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Changes on rheological properties of pomegranate (Punica granatum L., cv. Hicaznar)
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The investigation of the changes on rheological properties during evaporation process could diminish the severe effects
of thermal processing at any individual soluble solids content. In this study, the rheological properties of pomegranate
juices at different soluble solids content (20, 30, 40 and 50 %) during concentration process applied by using the rotary
evaporator were determined. Rheological measurements were conducted in the range of 0 — 264 s shear rates by using the
concentric cylinder type viscometer. It was found expectedly that apparent viscosity increased as the soluble solids content
increased. The apparent viscosity was 0.0024 + 0.0001 Pa.s for raw pomegranate juices (15.73 £ 0.30 % soluble solids)
while it increased to 0.01342 £ 0.0003 Pa.s for the concentrated juice having 50 % soluble solids contents. Four different
rheological models were applied to find the suitable model best fitting the experimental data; Newton model, Power Law
model, Bingham model and Herschel — Bulkley model. The statistical criteria having highest regression coefficient, lowest
root mean square error and lowest chi-square were chosen for selection of best model for fitting. It was determined that the
Power law model was best described the experimental shear stress-shear rate relation for pomegranate juices at different
concentrations. It was predicted that the consistency coefficient of pomegranate juice increased from 0.005 Pa.s" to 0.013
Pa.s" as the soluble solid content was increased from 20 % to 50 %. The rheological data obtained in this study could serve
valuable data for calculation of changes in flow behaviors of pomegranate juice in pumping systems depending of their
concentration.
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INTRODUCTION

Pomegranate is an important fruit in Middle East,
Mediterranean, American, and Arab countries™.
Pomegranate fruit consists of hundreds of seeds and
thick reddish skin which covers these seeds, and fruit
body is its edible part. Edible parts contain a

quince juice have time independent, pseudoplastic and
non-Newtonian fluid properties. The rheological
properties of pomegranate juice depend on the
chemical composition of pomegranate, the pressing
method, the operation temperature and the
concentration method applied. Yildiz et al. [6] used
two different processing methods for obtaining the

significant amount of acid, sugar, vitamins, N . : . :
polysaccharides, polyphenols and mineral matters pomegranate juice regarding pressing with or W!thOUt
[1,35,6] ’ peels. They reported that the pressing methods did not

affect the rheological properties of raw pomegranate

Rheological measurements are made in order to
observe changes in the structure of foodstuffs.
Rheology examines changes in viscosity and
deformation of a substance that is under the force. It is
used for quality control, sensory properties, and
development of engineering design in juice industry
[3,6]. Several researchers [7-9] have reported that
several fruit juices such as tomato juice, liquor extract
and grape juice showed Newtonian type fluid
properties. Bozkurt and Icier [10] have reported that
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juice. They showed non-newtonian dilatant properties.
Altan and Maskan [5] investigated the effects of the
concentration method (microwave heating, rotary
vacuum evaporation, evaporating at atmospheric
pressure) and the temperature which the rheological
measurement conducted (10 — 55 °C) on rheological
properties of pomegranate concentrate (17.5 — 65 %).
They determined that all of the pomegranate juice
samples have Newtonian character.

In this study, the changes of apparent viscosity for
different soluble solid contents (20, 30, 40 and 50 %)
during concentration process were examined. It was
also aimed to determine the most appropriate
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rheological model fitting the experimental shear stress
and shear rate data best, and to predict the changes of
consistency coefficients and flow behavior indexes
during concentration process of pomegranate juice.

EXPERIMENTAL

The pomegranates (Punica granatum L., cv.
Hicaznar) used in this study were supplied from a
local market in Izmir, Turkey. Pomegranates were
washed in cold tap water and drained. They were
manually cut up and the outer leathery skin was
removed. The aril in the sacs was pressed, and fruit
juice was extracted. The juice having an initial
concentration of 15.73 + 0.10 % soluble solid contents
was concentrated at 60 °C in the vacuum by using a
laboratory type rotary vacuum evaporator (Buchi R-3)
rotating at 400 rpm.

Total soluble solids content determination. The
soluble solids content of the juice samples was
measured by refractometer (Hanna Instruments
96801) at 20 °C and expressed in % soluble solid
contents.

