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In this paper, antibacterial properties of cotton fabric samples treated with
nano titanium dioxide (NTO) and butane tetra carboxylic acid (BTCA) under different
curing conditions (UV, High temp and UV-Temp) are compared. Response surface
methodology (RSM) and artificial neural network (ANN) optimization methods are used
to determine the antibacterial properties of samples and results of the two methods are
compared with each other. The comparison between these two model optimization
procedures shows clearly that ANN procedure can maximize E. coli reduction by 5 units

more than that of RSM procedure.
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In recent years, NTO attracts much
attention because of their photo catalytic activity
and ability to absorb ultra-violet irradiation®. In
addition, the deposition of NTO particleson fabrics
used to obtain different characteristics such as:
self-cleaning?, waste material and pollutants
decomposition®, harmful bacteria growth
prevention?, crease recovery angle improvement®
and UV-protection®.

TiO, has been attended more than other
kind of nano particles, because of its chemical
durability, reasonable cost, availability, non-
poisoning, and optical properties’. When UV rays
(A<388nm), irradiateto TiO,, an electron fromthe
valence band exited to the conduction band,
creating pairs of negative electrons (e ) and
positive holes (h*)8. The construction of efficient

* To whom all correspondence should be addressed.

species such asOH® hasmuch activity for materials
oxidation, organic pollutions and microorganism
deactivation®.

Over the past decade, multifunctional
carboxylic acids have been used as non-
formaldehyde durable press and cross linking
agents for cotton'®. Among the different
investigated poly carboxylic acids, BTCA is the
most effective cross linking agent for cotton''.
Several studies have been conducted to use the
NTOand BTCA inorder toimprove creaserecovery
angle.

In this paper Response Surface
Methodology (RSM) and Artificial neural network
(ANN) have been used to evaluate the effective
parametersand create model sfor selecting optimum
conditions of variables for a desirable response,
Antibacterial Properties of Cotton Fabric against
E. coli (BacteriaReduction).

In statistics, response  surface
methodology (RSM) explores the relationships
between severa explanatory variables and one or
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more response variables. The method was
introduced by G. E. P.Box andK. B. Wilsonin 1951.
The main idea of RSM is to use a sequence
of designed experiments to obtain an optimal
response. Box and Wilson suggest using a second-
degree polynomial model to do this. They
acknowledge that this model is only an
approximation, but use it because such amodel is
easy to estimate and apply, even when little is
known about the process. An easy way to estimate
afirst-degree polynomia model isto useafactorial
experiment or afractional factorial design. Thisis
sufficient to determinewhich explanatory variables
have an impact on the response variable(s) of
interest. Onceit is suspected that only significant
explanatory variables are left, then a more
complicated design, such as a central composite
design can be implemented to estimate a second-
degree polynomia model, which is still only an
approximation at best. However, the second-degree
model can be used to optimize (maximize, minimize,
or attain aspecific target for).

On the other hand, Artificial Neural
Networks (ANNS) arearithmetical modelsinspired
from the human brain. The main characteristic of
this technique is ability of learning using
experimental data. Thismodel can predict patterns
and behaviorsfrom afinite set of experimental data,
that called the ““training set”” of the ANN®, The
structure of ANN typically consistsof threelayers
including input, hidden and output layers. First
primary data is collected in the input layer, and
then send to the hidden layer of the networks™.
The structure of a neuron consists of weight
vectors and activation functionis showninFig 1.

According to the inputs as shown the
total input of the neuron is sum of all input values
that each is multiplied by its weight and a bias
term. Activation function receives an argument n
and generates an output a. Many activation
functions are used in ANN model such as:
triangular basis, pure line, soft max, log sigmoid,
tan sigmoid and hard limit. TheANN istrained to
minimize the error between ANN output and
experimental data, to achieve an acceptable predict.

