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Abstract

In this study, potential application of image texture analysis as a non-destructive method for automation and
prediction of mechanical properties of carrot chips was investigated. Samples were fried at different processing
conditions and moisture content, colour parameters (i.e. L*, a*, b* and AE) and mechanical properties (i.e.
hardness and apparent modulus) were determined. Hardness and apparent modulus increased by increasing
frying temperature and time. Four image texture features namely contrast, correlation, energy and homogeneity
were calculated using gray level co-occurrence matrix. The results showed contrast and energy of gray level
images were well correlated with hardness of fried samples in compression and puncture tests. Correlation
coefficients of 0.97 and 0.98 between four image texture features and hardness were obtained in compression
and puncture tests, respectively. Results indicate that image texture analysis can be successfully applied as a
non-destructive method for estimation of mechanical properties of carrot.

Keywords: Carrot; frying; image texture analysis; mechanical texture properties

Introduction

Carrot (Daucus carota) is one of the most
important sources of natural antioxidants such
as B-carotene and flavoniods and vitamins A,
C and E (Alasalvar, Grigor, Zhang, Quantick,
Shahidi, 2001). This agriculture product has
been linked to inhibit certain types of cancer
and chronic diseases (Rao, Agarwal, 1999).
However, the carrot's shelf-life is confined due
to its high moisture content which lead to the
loss and oxidation of nutritional compounds
such as vitamins and carotenoids and
consequently, intensification of the bitterness
flavor (Rao et al., 1999). Deep-fat frying can
be applied as a preservation method to prolong
shelf-life and enhance taste, appearance and
texture of carrot. Immersion of food materials
into hot oil causes partial evaporation of the
water and increase porosity and crispness,
which lead to improve their palatability
(Mohebbi, Fathi, Shahidi, 2011). Dueik et al.
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(2010) reported vacuum frying of carrot can
maintain approximately 90 and 86% of its
trans a-carotene and [3-carotene, respectively.

Mechanical texture features and colour are
recognized as the most important quality
aspects affecting sensory perception of fried
products. Temperature and time of frying have
been reported to possess a critical effect on
these properties. Pedreschi et al. (2007)
studied colour components changes during
potato frying and showed the colour changes
(AE) enhanced with increasing frying time.
Kita et al. (2007) investigated the effect of
temperature on texture of fried potato and
showed that the hardness decreases by
increasing the  processing  temperature.
Pedreschi and Moyano (2005) reported the
lower frying temperature the crisper potato
chips is produced. In spite of importance of
mechanical texture properties of fried product,
their applications are limited for on-line
quality control evaluation due to destructive
and time consuming natures of their evaluation
instruments.

Image textures are important image features
and have been recently applied in food
engineering for quality evaluation as a non-
destructive, objective and rapid method
(Borah, Hines, Bhuyan, 2007; Dan, Azuma,
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Kohyama, 2007; Fathi, Mohebbi, Razavi,
2009; Gonzales-Barron, Butler, 2008; Zheng,
Sun, Zheng, 2006). Image texture is defined as
the spatial organization of intensity variations
of pixels in gray level image, which
corresponded to both brightness value and
pixel locations (Pietikanen, 2000). Published
researches revealed that image texture features
can be correlated with mechanical properties
of food materials (Qiao, Wang, Ngadi,
Kazemi, 2007; Thybo et al., 2004). Image
texture features are usually classified into four
categories namely, statistical, structural,
model-based and transform-based textures
(Bharati, Liu, MacGregor, 2004). In the food
industry, statistical texture is the most
commonly used method for quality
evaluations. This method includes grey level
co-occurrence matrix (GLCM), grey level
pixel-run length matrix, and neighboring grey
level dependence matrix (Zheng et al., 2006).
The former that has been proposed by Haralick
et al. (1973), is the widely applied statistical
texture analysis method, in which texture
features such as entropy, homogeneity,
correlation and contrast are extracted by some
statistical approaches from the co-occurrence
matrix of gray scale image histogram. GLCM
has been used for classification of cereal grain
and dockage (Paliwal, Visen, Jayas, White,
2003), and apple (Kavdir, Guyer, 2002).

As mentioned above, determination of
mechanical texture properties is both time
consuming and destructive and development
of a new replaced method is necessary. In spite
of momentous application of image texture
analysis, there is no published data in the
literature on investigation of correlation
between mechanical and image texture
properties of food products. Therefore, the
aims of this work were to determine
mechanical and colour properties of fried
carrot under different processing conditions
and study the efficiency of image texture
parameters (i.e. contrast, correlation, energy
and homogeneity) to predict mechanical
features of carrot chips.

Materials and methods
Sample Preparation

Fresh carrots (Daucus carrota) were
purchased from local market and kept in
refrigerator at 6-7 °C before frying. Carrots
were cut into square dslices of 1mm in
thickness and 30mm in length.

The frying process was accomplished in a
thermostatically temperature controlled fryer
(Black & Decker, USA). Sunflower oil was
used for frying due to its high smoking point.
The fryer was filled with 2.5L of sunflower
oil. The fresh oil had been preheated at frying
temperature for 30min before frying. Carrot
samples were immersed in the frying oil at
140°C and 160°C. At the end of the frying
times (3, 4, 5 and 6 min), the samples were
removed from the fryer and were blotted with
adsorbent paper to remove excess surface oil.
Moisture content of fried carrots were
measured by drying the samples in a
convection oven at 105 °C until constant mass
was achieved and reported as the wet basis.

Mechanical Measurements

Mechanical texture measurements of carrot
chips were accomplished at room temperature
(25°C) by texture analyzer (QTS Texture
analyzer, CNS Farnell, Essex, U.K.). In this
study, puncture and compression tests were
performed applying a crosshead speed of 70
mmmin' and using two probes with
dimensions of 2mm and 35mm, respectively.
The instrument's software was applied to
determine the mechanical textural parameters,
namely hardness (g) and apparent modulus
(9.sY). The experiments were fulfilled in three
replications.

Image Acquiring and Colour Changes

For each treatment, four fried samples were
scanned with a Cannon (8800F) desktop
flatbed scanner (at Optical Resolution of 4800
dpi x 9600 dpi) and the images were saved as
BMP format. To study the effect of frying
parameters (temperature and time) on colour
changes (AE), the RGB colour space images
were converted to L*a*b space and colour
changes were calculated applying the
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following equation:

1

AE =[(L',-L')*+(@,-a")* +(b’,—b")* 1)

where L* is lightness component, which
ranges from 0 to 100 and parameter a* (from
green to red) and b* (from blue to yellow) are
two chromatic components, which range from
-120 to 120. Subscripts 1 and 2 are referred to
colour components before and after frying
process, respectively (Fathi, Mohebbi, Razavi,

2011).

Grey Level Co-Occurrence Matrix and Image
Texture Analysis

The first procedure for extracting image
textural features was presented by Haralick et
al. (1973). Each textural property is computed
from a set of GLCM probability distribution
matrices for a given image. The GLCM shows
the probability that a pixel of a particular grey
level occurs at a specified direction and
distance from its neighboring pixels. Gray
level co-occurrence matrix is represented by
Pa.o (i, j) where counts the neighboring pair
pixels with gray values i and j at the distance
of d and the direction of 6.

In this study, four image texture features
namely, contrast, correlation, entropy and
homogeneity were calculated based on
equations 2-5 (Qiao et al., 2007). Contrast
measures the local variation in an image
(ranging from O to [size (GLCM, 1)-1]°) and a
high contrast value indicates a high degree of
local variation. Correlation is an indicator of
linear dependency of intensity values in an
image (ranging from -1 to 1). For an image
with large areas of similar intensities, a high
value of correlation is measured. Energy
(angular second moment) returns the sum of
squared elements in the GLCM (ranging from
0 to 1) and homogeneity indicates the
uniformity within an image (ranging from 0 to
1).

Contrast =

[Z§§j01ﬂze(nj)} ot
e ®

Correlation =

Energy = Z_l NZ_l P, 9( j )2
EIE (4)
Homogeneity = NZl NZl i H( ) )
i=0j-=0 1+|| —j|

where ux, uy and oy, oy are the mean and
standard deviation of the sums of rows and
columns in the matrix, respectively, and N is
the dimension of square matrix of GLCM. In
this study, the four mentioned textural features
were computed using the mean of the four
values of different orientations (0°, 45°, 90°
and 135°) at d = 1 applying a program
developed in MATLAB 7.0.

Statistical Analysis

Analysis of variance (ANOVA) was
performed using a computerized statistical
program called “MSTAT” version C, and
determination of significant differences of
means was carried out by “Duncan” test at
95% confidence level using the above software
program. Regression equations  and
coefficients of determination (R?) between the
mechanical and image texture features were
obtained using SlideWrite software, version 2.

Result and discussion

The effect of frying conditions on moisture
content of carrot was depicted in Fig. 1. The
moisture content showed a classical drying
profile and it was diminished by increasing
frying time and temperature. The decrease of
moisture content in result of increase of frying
temperature is due to enhance of diffusion
coefficient. Similar results were obtained by
Moyano and Pedreschi (2006).

The results of analysis of variance for
colour and mechanical properties of deep-fat
fried carrot were summarized in Tables 1 and
2, respectively. Effect of frying temperature,
time and their combination were significant
(P<0.05) on colour components of L* and b*
and colour changes.

The mean values of colour parameters as
well as colour changes at different processing
conditions were tabulated in Table 3. The
lightness (L*) decreased as the frying



343

The effect of some processing parameters on ...

temperature increased from 140 to 160° C. The
darkening of carrot chips at higher processing

temperature can be attributed to the
acceleration of chemical reactions, e.g.
Maillard reactions. Krokida et al (2001)

reported that increasing frying temperature led
to decrease of potato lightness. The results
revealed that b* component decreased with
increasing frying temperature and time,
indicating yellow colour deterioration. On the
other hand, the samples were fried at higher
frying temperature and longer time underwent
more severe colour changes.

The effect of frying temperature was
significant (P<0.05) on hardness and apparent
modulus for both compression and puncture
tests (Table 2). However, hardness was not
statistically affected by frying time. Figures 2
& 3 show the mechanical properties of carrot

chips determined by compression and puncture
tests as a function of processing conditions. In
all cases, hardness and apparent modulus of
carrot chips raised as the frying temperature
and time increased, which is due to fast
moisture loss from the surface of the samples
and consequently, forming of hard crust.
Heredia et al (2014) studied textural properties
of fried potato and reported a first stage of
initial softening related to starch gelatinization
followed by a second stage where the
maximum force increased due to the gradual
formation of a crust.

The image texture features (i.e. contrast,
correlation, energy and homogeneity) of carrot
chips were calculated from GLCM in four
orientations and their average values in
different frying temperatures and times were
presented in Table 4.

Table 1. Successive mean squares from analysis of variance of color parameters of fried carrot

Mean square

Source Degree of freedom T - > AE
Temperature 1 635.98%9 77.09"° 600.13%9 215,049
Time 3 606.44%9  1222N5  214.20%9  182.68%9
Temperature*Time 3 566.87%¢ 11.81N° 167.26%¢ 138.125%
Error 24 676.41  17.29 10.85 10.85
Total 31

Table 2. Successive mean squares from analysis of variance of hardness and apparent modulus for compression

S8 statistically significant at 5%; N, not statistically significant.

and puncture tests

Mean square

ource egree of Treeaom araness pparent modaulus araness pparent moaulus
S D f freed Hard A dul Hard A dul
(compression) (compression) (puncture) (puncture)
Temperature 1 61509.37°9 1327784.41°9 11310.04>9 18214579
Time 3 32886.486°" 591673.47%9 40950.04%9 301986.6%9
Temperature*Time 3 452.49N8 13671.05¢ 2001.15M 43171.415¢
Error 16 10759.71 59972.49 3843.5 56816.02
Total 23
519 statistically significant at 5%; N, not statistically significant.
20 -
18
<16 1
=
E 14 1
g 13 —— 140°C
2 —— 160°C
= 8 —
é 5 -
= 4 -
2 4
0 T

Time (min)

Fig. 1. Moisture content of carrot chips at different processing times and temperatures
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Fig. 3. Influence of frying temperature and time on the hardness and apparent modulus of carrot chips determined by

puncture test.
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The increase of the contrast as results of
applying high frying temperature and long
time indicates an enlargement of local
variation of pixels in fried samples' images.
However, the decrease trends of energy,
correlation and homogeneity values reveal
diminishing uniformity and smoothness of the
images due to increase of black spot formation
at higher frying temperature and time. As
mentioned above, determination of mechanical
properties of products is both destructive and
time-consuming. Therefore, in this research an
effort has been made to apply image texture
analysis as a non-destructive and rapid method
to predict mechanical properties of fried
carrots. It was found that four image texture
features were more correlated with hardness,
rather than apparent modulus. Therefore, the
obtained relationships between hardness
values of compression and puncture tests and
four image texture parameters including
contrast, correlation, energy and homogeneity
were presented in Figure 4.

It can be found that the hardness values of

carrot chips in compression and puncture tests
can be predicted using linear relationships of
energy and contrast with superior correlation
coefficients of -0.94 and +0.98, respectively.
Qiao et al. (2007) studied the effect of frying
condition on image texture properties of
nugget. They stabilished multi-layer feed-
forward networks to predict mechanical
texture parameters based on image texture
indices of samples. The results showed a
strong potential for measuring mechanical and
textural characteristics of fried nuggets using
non-destructive image-based texture indices.

The results of multiple linear regression
(MLR) between image texture features and
hardness of fried carrots were also tabulated in
Table 5. MLR relationships  showed
correlation coefficients of 0.97 and 0.98 for
compression and puncture tests, respectively.
These results reveal that image texture features
can be potentially applied as a non-destructive
method for quality control of mechanical
properties of carrot chips.

Table 3. Average values of each color component and color changes of fried carrot at different frying conditions

Color parameter - 140 ?C - . - - 160°C - -
3 min 4 min 5 min 6 min 3 min 4 min 5 min 6 min
L* 50.70°+0.70 59.11%+4.22 54.70"®+3.14 51.23"B+1.31 55.66°°+2.08 49.50°+2.99 37.91°+5.75 37.0°+12.28
ax 21.84+0.71 19.50+2.28 20.04+1.46 19.77+1.43 23.79+2.86 23.06+0.41  20.68+1.36 20.56+10.97
b* 65.70°42.20  62.19°+1.94 58.14°B+2.16 55.12%+1.74 59.18"5+2.90 54.63%+2.04 40.14°+6.44 42.57°+4.48
AE 33.235¢+0.68 34.78%C+157 35.93%C+184 38.065+1.21  31.94°+3.78 38.295C+157 49.98°+6.58 49.15"+4.50

The values in each row followed by different letters are statistically significant (P<0.05).

Table 4. Average values of image texture features of fried carrot at different frying conditions

Image texture 140 °C 160 °C
feature 3 min 4 min 5 min 6 min 3 min 4 min 5 min 6 min
Contrast 0.173+0.024  0.199+0.023  0.225+0.031  0.254+0.010  0.191+0.030 0.208+0.056 0.255+0.038 0.277+0.036
Correlation 0.772+0.035 0.709+0.034  0.675+0.066  0.660+0.022  0.727+0.061 0.680+0.092 0.659+0.077 0.659+0.0120
Energy 0.350+0.012 0.348+£0.009  0.291+0.024  0.25040.018 0.30£0.051 0.250+0.012 0.227+0.012 0.210+0.012

Homogeneity 0.918+0.012  0.904+0.011  0.888+0.015  0.878+0.013  0.911+0.016 0.902+0.021 0.884+0.016 0.866+0.016

Table 5. Multiple linear regression (mlr) between image texture features and hardness of fried carrot in
compression and puncture testes
Mechanical test Relationship Correlation coefficient P value
Hardness= -3763.4 + (2809.2Contrast) - (944.4Correlation) - 0.97 0.028
(655.7Energy) + (5119.6Homogeneity) ' '
Hardness = 335.8 + (1730.0Contrast) - (474.8Correlation) +
(50.4Energy) - ( 116.5Homogeneity)

Compression

Puncture 0.98 0.017




346

Iranian Food Science and Technology Research journal, Vol. 12, No. 3, Aug. Sep. 2016.

750
700
650
600
550
500
450
400
0.

Hardness (g)

750
700
650
600
550
500
450
400

Hardness (g)

A

Hardness = 213

8.5Contract+ 126.86

15

0.2 0.25

Contrast

Hardness—-1953.6Correlation+ 1956.4
PY R=-0.90

0.6

750
700
650
600
550
500
450
400

Hardness (g)

750
700
650
600
550
500
450
400

Hardness (g)

0.65 0.7

Correlation

Hardness=-1561.4Energy + 1037.9

. R=-0.94

0.4

Energy

Hardness = -4083 4Homogeneity +4254.3
¢ R=-03822

0.87 0.89 0.91 0.93

Homogeneity

Hardness (g)

Hardness (g)

Hardness (g)

Hardness (g)

Hardness= 2198.