Rheological measurements. Rheological properties
were measured using a concentric cylinder type
viscometer  (Brookfield LVDV-Il, Brookfield
Engineering Laboratories, USA). The measurement
range of viscometer between 0 and 100 % full scale
torques was adjusted by selecting the specific spindle
(S-18) and its rotational speed (0.0 — 200 rpm) for
pomegranate  juice. During the rheological
measurement, shear stress (SS), shear rate (SR) and %
torque (T) values were recorded for each rotational
speed (rpm). Experimental shear stress-shear rate
measurements were fitted to selected rheological

models to obtain viscous rheological properties of
pomegranate juice. Four different rheological models
were applied to find the suitable rheological model
best fitting the experimental data; Newton model,
Power Law Model, Bingham model and Herschel-
Bulkley model [10].

Statistical analyses. Compatibility of the model
with experimental data was determined by using a
non-linear regression analysis of statistical software
package (SPSS ver. 20, yil). Regression coefficient
(R?), root mean square error (RMSE) and chi-square
(x?) values were calculated. Duncan test was applied
as a comparative statistical analysis. The statistical
criteria of having highest R?, lowest RMSE and lowest
¥? were chosen for selection of best model for fitting
[11].

RESULTS AND DISCUSSION

The apparent viscosity of pomegranate juices
increased as their water-soluble solids increased (p <
0.05) (Figure 1). As the soluble solids content
increased from 20 % to 50 %, the apparent viscosity
increased approximately 4 folds. Several studies have
reported similarly that the water content of juices
decreased during concentration process, since the
change of viscosity as the increased trend has been
expected® " 8, However, this result could be only used
for overall discussion of the effects of concentration
process on rheology of pomegranate juice. For
detailed investigation of changes of rheological
behavior, the experimental data were fitted to some
rheological models, which were generally described
the changes of rheological properties of fruits juices.
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Fig. 1. The change of apparent viscosity as a function of soluble solids content of pomegranate juice during concentration
process.
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Table 1. The statistical evaluation of rheological models applied to fit the experimental shear stress-shear rate data.

Models
% Soluble Solid Statistical

Content Criteria Bingham Power Law Hershel- Newton
model model Bulkley model model

R? 0.991 0.996 NC* 0.984

Raw (15.73) RMSE 0.0038 0.00014 NC” 0.0017
e 0.01863 0.011 NC* 0.0397

R? 0.996 0.998 0.998 0.987

20 RMSE 0.0015 0.0002 0.0006 0.0046

v 0.0352 0.0157 0.022 0.0660

R? 0.996 0.997 0.998 0.989

30 RMSE 0.0047 0.0004 0.0013 0.0038

e 0.0653 0.02 0.0334 0.0599

R? 1.0 1.0 NC” 0.999

40 RMSE 0.001 0.0008 NC” 0.0019

i 0.032 0.0260 NC” 0.0423

R? NC” 1.0 1.0 1.0
50 RMSE NC” 0.0070 0.0070 0.0024
e NC" 0.0800 0.0754 0.0478
NC™: statistically non compatible.
For different soluble solids contents of showed Newtonian fluid behavior. They found that R?

pomegranate juices, the statistical evaluation of
rheological models fitted to experimental data were
given in the Table 1. For raw, 20 -40% soluble
solids contents, the best model fitted was chosen as
the Power Law due to its highest R?, lowest RMSE
and 2. On the other hand, the 50 % concentrated juice
showed Newtonian character. Similarly, Yildiz et al.
[6] reported that non-concentrated pomegranate juice
has non-Newtonian and dilatant properties depending
on temperature (20 - 90 °C) and pressing method
used. On the contrary, Kaya and So6zer [12] found that
pomegranate juice samples at higher concentrations
(45.7 — 71 % soluble solid contents) at different
temperatures (5 — 60 °C) showed Newton model.
Altan and Maskan® reported that the pomegranate
juice samples having the soluble solids contents of
175 — 65 % at different temperatures (10 — 55 °C)

values of Newtonian model are greater than 0.966 at
all concentration processes. However, the change of
consistency coefficient and flow behavior indexes
during concentration process of pomegranate juice
was not investigated in these studies. The contrary
between rheological characters of pomegranate juices
given in different studies may be due to differences on
the type of pomegranate used, the processing pressure,
the temperature range applied, the concentration
method, method of the rheological measurement, etc.

