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Rheological Characterization of a Novel Functional Food:
Tomato Juice with Soy Germ
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The rheological properties of tomato juice containing 1.5% soy germ were compared to plain tomato
juice with and without soy protein isolate. This novel product was developed to provide a delivery
system of carotenoids, soy protein, and significant isoflavone content without compromising the
perceived juice characteristics of tomato product. Rheological tests depicted physical gel characteristics
for all three products. Dynamic tests as a function of temperature showed that the stability and the
compatibility between tomato juice and soy germ were higher as compared to soy protein isolate.
The hydrophobic and electrostatic interactions between pectin and protein in the tomato soy protein
isolate system were weakened as the temperature was increased. In the case of tomato juice with
soy germ, the viscosity did not change during heating. The addition of soy germ increased the viscosity
of tomato juice reinforcing the entire system without major qualitative effects on the rheological
properties of plain tomato juice.
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INTRODUCTION contribution of that ingredient2( 12). The concentration of

Functional foods are defined as products providing health is_oflavones foun_d in soy protein isolate _(SPI) is often compared
benefits beyond their contribution to nutrient requirememjs ( with that found in soy germ (SQ). SG is the. hypoco'tyl of the
Tomatoes and soy are two foods that possess biologically activeSOYP€an (1314), and on the basis of weight, it comprises only
components that may significantly impact health. In part, the 2% of the total soybean, but it contains an isoflavone concentra-
health-promoting activity associated with soy and tomato tion approximately 10-fold h|gherthan that_found in ot.hef_SPIs.
consumption has focused upon isoflavones and carotenoids 0M @ product development point of view, the significant
(especially lycopene), respectively, although other Componentsqmerence between these_ two natural soy isoflavones sources
may prove to be important2( 3). At the present time, the 1S the_amount of protein anq fat present (13). SPI has
potential health benefits of soy and tomato products are gpprommately douple the protein concentration as that found
undergoing extensive investigation as individual foodis5). in SG where proteins are replaced mainly by carbohydrates,
However, the impact of combining these foods into new SUch as sucrose and stachyose, soluble fiber, and3qt (-
products and characterizing their physicochemical properties has _1he added protein present in the soy isolate makes it a
not been adequately investigated. difficult ingredient to incorporate in high concentrations into

The viscosity of plain tomato juice (TJ) is highly dependent TJ due to the !ncreased viscosity imparted by' th.e interactions
on the high molecular weights of water soluble pectins and their P€tween protein and tomato particles present in jul& 16).
degrees of esterification (). A high degree of esterification ~ Rnh€ological properties were studied recently to compare plain
of pectin is favored by hot break thermal treatment and affects 19 t0 TJ after addition of 1% SPI at ambient temperatdfg.(
functional properties of TJ by forming a network where smaller 1he addition of SPI, once denatured, increased the viscosity of
particles are physically entrappe@®)( Furthermore, highly TJ qll_Je to protem—pe_ctln |r_1teract|on_s Ieadl_ng_to increased
esterified pectins in aqueous solutions form intermolecular Stability of the suspension, without major qualitative effects on
associations governed by hydrogen bonds and hydrophobicthe shear-thinning and gellike behavior .of the starting TJ
interactions (9). Regardless of the degree of esterification of Product. On the other hand, the rheological time-dependent
the pectin, TJ, like other tomato products, exhibits a shear Pehavior of TJ was significantly affected by soy protein. A
thinning behavior and a slight thixotropy due to the breakdown dynamic system where proteipectin aggregates influenced
of noncovalent bonds related to pectic link9(11). thg tomate-soy system by a competition of brgakdown and

In the selection of the appropriate soy ingredient used to puﬂdup p_henomena was observed. The _thlxotrop|c and rheope_c-
manufacture new products, an important factor is the isoflavone tic behaviors were affected by conformational changes of protein
with pectin and all other particles present in the TJ upon
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Table 1. Comparison of TSS, pH, and Density Values for Plain TJ, Table 2. Comparison of Protein, Carbohydrate, Lipid, Ash, and
TJSG, and TJSPI Isoflavones Contents for Plain TJ, TJSG, and TJSPI
samples TSS (°Brix) pH density (g cm~3) % wa isoflavone
TJ 51 417 1.025 samples protein carbohydrate lipid ash (mg/100 mL)
- N no e i @i o
’ ' ’ TJSPI 15 45 <0.1 0.7 3.0
TJSG 1.3 6.2 1.4 11 22.7

pH 4 and pH 4.5, and this was attributed to pectin/protein ~ ay, 4100 g wet basis.
interactions that resulted in the formation of a pH-dependent

reversible eIectr(?statIC COfT.]p|e-X 7. ... in Table 2. The total isoflavone content of each soy tomato product