500 7Contrast- 187.54
R=0.98
400
300
200
100
0
0.15 0.2 0.25 0.3
Contrast
500 Hardness = 1?4“ 4Correlation+1581.9
f—t 0 9"}
400
300
200
100
0
0.65 0.7 0.75 0.8
Correlation
500 | Hardness=-1328.1Energy +671.96
R=- 0 S6
400
300
200
100
0
0.15 0.2 0.25 0.3 0.35 0.4
Energyv
500 Hardness = -4453 9Homogeneity +4289.1
=-096
o \
300
<+
-
200 *
100
(0]
0.85 0.87 0.89 0.91 0.93
Homogeneity

Fig. 4. Correlations of image texture features with hardness from compression (A) and puncture (B) tests
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Conclusions

In this study, image texture analysis was
applied to predict mechanical texture
properties of carrot chips. Sliced samples were
subjected to deep-fat frying at different
processing conditions and moisture content,
colour parameters (i.e. L*, a*, b* and AE),
mechanical properties (i.e. hardness and
apparent modulus) and image texture features
(i.e. contrast, correlation, energy and
homogeneity) were determined. The results
showed that moister content of fried samples
(ranging from 2.97 to 17.60% w.b) decrease
with increasing frying temperature and time.
Nevertheless, the colour changes (ranging
from 31.94 to 49.15) increased as the frying

performed at the higher temperature for longer
processing times. The results of mechanical
texture analysis showed that hardness and
apparent modulus significantly raised with
increasing frying temperature and time. The
image texture values, extracted from grey level
co-occurrence matrix of fried carrots' images,
showed that contrast and energy can be
applied for estimation of hardness of samples
for compression and puncture tests with high
correlation coefficients of 0.94 and 0.98,
respectively.  The outcomes of this
investigation suggest that image texture
features can be successfully applied as a non-
destructive and rapid method for mechanical
texture prediction of carrot chips.
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Abstract

The turbidity of sour orange juice after juice extraction affects on quality, shelf-life and concentration of
juice. Therefore, juice clarification is an important operation in the fruit processing industry. The goal of this
study was evaluating the effect of membrane operation parameters including pressure (120-220 kPa) and
temperature (25-35 °C) on the permeate flux and hydraulic resistance of sour orange juice during membrane
clarification. Response surface methodology (RSM) was used to optimizing the operating parameters. Results of
the experiments showed that the permeate flux was raised with increasing of temperature, but total hydraulic
resistance (Rry), concentration polarization resistance (R,) and gel layer resistance (R,) was decreased in
mentioned condition. The permeate flux, membrane resistance (Ry,), Rr, R, and fouling index was raised with
increasing in pressure. The R;, and fouling index are showed different behavior depending on temperatures level.
Results of process optimization indicated that the best conditions to maximize of permeate flux, and to minimize
of fouling index and Ry achieved at 35 °C and 120 kPa for a maximum desirability of 0.761.

Keywords: Sour orange, Clarification, Response Surface Methodology, Ultrafiltration.

Introduction

The main applications of membrane
operations in the food industry are in the
beverage industry (wine, beer, fruit juices,
etc.) and the dairy industry. In fruit juice
processing, membrane technology is mainly
used for several proposes: clarification of the
juice by ultrafiltration (UF) and microfiltration
(MF), deacidification by electrodialysis,
recovery of aroma compounds by pervapora-
tion and membrane distillation, and concen-
tration or preconcentration of the juice by
means of nanofiltration, reverse osmosis (RO),
membrane distillation, or direct osmosis
(Falguera & Ibarz, 2014). The sour oranges
(Citrus aurantium L.) constitute a separate
species of citrus fruit but are closely related to
the sweet orange species. It is grown primarily
for its peel, which is used in the manufacture
of marmalades (Barrett, Somogyi, &
Ramaswamy, 2005). The sour orange is
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popular for its characteristics, such as being a
source of vitamin C, organic acids, mineral,
soluble and insoluble fibers and also its
antioxidant capacity. The sour orange juice is
used as food additive, ingredient in salad
dressing and also as a popular drink because of
its rich flavor and aroma (Koshani, Ziaee,
Niakousari, & Golmakani, 2014).

Thermal treatments are wused in the
preservation of fruit derivatives and in manu-
facturing operations. The negative effects of
these treatments include non-enzymatic
browning, nutrient loss and the formation of
undesirable by-products such as 5-hydroxy
methylfurfural (HMF) (Ibarz, Pagan, & Garza,
1999). Therefore, operation at low temperatu-
res is of interest.

In pulpy juices, the raw juice obtained after
pressing is very turbid, viscous, and of a dark
color, and contains a lot of colloidal
compounds that are stabilized in suspension by
polysaccharides such as pectin, starch, cellulo-
se, and gums. Therefore, many juices are
clarified prior to their concentration.

Clarification is performed to remove the
juice components that cause cloudiness,
mainly pectin (Falguera & Ibarz, 2014). In the
traditional clarification process, crude filtra-
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tion was performed directly after crushing the
fruit. Pectinase was added to hydrolyze pectin,
which reduced the viscosity of the juice before
it was passed through a series of decantation
and diatomaceous filtration steps to yield clear
juice with a typical yield of about 90%. By
replacing these final filtration steps with
ultrafiltration, a very good-quality, almost-
sterile product can be produced with a yield of
almost 97% (Jansen, Feron, Hanemaaijer, &
Huisjes, 2002; Prasad, Runkle, & Shuey,
1994).

UF is very promising alternatives to
conventional clarification processes. The
operational costs of using membrane processes
are considerably lower than those of more
traditional processes (Yazdanshenas,
Tabatabaee -Nezhad, Soltanieh, Roostaazad, &
Khoshfetrat, 2010). Moreover, UF membranes
is able to retain microorganisms, avoiding the
need for thermal pasteurization processes, and
UF is able to remove polyphenol oxidases,
which is effective in stabilizing the colors of
fruit juices (Falguera & Ibarz, 2014).

Ultrafiltration had been investigated for the
clarification of Apple (Onsekizoglu, Bahceci,
& Acar, 2010), pear (Alis Cassano, Conidi,
Timpone, D’avella, & Drioli, 2007), orange
(Galaverna et al., 2008), lemon (Chornomaz,
Ochoa, Pagliero, & Marchese, 2011), kiwifruit
(Tasselli, Cassano, & Drioli, 2007), chicory
(Zhu et al., 2013), Black Currant (Pap et al.,
2012) and pineapple juice (Laorko, Li,
Tongchitpakdee, Chantachum, & Youravong,
2010).

One of the main drawbacks of membrane
technology is the fouling of the membrane
exhibited with total resistance, which i1s caused
by the accumulation of solute molecules on the
membrane surface or inside the pores.
Membrane fouling causes a reduction of the
permeate flux and also causes changes in
selectivity and decreases the overall process
productivity. The permeate flux can be
restored by means of cleaning procedures, but
the process must be stopped and large amounts
of chemicals, energy, water, and time are
consumed. Moreover, successive membrane
cleaning operations can reduce the life of the

membrane (Falguera & Ibarz, 2014).

RSM is a collection of statistical and
mathematical techniques useful for
developing, improving, and  optimizing
processes in which a response of interest is
influenced by several variables and the
objective is to optimize this response. RSM
has important applications in the design,
development and formulation of new products,
as well as in the improvement of existing
product design. It defines the effect of the
independent ~ variables, alone or in
combination, on the process. In addition, in
order to analyze the effects of the independent

variables, this experimental methodology
generates a mathematical model which
describes the chemical or biochemical
processes (Bas & Boyaci, 2007; Ruby

Figueroa, Cassano, & Drioli, 2011).

Ruby Figueroa et al. (2011) evaluated the
effect of process parameters including
transmembrane pressure (TMP), temperature,
and feed flow-rate on fouling resistances
during ultrafiltration of orange press liquor and
optimized Operation parameters. A strong
interaction effect of temperature and feed
flow-rate was observed on the permeate flux
while interactions TMP-temperature and TMP-
feed flow-rate were found to be less
significant. In the case of fouling index,
interactions TMP-temperature and TMP-feed
flow-rate produced a significant effect (Ruby
Figueroa et al., 2011). Baklouti et al. (2013)
evaluated the resistance-in-series model to
analyze flux behavior, which involved the
resistances of membrane itself, the fouling and
solute  concentration polarization.  They
concluded that the resistance due to solute
concentration polarization (R.,) dominated the
flux decline (40-74%).

The fouling resistance (Ry) varied from 12
to 46%. The selected UF conditions of the
compromise were as follows: three bars, 0.95
L min' and 30°C. Optimal values of Ry, R,
and permeate limit flux were equal to 18%,
72% and 19 L h™' m?, respectively (Baklouti,
Kamoun, Ellouze-Ghorbel, & Chaabouni,
2013). Nourbakhsh ef al. (2014) evaluated the
resistances (total, reversible, irreversible &
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cake) during microfiltration of watermelon
juice and red plum juice. Results showed that
the total resistance decreased by about 45%
when the feed velocity was increased during
clarification of red plum juice due to change in
cake resistance. MCE membrane had a lower
cake resistance compared to PVDF membrane.

Examination of the microfiltration of
watermelon juice showed that Rt decreased by
about 54% when the feed temperature was
increased from 20 to 50°C, partially due to the
reduction of reversible fouling resistance by
78% (Nourbakhsh, Alemi, Emam-Djomeh, &
Mirsaeedghazi, 2014).

The aim of this work was to evaluate the
potentiality of Polyvinylidene fluoride UF
membrane in the clarification of sour orange
juice. As well as the effects of Operation
parameters including pressure (120-220 kPa)
and temperature (25-35 °C) on the permeate
flux and resistances investigated. Resistance in
series model was applied to identify flux
behavior in the UF process.

Materials and methods
Chemicals Material

Nitric acid (HNOs) and sodium hydroxide
(NaOH) were purchased from Merck
Company. Sodium sulfite (NaySos) was
obtained from Sigma—Aldrich Company.

Preparation of sour orange Juices

Sour Orange fruit were purchased from a
local market in Gorgan (Iran) and washed with
tap water in order to remove foreign material
from the skin and drained. Then, the juice was
extracted by FMC juice extractors with a 2-
mm-diameter perforated plate and placed in a
tank. Extracted juices were 130 L from 600 kg
sour orange fruit. 4 gr kg™ Na,Sos was added
to single strength juice to avoid browning
reactions. The juice was stored at —18°C and
was defrosted to room temperature before use.
Preparation of fruits juices is shown in Figure.
1.

Ultrafiltration unit and procedures
UF experiments were performed by using a
pilot plant unit equipped with a tubular

Polyvinylidene fluoride membrane module'
with a nominal MWCO? of 200 kDa. The
characteristics of UF membrane are
summarized in Table 1.

Sour ocrange fruit

|

Washing

Peeling

« Juice extraction by FMC juice extractors )

J

'i Adding Na;Sos i'

Primary filtration by stainless steel

hﬂ
‘\___/j

sieves (mesh 30, 60 & 100)

‘E Storing in-18 °C 9

Fig. 1. Preparation of sour orange juice.

Table 1. Characteristics of UF membrane and
module used in this study

Membrane type F01740
Material PVDF
Effective area 0.1 m?
Length 120 cm

Range of pH tolerance  1.5-10.5
Maximum temperature 60 °C
Maximum pressure 1 MPa
Module tubular

1. ITT PCI Membranes Technology Co., Ltd (Hampshire,
United Kingdom)
2. Molecular Weight Cut-Off
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The juice was clarified according to the
batch concentration procedure in which the
permeate is collected separately and the
retentate is recycled to the feed tank. The
operating pressure was in the range of 120-
220 kPa and the temperature varied from 25°C
to 35 °C. The permeate flux was measured
every one min for 45 min. In Figure. 2 a
schematic diagram of the UF experimental
setup is illustrated.
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Thermometer

g
e

Pump

Fig. 2. Schematic of pilot plant ultrafiltration.

The membrane module was rinsed with
distilled water for 20 min after the treatment of
the juice; then it was submitted to a cleaning
process with a NaOH solution (pH = 10, T=
50°C, pressure = 120 kPa, operating time = 0.5
h) followed by a cleaning with the HNO; (pH
= 2, T= 50°C, pressure = 120 kPa, operating
time = 0.5 h) and Backwashing with distilled
water for 1 hour. A final rinse of the system
with distilled water for at least 20 min was
carried out. After each cleaning procedure the
distilled water flux of the membrane module in
fixed conditions (T= 35°C; pressure = 120
kPa) was measured.

Calculated parameters
The operating pressure calculated according
to the following relationship:

DrivingForce =TMP = %—PP (1)

Where, TMP is the transmembrane
pressure (Pa), P; and P, are inlet and outlet
pressures, respectively, and P, is permeate
pressure. Since P, is negligible, is not
considered.

The permeate flux can be obtained from
Darcy’s law with assumption of resistance in
series model as follows:

TMP TMP )

J = -
" op,R. o, (R +R+R )

Where J, 1s the permeation flux (kg/m’.h),
R, is the total resistance (m™), M, is the

dynamic viscosity of permeate (N.S/m?), R,, is
the Intrinsic or hydraulic membrane resistance,
R, 1s the Concentration polarization resistance
(m") and R, represents the Gel layer resistance
due to (i) the internal fouling of the membrane
by adsorption of macromolecules on the
internal walls of membrane pores and (ii)) a
thin layer that blocks the membrane pores on
the surface which is created by adhering the
particles to the membrane surface (Kazemi,
Soltanieh, & Yazdanshenas, 2013).

R, was calculated by measuring the
distilled water flux of clean membrane as
follows:

TMP (3)

Mo,
Where p, and J, represents the viscosity

R =

m

and flux of distilled water, respectively. For
this purpose, water flux in the temperature and
pressure range used in this study was obtained
and then R, was calculated using equation (3).
At the end of each stage filtration, water flux
was measured to calculate R, on the surface of
membrane according to Equation (4).

¢ #w wa

Where, J,s represents the distilled water
flux at the end of filtration process (blocked
membrane). R, Calculated as follows:

R,=R, —(R,+R ) (5)

p
The fouling index was calculated according
to Equation (6):



354  Iranian Food Science and Technology Research journal, Vol. 12, No. 3, Aug. Sep. 2016.

FoulingIndex (%) = (u) x100
z (6)
The hydraulic permeability of the
membrane was determined as follows:

L? =J, /AP (7)
Where, L7, L, and LY are hydraulic

permeability; after cleaning with distilled
water, after cleaning with NaOH solution and
after cleaning with HNO; solution, respective-
ly.

The Viscosity was measured using a
rotational type Brookfield LVDV-II digital
viscometer (USA) at 25 °C at 80 RPM. A
sample of sour orange juice was loaded into
cylindrical sample chamber (ULA-31Y) of 16
mL capacity for all experiments and was
allowed to equilibrate at 25 °C using a
circulating water jacket (Model ULA-40Y
Brookfield Engineering Laboratories).
(Bodbodak, Kashaninejad, Hesari, & Razavi,
2013).

Experimental design and statistical analysis

The software Design-Expert (trial version
9.0.0.7, Stat-Ease Inc., Minneapolis, USA)
was used for experimental design, analysis of
data and plotting of graph. Response surface
methodology was used to establish the
relationships between operating parameters
including pressure (120-220 kPa) and
temperature (25-35 °C) and ultrafiltration (UF)
efficiency and thus to determine optimal
conditions.Thirteen treatments Consisted of 5
replications at the central point were
conducted base on the rotatable -central
composite design (table 2).

Response  functions of measurement
parameters were examined by fitting
experimental data on linear (Y;), 2FI (Y2) and
Quadratic models (Y3) as follows:

Y, =b,+bx,+b,x,(8)
Y,=b,+bx,+b,x,+b,x x,(9)

Y,=b,+bx, +byx,+b x 12 +bzzxz2 +b,,x x,(10)
Where, by; constant term, b; and b,; linear

effects, b;; & byy; quadratic effects and by
interaction effects. The models were compared

based on the coefficient of determination (R?),
adjusted coefficient of determination (R*-adj)
and predicted coefficient of determination (R”-
pred). The model with the highest values of
R’-adj & R*-pred, was selected as the accurate
model (Yolmeh, Habibi Najafi, & Farhoosh,
2014). Analysis of variance (ANOVA) was
performed to assess the significant effects of
process variables on each response.

Table 2. Experimental design results of central
composite design (CCD)
Temperature Pressure Average permeate

Run C) (kPa) flux (kg/m’.h)
1 25 120 15.97
2 35 120 20.47
3 25 220 22.62
4 35 220 28.40
5 22.93 170 10.70
6 37.07 170 27.00
7 30 99.29 19.20
8 30 240.71 62.20
9 30 170 22.70
10 30 170 24.00
1 30 170 23.60
12 30 170 23.20
13 30 170 24.10

Result and discussion
Flux behavior

Permeate flux behavior during ultrafiltration
of sour orange juice was shown in Figure. 3
The curve represented the evolution of
permeate flux decline with time due to
concentration polarization and gel formation.
Permeate flux curve could be divided in three
regions. An initial region in which a rapid
decrease of permeate flux occurs; a second
region, corresponding to a smaller decrease of
permeate flux; a third region characterized by
a small decrease of permeate flux up to a
steady-state (A Cassano, Marchio, & Drioli,
2007).

hydraulic permeability

Hydraulic permeability 1s used for
calculating of membrane fouling that is
estimated with measuring the distillated water
flux before and after the membrane filtration
and after cleaning treatment. Figure. 4
represents the distillated water permeate flux
of the membrane before and after cleaning
treatments. According to figure. 4, after the
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cleaning with water & NaOH, the hydraulic
permeability of the membrane is 63 & 43%
lower than the initial value (0.06 kg/m*h.kPa),
respectively. Hydraulic permeability of the
primary causes of acid wash with distilled
water recovery percentage was 9/97. The
cleaning with a HNOs solution permitted the
recovery of about 97.9% of the initial
distillated  water  permeability of the
membrane.