The change in the consistency coefficient and flow
behavior index of pomegranate juice during vacuum
concentration process were predicted by using Power
Law model (for raw juice and 20 — 40 % soluble
solids), which was obtained as the best model

89



M. Cevik et al.: Changes of rheological properties of pomegranate juices...

Table 2. The consistency coefficient and flow behavior
indexes of pomegranate concentrates.

% Soluble Consistency bel;g)\\/l\ilor
Solid coefficient K, index
Content pPa.s" n !
Raw (15.73) 0.005 % 0.001 0.836 + 0.04
20 0.005 £ 0.001 0.854 £ 0.053
30 0.007 £ 0.001 0.872+0.019
40 0.007 £ 0.001 0.974 + 0.031
50 0.013 £0.00 1.0+ 0.00

describing the rheological changes. To make the
comparison of the change in rheological properties of
pomegranate concentrates in the range of 15.73 — 50
%, the viscosity value for the concentrated juice
having 50 % soluble solids was used as its consistency
coefficient with n = 1. It was obtained that consistency
increased as the soluble solids increased (p < 0.05).
Similar to the result obtained regarding the change of
the apparent viscosity, the consistency coefficient
increased more than two-folds as the soluble solids
content increased from 20 % to 50 %. On the other
hand, the flow behavior index increased from 0.836 to
1.0 as the soluble solids content increased from 15.73
% to 50 % (Table 2). Although pomegranate juice
samples having the soluble solids content in the range
of 1573-40% showed non-Newtonian and
pseudoplastic behavior, the juice having soluble solids
content of 50 % has Newtonian fluid character.
Results showed that the consistency coefficient and
flow behavior index could be used to discuss the
change of rheological properties of pomegranate juice
during concentration process in detail.

The apparent viscosity of pomegranate juices
increased as their soluble solids increased. As the
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soluble solids content increased from 20 % to 50 %,
the apparent viscosity increased as 4 folds. Although
the pomegranate juice having soluble solids content
up to 40 % showed pseudoplastic non-Newtonian
fluid character, the juice having soluble solids content
of 50% has Newtonian character. During the
concentration of pomegranate juice, the consistency
coefficient K values increased, and the flow behavior
index approaches to unity (1). These results could give
valuable data for designing and setting up of pumping
and mixing systems for pomegranate concentrates.
The effects of novel concentration methods on quality
and rheology of fruit juices should be studied in detail.
Further studies on the determination of the rheological
properties of different fruit juices during concentration
process are recommended.

REFERENCES

1. S. A. Al-Maiman, S. Ahmad. Food Chem., 76, 437
(2002).

2. H. Vardin, H. Fenercioglu. Nahrung Food, 47, 300
(2003).

3. M. Maskan. J. Food Eng., 72, 218 (2006).

4. M. Ozgen, C. Durgac, S. Serce, C. Kaya. Food Chem.,
111, 703 (2008).

5. A. Altan, M. Maskan. J. Texture Stud., 36, 68 (2005).

6. H. Yildiz, H. Bozkurt, F. Icier. Food Sci. Technol. Int.,
15, 503 (2009).

7. J. Giner, A. lbarz, S. Garza, S. Xhian-Quan. J. Food
Eng., 30, 147 (1996).

8. M. Maskan. J. Food Eng., 39, 389 (1999).

9. A. Kaya, K. B. Belibagli. J. Food Eng., 54, 221 (2002).
10. H. Bozkurt, F. Icier. Int. J. Food Prop., 12, 844 (2009).
11. S. Sabanci, C. Celebi, F. Icier. Acad. Food J., 12, 11-15.
(2014).

12. A. Kaya, N. Sozer. Int. J. Food Sci. Technol., 40, 223
(2005).



M. Cevik et al.: Changes of rheological properties of pomegranate juices...

ITIPOMEHM B PEOJIOT MYHUTE CBOVICTBA HA COK OT HAP (Punicagranatum
L.Hicaznar) [TPU [TPOLIECA HA KOHIUEHTPUPAHE

M. [[)KGBI/IKl*, C. Cabanmkul, @. I/I‘II/Iepz, X. Uunmns®

1E2e Vuusepcumem, Bucuie yuunuwe no npupoonu u npunosxcnu nayku, Cexyus no XxpaHumento
unxcenepcmso, bopnosa, smup, Typyus
2Eze Ynusepcumem, Unoicenepen paxynmem, Kameopa no xpanumenno unxcenepcmeo, boprosa, Hzmup,

