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The effects of ultrasound application durations on the rheological properties of
tomato (Lycopersicon Esculentum) juice
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In this study, effects of ultrasound application durations on the rheological properties of tomato juice were
investigated. Tomato juice having 6.18 £ 0.04 % soluble solid contents was ultrasonicated using a 1500 W ultrasonic
processor at a constant frequency of 20 kHz for different application durations (0, 5 and 10 min). The empirical data for
tomato juice samples obtained from the viscometer (Brookfield LVDV Il Pro, USA) were converted into viscosity
function. Rheological properties of juice at 20 °C were determined by fitting shear stress-shear rate data to some
rheological models (Newtonian, Bingham, Power Law, Herschel Bulkley). It was found that samples showed Non-
Newtonian fluid (pseudoplastic) behavior. As the ultrasonic application duration increased the apparent viscosity of the
tomato juice increased. Herschel Bulkley model was the best model for all application durations investigated (For raw
juice and chi-square (¥?) 0.203, root mean square error (RMSE) 0.045, Regression coefficient (R?) 0.995; for 5 min: ¥?=
0.219, RMSE = 0.053, R?=0.994 and for 10 min: ¥?= 0.225, RMSE = 0.056, R?= 0.994). Rheological data obtained in
this study showed the importance of ultrasonic application duration. Application time should be optimized for ultrasonic

processing of tomato juices by considering pumping requirements and changes on quality attributes.
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INTRODUCTION

Tomato  (Lycopersicon  Esculentum)  has
important place in daily consumption in the form of
fresh or manufactured products (tomato paste,
ketchup, tomato juice), and hence provides
important economic contributions in the food
industry. Tomato juice is obtained by squeezing the
whole tomatoes. After the squeezing, skin and seeds
are removed with a fine sieve. Tomato juice is
composed of serum and colloidal particles [1] larger
than diameter of 150 pm.

Tomato juice is produced generally by using
conventional production methods [2,3]. In addition,
the studies about using of new technologies for
increasing of yield, enzyme inactivation, microbial
inactivation, reduction of color changing,
improvement of rheological properties etc. have
been increased in recent years [4-8]. Ohmic heating,
microwave treatment, high pressure applications,
pulsed electric field, ultrasound are common
technologies [2,3,9-11]. Further studies are needed
to investigate the effects of process conditions for
these technologies on the quality of variety of fluid
foods.
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High power ultrasound technology, which is one
of the non-thermal techniques, provides desired
molecular physical and chemical changes in the
food. The ultrasound technology is mainly used for
enhancing the emulsion applications, cell
fractionations, chemical reactions, cutting the
sensitive foods, and inactivation of enzymes and
microorganisms [12-14]. The application of
ultrasound affects as the viscosity and water binding
properties of biopolymers [15]. It is applied as an
alternative technique for different purposes such as
microbial and enzyme inactivation, extraction,
drying, filtration, crystallization, degas, cutting
etc.[14]. Especially, the combination of ultrasound
with heat and pressure improves the rheological
properties of tomato juice [2,3].

Rheology is a physical property and is important
for product development, process control, design
and feasibility [16,17]. The considerable amount of
studies on the changes of rheological properties of
tomato juice during processing have been made
[2,3,18-20]. In the light of this information, it can be
said that the tomato juice has a pseudoplastic
character. On the other hand, any study regarding
the determination of the effects of ultrasound
application on the changes of rheological properties
of tomato juice was not found, within the knowledge
of the authors.
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The aim of this study was to investigate the
effects of ultrasound durations on the changes of
rheological properties of tomato juice, and to obtain
the rheological model best fitting the experimental
rheological data. This data will be useful in the
adaptation of this novel technology in tomato juice
processing lines and the optimization of ultrasonic
processing conditions for tomato juices by
considering pumping requirements and changes on
quality attributes

EXPERIMENTAL

In this study, tomato juice having 6.18 + 0.04 %
soluble solid contents was supplied from a local
commercial firm, and transported at cold conditions
(4°C) after production immediately. Tomato juice
was ultrasonicated using a 1500 W ultrasonic
processor (Selecta Ultrasons H-D Model, Spain) at
a constant frequency of 20 kHz for different
application durations (0, 5 and 10 min). Ultrasonic
bath was filled with 500 ml water, and 25 ml tomato
juice in the glass beaker was submerged into the
ultrasonic bath. Rheological measurements were
done at constant temperature of 20 °C, immediately.

