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Summnary. Flow charactens ties of tonato puce using Brookfield viscormeter o different tenperaire and sohid
concertration have been rvmshzated. & pparent viscosity, consistercy coefficient, floar behavior index ard ach-
vabon energywrer evahiated. The chiamed data indicate the quasiplastic natire of the puice in the whole stady
carnditions .

Key womnds: toamato muice, thealogical propertes, viscosity

INTRODUOCTION

Tornato is one of the world’s major crope (Frasciante of af 2000, Ve rcet of ol 2002). Tornatoe s
contain manysiubstances which mayhave beneficial effec ts on hroan health for exarple: Ivoopens,
vitarnin C, Bl, B2, Ba, E, P, folates and phenolics. Epiderniological studies have demonstrated
that toraato consuraption provide s protection against heart diseases and sorae types of cancers. This
protective effect has mainlyheen ascribed to the anticxidant activity of lywopene (Giovanrmeel of
@l 2002, Jongen 2002, Sdnchez-Ivloreno of ol 2006).

Tomatoes are consurned, either as fresh or as industially processed products. Proce ssed to-
mato products include canned and dried tomatoes, juices, ketehup, pastes, salads, sances and soupe
(Gonld 1992, 5hi and Iaguer 20007,

Processing tornatoes includes mary treatrments during which theware subjected to different
terperatures, diluted or concentrated. These factors influence the rheological properties of tornato
products.

The especially important thing is the termperature of tomato disintegration. We can distin-
guish hot or cold break in de pendene 7 on disinte gration tervperature. Hot breal typic ally re fers to
a femperature higher than 85%C while cold break o ternpersture below 70%C. The hot break proc-
ess rapidly imactivates pectin methylesterase reducing pectin degradation and resulting it a higher
viscosity of the final product (Zu ef ol 1926, Sanchez of @l 2004). The theological properties of
tornato products ave alan highly dependent on meolecular weight, water-soluble peetin and their
degree of esterification (Shatrma of al. 1997, Tizan and Vodowotz 2005),
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Processing tomatoes needs krowledze of rheological peoperties. The v should be taken into
account for caleulating food eguiprnent and process modeling . The vare required to deterrnine the
energy consunption during paraping, power for mixing, to design heat exchange and evaporation
(Boger and Tin 1974, Batbosa-Cancrvas of ol , 1996, Rao 1999, Valencia ef al, 2003). Thew can
also be a measure of product quality (Rao 1999, Sahin and Surem 2006).

The theological properties are stongly affected by feraperature and solid concentration of
tomato products. Typical properties of Aow behaviour indez, consistenc ycoefficient and actrration
energy as a function femperature for low solid concentration of tomato juice are rather lirited.

THE AIM OF WORK

The airn of work was fo defernine rfluence of termperature and solid concentration on rheo-
logical properties of tomato juice.

MATERIAL AWD METHODS

The raw material was tormato juice parehased frorm the local market.

Bheological properties were meamred using Brookfield viscometer (Brookfield Engiveering
Laboratories: model LVDV-IT + PRO). & savaple of 500 ral of torato juice was used in a glass
baker for all experiraents. The concentration of tomato juice was ranged from 2.72% 10 521%.
The teraperature of saraple was changed from 22 fo 62°C and kept at constant value using water
hath (Prookfie1d TC-502F). The mtational speed of viscoraeter was ranged frora 0.1 to 16 57 using
specific spindle 5-61. The corapnter softweare (Fheolac 3,10 was applied to control viscoraeter and
data acquisition. &1 experiments were carried out in three re plications.

The fowr behawiour index and consistenc y coe ficient was calenlated from power lawr model
[Fizd and Wittal, 19977

i, = K(%II"HHM"", (1)
or affer taking a logarithen:

Infig ) = (n - Din(4x 3} +1ni K — nlnn), {2

where:
K, — appare ntviscosity (Pas),
E — consistene yw coefioient (Pa-e%,
n — fow behardonr index (dimensionless),
M — spindle speed (571,
The influence of terperatire on consistenc v coefficient was evaluated frorm fathe rins rela-
tonship (Dak of @l 2007):

=
E=Apg, )]
where:

K —consistenc v coe fie dent (Pa- 57,
A, — constant,
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E_ - acfivation energy of flow (kI mal’ K,
R - universal gas constant (kI -raol’ K7,
T ghzolate terperatore (K0
The influence of concentration on consistency coefficient was evaluated from power law
model [Fao 1999]:

E=ac’ (4)
where:
a, b - constants,
' —concentration of solid in juice.
REZULTS
Figure 1 presents fow curves of tornato juice for different teroperatares. The curves were fit-

ted into straizht lines. From slope and intercept of the straight lines were caleulated the consistency
coefficient and the flow behavionr index and theyare presented in Table 2.
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Fig 1. Flowr cupes of tormato pice at 5.21%% total solid copcentrabion
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Table 1. [muence of corcertrahion and tenpermbire on consistency coefhelent
and foar behaviony index on tormato paice

Concerdration [ 4] Temperatire Consistercy coeflicient Floar behavioor
(") mdex n
22 210,54 053
521 42 288,22 0=3
) 72904 052
22 56052 052
402 42 52199 033
] 45555 0.24
22 3051 034
337 42 3285 053
) 25512 0=
22 21115 035
272 42 17637 035
) 153853 0.3

The straight lives in Fiz. 1 have negattve slope that indicates the non-Mewtorian natore of
toroatn juice. The walues of Sowhebavionr index (n) are lower thav 1 for all the cases which showed
guasiplastic nature of the juice.