METHOD

The samples of cotton fabric were
prepared in14x5 cm? swatches. Bleaching treatment
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of cotton fiber was performed using 3.5%
hydrogen peroxide and 2% sodium hydroxide
(based on weight of fabric: o.w.f) at aliquor ratio
of 8:1 under the boiling conditionfor 90 min. The
dispersion of aqueousfinishing was prepared with
mixtureof BTCA, SHP (60% of BTCA) and NTO
with required distilled water in ultrasound bath for
30 min. The cotton fabrics were padded with 95%
wet pick-up using freshly prepared aqueous
solutionsand dried at 65°C for 3 min followed by
curing with different conditions: 15 minunder UVA
(UV), 180°Cfor 2min (Temp) and UV-Temp. Then,
the finished samples were washed at 75°C for 20
min with 1.5 g/L Na,CO, and 1 g/L non-ionic
detergent (Rucogen DEN), and finally dried at room
temperature. One pathogenic microorganisms
including Escherichia coli (E.coli) as Gram-
negative was tested using AATCC 100-2004 test
method. In this method, treated samples were
placed adjacent to the bacteria suspension and
exposed to (UV-C) irradiation for 30 min and then
incubated for 24 h. The number of viable bacteria
was colonies on the agar plate before and after
NTO/BTCA treatment was counted and the results
reported as percentages of bacteria reduction
according to Eq. (1).

R(%)=100(A- B)/A (1)

where (A) and (B) are the numbers of
bacteria coloniesrecovered from the untreated and
the treated cotton samples respectively after
inoculation and (R) isthe reduction percentage of
bacteria colonies.
Experimental Design

The central composite design was used
for experimental plan with three variables. These
variables were amounts of BTCA, NTO and
different curing conditions. The ranges of these
variableswere: BTCA (50.96-99.04 g/L), NTO(0.12-
5.02%) and curing method (UV, High temp, UV-
Temp). Details of the design for cotton fabric
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Fig. 1. A neuron structure
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samples with BTCA in the presence of NTO are
giveninTable 4 (Run 1-39). Also, influence of the
variables on the results Y (reduction of E. Coli)
was adjusted using the following second order
polynomial function:
Y =b,+Eb X +Eb X X + ZcX?i2j ij=1,23 ..(1)
Inthisequation, b isan independent term
according to the mean value of the experimental
plan, b, are regression coefficientsthat explainthe
influence of thevariablesintheir linear form, bij are
regression coefficients of the interaction terms
between variables, and ¢, are the coefficients of
guadratic form of variables. The analysis of
variance (ANOVA) isgiveninTable 1. According
to the experimental design, theresult wasanalyzed
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and approximating function of reduction of E. coli
were obtained in below, respectively.

Reduction of E. coli = +84.02+5.39xBTCA +
5.66xNTO -9.65x C[1]+0.038xC[2]-2.80xAB-
6.40xB"2 (2)

Therefore, maximizing the response
variable (reduction of E. coli), the optimal values
of input factors (BTCA, NTO and Curing) and
predicted E.Coli reduction are 92.00, 2.96, UV-
Temp and 99.34, respectively.
ModedingApproachinANN

An ANN is based on the operation of
biological neural networks. An artificial neuronis
the fundamental processing unit of the ANN®,
MLP networks are the most widely used ANNS!®.

Table 1. ANOVA for E. coli

Source  Sumof squares  Df Mean Square FVaue  p-valueProb>F
Model 4841.91 6 806.98 108.97 <0.0001 signifcant
A [BTCA] 698.32 1 698.32 94.30 <0.0001

B [NTO] 768.22 1 768.22 103.73 <0.0001
C[Curing] 2411.38 2 1205.69 162.81 <0.0001

AB 94.08 1 94.08 12.70 0.0012

B2 869.91 1 869.91 117.46 <0.0001
Residual 236.98 32 7.41

Cor Total 5078.89 38

Reduction of E. coli = +84.02+5.39xBTCA + 5.66xNTO -9.65x C[1]+0.038xC[2]-

2.80xAB-6.40xB"2 (2)

BTCA ——»
Situation (UV-Temp-UV& Temp)

NTO ——»

Input layer

Hidden layer

Output layer

Fig. 2. Architecture for the proposed MLP model

Table 2. Specification of proposed ANN model

Neural network MLP
Number of neurons in the input layer 3
Number of neuronsin the hidden layer 7
Number of neurons in the output layer 1
Number of epochs 1750
Activation function Tansig

The simplified overview of the proposed MLP
model isshowninFig.2, wheretheinputsareBTCA,
NTO and the situation (UV-Temp-UV & Temp) and
the output is the value of E.coli reduction.