=-120KPa25C —4=120KPa35C

/1m

Tux (K
to

T [ | R T I
Time (min)

Fig .3. Time course of permeate flux during

ultrafiltration of sour orange juice.

after cleaning with acid

after cleaning with NaOH

after cleaning with water

before the treatment with juice

0 000 002 003 004 005 006

Hydraulic permeability (kg/m?.h kPa)
Fig .4. Hydraulic permeability of the UF membrane
before and after cleaning procedures (T = 35°C;
pressure =120 kPa).

Permeate flux

The results of ANOVA for permeate flux,
showed that the effects of various operating
parameters (temperature and pressure) on flux
was significant. Highest and lowest fluxes
were related to treatment of 30 °C; 240.71 kPa
and 25 °C; 120 kPa, respectively. The
maximum values of R?, R’*-adj and R*-pred
obtained for linear model that revealed the
adequate of this model for Prediction. The
values of R, R’-adj and R’-pred for the
permeate flux was 90.42, 88.51 and 82.24,
respectively. The model as follows:
Flux=-1.86056+(0.47974xtemperature)+(6.11987xpressure)

(11)

From equation (11), we found that the
linear effect of pressure is the most effective
factor in increasing of permeate flux. Ruby
Figueroa et al (2011) during ultrafiltration of
orange press liqueur reported that the linear
coefficients of pressure were found to be the
most significant effect to increase the permeate
flux, followed by linear coefficient of
temperature (Ruby Figueroa et al., 2011).
Figure.5 represents effect of temperature and
pressure on permeate flux. It seems that at
such higher pressures, increasing the driving
force led to increase in the flux, whereas,
increasing the molecular diffusion and
decreasing the wviscosity led to flux
improvement at such higher temperatures
(Salehi & Razavi, 2012). The permeate flux
was found to be pressure-depended in the
pressure range studied.

An increase of temperature, enhanced
permeate flux due to an increase of mass-
transfer coefficient according to the film
model (Vladisavljevi¢, Vukosavljevic, &
Bukvi¢, 2003).

Fouling index (FI)

The results of ANOVA for FI, showed that
the effects of various operating parameters on
FI was significant. Highest and lowest FI were
related to treatment of 30 °C; 240.71 kPa and
37 °C; 170 kPa, respectively. The maximum
values of R?, R*-adj and R*-pred obtained for
quadratic model that revealed the adequate of
this model for Prediction. The values of RZ
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R’-adj and R*-pred for the FI was 91.46, 85.35
and 67.74, respectively. From equation (12), it
was found that the linear effect of temperature
is the most effective factor in increasing of FI.
The effect of temperature and pressure on the
FI is shown in Fig. 6. The fouling index
decreased with increasing temperature only at
pressures higher than central point; at lower
level the fouling index raised by increasing the
temperature. The FI increased greatly with
increasing pressure. In membrane processing
which pressure is the driving force; also
permeate flux can be raised with increasing in
pressure; but, pressure is intensifies the
membrane fouling index (Pabby, Rizvi, &
Requena, 2009)

Resistance

Flux decline occurs during membrane
filtration, because of several reasons including
the gel layer formation and blocking the pores
and the concentration polarization layer
formation. This agents led to increase in the
resistance of membrane against material
passing.

Flux (kg/mA2.h)

. 0
B: Pressure (kPa) A Temperature (°C)

120.00  25.00

Fig .5. 3D response surface plot for the effect of pressure
and temperature on permeate flux.

Total hydraulic resistance (Ry)

The results of ANOVA of total resistance
showed that the effect of various treatment of
operating parameters on Ry was significant.
Highest and lowest Ry were related to
treatment of 25 °C; 220 kPa and 30 °C; 99.29
kPa, respectively. The maximum values of R?,

R’-adj and R*-pred obtained for linear model
that revealed the adequate of this model for
Prediction. The values of R, R*-adj and R’-
pred for the Rt was 92.94, 91.53 and 86.95,
respectively. From equation (13), we found
that the linear effect of pressure is the most
effective factor in increasing of Ry. The Rr
increased with increasing in pressure. In
addition, the flux is raised with increasing in
pressure. This suggests that pressure have
more effect on flux compared to the Rr.
Figure. 7 represent effect of temperature and
pressure on Rr. At high pressure, the rate of
deposition would be high and the high
pressure would compress the rejected solutes
into a thicker and denser fouling layer with an
Rt (De Bruijn, Venegas, Martinez, & Borquez,
2003). This result was also observed by
Nourbakhsh et al. (2014) working with red
plum and watermelon juices (Nourbakhsh et
al., 2014). Increasing in temperature, reduced
viscosity and enhanced the  diffusion
coefficient of material from cake layer to feed,
thus the RT decreased
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2.4E4010 |
2264010
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25.00
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A: Temperature (°C)

35.00 120.00

Fig .7. 3D response surface plot for the effect of pressure
and temperature on Ry.

Membrane resistance (Rm)

The results of ANOVA of membrane
resistance showed that the effect of various
treatment of operating parameters on R, was
significant. The maximum values of R*, R*-adj
and R*-pred obtained for quadratic model that
revealed the adequate of this model for
Prediction. The values of R?, R*-adj and R*-
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pred for the Ry, were found to be 89.92, 82.72
and 59.32, respectively. From equation (14), it
was found that the linear effect of pressure on
enhanced of Ry, is more than the linear effect
of temperature on reduced of this factor. The
R changes during filtration by membrane
fouling, which is due to either solute
adsorption onto the membrane surface and
membrane plugging (de Oliveira, Docé, & de
Barros, 2012). The effect of temperature and
pressure on the Ry, is shown in Fig. 8. With
increasing temperature and pressure, R, was
decreased and increased, respectively

1E010
9.5E+009 |
9E+009 |
8.5E+009 |

BEH)DS\

Rm (m*-1)

7564009 |

2500 220.00

29.00 170.00

31.00

A: Temperature (°C) 3300 1O B: Pressure (kPe)

3500 120.00

Fig .8. 3D response surface plot for the effect of pressure
and temperature on R,

Gel layer resistance (R,)

The results of ANOVA of R, showed that
the effect of various treatment of operating
parameters on R, was significant. In this study,
the largest proportion of the total resistance
(47.8%) were related to Rg. Baklouti et al.
(2012) applied the Hermia model to describe
the fouling during the filtration of enzymatic
treated of pomegranate juice and reported that
the gel layer formation was the major cause of
fouling (Baklouti, Ellouze-Ghorbel, & Mokni,
2012). Domingues et al. (2014) reported that
gel formation was the major fouling factor
during the microfiltration of centrifuged and
enzyme treated passion fruit juice with
polieterimide ~ hollow  fibre = Membrane
(Domingues, Ramos, Cardoso, & Reis, 2014).

The maximum values of R*, R*-adj and R*-
pred obtained for linear model that revealed

the adequate of this model for Prediction. The
values of R, R*-adj and R’-pred for the R,
was 95.35, 94.41 and 90.4, respectively. From
equation (15), we found that the linear effect
of pressure on enhanced of R, is more than the
linear effect of temperature on reduced of this
factor. Fig. 9 represents effect of temperature
and pressure on R,. increasing in pressure due
to enhance of driving force and adsorption of
particles on the membrane surface leads to
increasing of R, (Rai, Majumdar, Das Gupta,
& De, 2007). According to the fig. 9, at higher
temperatures, Rg slowly declined

1464010 _
1264010 |
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<
£
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A: Temperature (°C) 35,00 12000

Fig .9. 3D response surface plot for the effect of pressure
and temperature on R,.

Concentration polarization resistance (R.)

The results of ANOVA of R, showed that
the effect of various treatment of operating
parameters on Rg, was significant. In this
study, the lowest proportion of the total
resistance (9.39%) were related to Rg,. The
maximum values of R?, R’*-adj and R*-pred
obtained for linear model that revealed the
adequate of this model for Prediction. The
values of Rz, Rz-adj and Rz-pred for the R,
was 79.25, 75.09 and 61.2, respectively. From
equation (16), it was found that the linear
effect of pressure on enhanced of R, is more
than the linear effect of temperature on
reduced of this factor. The effect of
temperature and pressure on the R, i1s shown
in Fig. 10. Concentration polarization occurs
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in the all membrane processes which the
driving force is the pressure. The accumulation
of particles on the membrane surface may
increase with increase of pressure. It enhances

the membrane fouling via concentration
polarization.

Fouling Index = —11.89560 + (0.99212 x temperature) — (0.83645 x pressure) —

(0.00669349 x temperature x pressure) — (0.016689 x tempemturez) +(0.69063 x pressurez)

10
Ry, = 3.07333x10

(12)
10 8 9 13
Ry = 1.55245x10 7 —(2.24801x 10" x temperature) + (6.56529 x 10~ x pressure) (13)
9 9
—(1.18969x10 xtemperature) — (4.72727x10 x pressure) —
2 (14)

7 7
(2.71050x10 x temperature x pressure) + (1.18759 x10 x temperature )+

9 2
(1.88512x 10 x pressure )

Rg = 339272x10° — (9.12388><107 x temperature) + (5.21875><109 x pressure) (15)

R = 1.65555x10° — (1.98456x 10 x temperature) + (4.77544x10° x pressure)  (16)

o4

An increase in temperature enhanced back
diffusion of solutes into the bulk solution,
reducing consequently the thickness of the
polarized layer: therefore R, decreased with
increasing in temperature (A  Cassano,
Mecchia, & Drioli, 2008). He et al. (2007)
during clarification of apple juice over 20
hours, reported that membrane fouling to the
filtration performance can be neglected; and
the major factors influencing permeate flux
were the reversible concentration polarization
(in contrast to our study) related to feed
concentration and  viscosity, not the
irreversible fouling such as internal plugging,
silting, etc (He, Ji, & Li, 2007)

Optimizing

In order to maximize the permeate flux and
minimize the fouling index and total
resistance, the desirability function approach
was applied to analyze the regression model
equations. The optimized operating variables
were found to be 120 kPa, 35°C for an overall
desirability of 0.761. In optimal condition, the
permeate flux, fouling index and total
resistance was 22.27 (kg/m’.h), 2.09 % and

1.55 x 10" (m™), respectively.
Optimization results for the UF of sour
orange juice are summarized in table 3

244009
2.2+4009|
24009 |
184009 |

1664009 |
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A: Temperature (°C) %00 12000

Fig .10. 3D response surface plot for the effect of pressure
and temperature on R,
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Table 3. Predicted parameters and responses from RSM for optimized condition

goal The degree of importance

o 7 g TMP 120 kPa In range -
£ £ 2  Temperature 35°C In range -
¥ g 8  permeate flux 22.27 maximizing -+
£ £ % fouling index 2.09%  minimizing b
A8 = . 10 C ..

= total resistance  1.55 x 10 minimizing -+

overall desirability 0.761

Conclusions Results of the experiments showed that the

Sour orange is a source of vitamin C that is
cultivated in the north and central regions of
Iran. The effect of operating parameters
including of pressure and temperature on the
performance of a UF membrane in the
clarification of sour orange juice was studied
with the response surface methodology. A

permeate flux, was raised with increasing in
temperature, but fouling index and all of
resistances (Rt, Rv, Rep & R,), were decreased
in this condition. Increasing in pressure,
enhanced of permeate flux and all of the
resistances. The permeate flux also decreased
over the time. The best conditions to maximize

central composite design was used for
regression modeling and optimizing the UF
operating parameters.

of permeate flux, and to minimize of fouling
mdex and Rt achieved at 35 °C and 120 kPa.
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Abstract

This research, presents mathematical modeling of drying process of Aloe vera slices with dimensions of
7%4x0.5+0.1 cm. Peeled Aloe vera slices with the initial moisture content of 5750% (d.b) were osmosed for 5
hours in NACL solution of 10% and temperature of 40 °C at a constant solution to fruit ratio of 5:1. Osmosed
and unosmosed Aloe vera samples were hot air dried at 55, 70 and 85°C with different air flow rates of 0.015,
0.036 and 0.054 m®/s for 13200s. The moisture content of Aloe vera samples were measured over different
intervals of drying time (1200, 2400, 6000, 9600, 13200s) for each experiment. The experimental results were
used to obtain two different dimensionless models based on Buckingham’s pi-theorem for both drying methods.
To this end, three independent m terms were identified and then the relation between dependent m term and each
independent « term was sought. Finally, the dimensionless models incorporating the effect of all the independent
7 terms on the dependent one derived and evaluated. The RMSE, (R°), MRD and MBE for the modeling of
osmotic-convective drying method were calculated as 0.0185, 0.99, 0.05 and 0.034, respectively. Also these
statistical parameters for the convective drying method were as: 0.027, 0.98, 0.061 and 0.051, respectively.
Therefore the dimensionless models could predict the moisture content of Aloe vera samples during drying,
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properly.

Keywords: Aloe vera, Osmotic-air drying, dimensionless model.

Introduction

Aloe vera is a traditional medicinal plant
which used in food, pharmaceutical and
cosmetic industries. Also it has been utilized to
prepare health food drinks, beverage and
confectionary. Aloe vera gel could be applied
to make creams, lotions and soaps (Pisalkar et
al, 2011). Some of plants such as Aloe vera
leaf have high initial moisture content that it
may lead to early spoilage. In other words, the
main cause of the decay of fruits and
vegetables 1s their high moisture content
(Yadav and Singh, 2014). Drying is one of the
most important methods to preserve the foods
against decay and spoilage. Indeed, drying
process reduces the water activity of the
products and controls the microorganism
growth (Zomorodian and Moradi, 2010). Also
the drying mechanism causes to reduce the
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weight of the final products and therefore
helps to transport the dried grains easier. There
are different methods for dehydration of the
Aloe vera gel. Osmotic drying is a suitable
method because it helps to taste the final
products, increasing the shelf life and maintain
the quality of the dried gel (Pisalkar et al,
2011).

Mathematical modeling usually is used to
predict the moisture content of the drying
products instantaneously. The mathematical
models classify into two categories: theoretical
and empirical. The theoretical approach
concerns either the diffusion equation or
simultaneous heat and mass transfer equations.
Having a theoretical model is hard because it
needs to solve the governing equations using
simplification hypothesizes and thus the
derived model does not have admissible
accuracy. In the empirical model, a direct
relationship is established between the average
moisture content and drying time (Akgun and
Doymaz, 2005; Akpinar et al, 2003; Akpinar
et al, 2003). Dimensional analysis is an
empirical approach which introduces a
dimensionless model to explain the relations
between dependent and independent 7 terms.
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This method is a beneficial tool for providing
guidance in mathematical modeling and
specially simulating the complex phenomena
such as those involved in fluid sciences
(Giuseppe, 2006; Gibbings, 2011). Several
dimensionless models have been proposed to
simulate the drying process of bio-products
(Melendez et al, 2002; Zare et al, 2012;
Moradi and Karpaprvar fard, 2016). Zare et al
(2012) developed a generalized dimensionless
model of paddy drying from a validated partial
differential equation (PDE) drying model
using the dimensional analysis of Buckingham
theorem.

They considered all drying parameters in an
equation to predict the grain moisture content
during the drying process. They mentioned
that the obtained dimensionless model showed
good agreement with the solution results of
partial differential equation drying model.

In an another study, a dimensionless model
was established and evaluated for drying of
corn grains in a continuous dryer equipped
with inert energy carrier particles. To do the
simulation, five independent m terms which
were responsible for the drying rate of the
grains were identified and a dimensionless
model, includes the effect of all independent =
terms on the dependent m term, was derived
and evaluated (Moradi and Karparvar fard,
2016). In this research, drying kinetics of Aloe
vera gel was investigated at different operating
conditions. Dimensional analysis technique
was employed to make a predictive
dimensionless model for the gel moisture
content during drying based on experimental
data.

Finding the dimensionless equations for the
drying process of the food materials helps to
perform a better design of the drying system
thus this research is emphasizes to introduce
the drying dimensionless models. As we know
that no work has been reported on
dimensionless modeling of Aloe vera gel
during drying process, this study was mainly
devoted to establish and evaluate new
dimensionless models for thin layer drying of
Aloe vera gel.

Therefore the main objective of this

research is to define and evaluate the
dimensionless model for the drying process of
the Aloe vera gel based on Buckingham
theorem.