Rheological measurements

Brookfield viscometer (Model LVDV-II Pro,
Brookfield Engineering Laboratories, USA) was
used for rheological measurements. Shear stress,
shear rate, viscosity and % torque values were
recorded. Percent changes in the apparent viscosity
were obtained from the rheological measurements of
the ultrasound-treated samples and control group (0
min) samples as given in Equation (1).

Percent changein the apparent viscosity =

- 1

uapp,ultrason p-app,contrd %100 ( )
p-app,contrd

The experimental shear stress-shear rate

measurements were fitted to selected the rheological
models to obtain the rheological properties of tomato
juice. Four different rheological models were
applied; Newton model, Power Law Model,
Bingham model and Herschel Bulkley model [16].

Statistical analysis

Compatibility of the model with experimental
data were determined by using a non-linear
regression analysis of statistical software package
(SPSS. ver. 20). Regression coefficient (R?), root
mean square error (RMSE) and chi-square (%?)
values were calculated [21]. Duncan test was applied
to compare the differences between any rheological
property depending on ultrasound durations. The

statistical criteria of having highest R?, lowest
RMSE and lowest x> were chosen for selection of
the best model fitted.

RESULTS AND DISCUSSION

According to rheological measurement results of
the tomato juice, the apparent viscosity decreased as
the shear rate increased (Figure 1). Therefore
rheological characteristics of tomato juice show
Non-Newtonian pseudoplastic behavior. Similarly,
this nature of tomato juice has been previously
found [22,23]. However, there was no enough
information on the change of rheological behavior
during ultrasound treatment in the literature,
according to the knowledge of authors.

While the time extent of ultrasound treatment was
increased, the apparent viscosity of tomato juice is
increased (Figure 1). The difference between
apparent viscosity of untreated (0 min) and
ultrasonicated tomato juice for 10 min samples was
statistically significant for shear rate range of 0 —
36.4 s (p < 0.05). On the other hand, the viscosity
of the ultrasonicated samples for 5 min was similar
to that of the untreated samples (p > 0.05). The
percent change in the apparent viscosity of tomato
juice ultrasonicated for 10 min was between 1.83 %
and 11.97 % for shear rates applied in the range of 0
—36.4 s, At higher shear rates applied, there was no
significant effect of ultrasonication duration on the
changes of viscosities (p > 0.05). The rheological
behavior of tomato juice is influenced with water
soluble and non-soluble pectin amount and cellulose,
hemicelluloses compounds which are present in
structure. This pectin amount could influence the
viscosity with possible interesterification occurred
by ultrasound [7,20]. Similarly, there is limited
information that the combination of ultrasound with
other thermal/nonthermal methods could enhance
the rheological properties of tomato juice [3].

Different rheological models (Newton, Bingham,
Power Law and Herschel Bulkley models) were used
to determine the changes on the consistency
coefficients and flow behavior indexes of ultrasound
treated tomato juices. The rheological models were
fitted to the experimental shear stress- shear rate
data. The statistical evaluation of model agreement
was given in Table 1. Statistical criteria were the
biggest regression coefficient (R?) for the model and
the lowest errors (RMSE and ?) between
experimental and predicted shear stresses for each
shear rate value.
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Fig. 1. Change of apparent viscosity of untreated and ultrasonicated tomato juices depending on shear rate.

Table 1. Statistical evaluation for the agreement of rheological models with experimental data.t.

Newton Bingham Power Hershel-
Treatment Statistical Criteria g Law Bulkley
model model
model model
R? NC 0.769 0.993 0.995
Untreated (0 min) RMSE 11.38 1.95 0.06 0.04
x2 3.29 1.33 0.23 0.20
Ultrasound treatment R® NC 0.742 0.992 0.996
(5 min) RMSE 12.27 2.14 0.06 0.05
X2 341 1.39 0.24 0.21
Ult d treatment R? NC 0.743 0.991 0.993
ras‘(’i‘g mirﬁf men RMSE 13.49 2.38 0.06 0.05
X2 3.58 1.47 0.24 0.22

NC*: statistically non compatible.
Table 2. Rheological properties of untreated and ultrasonicated tomato juice.