The values are consiste nt with literature data which showed that there is appreciable effect of
solid consisteney on fow bebaviour inde x (Krokida 2001, Dak ef ol 2008).

Fiz. 2 presents the relationshipbetaeen the ireerse of abaolute termperature and the consis-

tency coeffeiant.
- 1000

- 900
- 800
- 7an
- GO0
- A00
- 400
- 300
- 200
- 100

r T T T T T 1]
0,0035 0,0034 0,0033 0,002 0,001 0,000 0,0029

[rwverse ahsolute termperature (K"}
Fig. 2. fovhennis omrve of tornato poice for different solid concentration

Consistency coefficient (Pa &)

By pre paring the graph shown ahovee, it iz possible 1o caleulate the parawmeters of the Srrhen-
ing ecuation and, conseque ntly, activation enegy. The curve presented in Fig, 2 indicates that there
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Iz pogitive correlation between the consistency coefficient and the ireerse ahaolute femwperatore.
That means that an increase in termperatoe results in a decrease i the consistency coefficient of
tomato juice. The consistency coefficient is exponentially correlated with terperatare, which is in
accordance with literature data (Dak ef @i 2008).

Table 2 presents Srrhenious equations and artieation eneigies for tomato juice . The activa-
tion erergy of tomato juice varied from 53 to 6.1 klmal” K. Thers is no information in available
literature ahout actrvation energy of fomato juice at this level of solid concentration. However, the
values are in good agreerment with the reported lite rature data for higher concentrations. Dalk of al.
(2002) studied rheological propertes of tomato concentrates with 2.04 to 183 solid content and
ohtained actheation energy varying from 202 to 1402 kT -paol K

Table 2. Actiration enerzy of tommato paice

Corcentation (%] | Arhemnions equation Aetivation erergy Detennination coefficient B
kJ-mal"- K"
ki-F]
531 E=Tle 7 £.052 038
e
402 E=511a7 £.102 099
Mz
337 E=53287 5859 097
e
272 E=138a7 5312 09s

Fig. 3. presents an irduence of solid concentration on the consistency coefficis nt on toraato
juice.
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Fi. 3. Effect of solid concentration and tenpersize on corsistercy coeffiment of omato pare
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Plothrg curves were fitted power equation and constant @ and & were calenlated. The con-
start were ghven in Table 3. These data indicate that consiste ney coefficient increases non-livear
with increase in solid concenfration and decreases with increase in ternperatare . These results are
consiste nt with earlier repored stodies for tomato concentrates (Dak ef ol 2008).

Table 3. Felatorshup betwrean the comststency costficient and solid corcentration for different tenperaies

Tenperatare (7] Equation Deterntination cosficient B
X K=232.C0" 0,995
4 E= 15560 0,994
(2] K= 10840 0927

Fig. 47 present the effect of teraperature and solid concentration on apparent wiscosity of
tormato juice.
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Fig. 4. Infhuence of shear rate on apparent viscosity of tomato pice at 521 solid concertration
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Fig. 5. Infhuence of shear rate on apparent viscosity of tomato pice at 402 solid concertration
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Fiz. & Influence of shear rate on appaert viscosity of tormato puce at 3.57 solid corcertratom
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Fig. 7. Influence of shear mte on apparent viscosiby of tomato puce at 2,72 sobd concentrabon

Increase of shear rate results in nov-linesy decrease in apparent viscosity of tomato juice.
The sitnilar nature of changes was noticed for all solid concentrations and teraperatares. The in-
crease of ternpe rature redurces appare nt viscosity of tormato juice. The highest effect of teraperature
was notced at the lowest shear rate. Increasing solid concentration results in increase in apparent
vigrosity of juice. The highest apparent viscosity was oheerved for 521 ao0lid concentration at
22°C teraperature. Flow curves were typical for quasiplastic or shear-thinning liguid for all solid

cobs entrations and terape ratures.
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CONCLUSIONE

In this study the rheological properties of torato concentrate at ternperatures frorn 224°C to
627 and solid concentration frorw 2.72% 1o 521% were deterrnined. Equations derived from Ax
thernions and power lawr 1e lationships thoroughly described the consistency coefficient as a func tion
of tere peratare and concentration. The ircrease in ternperature resulted indecrease in the consistenc v
coeflicient. As feraperature increased fromw 22°C to 62°C at a constant concentration of 5 21% the
cobsiste ney coeficient decreased from 10 mPa-s to 739 mPa-s. The increase in solid conce nira-
tion cansed increase in the consisteney coefficient. As solid concentration increased from 2.72%
to 5.21% at a constant termperatuore of 22°C, the consistercy coefficient inereased frorn 211 mPa-s
to 910 wmPa-s The activation energies were changed in the range of 3312 kI mol™ K7 0 60352
kI ol K de pending on cone entration. The appare nt viscosity de pended on shear rate at all levels
of ternperature and solid concentratior, which indicates the quasiplastic natare of toraato juice.
The obtained results mizht be usefiul to npeove the design of processing operations dealing with
tornato concentrates.
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WPL YW TEMPERATURY [ STEZENIA NA WEASCIWOSCI REOLOGICZNE
SOET POLIDOROWE GO

Streszeende, W pracy proed staviono wynik wphpany temperatry 1 s tegerma na wiss cprod d reclogicere soki
porudormarezo. Badaria wylonano prarusyem lephosciomierza frmny Brookfield . Olzetlono lephaié pomoms,
wspolemmuk kovsys enal, wskamnk phviema craz enersie aldyaracyl. Cheymane worrnld wslamiy na psai-
doplastyezng ratire badareso sola postudoroarego.

Slowa Mhwzrowe: 5ok poridoreany, whaserarcéel wologieme, lepkosé



