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ABSTRACT

The knowledge of the rheological properties of a
material is very useful in the quality control afofls,
equipment design and analysis of the structurahgbs
produced during the processing/storage. In addition
plays an important role in the consumer acceptamnce
can be used in the development of new productssinc
allows to evaluate the effect of new
ingredients/elaboration methods on its structurke T
aim of this work was to model the rheological
behaviour of tomato spreads elaborated under differ
processing variables (type of sugar, elaboratiothate
and pectin percentage). All the products presemted
non-Newtonian behaviour and the results could thedfi

to Herschel-Bulkley model with a yield stress betwe
4.3 and 71.2 Pa. The statistical analysis showghehi
consistency for the parameters obtained in theosecr
spreads compared to the products elaborated with
isomaltulose. Finally, different equations are preed
for predicting the rheological parameters as atfanc

of the type of sugar and pectin percentage.

Keywords: rheology, isomaltulose, fruit spreads,
osmotic dehydration.

1. INTRODUCTION

In recent years, changes in the lifestyle haveecmsed

the consumption of prepared food or ready-to-eat.
However, consumers are aware that can demand
products with a high nutritional and functional weal
and in some cases as close as possible to the fresh
product as it is the case of fruit and vegetables.
Additionally, several epidemiological studies have
pointed out the relation between a regular consiompt

of tomatoes and tomato based products and the
prevention of cardiovascular diseases and detetenina
types of cancers (Clinton 1998; Giovannuci 1999;
Miller et al.2002).

In this sense, the development of new tomato prisduc
with high lycopene content and rich in other orain
nutrients such as ready-to-eat spreadable prodoatd

be interesting.

Fruit spread products present similar charactesisto
fresh fruit but they are more stable than the fresbs

as the water activity and moisture of the prodwats
reduced (Peinadet al. 2009, Ros&t al. 2009).

Osmotic dehydration can be used for water removing
and sugar addition in concentration processesdagi
the heating process since water removal takes fgace
osmosis. Besides, osmotic process can also beedppli
by using dry sugar instead of sugar solutions, lamto

in dry salting process commonly applied to meat and
fish products. In these processes, a concentrated
solution, rich in volatile compounds, vitamins and
water soluble minerals from the fruit itself is geated
due to water out-flow and its volume is consideyabl
lower than the volume used in wet osmotic dehydrati
processes.

Furthermore, sucrose could be replaced by othearsug
with low glycemic index, such as isomaltulose, idar

to obtain healthier products.

On the other hand, the syneresis process (separatm
pulp and serum) is a defect very usual in conveatio
tomato-based products which could be reduced by
increasing the consistency of the product; a high-
consistency tomato juice has almost no syneresis
(Porrettaet al 1995). In this way, spreadable tomato
products would have a lower risk of suffering sysés
during the storage because they present a higher
consistency than natural tomato puree by additibn o
pectin and increasing of soluble solids in their
formulation.

Rheological measurements of these innovative pitsduc
might be very useful to evaluate the effect of the
different processing variables on its structurarafes.

The aim of this study was to model the rheologftzad
behaviour of 20 Brix tomato spreadable products
formulated with different processing variables: eypf
sugar (sucrose or isomaltulose), elaboration method
(dry or wet osmotic dehydration, and proportion of
fruit), and pectin percentage (0.5, 1, 1.5 %).

2. MATERIAL AND METHODS

2.1.Raw Material

Pear tomatoed ycopersicon esculentum M)llacquired

in a local supermarket were manually selected to
homogenise the samples in terms of shape, coladir an
ripeness, avoiding those with physical damage. $&snp
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were cleaned with chlorinated water, peeled andntat
cubes of approximately 1 ém

2.2.Methodology

Equilibrium_stage: two different osmotic dehydratio
methods at 25 °C were used, Wet Osmotic Dehydration
(WOD), in which the tomato cubes were immersed in a
hypertonic osmotic solution (40 Brix) and Dry Osimot
Dehydration (DOD), in which the tomato cubes were
directly covered with the solid osmotic agent, samto

the dry salting process commonly applied to meakt an
fish products. The ratio tomato:osmotic agent was
calculated by mass balance to reach an equilibrium
concentration of 20 Brix. In this stage either sger or
isomaltulose were used like osmotic agents.

Product formulation: the ingredients in the spread
formulations were dehydrated tomato, final osmotic
solution, olive oil 2 %, salt 0.4 %, apple pectih| 1,

1.5 %) as a gelling agent and potassium sorbat@ (50
ppm) as a preservative (% refers to the final pcgdu
According to the different proportions of dehyddhte
tomato:final osmotic solution and depending ontpe

of osmotic dehydration (W or DOD), three elabonatio
methods were selected:

e W: WOD and formulation with a dehydrated
tomato:final osmotic solution ratio of 70:30.