_ Currently, SG incorporation in products such as soy milk is \yas determined using high-pressure liquid chromatography as specified
limited, due to sedimentation of insoluble carbohydrates, such e|sewhere (25), and results areTiable 2.

as cellulose, lignin, and hemicellulosi3( 14), resulting in an Rheological Measurements Rheological experiments were con-
unacceptable product. A novel TJ containing soy could benefit ducted using a strain-controlled rheometer (RFS Il Rheometrics system,
from the high concentration of isoflavones found in SG without Rheometrics Inc., Piscataway, NJ). Couette geometry was used

compromising the perceived juice characteristics of tomato (diameter of cup, 34 mm; diameter of bob, 32 mm; length of bob, 33.3
products. mm) to minimize end effects2@). All isothermal experiments were

This work deals with the development of tomato juice with conducted at ambient temperature (5, using a thermostatic bath
SG (TJSG) as a novel functional product that delivers caro- (Rheometrics Inc.). Temperature dependence studies were performed

tenoid rotein nd_sianificant isoflavon ntent between 5 and 63C under thermostatic control; thermal losses were
S, SOy proteins, a signincal soflavone Conents. \,inimizeq by covering the sample with a solvent trap. Prior to the

Rheological studies were performed to compare TJSG to plain ypqiysis, the product was agitated several times and then left to rest
TJ with and without SPI at ambient temperature. In addition, for 1 min at room temperature to limit serarpulp separation. All
temperature dependence was studied for all three products tosamples were subjected to the same standard routine, and experiments
investigate possible protein/pectin/cosolute interactions in the were performed at least in triplicate.

tomato—soy system after the addition of two different soy  Steady rate sweep measurements were applied across a range of
ingredients. steady strain rates (0.6200 s'). Startup experiments, to record
apparent viscosity, were performed using a range of shear rates between
50 and 1500 s until an equilibrium value was reached. Loops also
called triangular procedures (26) were performed, to investigate the

Materials. Locally grown fresh tomatoes were processed into juice time dependence of viscosity, by applying two cycles: an increasing
at the Food Industries Center Pilot Plant located in Howlett Hall on ramp of shear rate values from zero to selected different final shear
the OSU campus in Columbus, OH, using a hot break treatm@&)t ( rates (50—150078) and a decreasing ramp of the final shear rate to
Tomatoes were sorted, washed, chopped, blended, and filled in salt-zero. Loop tests were performed selecting different cycle times, and
added cans (white/pln, 300 407; Ball Corporation, Columbus, OH).  all cycle times tested (315 min) resulted in similar behavior. The
One salt tablet (Canning Tablets for Tomatoes, Morton) was added to step shear rate mode was also performed using stepwise sequences of
each can. Cans were then steam sealed and retorted (Food Machindifferent shear rate values (16@00-100 s'; 500-600-500 s*) for
and Chemical Corporation, Hoopeston, IL) at 1@ for 30 min. an overall time per each sequence of 1800 s.

The hot break TJ contained 5.6% solid content and 7.25% water Dynamic strain sweep and frequency sweep tests were performed
soluble pectins on a dry solid basis9). The degree of esterification  in order to study the viscoelastic behavior of the tomato products.
of the pectins was found to be 76.9%0j. Dynamic strain sweep experiments were used at different frequencies

FXPHO159 soy proteins isolate (PTI, St. Louis, MO) and Soylife (0.01—10 Hz). The phase shift values of tafwhere tard = G"/G'),
Complex SG (Acatris Inc., Edinborough, MN) were used as soy plotted vs percent strain (data not shown), indicated that at a frequency
ingredients. According to the manufacturer’s specifications, SP1 and of 1 Hz, all products exhibited a linear response for strain values up to
SG contained a minimum amount of protein: 84 (w/w dry basis) and about 1%. Dynamic frequency sweep tests were carried out in a range
38% (w/w dry basis), respectively. The solubility of 1% soy protein of 0.1-10 Hz using a percent strain value of 0.5 at selected temperature
was determined (21) in retorted aqueous solutions and acidified with 1 in the range between 5 and 8&. Dynamic temperature ramps at 1
N HCI to pH 4.2. The protein solubility??) was found to be-70%. °C/min and 1 Hz were performed between 5 and°65 From these

The surface hydrophobicity of SPI was determined according to dynamic tests, complex viscosity, loss, and storage moduli were
titration with 1-anilino-8-naphthalene-sulfonate and compared to bovine obtained.
serum albumin (BSA) (23). The hydrophobicity of soluble protein
isolate in retorted acidified aqueous solution was approximately 1000 RESULTS AND DISCUSSION
times lower than that of BSA on a protein mass basis.