Typyus
3 Vuueepcumem JJucenan Baap, Kameopa no xpanumenno undicenepcmeo, Mypaoue, Manuca, Typyus

Ioctenuna Ha 9 tonu, 2014 r.; npuera Ha 10 gexemspu, 2014 1.
(Pestome)

W3cnenBaneTo Ha NPOMEHHTE B PEOJOTUYHUTE CBOWCTBA IO BpeME Ha Tpolieca n3napeHue Ou Morio jaa
HaMalu HeOJIarompusTHUTEe eeKkTH Ha TepMHUYHA 00pabOTKa BBHPXY Pa3TBOPHMHU TBBPIH BellecTBa. B
HacrosiaTa paboTa ca OnpesieieH! PEOJIOTHYHUTE CBOMCTBA HA COK OT Hap MpPHU Pa3iIMYHO ChIbpKaHHE Ha
pasteopumu TBBpaU BemrectBa (20, 30, 40 u 50 %) mo Bpeme Ha mpolieca Ha KOHICHTPUpPaHe, H3BbPIBAL
ce OT pOTAllMOHEH H3MapuTes. PeollorMyHHMTE M3MepBaHMsl OsXa OCBIIECTBEHH 4Ype3 PpOTALUOHEH
BHMCKO3MMETBP C JIATYVK THUI ,,lIAJMHIBD B IMJIMHIBD IPH IPAMEHT HA CKOPOCTTa B MHTepBana 0264 s,

Beme ycraHOBeHO, 4e KakTO MOXE Ja CE OYakBa, BHCKO3HTETHT HapacTBa IPH yBEINYaBaHE
CHIBPKAaHWETO Ha PAa3TBOPHMHUTE TBBPIAHM BEIlecTBA. 32 HEOOpabOTEH COK OT Hap (KOHLIEHTpauus Ha
1BBpauTe BemectBa 15.73 + 0.30 %) BuckosutersT Oemre 0.0024 + 0.0001 Pa.s, mokaTo Toi ce yBeTudu 10
0.01342 + 0.0003 Pa.s 3a KOHLEHTpUpPaH COK, chabpxkaim 50% pasTBopuMHu TBBbpAM BemiectBa. C men
YCTaHOBSIBAHE Ha MOJXOJSI MOJIEN, Hall-oOpe OMUCBalll €KCIEPHUMEHTAIHUTE NaHHH, OsiXa NPUIIOKESHU
YETUPH pa3IMuHU PEONIOTHYHHN MoJienn: HIOTOHOB MoJiel, CTeNeHeH MoJiell, Moiel Ha buHram u Mozen Ha
Xepmen-banknu. [Ipu nogdopa Ha Hal-MOAXOIAIN MOIEN Oelie H30paH CTATUCTUYCCKH KPUTCPUU 33 Hal-
BHCOK PErpecHOHEH KOe(hHUIIHEHT, Hali-MaJlka CpPeJHO-KBaJpaTHIHA TPEIIKa U Hali-MalbK y-KBajapaT. beme
YCTAaHOBEHO, Y€ 3a COK OT Hap C pa3jMyHH KOHIEHTPAIMH, EKCIIEPUMEHTAalHaTa 3aBUCHMOCT Ha
TAQHTCHIUAHOTO HANPEKEHWE OT I'paJeHTa Ha CKOPOCTTa CE OIMKMCBA HAil-TOYHO OT CTEIICHHUS 3aKOH.
Berie mporHo3upaHo, 4e BHCKO3UTETHHUAT Koe(UIMEHT Ha cok oT Hap ce ysennuasa ot 0.005 Pa.s" no
0.013 Pa.s" npu yBenuuaBaHe ChABPXKAHHETO Ha TBBPAM BemiectBa oT 20 % Ha 50 %. [Nonyuenute mpu
TOBA M3CJIEBAHE PEOJIOTHYHM ITapaMeTpH MOTaT Aa ITOCIYXKaT KaTo IIEHHM JIaHHU NPU M3YHUCISIBAHETO Ha
IIPOMEHHUTE B MOBEACHUETO HA TEYECHE B MOMIIEHH CHCTEMHM Ha COK OT Hap B 3aBHCHMOCT OT HEromara
KOHLICHTPALIHSL.
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