of projected
values vs. tested data of EMCs (ads./des.).
As can be seen, strong correlation
(R>0.9869) of those data displayed high
level of accuracy for selecting of FLS model
to foresee EMCs (ads./des.) of GPN.
Tavakolipour et al. (16) applied two novel
optimization models (FLS & ANN) for
smartening of drying kinetics of zucchini
slices (especially prediction of moisture ratio
or MR). Eventually, evaluation of these
results discovered that ANN model had
greater accuracy than EEOF to predict MR
of dried zucchini. Al-Mahasneh et al. (19)
modeled roastedwheat MSI via both FLS
and Nonliner regression (NLR) models.
They illustrated that the FLS had a goodness
fit than NLR. Since the R?, RMSE, E% and
SSE of FLS and NLR respectively were
”0.99 & 0.97”, 70.01 & 0.0038”, ”1.01 &
59” and ”0.0008 & 0.009”, the FLS
technique was superior and provided a better
fit than NLR procedure.

5. Conclusion

The FLS is used to study momentarily
monitoring of ground pistachio nuts EMCs
(ads./des.) during the storage period.

The results reveal that FLS can be provided
as a strong arbitration system for monitoring
EMCs than the conventional modeling
approach including the regression model.
Although the resulting regression model is a
simple mathematical relationship, it can
show EMCs variation as a water activity
function and air temperature. In other words,
it cannot display the relationship between
inlet and outlet variables of GPN undergoing
the long-storage period. This study showed
that the FLS and other intelligent systems
can be introduced as acceptable controlling
machines for monitoring EMCs of GPN and
similar agricultural products. Since the
interaction of water activity and T of
determine  MC of GPN with good
approximation, it is possible to predict the
allowable storage time and possibly shelf
life of GPN at different conditions of
packaging or storing. Determining the
allowable storage of GPN, will assist us to
use the most appropriate methods for
processing, packaging and storage of this
valuable product. On the other hand,
controlling water activity and temperature
will save our time and energy for suitable
preservation and producing high quality
pistachio.
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