MATERIALS AND METHODS

Preparation of TJ with Soy. The two tomato soy products were Characteristics of Tomato I?rodugts.One and a ha}lf percent
prepared by addition of 1% SPI and 1.5% SG to processed TJ, Of SG was added to the plain TJ in order to obtain a product
respectively. Both soytomato mixtures were homogenized at €D having an isoflavone content 10-fold higher than TJ with 1%

for 10 min and then retorted at100 °C for 15 min. The cans were  SPI (Table 2). Adding a similar amount of isoflavones from
stored at room temperature prior to analysis. No endothermic peak wasSP| would compromise drastically the juice characteristics of
visible in a DSC (DSC 2920 TA Instruments, New Castle, DE) analysis the tomato product (16).
of the processed TJ with soy indicating that the protein in the tWo  The TSS content of hot break TJ was approximately the same
prOTdc:Jr;:]tast(\)NaPSrgc?:Stsur?:iéf:():-teristics The pH (Orion Research as that reported elsewhere) for TJ processed under the same
Beverly, MA), the density (determinéd usintf:;J a picnometer), and ’the thermal treatment conditiongble 1). TJ with 1% .SPl had

' ' ! about the same TSS amount as compared to plairrablé¢

total percent soluble solids (TSSYB(ix) (Abbe Refractometer, o .
American Optical Corporation Scientific Instrument Division, Buffalo, 1) The addition of SG increased the TSS content of TJ by 8%

NY) at ambient temperature of the final products are reportéirie (Table 1) mostly due to the presence of sucrose and oligosac-
1. Protein, carbohydrate, ash, and lipid compositions of the final charides such as stachyosks), The overall protein content
products were determined using AOAZ2) methods and are reported  found in TJ after addition of 1.5% SG was slightly less than
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that found in the TJ with 1% SPIT@ble 2). The amount of 2 100¢
lipid in TISG was found to be higher than in two other products F I
(Table 2).
Temperature Dependence of the Complex Viscosityl.lem-
perature has an important influence on the flow behavior of .~ 0F 83
food hydrocolloid solutions (2728). The temperature depen- é & £ g
dence of complex viscosity was studied to understand the role P 2 b4 g
of different soy ingredients in the TJ. Dynamic frequency sweep ‘g L ¥ Bg.
experiments are reported figure 1a—c for all three products. 2 E o TS5°C 2 8§
The trend of complex viscosity vs frequency, collected in ; » T15°C Sggo
isothermal conditions at different temperatures in the range from = T25°C 2 g g
5 to 65 °C, showed different behaviors for the three TJs. g o1 L v T35°C §§ 1 T
The complex viscosity of plain TJ decreased slightly as the © E 4 T45°C
temperature increased (Figure 1a). This phenomenon can be 4 TS55°C
attributed to the Brownian motion that facilitates the relaxation = T65°C
of pectin and other tomato particles in the serum medium.  0.01 b r . —
Because the physical gel behavior of TJ is mainly attributed to 0.1 1 10
the presence of highly esterified pectins that form calcium- Frequency (Hz)
mediated bridge<20), it can be hypothesized that heating affects
this gel system by weakening the hydrophilic and hydrophobic b 1003
interactions between pectins and all other tomato parti@lés ( ] i P TISPI
The contribution of pectins to the decrease of viscosity with 1 1, e §o
increasing temperature was shown to be predominant in other "83 O 0,
juices as well (2830). = 1o-§ “tle :.v‘: 5o,
Figure 1b shows that the addition of 1% of soy protein not & ] "El47 v':ﬁ; o
only increased the magnitude of the complex viscosity of TJ, 5 ] OS] 29
due to aggregation between protein and pectin, but also affectedg 1 04 ; 7 v':.e Y
its pattern as a function of temperature. In fact, the isothermal .2 i o T5°C &1 1437%s
experimentsKigure 1b) show that heating weakened the soy > 1 » Ti5°C “tds T
tomato interactions as compared to the behavior of plain TJ g, { =« T25°C i}
(Figure 1a). Because the difference between these two systemsg 4 v T35%C
(Table 2) was exclusively the addition of soy protein, it can be © ] <« T4%C
hypothesized that a higher temperature decreased hydrophobic ] 4 T55°C
and electrostatic interactions of protein with pectihg)( = T65°C
All three tomato products behave as weak “physical gels” 0.0l 4= ——r —
since the storage moduli as a function of frequency were 0.1 1 1o
consistently greater than the loss moduli values (data not shown) Frequency (Hz)
(26, 31). However, the effects of the addition of SG on the
overall rheological characteristics of TJ were different from the © 100 3
ones induced by the addition of SP15). In Figure 1c, ] TISG
logarithmic plots of complex viscosity vs frequency, collected ]
in isothermal conditions at different temperatures, revealed that 1 4 §
the viscoelastic response of TISG was unaffected by temper-a ’ !
ature. This pattern observed in the dynamic frequency sweepé 104 ¥ s "
experiments was confirmed by application of dynamic temper- 2 ] # .
ature testsKigure 2, TISG). As compared to plain TBigure g 1 v
2, TJ), the addition of SG increased the magnitude of the § o T5°C ¥
complex viscosity of juice in the temperature region studied, K > T15°C ¥
reinforcing the entire system. e 14 o T2sC v
The addition of SPI to TJ increased the magnitude of the § 1 v T35%C ®s
complex viscosity at lower temperatures. However, the viscosity <« T45°C ¢ = 8
of this system decreased drastically as the temperature increased 4 T55°C
(Figure 2, TJSPI). At temperatures larger than 30, the a T65°C
complex viscosity of TJ with soy protein was lower than TISG. 0.1 5= v T — T
Higher temperatures seem to weaken the interactions between 01 ! 10
soy protein and tomato particles. Frequency (Hz)