Materials and methods

Aloe vera leaves harvested freshly at the
early of morning. During the selection of the
leaves for the harvesting, some of important
factors such as their uniformity on thickness,
color and maturity were considered. Each leaf
harvested was cleaned at the start and then
peeled by means of a knife to obtain a white
gel. The gel samples were cut using the knife
with the average dimensions of 0.5x4x7 (£0.1)
cm. Aloe vera sample with initial moisture
content of 5750% (d.b) was placed in a NACL
solution of 10% at a constant solution to fruit
ratio of 5:1 for 5 hours. During the osmotic
dehydration, the sample with the brine was
kept in an incubator at 40°C. Then the
pretreated sample in the osmotic solution was
dried using a cabinet dryer (Fig.1). In this
dryer an electrical fan was used to introduce
the ambient air through a heating channel to be
heated and then blown to the drying chamber.
The dry bulb temperature and the relative
humidity of the ambient air were about 27 °C
(£2 °C) and 30% (x1%), respectively. An
electrical thermostat, with 0.1°C accuracy, in
the output of heating channel was installed to
fix the drying air temperature as desired value.
Aloe vera samples were dried at three different
levels of the drying air temperature (55, 70 and
85°C) and the drying air flow rate (0.015,
0.036 and 0.054 m’/s). These values coincide
with those applied in the literature for the
osmosed and unosmosed Aloe vera samples.
(Pisalkar et al, 2011). An adjustable plate was
installed on the input of the electrical fan to set
the air flow rate of the fan as favorite value.

Before the launching the experiments,
intended air temperature and the air flow rate
were calibrated by using a Testo 625 (Testo
Company, Germany) thermometer with
accuracy of =+0.5°C and a Testo 425
anemometer with accuracy of =+0.03m/s,
respectively.

The experiments were performed at three
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replications. All the above experiments
replicated for the control samples (the samples
without osmotic pretreatment). During the
drying process, Aloe vera gel weighed by
means of a digital weighing device (A&D)
with 0.001g accuracy at different time
intervals (1200, 2400, 6000, 9600, 13200s).
The results were used to calculate the dry basis
moisture content of the samples

Fig. 1.a. The cabinet dryer used for convective hot-
air drying

1-Blower fan  2- Heating canal
control unit  4- Drying cabinet 5- Outlet of drying air

3- Air temperature

Osmosis characteristics including solid
gain, water loss and weight reduction

calculated by the following equations (Yousefi
et al, 2013):

WR(2%) =2 x 100 (1)
SG{%] _ wti—xf}m—vwnu—xn} % 100 (2)
WL (%)= SG(%)+WR (%) (3)

Where: WR: Weight reduction, SG: solid
gain, WL: water loss, Wy: initial sample
weight (g), W: final sample weight (g), Xo:
initial moisture content of the sample
(decimal), X: final moisture content of the
sample (decimal).

Modeling

In order to obtain a dimensionless model,
drying parameters must be introduced. The
following factors (equation (4)), were
recognized to be important in drying process
of Aloe vera gel:

F (M, My, Ka, Ko, Qa, Det, Te,T)=0  (4)
Where:

M: moisture content of the sample (kg of
water per kg of dry matter), My: initial
moisture content of the sample (kg of water
per kg of dry matter), K,: temperature of
drying air (°C), Ky: ambient air temperature
(°C), Q.: flow rate of drying air (m’/s), Deg:
effective moisture  diffusivity (m%/s), Te:
elapsed time (s), Ti: total drying time (s).

Among these, two variables (M and M)
were merged to produce one 7 term:

MR=M/M, (5)

The remaining variables (K., Ko, Qa, Desy,
T, T;) included three principle dimensions,
namely, L (length), T (time), and K
(temperature), thus based on Buckingham’s pi-
theorem (6-3=3), three =© terms were
constructed as the following:

1= Ka/Ko,

= Te/T,

5= (Der< (T1)')/Q" (6)

Each of the above m terms were obtained
based on their dimensionless process.

Consequently, equation (1) can be
rewritten as:

MR= f [Ka/Ko, To/T, [Derrx (To) "*VQ.*] (7)

Three levels of K, accompanied by the
constant value of Ky=27°C were used to
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calculate the different values of m;. Five levels
of elapsed time (1200, 2400, 6000, 9600,
13200s) during drying process were selected to
measure the moisture content of the samples.
To get the m, values, the ratios of these time
levels to the total time duration of drying
(T=13200s) were calculated. To obtain the
quantities of ms, at first the effective moisture
diffusion coefficients of the drying gel were
determined. To attain this goal, analytical
solution of drying equation was considered
(Khodabakhsh Aghdam et al, 2012):

2 .‘TEDEEE
In MR=In (x_“)'( al? f) ®)
Which; t: drying time (s), L: the half

thickness of the slab in the sample (m)

If the variations of the (In MR) versus (t)
take in to account, slope of this variation could
be calculated from the equation 6 (Doymaz,
2012): .

ke ©)

In the equation (9), the value of (k) was
obtained from the experimental results thus the
quantity of the D¢g can be easily calculated.

The amounts of diffusion coefficient for
osmosed and unosmosed samples were ranged
from 3.02x10"* to 4.24x10"" m?*s and
8.97x10™" to 1.19x10™"° m%/s, respectively.

Three different values of the drying air flow

rate (0.015, 0.036, 0.054 m’/s) were applied at
this research. This parameter was measured at
the inlet vent of the air (7x7 cm’) into the
drying chamber. To compute the m3 values, the
average quantities of the Des in the each level
of Q, were used.

These m terms were computed for two
different drying methods: the osmotic-
convective and convective drying methods. All
of the experiments were done at three
replications and the average of these values
was considered at each treatment.

The values of independent m terms for the
osmotic-air dried samples have been presented
in Table 1

The following relationship has been
proposed to derive the final figuration of
dimensionless model (Zare et al, 2012; Eric et
al, 2015):

MR = A[(F, (m,))". (F, (m))". (F (m35))"]
(10)

Where:

Fi (m), F» (m2) and Fs (n3) are the best fitted
line equations between dependent &t term (MR)
and each independent © term. A, B, C and D
are constants that must be determined.

Also Table 2 shows the values of
independent & terms for the air dried samples.

Tablel- Different levels of independent dimensionless groups for osmotic-convective samples

1=KJ/Ky 1= TJT, m5= (Der(Te)"”)Q,"

2.037 0.091
2.593 0.182
3.148 0.455

0.727

1

3.97x107
4.71x107
7.18x107

Table2- Different values of independent 7 terms for air dried samples

1=KJ/Ky 1= TJT, m5= (Der(Te)"”)Q,"

2.037 0.091
2.593 0.182
3.148 0.455

0.727

1

6.75%107
8.58x10”
9.87x10”

The increase

Results and discussion

Osmosis characteristics (WR, SG and WL),
calculated by the equations 1 to 3, were as:
26.5%, 20.3% and 46.8%, respectively.

Dimensionless modeling was selected as an
empirical procedure to model the drying
process of Aloe vera gel at different drying
operations. Therefore Eq. 10 was considered
as a basic equation to obtain the dimensionless
models.
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To get the Eq. 10 for each drying state, 80%
of experimental data were used to construct
the relations between dependent m term and
each of the independent m term. The variations
of the MR wversus different independent =«
terms have been shown in Figs.2-4. Regression
analysis technique was applied on the
experimental data to find the best fit between
dependent m term and each independent =
term. The regression equations and coefficient
of determination for both drying methods have
been shown in Table3.

The figures 2 to 4 show the variations of
MR versus each independent & terms. It can be
seen from Fig.2 that MR has been decreased as
the m; values increased. This may be because
the higher air temperature causes to increase
the heat transfer rate into the samples. The
results are in good agreement with the results
of other researchers which have reported
increase in drying air temperature cause to
decrease the moisture content of the sample
(Yousefi et al, 2013; Zomorodian and Moradi,
2010). The best line which characterizes this
behavior was also fitted to the experimental
data. The relevant line equations have been

shown in the Table 3 for two different drying
methods (Egs. 11 and 14).

In the Figure 3, the effects of the m, on the
M.R of the Aloe vera gel for two drying
methods have been illustrated. It was observed
the greater drying time ratio (m), resulted in
the lower MR. The best line, fitted to the
experimental data, was also found based on the
regression analysis. The line equations and the
coefficients of determination have been
brought in equations12 and 15. Similar results
were obtained by Moradi and Karparvar fard
(2016). They reported the variations in MR as
the functions of dependent m terms. Also in
another research, the variations of MR were
shown as the functions of different dependent
© terms. (Zare et al, 2012).

Fig.4 shows the changes in MR versus m;3
for two different drying methods. This figure
also presents the best line which explains the
behavior of the experimental data. The line
equations and the coefficients of determination
were mentioned in equations 13 and 16
(Moradi and Karparvar fard, 2016; Zare et al,
2012).

Table3- Regression equations and coefficient of determination

Drying state Regression equations R*  Equation no.
F; (m) =-0.2m,+0.8853 0.99 11
Osmotic-convective drying  F (1) = 1.1011(m,)*-1.8917 m,+0.904  0.99 12
F; (113) =3x10"m3+ 0.1864 0.99 13
F; (m) =-0.1613 m;+0.7728 0.99 14
Convective drying F, (1) = 1.1016(m,)*-2.0388 m,+0.9624  0.99 15
F; (13) = 3x107 113+0.0651 0.85 16
0.5
0.45 -
% Osmo-convective
0.4 -
A Convective
o 0.35 -
= Linear (Osmo-
0.3 - convective)
------- Linear (Convective)
0.25 T T 1
2 2.5 3 3.5
Hl(Ka"fK[J}

Fig.2. Variations of MR vs. &, for two different drying methods
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0.8 4
0.7 -
0.6 -
0.5 4
0.4 -

MR

0.3 -~

0.2 -
0.1 4

0

A Osmo-
convective

W Convective

Poly. {Osmo-
convective)

------- Poly.
(Convective)

0

Fig3- Variations of MR versus 7, for two different drying methods

0.5
+ Osmo-
045 - convective
,‘ A Convective
04 -
% 0.35 - Linear
< A {Osmo-
convective)
03 + & Linear
{Convective)
0.25 T
2E-09 7E-09

73 (D (T, )'#)/Q

Fig4- Variations of MR versus 7; for two different drying methods

In order to compute the constants of A, B,
C and D in equation 10, an optimizing
algorithm was used to reach a minimum value
of mean bias error (MBE) (Eric et al, 2015):

N

1 DR - DR/

p N z, DR/* (17)

Where;

B: MBE, N: number of the experiments,
MR;*: experimental drying ratio, MR™:
predicted moisture ratio.

Hence, the constants for two different
drying methods were calculated as follow:

For the osmotic-convective drying method:
A=2.643, B=0.722, C=0.956, D=0.407.

For the convective drying method:

A=3.514, B=0.594, C=0.956, D=0.568.

Prediction equation
By replacement of the equations 11, 12 and

13 to the equation 10, the dimensionless model
for the osmotic-convective drying method was
obtained as the equation 18.

MR=  2.643x  [-0.2m+0.8853]""x
[1.1011(m2)*-1.8917m,+0.904]%x
[9%107m3+0.04041%4"7 (18)

Also the dimensionless model for the
convective drying method was achieved by
setting the equations 14, 15 and 16 in to the
equation 10:

MR=  3514x  [0.1613m+0.7728]"*x
[1.1016(m)*-2.03887m2+0.962]" >0
[3)(1077534_0.0651]0.568 (19)

The moisture content of Aloe vera gel can
be computed by the equation (20):
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M=M,xMR (20)

Evaluating the predicted model

Evaluation of dimensionless models was
performed based on comparison between the
experimental and predicted moisture ratios.
For this purpose, 20% of total experimental
data, that did not incorporate in the modeling,
were used to validate the derived models.
Figs5 and 6 display the experimental MR
versus the predicted values of MR for two
different drying methods.

+20% and -20% lines show that all
predicted data are in the appropriate range
(Eric et al, 2015).

To validate the goodness of the modeling,
three statistical criteria, MBE, RMSE', MRD?
and R” were calculated using relations of 17,
21, 22 and 23, respectively:

1w 8 Bray 2 0.5
RMSE = |2ZIL, (MR — MRF™)?| (21

x nrE 0.5
1=y MEF-MRTT
MRD = I:Ezz:l( MEEE j (22)
i
|._EJ?: 2 I: J'I’I.EE.IF_ ' ME E'xF:I |:J‘I’I.Rpr g, [_Jla R pr E':I:I 2
N - N
N (MRgpp i~ MRepp)* TIL, (MRy, o (—HRp, o )?

(23)

-
=

R

a

Where;

N: number of the observations, MR;:
experimental moisture ratio, MR"*: predicted
moisture ratio, MR the average of
experimental moisture ratio, MR,,..: the
average of predicted moisture ratio.

The RMSE, R’>, MRD and MBE for the
modeling of osmotic-convective  drying
method were calculated as 0.0185, 0.99, 0.05
and 0.034 respectively. Also these statistical
parameters for the convective drying method
were as 0.027, 0.98, 0.061 and 0.051. In a
similar research, a generalized dimensionless
model of paddy drying was developed from a
validated partial differential equation and the
statistical criteria were reported to be;
R’=0.866, MBE=0.0685 and RMSE=0.014
(Zare et al, 2012). In the another research, a
dimensionless model was obtained to predict
the moisture content of corn grains into a

! Root Mean Square Error
2 Mean Relative Deviation

continuous dryer that R’ MBE and RMSE
were calculated as 0.85, 0.0648 and 0.018,
respectively (Moradi and Karparvar fard,
2016). Therefore, the resulted dimensionless
models can be used for predicting the moisture
content of Aloe vera gel appropriately during
thin layer drying process.
1 -

0.9 - L4

0.8 /

0.7 - +20% .

0.6 - ,

05 - ,

0.4 - , -20%

03 - g

02 - /

0.1 - '
0

Predicted MR of Aloe Vera gel

0O 01 02 03 04 05 06 0.7 0.8 09 1
Experimental MR of Aloe Vera gel

Fig5- Comparison of experimental and predicted
MR values for osmotic-convective drying method

=
=
|

1.2 4

0.8

0.6

0.4 -

Predicted VIR of Aloe Vera gel

0.2

0 0.2 0.4 0.6 0.8 1 1.2

Experimental MR of Aloe Vera gel
Fig6- Comparison of experimental and predicted
MR values for convective drying method

Conclusions

In this research, osmosed and unosmosed
Aloe vera samples were dried using a cabinet
dryer. Different drying operations were
applied on the dryer to obtain the drying
kinetics of Aloe vera gels. Finally, two
dimensionless equations for predicting the
moisture content of Aloe vera gel as it was
dried in two different drying methods were
derived and evaluated. The statistical results
showed good agreement between the
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experimental and predicted moisture content. used to design the dryer systems of Aloe vera
Therefore the resulted equations can easily be gels.
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Abstract

The effect of different mozzarella cheese manufacturing methods, i.e. direct acidification (DA), starter
culture (SC) and their combination method (CM) on physicochemical, yield, texture, color and sensory
properties of the product were compared. Chemical analyses of samples revealed that the SC cheese had higher
fat, moisture, ash, titratable acidity, actual and adjusted yields and fat recovery than DA cheese. DA cheese
showed higher springiness, cohesiveness, and hardness than CM and SC cheeses, due to denser and elastic
protein network, whereas meltability and adhesiveness of DA cheese was lower than CM and SC samples. SC
cheese had significantly higher b-value than DA sample. The sensory evaluation revealed that the SC cheese had
higher sensory quality than other cheeses in fresh state and during 45 days of storage. In general, sensory scores
of all mozzarella cheeses were acceptable up to 15th day of storage and thereafter decreased progressively till the

end of storage period.

Keywords: Different manufacturing methods; Mozzarella cheese; Physicochemical; Textural properties;

Sensory attribute.

Introduction

Mozzarella cheese belongs to the family of
‘Pasta Filata’ cheeses and has a specific
manufacturing method which the curd is
immersed and kneaded in hot water and then
stretched several times to the desirable smooth
texture (Abd El-Gawad ef al., 2012). Because
the main application of mozzarella cheese is
used as a topping on pizza, therefore the
texture and particularly melting characteristics
of cheese has significant effect on consumer
acceptance. Mozzarella has a several desirable
properties, such as medium firmness,
appropriate melting and stretchability, and
easy shredding (Jana and Mandal, 2011).
These properties can be affected by different
parameters such as moisture, pH and salt
content of the cheese.

The variation of pH at different steps of
manufacturing can affect the water holding
capacity, composition and in addition promote
the functional properties of the cheese (Guinee

1 and 2. Associate professor and former B.SC. students,
Faculty of Animal Science and Food Technology,
Ramin Agriculture and Natural Resources University of
Khuzestan, Mollasani, Iran, respectively.

(*-Corresponding Author Email: hosjooy@yahoo.com)

et al., 2002). It also can affect the meltability
and distribution of calcium in the cheese
(Kindstedt et al, 2001). Proteolysis which
occurs in most varieties of rennet-curd cheeses
has a significant effect on development of
texture and flavor of the product. The
proteolysis of casein is affected by calcium
content and pH in diluted systems (Feeney et
al., 2002). The pH of 5.3 is a critical point in
related to the yield and calcium contents of
obtained cheese and by controlling/decreasing
the calcium content of the cheese through
lactic acid addition (e.g. with increasing the
acidity of the curd from 0.5 to 0.8%), the
meltability (Kiely ef al, 1992) and sensory
scores (Jana and Mandal, 2011) of the final
mozzarella cheese can be improved.

Milk pre-acidification with food grade acids
before adding rennet causes the casein
destabilization and removing the large
amounts of calcium in casein micelles. This
reduces the extent of calcium bonded between
casein polymers and therefore the softer
cheese with better and higher flow ability and
stretching can be produced (Feeney et al.,
2002; Zisu and Shah, 2005).