« D1: DOD and formulation with a dehydrated
tomato:generated osmotic  solution ratio
comparable to the proportion achieved during
the equilibrium stage=50:50).

« D2: DOD and formulation with a dehydrated
tomato:generated osmotic solution ratio of
70:30.

Finally, 18 tomato spreads were formulated depeandin
on the different processing variables: kind of suga
elaboration method and pectin percentage (table 1).
Products were homogenized with a mixer for 3 migute
Then they were stored for 24 hours to allow corgedt
stabilization before to perform the analysis.

2.3.Rheological Analysis

Rheological properties were obtained with a cotdbl
stress rheometer (RheoStress 1, Haake), at 25 *C. A
measurements were carried out in duplicate witlepla
plate geometry and a 2.0 mm gap (Sato and Cunha
2009).

Steady state measurements were carried out witlr she
rate ranging from 0 to 300 s-1, in 3 sweeps (upyrdo
and up-cycles), in order to eliminate the thixotrophe
data obtained in the third sweep were fitted to
rheological models using the software Rheowin Data
Manager (Haake) to find the best suitable model.

Table 1: Selected processing variables to obtain th
different 20 Brix spreadable tomato products.

Osmotic Agent | Elaboration | % Pectin
1 0.5
2 w 1
3 1.5
4 0.5
5 Sucrose D1 1
6 1.5
7 0.5
8 D2 1
9 1.5
10 0.5
11 w 1
12 1.5
13 0.5
14 Isomaltulose D1 1
15 1.5
16 0.5
17 D2 1
18 1.5

2.4, Statistical Analysis

Statgraphics Centurion was used to perform the
statistical analyses. Analyses of variance (mutda
ANOVA) were carried out to estimate the significant
effect of the processing variables (type of sugar,
elaboration method and pectin percentage) on tied fi
spreadable product.

3. RESULTS AND DISCUSSION

3.1.Rheological Modeling

After removing the thixotropy, the flow curves dfet
tomato spreads showed a shear thinning behavidbr wi
yield stress. Therefore, Herschel-Bulkley model
(equation 1) was the model that best fitted the
experimental data.

1)

Where,t is the shear stress (P& the yield stress (Pa),

y the shear rate (3, k the consistency index (P3-and

n the flow behaviour index.

This rheological behaviour is one of the most commo
in fruit and vegetables products like purees, jams
spreadable products (Sharnea al. 1996; Maceiras,
Alvarez and Cancela 2007; Tonehal 2009; Sato and
Cunha 2009; Peinado 2011).

Table 2 shows the rheological parameters obtained f
the 18 tomato spread products with values &f R
between 0.839 and 0.999. The differences observed
between samples could be attributed to the difteren
ratios fruit-osmotic solution as well as to the foec
percentages.

=to+k-y"

Proceedings of the International Conference on Modeling and Applied Simulation, 2012

978-88-97999-10-2; Affenzeller, Bruzzone, De Felice, Del Rio, Frydman, Massei, Merkuryev, Eds.

244



Table 2: Rheological parameters of Herschel-Bulkley
model fitted to data of 20 Brix tomato spreadable
products: tyis the yield stress (Pa), k the consistency

index (Pa-Y and n the flow behaviour index.

To k n
1| 83(06) | 4.38(0.05) 0.3757(0.0007)
> | 296(12) | 132(03)| 0.354(0.005
3| 54(15) 26 (5) 0.306 (0.009
4| 45(L9) | 2.308(1.018)  0.38 (0.03)
5 | 155(L5) | 4.0(0.8) 0.39 (0.04)
6 | 53.030() | 19.070 () 0.3500 ()
71 7202 2 2) 0.3169 ()
8| 23() 31(0.3) | 0.449 (0.004
9 | 64970() | 20980 () 0.3575 ()
10| 80(06) | 1.784(1.119)  0.4263 ()
11| 32.4(05) 14 (3) 0.34 (0.05)
2] 6003 21.9(0.3) | 0.3356 (0.010B)
13| 4.263 () 0.107 () 0.6900 ()
4] 203 71(0.6) | 0.395 (0.008
15| 32 (11) 9 (3) 0.373 (0.009
16| 138(0.7) | 1.6(0.7) 0.53 (0.05)
17| 25.830() | 4.208 () 0.3364 ()
18| 71.22 (1.03) 20.17 (0.08) 0.3277 (0.0007)

The statistical results revealed than the variabite a
higher influence on the yield stressg)( and the
consistency index (k) was the pectin percentageiib-
value much higher than the rest of variables). Hewre

in the case of flow behaviour index (n), both tlirdkof
sugar and the pectin percentage presented an amport
effect.