Theinput to the node 7 in thefirst hidden
layer can be written as

N, =2 W) +0,t=1,2,...,7 (1)

Table 3. Obtained errors for training and
testing results of the proposed ANN model

Test Train Error
0.0536 0.0066 MRE%
0.8935 0.6491 RMSE
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The output of the second hidden layer,
from ¢ " neuron is given by:

0,=11m,) (2

where X is the input variables, 6 is the
biasterm, Wistheweighting factor and / represents
the activation function of the hidden layer. The
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output of the neuron in the output layer can be
shown as:

Y =>0m,)+b NE)

Levenberg-Marquardt (LM) algorithmis
used to train the presented MLP network. In this
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Fig. 3. Experimental and predicted results of the proposed ANN model for training and testing data
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method, first derivative and second derivative
(hessian) matrices are used for network weight
correcting. The number of samplesfor training and
testing dataare 28 (about 71%) and 11 (about 29%)
respectively. Inthisstudy, for optimizingtheANN
configuration many different structures with one,
two, three and four hidden layers were tested by
applying of different number of neuronsin each
layer and different epochs. MATLAB 7.0.4
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softwarewasused to trainthe ANN model. Table 2
shows the specification of the proposed ANN
model being used in this study.

RESULTS AND DISCUSSION
Table 2 showsthe obtained errorsfor train

and test results of the proposed ANN model,
wherethemean relative error percentage (M RE %)

Table 4. The data that were used for training the network and Predicted E. coli reduction

Exxp. BTCA NTO Situation(UV=1, Temp=2, E. coli Predicted
Run (glL) (%) UV&Temp=3) reduction E. coli reduction
1 75 257 1 73.4 73.1391
2 58 4.3 2 78.72 78.7199
3 92 0.84 1 73.62 73.5503
4 50.96 2.57 2 81.28 79.9035
5 75 257 1 73.32 73.1391
6 75 2.57 3 94.02 94.2619
7 92 4.3 2 90.01 88.7625
8 75 2.57 3 93.91 94.2619
9 75 2.57 2 82.98 83.7501
10 75 2.57 3 94.08 94.2619
11 75 2.57 2 82.89 83.7501
12 75 5.02 3 87.15 88.1355
13 99.04 2.57 3 99.57 98.0595
14 75 5.02 1 70.34 70.3399
15 75 257 3 94.17 94.2619
16 75 0.12 3 68.59 68.5899
17 50.96 2.57 3 90.89 90.8899
18 58 4.3 3 87.23 87.2299
19 75 2.57 1 73.23 73.1391
20 75 2.57 2 83.06 83.7501
21 92 4.3 1 77.02 78.1988
22 75 2.57 2 83.15 83.7501
23 58 0.84 1 55.53 55.5299
24 75 2.57 1 73.57 73.1391
25 58 4.3 1 70.42 70.4199
26 99.04 2.57 1 76.81 77.0088
27 75 5.02 2 78.64 77.6543
28 58 0.84 3 68.72 68.7199
29 99.04 2.57 2 89.87 87.5836
30 75 0.12 2 62.38 62.9143
31 75 2.57 3 93.83 94.2619
32 50.96 2.57 1 69.36 69.2563
33 92 4.3 3 99.79 99.2274
34 92 0.84 2 83.19 84.1575
35 75 2.57 2 82.81 83.7501
36 92 0.84 3 94.04 94.6655
37 58 0.84 2 62.55 62.6429
38 75 0.12 1 55.49 56.1318
39 75 2.57 1 73.49 73.1391
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and the roots mean square error (RM SE) are:

3K, (Exp)- X, (Pred))? |

RMSE =| 2= v (8

~ 1 &|x, (Exp)-X, (Pred)|
MRE%_100><N z‘ X () | (5

m=1 m

where N isthe number of the data points
and ‘X (Exp)’ and ‘X (Pred)’ represent the
experimental and predicted (ANN) values,
respectively. Table 3 showsthe obtained errorsfor
training and testing results of the proposed ANN
model

Fig.3 shows comparison between
experimental and predicted results using the
proposed ANN model for training and testing data.

Calculation of theabove ANN procedure
shows that the maximum of E.coli reduction will
be equal to 105 provided that NTO=3.8 (%),
BTCA=55 (g/L) and UV-Temp. However, RSM
procedure provides maximum of E.coli reduction
equal t099.34withNTO =2.96 (%), BTCA =92.00
(g/L) and UV-Temp. The comparison between these
two model optimization procedures showsclearly
that ANN procedure can maximize E. Coli reduction
by 5 unit more than that of RSM procedure.