To better understand not only the general viscoelastic behaviorFigure 1. (a) Complex viscosity as a function of frequency for TJ performed
of the products under analysis but also which component of in isothermal conditions at temperatures ranging from 5 to 65 °C [the
the system was more affected by heating, sto@agéa) and arrow indicates the pattern of complex viscosity vs temperature (T)]. (b)
lossG" (Pa) moduli were plotted vs temperatuS8) (Figures Complex viscosity as a function of frequency for TISPI performed in
3 and4). The trend observed f@" was almost the same for isothermal conditions at temperatures ranging from 5 to 65 °C [the arrow
all three productsKigure 3). In fact, although their loss moduli  indicates the pattern of complex viscosity vs temperature (T)]. (c) Complex
had different magnitudes, their trend as a function of temper- viscosity as a function of frequency for TISG performed in isothermal
ature, that is the slope @" vs T, was approximately the same  conditions at temperatures ranging from 5 to 65 °C.
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Figure 2. Complex viscosity as a function of temperature obtained by Figure 4. Storage modulus as a function of temperaure obtained by
dynamic temperature ramp experiments run at 1 °C/min and at dynamic temperature ramp experiments run at 1 °C/min and at
temperatures ranging from 5 to 65 °C for plain TJ, TISG, and TISPI. temperatures ranging from 5 to 65 °C for plain TJ, TISG, and TJSPI.
100 Table 3. Estimated Parameters of Activation Energy (E,) with
] Respective Regression Coefficients (R?) Obtained from the Arrhenius
] Type Eq 1 in Dynamic Frequency Sweep and Dynamic Temperature
Tests for Plain TJ, TISG, and TJSPI
dynamic frequency dynamic temperature
= sweep test ramp test
& o samples E, (k/mol) R E, (kJ/imol) R
Z ] T 0.043 0.980 0.033 0.891
2 1 TISPI 0.305 0.985 0.321 0.990
§ 1 TJSG 0.026 0.383 0.001 0.280
2 .
q -4
Several empirical equations are proposed in order to correlate
. the effect of temperature on viscosity of Newtonian and non-
] Newtonian food fluids. An Arrhenius type model (2B8) is
] frequently used to describe this relationship, and it is expressed
0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 in the following way:
Temperature (°C) o
Figure 3. Loss modulus as a function of temperature obtained by dynamic nr=1(T)=Aex RT (1)
temperature ramp experiments run at 1 °C/min and at temperatures ) ) ) )
ranging from 5 to 65 °C for plain TJ, TJSG, and TJSPI. where nt (Pa s) is the viscosity of a fluid at the absolute
temperaturd (K), R (J K~1 mol™) is the universal gas constant,
for all three products (Figure 3). Because ti&' modulus Ea (J moll) is the energy of activation of flow process, aAd

represents the viscous contributions to the viscoelastic behavioris a characteristic constant. The regression coefficients of In-
(28), it can be assumed that the viscous component of plain TJ(n7) vs inverse of absolute temperature were calculated by
was not qualitatively affected by the addition of the two soy linearly fitting the complex viscosity data collected at 1 Hz and
ingredients except for an increase of its magnitude resulting at different temperatures, using the least-squares method. The
from the addition of high molecular weight compounBigure activation energy was calculated for all three tomato products.
4 depicts the pattern of the storage moduli vs temperature of The values obtained by dynamic frequency sweep tests were
the tomato system&’ is usually associated with the ability of compared to the dynamic temperature ramps after application

the system to store energy. The storage mod@usf tomato of the same fitting procedure. The activation energy values of
juice with SPI (TJSPI) decreased significantly during heating two dynamic tests with respective regression coefficieR& (
and confirmed the trend of complex viscosity observeligure are reported inrable 3.