Acid production rate is a critical issue that
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determines the cheese quality. Starter cultures
used for promotion of acid production during
curd manufacturing have also significant
effects on flavor characteristics and textural
properties of final cheese. A various variety of
starter cultures such as, Streptococcus
thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus or Lactobacillus helveticus
can be used alone or in combination for
obtaining the appropriate properties of
mozzarella cheese (Sameen et al, 2010).
Although the cheeses obtained by starter
cultures may have more yield and flavors, but
direct acidification method of cheese
manufacturing can be a good choice for
mechanization and continuous manufacturing
of mozzarella cheese (Ernstrom, 1965).

Different  manufacturing methods of
mozzarella cheese can alter the quality and the
quantity of the product. Though the effect of
pre-acidification or addition of starter culture
on the textural properties, sensory attributes,
and quantity of the mozzarella cheese have
been extensively investigated by many
researchers (Dave et al., 2003; Kiely et al,
1992; McMahon et al., 2005; Oommen et al.,
2002; Zisu and Shah, 2007), but comparison
between these procedures along with their
combination method (pre-acidifiacation and
starter culture) have not yet been studied.
Therefore, in the current research, effect of
different methods of mozzarella cheese
making, i.e. direct acidification, starter culture
and their = combination methods on
physicochemical, yield, and sensory of the
obtained cheeses were investigated.

Materials and Methods
Cheese Manufacture

The whole milk (3.2% fat) was pasteurized
(72 °C for 15 s), cooled to 37 °C and divided
into 10-litre quantities for each manufacturing
method. Manufacturing methods of mozzarella
cheese were done according to Dave et al.
(2003) and Guinee et al. (2002) with some
modifications. In direct acidification (DA)
method, citric acid (10% solution) was used
before and after curd formation. Before
coagulation, pH of milk was reduced to 6.1

with using citric acid solution. Then
commercial powdered microbial rennet
(Rennilase, Meito Sangyo Co., Nagoya, Japan)
at a level of 1.5 g per 100 kg of milk was
added and after incubation at 37 °C for 30 min,
curd was cut. At that time curd was maintained
for about 10 min without stirring and then was
gently stirred for further 10 min to facilitate
whey expulsion and avoid fusion of freshly cut
curd cubes. Then the half of whey was
removed and temperature of remained whey
was gradually raised up to 40 °C over 20 min.
Afterward, another fourth of remained whey
volume was removed and citric acid was
added gradually and temperature was raised
with time up to 43—44°C in at least 1h until the
pH of whey and curd was reached
approximately to 4.4 and 5.3, respectively. For
starter culture (SC) method, about one percent
starter culture (mixture of Streptococcus
thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus at a ratio 1:1) was added to
the milk at 42 °C and milk was incubated at
42 °C for 45 min. At the end of this incubation
period, the pH of the milk was approximately
reached to 6.3. Then, milk temperature was
adjusted to 37 °C and rennet was added. After
30 min, the pH was reached to 6.1 and the curd
was cut and further manufacturing method was
sustained same as DA method. In combination
method (CM), starter culture was added but
milk pre-acidification was done using 10%
citric acid solution and milk pH was adjusted
to 6.3 before curdling. After curd formation,
the reduction of pH was continued with starter
culture and no citric acid solution was used.

In all three procedures, after attainment to
final pH of curd, ie. 5.3, whole amount of
whey was drained and the curd was wrapped
within a cheese-cloth for one hour. Afterward,
the curd was stretched by hand in brine (2%)
at 75 °C and after subsequent molding, the
curd was immersed in cold brine (20% salt) for
1 h. Then brined curd was vacuum packed,
stored at 4 °C and chemical composition,
textural and sensory properties of cheeses were
measured. All manufacturing methods were
done at tree times.
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Chemical Analysis

All cheese samples were analyzed for
determination of pH at 20 °C (Metrohm, 827
pH lab, Swiss made), moisture content (102 °C
for 4 h), acidity (NaOH 0.1 N), ash content
(540 °C for 5h), protein content (Kjeldahl
method, by multiplying the total nitrogen by
6.38) according to AOAC methods (2000). Fat
content was measured through Gerber method
according to the technique reported by
Marshall (1993) with some modifications. For
fat measurement, 10 ml of sulphuric acid was
added to butyrometer, followed by adding the
3 ml of hot distilled water (60°C), 3 g of each
cheese sample, 5 ml of distilled water (60°C)
and Iml amyl alcohol. In order to complete
dissolving cheese particles, the butyrometer
and its content were shacked extremely and
then the butyrometer was centrifuged at 1300
rpm for 5 min. The fat content of each cheese
sample was expressed as percentage by
measuring the fat column.

Actual and Adjusted Yields of Cheese

Yield is an amount of cheese which is
obtained from a known amount of milk and
measured by weighing the obtained cheese
before brining. The yield (%) can be expressed
as (a) based on actual moisture (actual yield)
which calculated by dividing the obtained
cheese before brining on the weight of milk
and (b) based on 55% moisture content
according to following equations (Robinson
and Tamime, 1996):

Wss = [(W x TS)/0.45] x 100 (1)

Where Wss is a weight of cheese (kg) at
55% moisture; W is weight of cheese (kg); and
TS is a weight of total solids in one kg of
cheese.

Y55 = [W55/Wm] x 100 (2)

Where Yss is adjusted yield (%) at 55%
moisture of cheese; Wss 1s a calculated amount
in previous equation; Wy, is weight of milk.

Fat and Protein Recoveries
Fat and protein recoveries (%) of cheese were
calculated by dividing the total amount of fat or

protein in obtained cheese on total amount of fat
or protein in milk, respectively (Jooyandeh and
Minhas, 2009):

Fat or protein recovery =(( weight of cheese x fat
or protein content of cheese)/( weight of milk x
fat or protein content of milk)x 100)  (3)

Meltability
Meltability of all cheese samples was

measured according to the method of
Madadlou et al. (2005).

Color Evaluation

Color evaluation of cheese samples were
done by using Chroma meter (Chroma Meter
CR-400, Konica Minolta, Japan made). The L,
a and b-values are correspond to whiteness
/darkness, redness/greenness and yellowness
/blueness, respectively.

Texture Profile Analysis (TPA)

The texture evaluation of cheese was
measured by using Texture Analyzer (TA-XT
plus Texture Analyzer [Stable Micro System,
Godalming, UK]). Testing conditions were set
up according to method of Jooyandeh (2009)
with some modifications. A  aluminum
cylindrical probe (5-mm diameter), 2 mm/s
pre-test speed, 1 mm/s test speed, 1 mm/s post-
test speed, rest time of 5 s, trigger force of 3 g,
data acquisition 200 pps and 50% strain were
used.

Sensory Evaluation

All cheese samples were encoded randomly
and then evaluated by ten well trained panelists
who were faculty members and students of food
science and technology department of Ramin
Agriculture and Natural Resources University.
All cheese samples were evaluated for taste,
odor, texture, color and appearance, and overall
acceptability according to the nine-point
hedonic scale test (1= dislike extremely to 9=
like extremely (Lawless and Hymann, 1998))
after 0, 15, 30, and 45 days of storage. Samples
were cut in pieces with a similar size (2 cmx 2
cmx 2 cm) and then obtained pieces were
placed into airtight plastic container and



374 Iranian Food Science and Technology Research journal, Vol. 12, No. 3, Aug. Sep. 2016.

maintained at ambient temperature for 20 min
before evaluation. The panelists used water for
washing their mouth between testing each
samples.

Statistical Analysis

All experiments were done at least in
triplicate. The results obtained were subjected
to statistical analysis to determine significant
differences between three different cheese
making procedures. The SAS software
(version 9.1) were used for data analysis and
differences between means were determined
by Duncan’s test at P<0.05.

Results and Discussion
Chemical Analysis

The chemical composition of mozzarella
cheeses are shown in Table 1. Moisture is
essential component of cheese which has a
plasticizer effect in the protein matrix and
therefore making it less elastic and more
susceptible to fracture upon compression (Fox
et al., 2000). The moisture content of SC
cheese was significantly (£<0.05) higher than
DA cheese. These results are in agreement
with those of Sheehan ef al. (2005) and Zisu
and Shah (2007), who reported the lower
moisture in mozzarella cheeses produced with
direct acidification. Katsiari et al. (2002)
found that when adjunct cultures used for
cheese manufacturing, the moisture content
and hardness of cheese increased and
decreased, respectively.

The SC cheese had lower protein content
than DA and CM cheeses but showed higher
fat content. The lower fat content in DA
cheese is due likely to more and rapid
interactions between proteins in this cheese
sample (McMahon et al., 2005) which causes
the more compact protein network and
therefore the lower moisture and fat content
retained in final curd. These results are in
agreement with those of Guinee et al. (2000),
who reported that increased the volume
fraction of the casein matrix is due to reduced
fat content. The SC and CM cheeses had
higher ash content due to their higher moisture
content which may increase the amounts of

soluble minerals including ionic K, Na, and Ca
(McMahon et al, 1999). The similar results
were reported by Dave et al (2003) and
Sameen et al. (2008). The higher titratable
acidity of SC and CM than DA cheese samples
is likely due to the higher biochemical
reactions and production of organic acids,
particularly lactic acid by starter cultures
which is in accordance with the results of
Sameen et al. (2008).

Yield, Fat and Protein Recovery

Cheese yield is a one kg of obtained cheese
from a one kg of milk, which is a very
important parameter in cheese making. The
higher recovery of solid material causes the
higher cheese yield (El-Gawad and Ahmed,
2011). According to our results (Table 2),
though SC cheese had higher actual yield than
other mozzarella cheeses, their differences were
not significant. However, for adjusted yield,
magnitude variations were recognized and SC
and CM samples had significantly higher
adjusted yield than DA cheese. The higher
yields of SC and CM cheeses were likely due to
their higher moisture and fat contents. The
proteolysis development which occurs during
curd formation by starter culture may increase
the water holding capacity of casein network
and therefore causes the increase in
weight/yield of cheese. Hence, CM and SC
cheeses had the higher yield in compare with
DA sample. These results are in agreement
with those of Metzger et al. (2000), who
reported that pre-acidification of milk before
mozzarella making causes the decrease in
cheese yield from 2.5 to 5.8% depend on pH of
milk and type of used acid. Pre-acidification of
milk and subsequent reduction of calcium, fat
and protein recovery in cheese leads to lower
actual and adjusted yields.

Fat and protein recoveries in cheese are
very important parameters in cheese making
industry, because their lessening result in
cheese yields reduction. These parameters are
significantly affected by the type of cheese
making  procedure/acidification.  Different
cheese making procedures had significant
effect (P<0.05) on fat and protein recoveries.
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SC cheese had higher fat and protein
recoveries than DA cheese, but showed the
lower protein recovery than CM cheese. The
higher protein recovery and protein content of
CM than SC cheese is likely due to the effect
of partial acidification which causes more
interactions between proteins (McMahon et
al., 2005). Increasing the acidity by direct
acidification in DA cheese causes the decrease

in cheese calcium and this has bilateral impact,
lower the protein interactions between proteins
and reduces the entrapped fat in casein matrix
(Zisu and Shah, 2005). In agreement with our
results, Metzger et al. (2000) observed that
mozzarella cheeses produced by direct
acidification of milk had lower fat and protein
recoveries.

Table 1. The chemical composition of mozzarella cheeses.

Cheese sample  Protein content Fat content Moisture content  Ash content  Titratable Acidity
(%) (%) (%) (%) (%)
SC 19.29+0.35° 24.94+1.16" 51.8540.61° 4.19+0.08" 0.50+0.04"
DA 23.05£0.27° 21.95+0.84° 47.83£1.14° 3.18+0.06" 0.35+0.01°
CM 22.38+0.58" 23.04£0.11" 49.94+0.30™ 3.3240.15° 0.44+0.06"

Means within the same column with different superscripts differ significantly (P<0.05); SC, Starter Culture; DA,
Direct Acidification; and CM, their Combination Methods.

Table 2. Effect of different manufacturing methods on yield, fat and protein recoveries of cheese samples.

Mozzarella Actual Yield Adjusted Yield Protein recovery Fat recovery
cheese (%) (%) (%) (%)

SC 10.8540.63" 11.60+0.01° 62.12+1.15" 72.124+2.51°7

DA 8.81+£0.96 10.22+0.41° 55.51+6.06 47.46+2.86°

CM 10.07+0.86 11.21+0.14° 65.12+4.38" 59.80+2.00°

Means within the same column with different superscripts differ significantly (P<0.05); SC, Starter
Culture; DA, Direct Acidification; and CM, their Combination Method.

Color Evaluation

Food appearance is one of the most
important properties of foods which are
directly related to product quality and
customer acceptance, and affected by its
reflection, absorption or transmittance of light
and these states are related to the physical
structure and chemical nature of food (Rudan
et al, 1998). Results (Table 3) showed
relatively higher but non-significant L value
for SC cheese likely due to its higher fat
globules content which increases the light
scattering and therefore enhances whiteness of
cheese (Rudan ef al., 1998). Rudan ef al.
(1999) also showed that by reducing the fat
content, the amount of whiteness and opacity
of cheese critically decreases. The b value of
the SC cheese was significantly higher than
other samples because of higher fat content.
As well, SC and CM cheeses had higher
moisture content and therefore the amount of

serum in these cheese samples were higher
than DA sample, resulted in greater greenish
color (greater negative a value).

Table 3. The L, a, and b-values of cheese samples

from different cheese samples from different
manufacturing methods.
Cheese L-value a-value b-value
sample
SC 69.20+0.61= -4.59+£0.13> 13.2440.772
DA 67.28+1.91 -4.13£0.022  10.08+0.44b
CM 67.01=1.54 -4.55+0.05> 11.43+0.80¢

Cheese Texture Characterization

Meltability is a key functional property of
mozzarella cheese (Sameen et al., 2008) which
defined as flowability and spreadability of
cheese particles upon heating (Ma et al.,
2011). Fat amount and protein-protein
interactions with water are two most important
parameters which determine the meltability of
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mozzarella cheese (McMahon et al., 1999).
Meltability of cheese samples are reported in
Table. 4. The higher meltability of SC and CM
samples is because of their higher fat content,
which is in agreement with the results of Abd
El-Gawad ef al. (2012) and Ma et al. (2013).
Khosrowshahi et al. (2006) reported that when
fat content in cheese decreased, the obtamned
product has a compact texture, lower
meltability, and undesirable sensory
properties. The texture and functionality of
mozzarella cheese also can be affected by its
moisture contents. As, cheeses with higher
moisture retention causes the softer and more
pliable product with improved melting
properties (Zisu and Shah, 2005).

Among the milk proteins, casein is the main
factor which can affect the curd firmness,
syneresis rate, moisture retention and finally
cheese quality (Lawrence, 1993). Fat reduction
in cheese causes the more elastic and dense
protein network (Tunick et al, 1995).
According to our results (Table 4), hardness,
cohesiveness and springiness of DA sample
were higher than SC and CM samples, which
are agreed with the results of Rudan et al.
(1999), Sheehan and Guinee (2004) and Fife et
al. (1996) who reported higher hardness,
cohesiveness, elasticity, and springiness as a
result of lower fat or moisture contents.
Furthermore, the higher hardness and
chewiness of DA cheese than other cheese
samples (P<0.05) is likely due to its higher
protein content and more compact texture.

The starter culture cheese had softer texture
which could not completely restore its primary
shape after 50% compression and showed
lower springiness, cohesiveness, and hardness.
Oommen et al. (2002) also reported that starter
culture cheeses have a lower cohesiveness.
The SC cheese had significantly higher
adhesiveness than DA and CM samples, which
is agreed with results of Zisu and Shah (2006),
who observed that obtained cheese without
pre-acidification has higher adhesiveness.
Higher moisture content causes weakening of
protein matrix and when this state is
concomitant with proteolysis, the higher
adhesiveness values can be obtained

(McMahon et al, 2005). Proteolysis rate in
cheese is directly depends on concentration of
starters and bacterial population in cheese.
Hence, the lower hardness, chewiness, and
cohesiveness of SC and CM cheeses are likely
due to the higher proteolysis rate of added
starter cultures (Jooyandeh, 2009). Firmness is
inversely correlated with proteolysis, as
decrease the firmness is concomitant with
higher primary proteolysis (Sheehan and
Guinee, 2004). The gumminess is result of
hardness and cohesiveness of cheese (Tunick,
2000) and when cohesiveness or/and hardness
of product decreases, its gumminess also
reduces. The gumminess of SC cheese was
significantly lower than DA cheese, because of
probably the higher proteolysis.

Sensory Evaluation

Cheese body is gradually softened during
proteolysis and produced water-soluble
nitrogenous compounds which have a
significant effect on cheese flavor. Cheese
flavor, which numerous amounts of volatile
and nonvolatile compounds contribute it, is
very complex and result of lipolysis,
proteolysis and glycolysis (Albenzio et al,
2013).

Effect of storage times on color and
appearance of the cheese samples are shown in
Fig. 1A. Results revealed that SC sample had
higher color and appearance scores than CM
and DA samples at fresh state. Color and
appearance of SC sample was intensely
reduced over times of storage, because of
probably its higher microbial activity due to
starter cultures (Sameen ef al., 2008).