Consistency Flow behavior Yield Stress
Treatment coefficient index, n (0, Pa.s")
(K, Pa.s") ¢) o
Untreated (0 min) 4.067 +0.28 0.273 +0.01 0.052 £ 0.02
Ultrasound treatment (5 min) 4.365 +0.32 0.261 +0.01 0.059 +0.01
Ultrasound treatment (10 min) 4.674 +0.65 0.251£0.02 0.098 +0.01
It was determined that Herchel Bulkley model shown in Figure 2 for each of the ultrasound

was described best the rheological behavior of durations. Similarly, Sharma et al.*® established the
untreated and ultrasonicated tomato juices since its most proper model is Herchel Bulkley model for
regression coefficient was highest and its statistical untreated tomato juice samples having different
errors were lowest (Table 2). The good agreement compositions.

of this model to the experimental data has been

94



S. Sabanci et al.: The effects of ultrasound application durations on the rheological properties of tomato juice

18,0

16,0

14,0

)

12,0

(P

2 10,0

8,0 e
b

Shear Stre

6,0 $ —

2,0 .1' . _

2,0 e

0 10 20

30 40 50 60

Shear Rate (s1)

18,0

16,0

14,0

T120

(

w
2100
& P e

re:

8,0

‘o

60 +—F e

Shear

20 |4 - -

20—

0,0

30 40 50 60

Shear Rate (s7)

20,0

18,0

16,0

- 14,0

12,0

10,0

8,0

Shear Stress (Pa

6,0

4,0 ‘.‘ o

2,0

0,0 ®

0 10 20

30 40 50 60

Shear Rate (s)

o Experimantal === Newton model

........ « Bingham model

--#-- Power Law model -#--Herschel Bulkley mode|

Fig. 2. Comparison between the model predictions and experimental rheological data; a) untreated sample, b)
ultrasonicated sample for 5 min, c) ultrasonicated sample for 10 min.

The consistency coefficient, flow behavior
index, yield stress values of tomato juices were
determined by using Herschel-Bulkley model since
it was found as the most proper model for
describing the rheological behavior best (Table 2).
It was found that the consistency coefficient of
tomato juice statistically changed after ultrasound
application (p < 0.05). As the ultrasound treatment
time increased consistency coefficient increased
and the flow behavior index decreased. However,
the rheological behavior of tomato juice remained
unchanged as non-Newtonian fluid having vyield
stress. Similarly, the change of viscosity has
showed similar trend demonstrating the general
evaluation of change in its rheological behavior. It
could be said that ultrasound treatment caused the
increasing of the apparent viscosity value of tomato

juice by increasing its consistency coefficient and
decreasing the flow behavior index.

It is recommended that the ultrasound treatment
time for 10 min and above at low shear rates (<
36.4 s1) could be used if the main purpose is to
increase the consistency of tomato juice higher than
12 %. The optimization of ultrasound conditions
regarding the treatment time and shear rate is
necessary for design and setting up of piping and
ultrasound  processing equipment for each
individual fluid foods.

The effects of ultrasound applications on the
rheopectic and thixotropic characteristics of tomato
juice will be determined in flowing projects. In
addition, the effects of frequency and power density
of ultrasound applications on both rheological
properties and other quality attributes of different
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fruit and vegetables juices should be investigated
further in future studies.

The considerable change on viscosity of tomato
juice has been obtained for ultrasonication for 10
min. On the other hand, the consistency coefficient
increased and the flow behavior index decreased as
the ultrasonication duration increased. Herchel
Bulkley model was determined as the most proper
model describing the rheological changes of
untreated and ultrasonicated tomato juices. It was
characterized that tomato juice had Non-Newtonian
fluid having yield stress. Since it was determined
that the ultrasound could increase the overall
consistency of tomato juice, the application
conditions for ultrasonication applied to tomato
juices could be optimized for the individual
purposes such as being used in sauce making and
high consistency past production, etc.
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BJIMSTHUE HA HPOABJDKUTEJIHOCTTA HA VJITPA3BBYKOBOTO BB3JIEUCTBUE
BBPXY PEOJIOTUYHUTE CBOMCTBA HA IOMATEH (Lycopersicon Esculentum) COK