These results were similar to those obtained for
strawberry spread products elaborated with the same
sugars (Peinado 2011).

3.2.Prediction Equations for the Rheological
Parameters of Herschel-Bulkley Model

The equations for predicting the rheological parmnse

of Herschel-Bulkley model were obtained as a fuorcti

of the type of sugar and pectin percentage, sihee t

statistical results showed a higher influence ossé¢h

parameters (table 4).

It can be noticed that in the case of sucrose dprebe

flow behaviour index (n) is constant, regardlesshef

percentage of pectin used.

Table 4: Prediction equations obtained for the
parameters of Herschel-Bulkley model of spreadable
tomato products depending on the kind of sugarthed
pectin percentage (P).

To evaluate the influence of the processing vagislon
the rheological parameters obtained, an ANOVA
factorial analysis was performed. The table 3 shihes
F-ratio values and the significance levels (p-valok
the effect of the different variables obtained het
statistical analysis.

Table 3: F-ratio values and significance levels#fsie)
of Herschel-Bulkley model parameters obtained & th
ANOVA factorial analysis.

Variables | F-rato | P-value
To
A: Type of sugar 0.15 0.6983
B: Elaboration 17.08 0.0000
C: % Pectin 220.04 0.0000
AxB 2.78 0.0839
AxC 1.11 0.3462
BxC 4.78 0.0063
k
A: Type of sugar 6.09 0.0218
B: Elaboration 35.10 0.0000
C: % Pectin 230.47 0.0000
AxB 1.67 0.2106
AxC 8.64 0.0017
BxC 9.52 0.0001
n
A: Type of sugar 15.27 0.0008
B: Elaboration 9.72 0.0009
C: % Pectin 23.01 0.0000
AxB 491 0.0173
AxC 27.54 0.0000
BxC 2.53 0.0699

|  Prediction Equations |
Sucrose
o 10=24.7795P% 0.9956
k k=8.9967P "** 0.9377
n n=0.36:0.04 -
Isomaltulose
o 10=27.0999P %% 0.9990
k k=7.0306P %% 0.9844
n n=0.3908F-*** 0.9119

It can be observed than in the case of yield stress
parameter 1), the proposed equations for both sugars
(sucrose and isomaltulose) are very similar. Thist f
agrees with the previous statistical results, wheoe
significant influence was found in the yield strésg
depending on the type of sugar. However, the egositi

of the consistency index (k) for both sugars show a
higher increase of ‘k’ with the pectin addition in
isomaltulose tomato spreads as compared to sucrose
products. This fact could be related to the lower
solubility of the isomaltulose, which implies mdiree
water in the food matrix and the pectin additionuldo

be more effective.
The suitability of the predicted models for desicrip

the type of sugar and the pectin percentage-depénde
behaviour of the tomato spreads was checked by
comparing the experimental data with the theorktica
values (figures 1 and 2).
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Figure 1: Example of the correlation between the
experimental data and the theoretical curve foB2%
sucrose tomato spreads.
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Figure 2: Example of the correlation between the
experimental data and the theoretical curve foB&g
isomaltulose tomato spreads.

It can be observed than the theoretical values \vere
accordance with experimental data obtained for both
sugars (sucrose and isomaltulose). Therefore, the
proposed equations appear to be suitable to desanit
predict the rheological parameters of the Herschel-
Bulkley model for tomato spreads within the rande o
the studied processing variables.

4. CONCLUSIONS

Sugar and pectin percentage variables were sdwawvto

a greater influence than the elaboration methodhen
rheological behaviour of spreadable tomato products
Since this type of product presents a shear thinnin
behaviour with yield stress, the Herschel-Bulklegdal
was found to be the one that best fitted the erpental
data.

The pectin percentage had a very strong influente o
the yield stress valuesyg), but they did not exhibit
significant differences for the different sugarsedis
(sucrose and isomaltulose).

The values of the consistency index (k) and thevflo
behaviour index (n) were influenced by all the
processing variables (type of sugar, elaboratiothate
and pectin percentage). The highest values for
consistency and therefore the lowest for fluiditgrey
obtained in the tomato spreads elaborated with the
highest proportion of fruit (W and D2) and perceata

of pectin.

The proposed mathematical equations can be used to
estimate the rheological parameters in the Herschel
Bulkley model of 20 Brix spreadable tomato products
taking into account the type of sugar and the pecti
percentage used in their elaboration.

These results could be very useful for designind an
developing new tomato-based products, though
subsequent studies would be necessary to incréase t
range of pectin percentage or to introduce new
ingredients into the formulation.
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