Proteolytic and peptidolytic activities in
mozzarella cheese are due to residual
coagulant, plasmin, or starter culture enzymes
(Yazici et al., 2010; Oommen et al., 2002). As
shown in Fig. 1B., SC and CM samples had
higher odor scores than DA sample at 0 and 15
days of storage, probably due to their starter
cultures activity which produces higher
aromatic compounds.

But odor scores of all samples reduced over
times, because of extreme and uncontrolled
metabolic processes. Starter cultures have
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direct and indirect contribution to sensory
properties such as aroma, taste, texture, and
flavor in cheese (Losito ef al., 2014). In terms
of texture, results revealed significant
differences (P<0.05) between texture of
mozzarella cheeses while storage time had not
momentous effect on this respect (Fig. 1C).
Among cheeses, SC sample at 15" day of
storage had higher score than the other cheeses
during storage period. As it shown in Fig. 1D.,
there were no differences between taste of

various cheeses at different storage period.
However, SC cheeses had slightly better taste
than DA and CM cheeses during all the
storage period. With respect to overall
accetability, results showed that the various
mozzarella cheese making procedures had
significant  (P<0.05) effect on overal
acceptability while storage time had no effect
(Fig. 2). Ingeneral, SC cheese had higher
overall acceptability than other cheeses at the
beginning till the end of storage period.

Table 4. Texture profile analysis and meltability of various mozzarella cheeses.

Texture parameters SC

DA CM

Hardness (N) 3.83£0.44°  5.25+024°  4.25+0.04°

Cohesiveness 0.58+0.04°  0.64+£0.02*  0.55+0.00
Adhesiveness (J) 2.89+0.40° 1.14+0.09° 2.59+0.21°
Springiness (mm) 6.48+0.61™ 7.07+0.38 6.92+0.20
Gumminess (N) 2.2240.19° 2.88+0.15" 2.74+0.11°

Chewiness () 14.3540.27°  20.41+0.69"  18.96+1.45°
Meltability(mm) 75.50+2.08°  64.75+2.71°  67.25+3.02°

Means within the same row with different superscripts differ significantly (P<0.05); SC, Starter Culture; DA, Direct
Acidification; and CM, their Combination Method.

-

10

S/

Color & Appearance
Scores

@

e
=

N

Texture Scores

]

ab 43p

s
b

Days

B
10
g - a ap a
z I N2 NTF
g g §
% 1\l 4.
[ E §
3 . n
S
Gl \4 \G
0 15 45
Days
D
10
8- a a a a
] N ar
£ Zi
# ‘ :
244 j
0
0 1 30 4
Days

Fig. 1 Effect of different cheese making procedures and storage times on color and appearance (A), odor (B),

texture (C) and taste (D) of mozzarella cheeses (SC ; DA ; CM ).



378

Iranian Food Science and Technology Research journal, Vol. 12, No. 3, Aug. Sep. 2016.

Z aab ab  3bap
= §V ] b
53 N\ -
S g § e
: A \ o
= \ e
: .
S § B

N\ ZE

15 30
Days

Fig. 2 Effect of different cheese making procedures and atorage times on overall acceptability of mozzarella

cheeses (SCESR ; DA CM [1)

Mostly, sensory attributes (odor, taste,
texture, color, and overall acceptability) of all
mozzarella cheeses were higher at the
beginning and 15" day of storage period. This
is due to the fact that mozzarella cheese unlike
many other cheeses is a un-ripened or non-
aged cheese (Moneim and Sulieman, 2013;
Yazici et al., 2010) and therefore its sensory
properties diminish over the storage period.

However, fresh mozzarella cheese has an
inappropriate meltability and is better to
consume it after 1-3 weeks of storage

(Rowney et al., 1999). Whey protein films are
excellent moisture, oxygen, aroma and oil
barriers and may be used as a layer of
protection to mozzarella cheese to protect its
sensory characteristics during storage period
(Jooyandeh, 2011).

Conclusions

The three different methods were used for
mozzarella manufacturing and the starter
culture method increased the fat, moisture, ash
and titratable acidity of the cheese. The cheese
making methods also affect the yield, fat and
protein recoveries and SC method showed the

References

higher actual yield and fat recovery. Color
evaluation of cheese samples revealed that SC
cheese had higher b- value than DA cheese
probably due to its higher fat content. The
texture of cheese samples was also influenced
by cheese making methods. DA cheese had
higher cohesiveness, hardness and springiness
and lower meltability than other cheeses.

All mozzarella cheeses had almost higher
sensory scores at 15™ day of storage period.
However, due to water movement from
surface of all mozzarella cheeses during
storage, the cheese color and appearance was
diminished. Therefore, cheese coating with
whey protein films could be suggested as a
best solution, since these films are only
moderate barriers to moisture.

Acknowledgement

The authors wish to express their gratitude
to the research council of Ramin Agriculture
and Natural Resources University of
Khuzestan for financial support of this work
which was performed as a student project.

Abd El-Gawad, M. A. M., Ahmed, N. S., El-Abd, M. M. and Abd El-Rafee, S. 2012. Effect of
homogenization on the properties and microstructure of Mozzarella cheese from buffalo milk. Acta Sci.

Pol. Technol. Aliment., 11(2), 121-135.



Effects of Different Manufacturing Methods on... 379

Albenzio, M., Santillo, A., Caroprese, M., Braghieri, A., Sevi, A. and Napolitano, F. 2013. Composition and
sensory profiling of probiotic Scamorza ewe milk cheese. J. Dairy Sci., 96(5), 2792-2800.

AOAC, 2000. Official Methods of Analysis, 17" Ed., Association of Official Analytical Chemists,
Gaithersburg, MD.

Dave, R. 1., McMahon, D. J., Oberg, C. J. and Broadbent, J. R. 2003. Influence of coagulant level on
proteolysis and functionality of mozzarella cheeses made using direct acidification. J. Dairy Sci., 86(1),
114-126.

El-Gawad, M. A. A. and Ahmed, N. S. 2011. Cheese yield as affected by some parameters. Acta Sci. Pol.
Technol. Aliment., 10, 131-153.

Ernstrom, C. A. 1965. Mechanized pizza cheese making by means of a continuous, direct acidification
method. Mfd. Milk Prod. J., 57(7), 7.

Feeney, E. P., Guinee, T. P. and Fox, P. F. 2002. Effect of pH and calcium concentration on proteolysis in
Mozzarella cheese. J. Dairy Sci., 85(7), 1646—1654.

Fife, R. L., McMahon, D. J. and Oberg, C. J. 1996. Functionality of low fat Mozzarella cheese. J. Dairy
Sci., 79(11), 1903-1910.

Fox, P. F., Guinee, T. P., Cogan, T. M. and McSweeney, P. L. H. 2000. Fundamentals of cheese science.
Aspen publishers Inc. Gaithersburg, Maryland, USA.

Guinee, T. P., Auty, M. A. and Fenelon, M. A. 2000. The effect of fat content on the rheology,
microstructure and heat-induced functional characteristics of Cheddar cheese. Int. Dairy J., 10(4), 277—
288.

Guinee, T. P., Feeney, E. P., Auty, M. A. E. and Fox, P. F. 2002. Effect of pH and calcium concentration on
some textural and functional properties of Mozzarella cheese. J. Dairy Sci., 85(7), 1655-1669.

Jana, A. H. and Mandal, P. K. 2011. Manufacturing and quality of Mozzarella cheese: A review. Int. J. Dairy
Sci., 6(4), 199-226.

Jooyandeh, H. 2009. Effect of fermented whey protein concentrate on texture of Iranian white cheese. J.
Texture Stud., 40(5), 497-510.

Jooyandeh, H. 2011. Whey Protein Films and Coatings: A Review. Pakistan J. Nut.. 10 (3), 296-301.

Jooyandeh, H. and Minhas, K. S. 2009. Effect of addition of fermented whey protein concentrate on cheese
yield and fat and protein recoveries of Feta cheese. J. Food Sci. Technol., 46(3), 221-224.

Katsiari, M. C., Voutsinas, L. P., Kondyli, E. and Alichanidis, E. 2002. Flavour enhancement of low-fat
Feta-type cheese using a commercial adjunct culture. Food Chem., 79(2), 193—198.

Khosrowshahi, A., Madadlou, A., zadeh Mousavi, M. E. and Emam-Djomeh, Z. 2006. Monitoring the
chemical and textural changes during ripening of Iranian White cheese made with different concentrations
of starter. J. Dairy Sci., 89(9), 3318-3325.

Kiely, L. J., Kindstedt, P. S., Hendricks, G. M., Levis, J. E., Yun, J. J., Barbano, D. M., ... and Rousseau, M.
1992. Effect of draw pH on the development of curd structure during the manufacture of Mozzarella
cheese. Discussion. Food Struct., 11(3), 217-224.

Kindstedt, P. S., Zielinski, A., Almena-Aliste, M. and Ge, C. 2001. A post-manufacture method to evaluate
the effect of pH on Mozzarella cheese characteristics. Aust. J. Dairy Technol., 56(3), 202.

Lawless, H.T. and Hymann, H. 1998. Sensory Evaluation of Food-Principles and Practices. Chapmann &
Hall, New York.

Lawrence, R. C. 1993. Relationship between milk protein genotypes and cheese yield capacity. In: Factors
affecting the yield of cheese. edn. D.B. Emmons. Int. Dairy Federation. Brussels. 121-127.

Losito, F., Arienzo, A., Bottini, G., Priolisi, F. R., Mari, A. and Antonini, G. 2014. Microbiological safety
and quality of Mozzarella cheese assessed by the microbiological survey method. J. Dairy Sci., 97(1), 46—
55.

Ma, X., James, B., Zhang, L. and Emanuelsson-Patterson, E. 2011. Correlating Mozzarella cheese properties
to production processes by rheological, mechanical and microstructure study: meltability study and
activation energy. Procedia Food Sci., 1, 536544,

Ma, X., James, B., Zhang, L. and Emanuelsson-Patterson, E. A. 2013. Correlating mozzarella cheese
properties to its production processes and microstructure quantification. J. Food Eng., 115(2), 154—163.
Madadlou, A., Khosroshahi, A. and Mousavi, M. E. 2005. Rheology, microstructure, and functionality of
low-fat Iranian white cheese made with different concentrations of rennet. J. Dairy Sci., 88(9), 3052—

3062.



380 Iranian Food Science and Technology Research journal, Vol. 12, No. 3, Aug. Sep. 2016.

Marshall, R. T. 1993. Standard methods for the examination of dairy products. 16th ed. American Public
Health Association. Washington, DC.

McMahon, D. J., Fife, R. L. and Oberg, C. J. 1999. Water partitioning in Mozzarella cheese and its
relationship to cheese meltability. J. Dairy Sci., 82(7), 1361-1369.

McMahon, D. J., Paulson, B. and Oberg, C. J. 2005. Influence of calcium, pH, and moisture on protein
matrix structure and functionality in direct-acidified nonfat Mozzarella cheese. J. Dairy Sci., 88(11),
3754-3763.

Metzger, L. E., Barbano, D. M., Rudan, M. A. and Kindstedt, P. S. 2000. Effect of milk preacidification on
low fat Mozzarella cheese. I. Composition and yield. J. Dairy Sci., 83(4), 648—658.

Moneim, A. and Sulieman, E. 2013. Microbiological and sensory quality of Mozzarella cheese as affected by
type of milk and storage. J. Food Nutr. Disor., 2, 1.

Oommen, B. S., McMahon, D. J., Oberg, C. J., Broadbent, J. R. and Strickland, M. 2002. Proteolytic
specificity of Lactobacillus delbrueckii subsp. bulgaricus influences functional properties of Mozzarella
cheese. J. Dairy Sci., 85(11), 2750-2758.

Robinson, R. K. and Tamime, A. Y. 1996. Feta and Related Cheeses. CRC Press.

Rowney, M. K., Roupas, P., Hickey, M. W. and Everett, D. W. 1999. Factors affecting the functionality of
Mozzarella cheese. Aust. J. Dairy Technol., 54(2), 94.

Rudan, M. A., Barbano, D. M., Guo, M. R. and Kindstedt, P. S. 1998. Effect of the modification of fat
particle size by homogenization on composition, proteolysis, functionality, and appearance of reduced fat
Mozzarella cheese. J. Dairy Sci., 81(8), 2065-2076.

Rudan, M. A., Barbano, D. M., Yun, J. J. and Kindstedt, P. S. 1999. Effect of fat reduction on chemical
composition, proteolysis, functionality, and yield of Mozzarella cheese. J. Dairy Sci., 82(4), 661-672.
Sameen, A., Anjum, F. M., Huma, N. and Nawaz, H. 2008. Quality evaluation of Mozzarella cheese from

different milk sources. Pak. J. Nutr., 7(6), 753-756.

Sameen, A., Anjum, F. M., Huma, N. and Nawaz, H. 2010. Chemical composition and sensory evaluation of
mozzarella cheese: influence by milk sources, fat levels, starter cultures and ripening period. Pak. J. Agri.
Sci., 47(1), 26-31.

Sheehan, J. J. and Guinee, T. P. 2004. Effect of pH and calcium level on the biochemical, textural and
functional properties of reduced-fat Mozzarella cheese. Int. Dairy J., 14(2), 161-172.

Sheehan, J. J., Huppertz, T., Hayes, M. G., Kelly, A. L., Beresford, T. P. and Guinee, T. P. 2005. High
pressure treatment of reduced-fat Mozzarella cheese: Effects on functional and rheological
properties. Innov. Food Sci. Emerg. Technol., 6(1), 73-81.

Tunick, M. H. 2000. Rheology of dairy foods that gel, stretch, and fracture. J. Dairy Sci., 83(8), 1892—1898.

Tunick, M. H., Malin, E. L., Smith, P. W. and Holsinger, V. H. 1995. Effects of skim milk homogenization
on proteolysis and rheology of Mozzarella cheese. Int. Dairy J., 5(5), 483—491.

Yazici, F., Dervisoglu, M., Akgun, A. and Aydemir, O. 2010. Effect of whey pH at drainage on
physicochemical, biochemical, microbiological, and sensory properties of Mozzarella cheese made from
buffalo milk during refrigerated storage. J. Dairy Sci., 93(11), 5010-5019.

Zisu, B. and Shah, N. P. 2005. Low-fat mozzarella as influenced by microbial exopolysaccharides,
preacidification, and whey protein concentrate. J. Dairy Sci., 88(6), 1973—1985.

Zisu, B. and Shah, N. P. 2006. Role of microbial exopolysaccharides on moisture retention, texture and
functionality of low-fat mozzarella cheeses. Aust. J. Dairy Technol., 61(3), 253.

Zisu, B. and Shah, N. P. 2007. Texture characteristics and pizza bake properties of low-fat Mozzarella
cheese as influenced by pre-acidification with citric acid and use of encapsulated and ropy
exopolysaccharide producing cultures. Int. Dairy J., 17(8), 985-997.



Research Journal

Iranian Food Science and Technolo .. . .. o
B ‘ ; olnl e gilio g pole Gledngly 4yt
Vol. 12, No. 3, Aug. Sep. 2016, p. 371-381 i s T EVISEAY .o YA g e — 130 X 0 ket Y Al

RO UK JX LW P PRI S TPRPI PR PR LIRSV % - CEDRp PO PR 1

Y050

T35 5olg gl ‘v(’m}’ e = oy g ol
VFRO/ /T 3l 53 b
VRO B/ 1 by b
daS>

(CM) gy 99 ¢l J| il 5 (SC) 31T s eolistol (DA) ositne (38" (sl Sy (sine Y lige oy )55 cilio (sla by, b
et 40 0L 5ty Sledised (pliand ST 003, (o Jpame (e 5 ) 8l i oliondsSsid S S 9 il ol Oliee
bbo DA oty &) G 65V (2 8Lk wined g 0ad s g (Bly o]y a5 BB wdenl S ugh) (02 p3lie b SC
oy gLt 5 SVl g oS1e (g 45l Jd> 4 SC 5 CM sladiges & s 3V (o 9 (Siwge syt i DA iy
& Cuwd s YL b-value jlude g xe yobo 4 SC 4 .05 SC 5 CM (sladiges jl yiaS DA digas (Saiwr 5 o g3 il a5 Jbs yo
59 Y0 (b g oj cdbs j0 py cladiges plo 4y Cad 65V e oS gy SC iy a8 by (LS bdiges (e (ol caisls DA aiges
e SIS 093 (b U e 9392 Jos8 BB ()l gl 595 V0 U sy 6V)lige slayety plod s lilitel (IS )5k 32 (5)le S
cdly el gy

e S Shg il olod (olondsSd Y)lige pin g Cilisie sla ybg, 1 g (SR g

u,uol) fomjo é.:l.m 9 LS))?L"S oKuiily ‘Ls:l.\.c é)l.uo 9 fu}l.c bs)f ‘Ls:l.\.c é)l.uo 9 LEOI') 9919 b.\.gu.wl.) ‘LS“’L'M’)K ul;...’>9.‘oi uu.}l.) 9 )l...w.:l.) w).: L Y 9 \
Sl (B (s
(Email: hosjooy@yahoo.com : Jgtuws osiwg —%)



Iranian Food Science and Technology

2 ]
Research Journal ‘af@j
s, i

Vol. 12, No. 3, Aug. Sep. 2016, p. 382-387 e e s

LAy

Olnl @1ad @l g pole Gleiirgly 4 pid
FAY-YAY. 0 AYAD 9 s — 315 po (¥ 0led I uls

Brief report

Antimicrobial Property of Lycopene Oleoresin on some Food Pathogens
Running Head: Lycopene oleoresin antibacterial potent

A. Ranjbar™, E. Ranjbar?

Received: 2016.02.08
Accepted: 2016.06.20

Abstract

The aim of this work was to study the antimicrobial activity of tomato skin lycopene oleoresin against
Pseudomonas aeruginosa [Escherichia coli Staphylococcus ureuse Salmonella typh . L. monocytogenes . Bacillus
cereus Bacillus licheniformis. Oleoresin was extracted from tomato peel. Lycopene content was measured by
spectrophotometer. Lycopene oleoresin contained 2321mg lycopene/ 100 g oleoresin diluted in serial micro-
dilution technique from 40,000 to 78.125 ppm. Microbial culturing was done in ELISA 96-well micro-titer plates
in triplet and then MIC and MBC were determined. The results were shown that tomato peel oleoresin contained
2% lycopene, can inhibit and restrain the gram positive and negative bacteria.