C. Cabanmkul™, M. I[)KGBI/IKl, oD, I/I,I[)I(I/Iepz

1E2e Vuusepcumem, Bucuie yuunuwe no npupoonu u npunosxcnu nayku, Cexyus no Xpanumenio uHiCeHepcmeo,
bopuosa, Hamup, Typyus

2Eze Yuusepcumem, Hnoicenepen gpaxyrmem, Kamedpa no xpanumenno umnsicenepcmeo, bopnosa, Usmup, Typyus.

Ioctenuna Ha 10 rosu, 2014 r.; npuera Ha 10 gekemBpu, 2014 .

(Pestome)

B Hacrosimata paboTa e m3cieABaH eQEeKThT Ha IMPOIBIDKUTEIHOCTTa HA YJATPa3BYKOBOTO BB3/CHCTBUE BBPXY
PEOJIOTHYHUTE CBOMCTBA Ha IoMaTeH COK. JlIOMaTeH COK ChC ChABP)KaHUE Ha pa3TBOPUMH TBBpAM BelecTa 6.18 + 0.04
% Oe1e MOJUIOKEH Ha yNTpa3ByK, nanomssaiiku 1500 W yntpa3BykoB renepatop npu mocrosiHaa yecrora 20 kHz 3a
pazmmano Bpeme (0, 5 and 10 min). EMnupuyHuTe HaHHHM 3a 00pa3luTe IOMAaTeH COK IOJyYeHH 4pe3 BUCKO3HMETBHD
Brookfield LVDV Il Pro, USA 6sixa kOHBEpTHpaHU KaTO (YHKIIMS HA BUCKO3UTETA. PEONIOrHYHKUTE CBOMCTBA HA COKa
npu Temneparypa 20 °C 0sxa noiyueHH 4pe3 MHTEpIOJalys Ha 3aBUCUMOCTTa Ha TaHT'CHIMAJIHOTO HANPEKEHUE OT
BUCKO3UTETA C HAKOHU PEOJIOTMYHU Mozenu: HI0ToHOB Mozen, cTeneHeH Mojel, MoAen Ha bunram u mozen Ha Xepiuen-
bankmu. beme ycraHoBeHO, ye o0pa3iuTe MposBsIBAT HEHIOTOHOBCKO (IICEBAOIIACTHYHO) MOBe/IeHHE Ha TeueHe. [Ipu
yBeJINYaBaHe Ha MPOIBIKUTEIHOCTTa Ha YITPa3sBYKOBOTO BB3EHCTBHE, BUCKO3UTETHT HAa JOMAaTCHHS COK HapacTBa.
MopgensT, KOHTO Hai-10o0pe OmMCBa EKCIIEPUMEHTAIHUTE AAHHU NPH BCHYKH NPOABIDKUTEIHOCTH Ha YITpa3ByKa, €
To3u Ha Xepuien-bankiu (3a Heo6paborten cok u (?=0.203, cpenno-kBaaparuuna rpemka RMSE=0.045 perpecHOHHUAT
xoepunuent e R?=0.995; 3a 5 min yarpassykoBo Bw3aeiicteue y? =0.219, RMSE = 0.053, R?=0.994 u 3a 10 min
yITpasBykoBo Bb3feiicTeue: y? =0.225, RMSE=0.056, R? =0.994). PeonoruyHurte JaHHH, IOJYYEHH IIPH TOBA
u3clie/IBaHe, MOKa3BaT BAKHOCTTA HAa MPOIBKUTENIHOCTTA HA YNTPa3ByKOBOTO Bb3AeiicTBue. Tazu MpoabIKUTETHOCT
cienBa Ja Oblle ONTUMU3UpaHa NP YIATPAa3ByKOBO 00pabOTBaHE Ha JOMAaTeH COK ChOOPAa3sHO ¢ H3MCKBAHUATA 3a
MOMIICHE U IPOMEHUTE B KAYECTBEHUTE MIOKA3aTEIH.
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