REFERENCES

1. Montazer, M. and Pakdel, E. Reducing Photo
yellowing of Wool Using Nano TiO,.
Photochemistry and Photobiology, 2010; 86(2):
255 — 260.

2. Mihailovic’, D., Saponjic’, Z., Radoicjic’, M.,
Radetic’, T., Jovancijic’, P, Nedeljkovic’, J., &
Radetic”, M. Functionalization of polyester
fabrics with aginates and TiO, nanoparticles.
Carbohydrate Polymers, 2010; 79: 526-532.

3. Zhang, X., Su, H., Zhao, Y., & Tan, T.
Antimicrobial Activities of Hydrophilic
Polyurethane Titanium Dioxide Complex Film
under Visible Light Irradiation. J. Photochem.
Photobiol. A: Chemistry, 2008; 199: 123-129.

4, Zhao, J., Krishna, V., Hua, B., Moudgil, B., &
Koopman, B. Effect of UVA Irradiance on
Photocatal ytic and UVA Inactivation of Bacillus
Cereus Spores. J. Photochem. Photobiol. B:
Biology, 2009; 94: 96-100.

5. Nazari, A., Montazer, M., Rashidi, A.,
Yazdanshenas, M., & Moghadam, M. B.,

J PURE APPL MICROBIO, 10(2), JUNE 2016.

10.

11.

12.

13.

14.

15.

16.

MOGHADAM et a.: STUDY OF RSM & ANN OPTIMIZATION METHODS

Optimization of cotton crosslinking with
polycarboxylic acidsand nano TiO, using central
composite design. Journal of Applied Polymer
Science, 2010; 117: 2740-2748.

Gouda, M., & Keshk, S.M.A.S. Evaluation of
multifunctional properties of cotton fabric
based on metal/chitosan film. Carbohydrate
Polymers, 2010; 80: 504-512.

Mellott, N.P., Durucan, C., Pantano, C.G.,
Guglielmi, M. Commercial and laboratory
prepared titanium dioxide thin films for self-
cleaning glasses: photocatal ytic performance and
chemical durability. Thin Solid Films, 2006; 502:
112-120.

Kuhn, K. P, Chaberny, I. F., Massholder, K.,
Stickler, M., Benz, V.W., Sonntag, H. G.,
Erdinger, L. Disinfection of surfaces by
photocatalytic oxidation with titanium dioxide
and UVA light. Chemosphere, 2003; 53: 71-77.
Rincon, A.G., & Pulgarin, C., Photocatalytical
inactivation of E.coli: effect of (continuous-
intermittent) light intensity and of (suspended-
fixed) TiO, concentration. Applied Catalysis B:
Environmental, 2003; 44: 263-284.
Sricharussin, W., Ryo-Aree, W., Intasen, W., &
Poungraksakirt, S. Effect of boric Acid and
BTCA ontensile strength loss of finished cotton
fabrics. Textile Research Journal, 2004; 74(6):
475-480.

Hebeish, A., Hashem, M., Abdel-Rahman, A.,
& El-Hilw, Z. H. Improving easy care
Nonformal dehyde finishing performance using
polycarboxylic acids via precationization of
cotton fabric. J Appl Pol Sci, 2006; 100: 2697- 4.
Yuen, CW.M., Ku, SK.A., Li, Y., Cheng, Y.F,
Kan, C.W., & Choi, PS.R. Improvement of
wrinkle-resistant treatment by nanotechnol ogy.
The Journal of the Textile Institute, 2008; 1-8.
Ce" sar Marques Salgado et al. Prediction of
volume fractions in three-phase flows using
nuclear technique and artificial neural network,
Applied Radiation and Isotopes, 2009; 67: 1812—
1818, 2009.

Rahimi-Ajdadi, F. and Abbaspour-Gilandeh, Y.
Artificial neural network and stepwise multiple
rangeregression methodsfor prediction of tractor
fuel consumption, Measurement, 2011; 44: pp
2104-2111.

Taylor J. G. Neural networks and their
applications. West Sussex (UK), John Wiley &
Sons Ltd 1996.

Gallant A. R. and White H. On learning the
derivatives of an unknown mapping with
multilayer feed forward networks, Neural
Networks, 1992; 5. 129-38.