Keywords: lycopene oleoresin, tomato skin, antimicrobial activity, ELISA, dilution method

Introduction

The medical properties of herbal extracts
and essential oils against microbial [1, 2] and
non-microbial [3, 4] diseases are known since
ancient times .Many studies on different
species of plant extracts or essential oils and
their effects on microorganisms has been done.
Antimicrobial properties of different plant
extracts are reported [5, 6]. Antimicrobial
effects of essential oils are reported on bacteria
and yeasts more [5, 6] but fungi are also
influenced by antimicrobial properties of
essential oils [7, 8]. According to World
Health Organization (WHO) medicinal plants
would be the best source to obtain a variety of
drugs. About 80% of individuals from
developed countries use traditional medicine,
which has compounds derived from medicinal
plants [9].

Lycopene is dominant colorant in tomato,
watermelon, papaya, and red pepper. The most

1. Ph.D, in Food Technology, Semnan University.
2.Ph.D Candidate in Food Chemistry, Gorgan
University of Natural Resources and Agricultural
Science.

(*-Corresponding Author Email: aranjbar5264@gmail.
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important sources of lycopene is tomatoes.
Depending on varieties they represent 65- 98%
of total weight of carotenoids in tomato [10
and 16]. This pigment is a carotenoid with 11
conjugated double bands which besides the
coloring ability, have antioxidant property and
can inhibit the incidence of lung, prostate and
stomach cancer. Today there are more trends
in use of this natural and healthy component in
human diet. Lycopene due to its antioxidant
activity can play antimicrobial role. Lycopene
is one of the popular pigments highly accepted
by food industry as a food additive and also
for its health benefits [17, 18]. As a red
colorant and antioxidant agent, the demand for
lycopene is still increasing. According to [17],
total world consumption of lycopene was
tripled to 15,000 tonnes in 2004 compared to
5000 tons in 1995.

Chandra et al. (2008) tested the effect of
lycopene treatment in a randomized, double-
blind study involving ten patients with clinical
signs of gum inflammation. Half of the mount
of each patient was also treated with oral
prophylaxis. They found that lycopene
treatment  significantly  decreased gum
inflammation. The bleeding index of the gums
treated with lycopene was further reduced by
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the oral prophylaxis. They also found that gum
inflammation was strong negative correlated
with uric acid level of the saliva [19]. Sung et
al. (2007) also found that lycopene exerted
potent antifungal activity on Candida albicans
by causing significant damage to the cell
membranes of the yeast. It showed little
toxicity against human erythrocytes. More
studies are required to demonstrate such effect
in clinical experiment [20]. Al-Oqaili et al.
(2014) studied the antibacterial activity of
aqueous tomato extract on medical important
pathogens. They found that the extract has
inhibiting the growth of some isolated bacteria
[21]. The objective of this study was analyzing
the antimicrobial activity of tomato lycopene
on Gram-positive and Gram-negative food-
borne bacteria.

Materials and methods
Lycopene oleoresin preparation

At first ripened tomatoes immersed to
boiling water for 1-2 minute and immediately
cooled. Then peeled by hand. Skins were dried
at 40°C by convective oven. Extraction were
carried out by hexane:ethanol:aceton (2:1:1)
with 0.05% BHT as antioxidant by ratio of
1:10 (sample: solvent) by Sadler(1990) and
Shi(1999) method at 30°C with gently stirring
[14, 15]. After 16 hr, the extracted solution
was filtered by Watt man number 4 saturated
with ethanol. 20% deionized water were added
to filtrate and retained for 15 minute to divide
into two phase. The upper phase is polar and
contains lycopene and the under phase is
aqueous and rejected. The upper phase is used
for lycopene derivation [14, 15].

Lycopene quantity measurement

Spectrophotometer method was used to
lycopene measurement [16, 22]. Lycopene
absorption in hexane have three peak at 445
nm, 472 nm, and 503 nm which for reducing
the intervention of other carotenoids and
measuring total all-trans lycopene,
quantification was carried out at 503 nm (Amax)
in hexane (PG Instruments Ltd, UV/VIS T80)
[16, 23]. The lycopene content in oleoresin,
was calculated as below [23].

Lycopene (mg)= AxdilxmIx10/Eqen” (1)

wherein A is absorption in 1cm quvett; dil,
dilution factor; ml, total volume of sample;
and Eicn” , special extinction coefficient for
lycopene in hexane (equals to 3450) [23].
Evaluation of antimicrobial activity

Antimicrobial  activity of  lycopene
oleoresin was identified by determination of
Minimal Inhibitory Concentration (MIC) and
Minimal Bactericidal Concentration (MBC)
tests. Seven important pathogenic bacteria
includes Pseudomonas aeruginosa (ISIRI

275) «Escherichia coli(PTCC 1533) «
Staphylococcus  ureuse (PTCC  1112) «
Salmonella  typhi (PTCC 1609) L.

monocytogenes (PTCC 1163) « Bacillus cereus
(ATCC 11778) Bacillus licheniformis (PTCC
1525) were analyzed triplicate by micro-
dilution technique in ELISA 96-well micro-
titer plate. With this method we determined
MIC and then MBC of lycopene oleoresin.
Microbial species were cultured on Miueller-
Hinton Agar and incubated at 37°C for 24 hr
(Figure 1).

Fig.1. Bacteria cultured on MUeIIer—Hinton Agar

Microbial population equal to 10° CFU/m
from each bacterium was prepared at log-
phase growth by adjusting the turbidity of
population according to 0.5 McFarland
standard. Bacterial inoculum was prepared by
suspension of freshly grown bacteria in sterile
saline (0.85% NaCl wi/v). Double serial
dilutions of lycopene oleoresin was prepared
by DMSO with concentrations between 40,000
to 78.125 ppm. Medium without lycopene,



384  Iranian Food Science and Technology Research journal, Vol. 12, No. 3, Aug. Sep. 2016.

medium contained DMSO and different
lycopene concentrations without addition of
bacteria were used as control for each of
mentioned components, respectively. After
preparation of micro-titer plates, they were
incubated at 37°C for 18-24 hr (Figure 2)
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Fig. 2. ELISA 96-well micro-plate contained
different concentrations of lycopene oleoresin

The turbidity were measured by ELISA
READER (Bio-Tek Instruments) at 580 nm as
a result of microbial growth and thus MIC
were determined. MIC of lycopene oleoresin
was determined by concentration with no
visible bacterial growth. To detection of MBC,
from wells without bacterial growth, point
culturing was done at Nutrient Agar. After 24
hr incubation at 37°C, the points without
bacterial growth were reported as MBC.

Results and discussion

Oleoresin derived from tomato skin were
extracted by solvents and its antimicrobial
effect on Pseudomonas aeruginosa «
Escherichia  coli «Staphylococcus  ureuse «
Salmonella typhi « L. monocytogenes « Bacillus
cereus «<Bacillus licheniformis is shown in
table 1. The results showed that lycopene
oleoresin can inhibit and prevent the growth of
studied bacteria. To prevent and inhibit the
growth of Gram-positive bacteria, higher
concentrations of lycopene oleoresin is needed
with this evidence we can claim that rather
than coloring and antioxidant ability of tomato
lycopene oleoresin, it has very important
property of antimicrobial activity on important
food-borne bacteria. This can be a very
important property for this component which

increases its importance to use and application
in food industry or pharmacy.

Tablel- Antimicrobial effect of lycopene extracted
from tomato peel on food-borne microorganisms

Bacteria MIC MBC
(ppm)  (ppm)

Pseudomonas aeruginosa (ISIRI 275)

Escherichia coli (PTCC 1533) 2500 5000

L. monocytogenes (PTCC 1163) 20000 40000

Bacillus cereus (ATCC 11778) 1250 2500
Bacillus licheniformis (PTCC 1525) 2500 5000
156.25 156.25
Salmonella typhi (PTCC 1609) 1250 2500

Al-Oqaili et al. (2014) showed that the
antimicrobial activity of tomato extract is due
to presence of active components of tomato in
extract on some bacteria [21]. Dahan et
al.2008 and Omodamiro at al. 2013 showed
the effectiveness factor in tomato extract on
bacteria, is lycopene that presence
antimicrobial and antifungal activity [24, 25].
Lycopene oleoresin from tomato peel can
exhibit the growth of Pseudomonas
aeruginosa more than other bacteria. Both
MIC and C are very low for this bactria. But L.
monocytogenes was more sensible than others.
The MIC of L. monocytogenes was 20000 ppm
and the MBC was 40000 ppm. These amounts
of MIC and MBC are high compared to other
extracts. Mokami et al. (2014) showed the
MIC and MBC of oils extracted from aerial
parts of two medicinal plants, Mentha
longifolia L. and Rosmarinus officinalis are
lower than lycopene oleoresin. They found
MIC and MBC of Mentha longifolia L. are
5000 and 5000 for L. monocytogenes and
10000 and 10000 for Rosmarinus officials,
respectively [26]. They suggested this
antibacterial power is due to oxygenated
monoterpenes found in extracts.

Conclusions

This study revealed other than coloring and
antioxidant activity, lycopene oleoresin can
inhibit and prevent the growth of these very
important studied bacteria in food. Today the
demand for nature coloring agents is growing
in developed countries, the lycopene extracted
from tomato peel of food industries by-
product, can play brilliant role in coloring,



Antimicrobial Property of Lycopene Oleoresin on... 385

antioxidant, and antibacterial activity. Thus we use in diet as fresh using of its sources or its
can look to lycopene rather than a coloring and processed products and see its positive effects
antioxidant agent. Then we can recommit its
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Abstract

Pathogens can be transmitted to the humans through the consumption of contaminated local dairy products
such as cheese and, thus, cause pathogenic diseases. Shiga toxin produced by Escherichia coli can cause mild
watery diarrhea as well as serious complications such as hemorrhagic colitis, and hemolytic uremic syndrome
and may even lead to death. The present study was conducted to investigate the frequency of eaed, stx! and stx2
genes in Escherichia coli isolated from local cheese in Maragheh city through multiplex PCR. Thirty two
Escherichia coli isolates from local cheese in Maragheh city were studied with regard to the frequency of stx/,
stx2 and eaed genes through multiplex PCR. The frequency of eaed gene in Escherichia coli isolates was
15.62% (5:32). StxI and stx2 genes were not found in any isolate. It was concluded that shiga toxin produced by
E.coli exists in local cheeses and can pose risks to the human health in this region.

Keywords: Escherichia coli, Cheese, Multiplex PCR , Virulence genes

Introduction

Escherichia coli as an indicatoris used for
determining the fecal contamination of water
and food and presence of intestinal pathogens.
This bacterium has different strains that its
pathogen types are involved indifferent
diseases in human and animals and play
important role in public health. Shiga toxin
producing Escherichia coli (STEC)serotypes
arean important group of zoonotic and food
borne pathogens that causes different diseases
such as hemorrhagic diarrhea, hemorrhagic
colitis, hemolytic uremic syndrome (HUS) and
thrombotic thrombocytopenic purpura(TTP)
(Robinson &Batt Carl, 2000). STEC family is
serologically diverse and more than 200
serotypes have been reported; out of which
more than 100 are linked to human infections
(Rammurthy, 2008). STEC contains different
toxins the production of which is controlled by
specific genes. Stx/,stx2 and eaed genes are
the most important virulence factors in STEC.
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Shiga toxin 1 is 98% homologous to the stx
produced by Shigella dysenteriae type 1, while
stx2 1s about 60% homologous with s#x/ and is
different from antigenic point of view
(Tahamtan et al., 2010). The types of
producing stx/ and stx2 toxins of Escherichia
coli cause the mentioned syndromes. Shiga
toxin genes in Escherichia coli generally are in
specific phages. Various types of these toxins
have been known such as: stx, stx/, stxlc, stx2,
stx2c, stx2d, stx2e,stx2f (Friedrich et al.,
2003). Intimin, a protein which is responsible
for attachment of bacterium to intestine,is
causing specific lesions calling attaching-
effacing lesions in intestine epithelial cells.
For this reason, the coding gene of this protein
called eae (E.coli attaching and -effacing)
(Wales et al., 2005).Researches indicated that
Shiga toxin-producing Escherichia coli strains
are in ruminants that 40% of them are
pathogen for human. This fact considers the
ruminants as the important reservoir for these
strains (Montenegro et al., 1990). Animal
products such as unpasteurized dairy products
such as domestic cheese are one of the most
important transmission ways of STEC to
human (Fenger al., 2011). According to



Study of frequency of ... 389

different studies, 1-5% of food borne
intoxications are associated with consumption
milk and dairy products that 53% of food
borne infections are due to consumption of
contaminated cheese (Schrade&Yager, 2001).
Since the Multiplex PCR has suitable
sensitivity and specificity and it has high
capability of identification of shiga toxin
producing E.coli strains and possibility of
direct application on clinical and food
samples, it considers this method can be used
as a common method in laboratories for the
detection of suspicious samples.The aim of
this study is to determine offrequency of eaed,
stx1 and stx2 genes in Escherichia coli isolated
from domestic cheeses in Maragheh city by
multiplex PCR

Materials and methods
Samples

Thirty two strains of isolated E.coli from
local cheese in villages of Maragheh city were
examined for occurrence of stx/, stx2 and
eaeA genes.

DNA extraction

DNA extraction was performed on 32
cultured isolates ofFE.coli in Brain Heart
Infusion Agar (BHI) (Merck,Germany)
medium. One ml of bacterial culture
centrifuged in 5000g for 5 minutes and

supernatant was poured off. Subsequent to
addition of 1Iml Ilysis buffer (Tris 1
M[pH=7.5], NaCl 5 M, EDTA 0.5 M and C-
TAB 2% ) on mixed pellet,it was put into 85°c
for 30 minutes(in water bath). In the next step,
the supernatant was separated and 0.5 pl
Rnase was added to it and ,later, it was kept at
37°c for 30 minutes. Then an equal volume of
isopropanol was added to the same and it was
kept at -20°c for 15 minutes and, later,it was
centrifuged in 12000 g resulting in some DNA
samples to be sedimented. Later, DNA
samples were dried in lab temperature. Finally,
dried DNA samples were dissolved in 50ul of
double distilled water (Atashpaz et al., 2010).

Multiplex PCR

This reaction was performed with the help
of selected primers of the bacteria under
experimentation for 25ul reaction volume
(Table 1).The mixed reaction contained master
kit of PCR 12.5ul, specific primers (0.5M) and
extracted DNA(1ul). Cycling condition for all
were the following: 1 cycle at 95°c for 4 min,
32 cycles at 95°c for 1 min, 50°c for 1 min and
72° for 1 min,with a final extension at 72°c
for 1 min. Electrophoresis of PCR product was
conducted i 1.5% agarose gel. Indicator
bacterial strain E.coli PTCC 1270 was used as
positive control in PCR. Double distilled water
was used as negative control.

Tablel: Primers used in PCR for the detection of stx1,stx2 and eaeA genes (Vidal et al., 2004).

Product size (bp) Primer & Sequence Gene
348bp Stx1 F; S'CAG TTA ATG TGG TGG CGA AGG 3 Six]
StxI R; 5' CAC CAG ACA ATG TAA CCG CTG 3'
584bp Stx2 F; 5" ATC CTA TTC CCG GGA GTTTAC G 3 Si2
Stx2 R; 5' GCG TCA TCG TAT ACA CAG GAGC 3
eaed F;5'TCA ATG CAG TTC CGT TAT CAGTT 3'
482bp eaeA

eaed R; 5' GTA AAG TCC GTT ACC CCA ACCTG 3

Results and Discussion

Among 32 isolated and biochemically
characterized E.coli, none of the samples had
stx] and stx2 genes. Only standard bacterium
(PTCC 1270) showed stx/ gene. Five
samples(15.62%) had only eaeAd gene. None of
the samples had 2 or 3 studied genes
simultaneously. Standard bacterium (PTCC

1270) did not show both stx2 and eaed genes
(Figure 1).

The present study, based on the literature,
was the first study describing the detection and
frequency of major virulence genes of STEC
isolated from domestic cheese in Maragheh,
Iran. E.coli is the normal gut flora of the
human beings, but certain subsets of this
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species have acquired virulence genes that
enabled them to cause diarrhea and other
extra-intestinal infections. Such is shiga
toxigenic E.coli containing stx genes, which
has direct enterotoxic properties resulting from
selective  targeting of Gb3  containing
absorptive villus epithelial cells in the ileum
(Fenget al., 2011). Among the stx/ and
stx2genes, stx2 is considered to be the most
important virulence factor associated with the
human disease. It is about 400 fold more toxic
to mice than stx/ and also been shown to
induce feto-placental re-absorption, intra-
uterine haematoma, fibrin deposition and
neutrophil infiltration (Islam et al., 2008). The
spread of STEC infection among the humans
could have been from contamination of food
with water and sewage signifying poor level of
hygiene maintained. One of the chief ways of
transferring shiga toxin producing E.coli to
human is food habits such as consuming half
cooked or raw meats and unpasteurized dairy
products that have close relationship with rural
life (Mehrabiyanet al., 2013). Except of E.coli
0157, other serogroups of STEC are the

causative agent of 60% of shiga toxigenic
E.coli that are widespread in many countries
such as Argentina, Australia, Spain, Denmark,
Chile and Germany (Johnson ef al., 2006). The
results of the presentstudy showed that the
frequency of eaed gene in Escherichia coli
isolates were 15.62% (5/32). StxI and stx2
genes  were  not found in  any
isolate.Bonyadianer al., (2011) showed that
among 14 E.coli strains isolated from
unpasteurized cheese samples, none of them
harboredstx !, stx2 and eaed genes. Also they
showed that among 38 E.coli strains isolated
from raw milk samples, none of them had s#x/
gene, but 3 isolates(7.89%) and 2
isolates(5.26%) had stx2 and eaed genes,
respectively. In a study on shiga toxin
producing E.coli strains isolated from milk
tanks and new cheese samples in Spain, it was
identified that only E.coli O157:H7 contained
eaeAgene(Rey et al., 2006). In a study on 42
raw milk samples for occurrence of
verotoxigenic E.coli in northern Ireland in

2003, only 4 cases carried both stx2 and eaeA
genes(McKeeet al., 2003).

Fig 1: Lanes 31,98,72,37 and 36 are associated with eae4 gene(482bp). Lane ST indicates E.coli PTCC 1270 that
bands within 348bp and is associated to stx/ gene. The standard bacterium(ST) shows negative result for eaeA
and stx2 genes. Lane 8 is negative control (Double distilled water). Lane M is marker (100bp).

Mehrabiyan et al., (2013) reported that
prevalence of stx/,stx2 and eaed genes in
Escherichia coli i1solated from sheep meat in
Chaharmahal va Bakhtiari province were
11.1%,8.8% and 0, respectively. The reported
investigations on contamination to virulence

genes of E.coli in food in numerous areas of
the world indicated the different rates (from
low to up) of contamination to these genes.
Shah Illiet al., (2010) reported that prevalence
of stxI and stx2 genes of shiga toxin-
producing  Escherichia coli from juice
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purchase and vegetables in Shiraz city were
3.37% and 0, respectively. Moreover, 1.12%
of isolated E.coli carried both stx/ and eaeAd
genes. Simultaneous molecular investigations
on environmental samples (such as water and
soil), dairy products and ruminants fecal
samples may indicate genetic association of

disease. The results of present study,
comparing to the previous studies, indicated
the difference in dispersion of effective genes
in E.coli virulence. This may be due to the
geographical diversities and also difference in
ecologic origin of isolated strains (Milk,
human and different animals).

strains and etiology of causative agents of

References

Atashpaz, S., Khani,S., Barzegari,A., Barar, J., Vahed,S.Z., Azarbaijani, R., and Omidi,Y, 2010, A robust
universal method for extraction of genomic DNA from bacterial species. Mikrobiologiia, 79(4),562-566.

Bonyadian, M., Zahraei Salehi, T., Mahzounieh, M.R., and AkhavanTaheri, F, 2011, Virulence genes of
verotoxigenic E.coli isolated from raw milk and unpasteurized cheese. Journal of Veterinary Research,
66(3),223-228(Persian).

Feng, P.C., Councell, T., Keys, C., and Monday, S.R, 2011, Virulence characterization of shiga-toxigenic
Escherichia coli isolates from wholesale produce. Applied and Environmental Microbiology, 77(1),343-5.

Friedrich, A.W., Borell, J., Bielaszewska.M., Fruth. A., Tschape, H., and Karch, H, 2003, Shiga toxin lc-
producing Escherichia coli strains: phenotypic and genetic characterization and association with human
disease. Journal of Clinical Microbiology, 41, 2448-2453.

Islam, M.A., Mondol, A.S., De Boer, E., Beumer, R.R., Zwietering, M.H., Talukdar, K.A., and Heuvelink,
A.E, 2008, Prevalence and genetic characterization of shiga toxin producing Escherichia coli isolates
from slaughtered animals in Bangladesh.Applied and Environmental Microbiology, 74,5414-5421.

Johnson, K.E., Thorpe, C.M., and Sears, C.L, 2006,The emerging clinical importance of non-O157 shiga
toxin-producing Escherichia coli. Clinical Infectious Diseases, 43(12),1587-95.

McKee, R., Madden, R.H., and Gil Mou, A, 2003, Occurrence of verocytotoxin-producing Escherichia coli
in dairy and meat processing environment. Journal of Food Protection, 66,1576-80.

Mehrabiyan, S., Tahmasby, H., Momtaz, H., Farahmandi, S., Monji, H., Farahmandi, K.,
andDavoudiJouneghani, Z, 2013, Multiplex PCR detection of Escherichia coli carrying shiga toxin genes
in E.coli isolated from patients with diarrhea in Hajar hospital, Shahrekord, Iran. Jentashapir Journal of
Health Research , 4(3),193-202(Persian).

Mehrabiyan, S., Tahmasby, H., Momtaz, H., Khosravi, N., Kaboli Boroujeni, H., Najafzadeh, V., TadiBeni,
M., and Ansari, F, 2013, Multiplex PCR detection of stx/stx2 and eacA genes in Escherichia coli isolated
from lambs in Chaharmahal va Bakhtiari, Iran. Biological Journal of Microorganism, 2(6),11-
18(Persian).

Montenegro, M.A., Bulte, M., Trumpf, T., Aleksic, S., Reuter, G., Bulling, E., and Helmuth, R., 1990,
Detection and characterization of fecal verotoxin producing Escherichia coli from healthy cattle. Journal
of Clinical Microbiology, 28(6),1417-21.

Rammurthy, T., 2008, Shiga toxin producing Escherichia coli(STEC): the bug in our backyard. Indian
Journal of Medical Research,128,233-236.

Rey, J., Sanchez, S., Blanco, J.E., Hermoso de Mendosa, J., Hermoso de Mendosa, M., Garsia, A., Gil, C.,
Tejero, N., Rubio, R., and Alonso, J.M, 2006,Prevalence,serotypes and virulence genes of shiga toxin-
producing E.coli isolated from ovine and caprine milk and other dairy products in Spain. International
Journal of Food Microbiology, 107,207-12.

Robinson, R.K., and Batt Carl, A, 2000,Encyclopedia of Food Microbiology. San Diego,USA: Academic
press.

Schrade, J.P., andYager, J., 2001, Implication of milk and milk products in food disease in France and
different industrialized countries./nternational Journal of Food Microbiology, 67,1-17.

Shah Illi, M., Kargar, M., Rezaeian, A.A., Homayoon, M., Kargar, M., and GhorbaniDalini, S, 2010,
Evaluation of virulence genes of shiga toxin producing Escherichia coli from juice purchase and
vegetables in Shiraz.Journal of Microbial World, 3(1),40-47(Persian).

Tahamtan, Y., Hayati, M., and Namavari, M.M, 2010,Prevalence and distribution of stx/, stx2 genes in shiga



392  Iranian Food Science and Technology Research journal, Vol. 12, No. 3, Aug. Sep. 2016.

toxin producing E.coli(STEC) isolated from cattle. Iranian Journal of Microbiology, 2(1),8-13.
Vidal, R., Vidal, M., Lagos, R., Levine, M., and Prado, V, 2004,Multiplex PCR for diagnosis of enteric
infectious associated with diarrheagenic Escherichia coli. Journal of Clinical Microbiology, 42(4),1787-9.
Wales, A.D., Wood Ward, M.J., and Pearson, G.R, 2005, Attaching-effacing bacteria in animals.Journal of
Comparative Pathology, 132(1),1-26.



Iranian Food Science and Technology ) . . CUPRT s .
Research Journal ’;7( ) olnl @lof @l 5 psle sty 4 200
%, i

Vol. 12, No. 3, Aug. Sep. 2016, p. 388-393 oS FAAYAT. e ATAD a1yt — 010 s ¥ 0slad Y ulr

d‘:‘A}}.’. eL:jS J&e

dow ey 5l edd gilulas sls LSLLl 8 s stx2 g stxd eaed slalh Glo) B oy

Multiplex PCR 33, & 481 0 4

F g adge Obalu
YRR/ /YA 1250 55 b

VWA AN oy sl

LRVCES

ATt 338 Sl 5 o 455 3 5 005 Jiie ] & iy o 0391 s 1) S s B ol 51 45 25,508 s oy Sl
Cosly ]y Spo (> b Sitdgon oyl oyt 5 00505055 0SSl Jie g oMo b e (ST Jlae oS 55 0435 158
Oigydo atlye b e gl jlodd (gilulis gla L5Tuis il > stx2 g stx] eaed sbi Slalyd wyp slp ol adllas 3 o
oy do Stx2 gstxl ceaed losi s sl dtlie s (Moo Loy 5 ATy i/ alas YY S plul Multiplex PCR
ap 2 SX2 g 5IX] Loy g (DYY) FNEY LSl pil claaslss ppeaed o (Slelys ai8,5 41,8 wyp 5)90 Multiplex PCR
3l S yls Wl e sl coodls (glys 5 4zl Sgg dilaie ) loxe (glbyeiy )3 (e K05 0 ilgh LTt 15025 osnlie glaglis

o £lag§  POR Sl go ety 1 STt il S glooly

ul).xl ‘t\.cl)o ‘L;OMA.\:I .)I)I oKy ‘c\.cl)n _\>|5 ‘LS)?J?"’?)S"A 59;_\
(Email: S.mahdavi@iau-maragheh.ac.ir : Joiue sdiws g —%)



Y¥a

\ndl

YA

YAV

Y4y

ol yow

oMl E g IR el Cb 9 (S S TR » Ml P ST 39 F g WU

S58) (& dazme dow = x5 SN

Gl T (595 b (85 Cuoglio 9 0915 5L (S 3luding: 1O gl il W3l 5 oSkl b g 36 ST (Siludlad
o Gl 30— s sade s — S pale (ol Lo e = S5 SLIST Guga— 3LT o (Sukge e

1390907 J3 &5 36 4Y ool «is wiyl P Gl Jowo

olazel Blaayl = S 5STL ols pgn = (6310 (sl

Y590 piy (o> 9 (2 londioh 30 S T 529 § Sloils Ol Mgf Lalldeo S 9y 5l

313 53l ool — IS 5 e okl 2 o

93 oligs dlio

AP (23809l (29 Ko (U198 1olgs Ulgie (210 SLOIPL (A B95 1YW (I3RS (295 (TR
sy el = iy 03157

OV 4 4él g yed oo S gy 3l ool (Silulos (sl LTl wOf 50 stx2 g stx]eaeA SWOS S8l S ow) g
Multiplex PCR

S94ge Obl



olnl 2les alus g pele sla pgh @ i

Y/VY/AN

39bd g Wl @,l39 5
¢ poe AAJO/N +

YD yg9 sy — 810 yo

VO)LQ.[ZJ

o ylods gl — oode 430 9 \WWF/AFY dilg g o Loy U

W oal>

Ll oalds s \FAY JLo U ‘5),&:? 9 wlddsy ‘,bslc INTS) YAN/EVAVY 4ol ‘sb A il Cﬁ‘ D9y —Golc 4,0

AXVATARS

s (w9, olBisls (63,5liS cuSiils oldé mlio g pole 09,5

(Moo (owgd,8 olSiils ) HliE Slge comds wliul
J.Q,W.A ‘56,.:50).9 oKl ‘@L\.C ;)‘9.4 s_i:)..&s.u 04‘9}5 sﬁuw wlwl

Ageen gwgd,8 olKadls « oldé slge cwdige Lolil

Ol oBiils lad (656l 938G ol

s (g )8 ol8isls ¢ o138 Slge gy ol

s (w9 8 olSS1S (658 g Ko el

dog,l o8y culad (654l 9iST ol

OB sk e 5 (65)5leS” pole oKl «(53g)gmg S oLl
Ageden g9 )8 olSily ( A dlge S 5dg0 le g gt L]
B w).: olRiils ‘(5)‘..3& 0‘5.4 w woliwl

s (w9, ol8isls ¢ o13e Slge (550 gm0 ol

Ageiin (g 8 ol8isls ¢ o1 Blge gy i ¢ Lisls

3y oBils ¢ 213 Slae S udg le g swaige ¢ Liils

Ageiin (g, ol8isls ¢ olae Blge gouds wliul

Ageis S pole olBails (g5lwg lo 0aSLisls (659 gmg S ol

5 65y9iS pode oliils ( 138 Slge U judam plg> 5 (owdige Ll
OBS rmb i

Mon (sg3 2 oA (635 5ST 99 (Solgms See el

s (w9, ol8isls ¢ 13 slge (65909aST ¢ sl

S35y Sl Sama e 5

oaly 5 Sgrwn 5SS

Sl Lo joame 157
55,505 piln 28

7 (s> Shdeme S5
($PLdg - yuol yiSe
S (o8 y0 5SS
S, (She dazmo s S5
Sy (e dozmo SIS
Gt (5, S5
Cdlas ol uSo
S e 55
hgryd Lo, S

i Ghdd dhiae o (oSS0
35 S g 52

2RSS S S
S9l o (Sle s SIS

G 9 dlgzdaste S0

Y [LOWr PR
S

il sgel b8
14 28 Ol glacl

Ao sy, 8 oBils Ol lacil g la dwdo 10oly Spine cwgd 3 oKl (6,5l cuSiils olde mlis g pole 09,5 bl

(b, YO+ plgmisly) Jb, B0 v uond

e YO

NWEY s Bgdiee VYD iy oS — oo 1 SLES
olp 2108 gluog pole sl adgh a1yl 18 — (2108 @luog pale 09,5 — (65,9l 0uSLASID cagpien (owgd 8 oKLl
AVAVEY: :ploi ¥YY L5 10 AVADSIA-Y o 1oyals

ifstrj@um.ac.ir

il oud asled 5 LA yo 4 yis ()
(MAGIRAN) 525 =l 25 oledl Sl «SID) alfesls sz cale Sledbl o1l (ISC)) psle gobiul oKl

f SS9 i Sy

ol ol 4 lod Jol5” alito & ygu0 4 http://jm.um.ac.ir/index.php/food_tech/index colw yo a5 pis oyl




Sl

& :'ID:" -, L "-J
Mo and et o

IYFA-Y17) bl

wY¥lae oylgs

TER convmsesensessssssssnsnsesessnsassrassassensasess Ol -y 2R 0B ol SOl g Silo (Sl TPy 9 ol Sl FHe S e il
S 38 (G dazen o — 228 3Dl

P coreicnannne Gy e (99 b (ST gl 9 091 5 sLS (S iluding 10gu! ST 91 5T ool b g sb O (giludlad
le l_-ﬂ.ﬂlf'-u.é—)i;_,‘ainﬂ—dgﬁh sl L e — als JLalS cdge— (gabTin (sugs dasee

) R A e e R s S A S e LR 1y94giT 13 &5 36 4 ol exis wiul ¥ Sil o

Wil Olpl (oMo mlio g pyle gletagsy (Angs — ole d 2

galeze! Olie sl — g 5551 8ls ga— g5l o (glye

| e T e P Yolige pis ows 9 o boadiahD 38 (Sl T 309 9 Oloily Ol 3o fM?M&lhuﬂj}ﬂb jf:,
sl ssle .r:*l—f"i”y o e el >
3
=
g3 oby dls &
3
P9 (Jllgd iobes Olgie 2108 SOOIl (& 695 e (R399l (29 Swo (SR -
{8
L R D e oS cy 399l =
i od
ety plgdl = iy 0315
D
2
W08y A 48l w0 yal domo (Sl g 3 ol (gilwlas (sl LTLD oI 40 six2 g stxleaed SO S8l S vy
PR m=cm= m=cm o SSe—mS== = ccm = Z-Ze—czza & omc=m = Multiplex PCR =
o
(S 3-ge Olela =

3
0O

e
-
=

Iranian Food Science and Technology Research Journal




	پشت.pdf (p.1)
	Cover-12-3لاتین.pdf (p.2)
	content 12-3انگلیسی.pdf (p.3)
	1.pdf (p.4-13)
	2.pdf (p.14-25)
	3.pdf (p.26-34)
	4.pdf (p.35-45)
	5.pdf (p.46-51)
	6.pdf (p.52-57)
	content 12-3-فارسی.pdf (p.58)
	Cover-12-3فارسی.pdf (p.59)
	جلد رو.pdf (p.60)