2. The increasing temperature seems to weaken the tomato soy In suspensions, when the temperature is increased, the
system most probably affecting interactions between soy proteinArrhenius type equation is not always obeyed due to the
and pectin. The addition of SG seemed to stabilize this elastic competition of two effects. On one hand, the viscosity can
modulus pattern (no change during heating) as compared to plainmonotonically decrease, obeying Arrhenius behavé®).(On

TJ (slight decrease during heating). The storage modulus wasthe other hand, as the continuous phase becomes more fluid
found to be the component that was most affected qualitatively and the dispersed particles acquire more energy, the rate of
in the temperature region studied. Therefore, it was the structure formation increases and consequently an increasing
component that qualitatively dictated the rheological response viscosity can be observe@Z). When these two effects balance

of the tomato systems studied (Figure 4). each other, no changes as a function of temperature are observed.
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Data fitting of complex viscosity (obtained by dynamic 20
frequency sweep experiments) of tomato products vs the inverse
of absolute temperature was performed using the linear regres- ]
sion method, and results were reported Tiable 3. The 16 » TISPI
Arrhenius type equation was found to be suitable in describing
the relationship between viscosity and temperature in TJ with

~~

and without soy protein. The activation energy values, extrapo- & 12
lated also by dynamic temperature ramp tests, were found to
be similar to those obtained by dynamic frequency sweep § 10‘_
experiments (Table 3). Because the TSS content was the same/,
in the TJ with and without soy protein, the changes of viscosity §
observed irFigure 2 with increased temperature between these #
products were most likely due to interactions of soy protein
with tomato particles. The activation energy of TJ with soy
protein was higher than in plain TTdble 3) indicating low
particle—particle interactions3Q). The increased viscosity of

TJ with soy protein, attributed to hydrophobic bonds and o 100 200 300 400 500 600 700 800 900
electrostatic interactions between pectin and protein, is strongly 1
weakened during heating, likely due to rearrangement of this Shear rate (s)

globular protein (33) in the tomato system. Figure 5. Shear stress as a function of shear rate using loop tests for

Deviation from the Arrhenius behavior was observed for Plain TJ, TISG, and TISPI by application of ramp up (from 0 to 750 s™%)
TJSG for both dynamic tests since the complex viscosity did 2" ramp down (from 750 to 0 s™%).

18 4

14 4

TISG

- TJ

not change as a function of temperatufiealfle 3). In this 16 .

system, lower protein and higher carbohydrate and lipid contents 1 Swpa Step B Step C

seem to play an important role on the physical stability of the 15

juice as compared to the TJ with soy proteirable 2). The 14

amino acid profile of protein in SPI and in SG was simila4) 1

even though their total protein content was differefalfle 2). 134

Additionally, differential scanning calorimetry analysis of two ] N TJSPI
native soy ingredients showed that the denaturation phenomeno

A\
A))

occurs in the same temperature range (data not shown).

The higher lipid content of TISG most likely affected the
overall viscosity and its pattern vs temperature by interfering
with the interactions between pectins and soy proteins. Ad-
ditionally, esterified pectins were shown to form bridges between ; :
lipids and globular proteins under acidic conditio84)( In part, ——
the presence of lipids in the SG could prevent the aggregation i :
between polysaccharides and proteins in this juice syss&m (

Steady Shear Flow ExperimentsThe shear flow properties 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
of TJ with and without the addition of soy protein was non- Time (s)
Newtonian (5). On the basis of preliminary rheological studies
(15), the addition of SPI to TJ increased the magnitude of the
apparent viscosity without major qualitative effects on the shear-
thinning behavior of the plain TJ. In this study, the same trend

was observed after addition of SG to tomato product even \,iaq and inertial characteristics of the rheometric sysa&) (
though the magnitude of the viscosity was lower than that of erefore, startup tests and stepwise sequences at different values
TJ with soy protein (data not shown). of shear rate were applietfigure 6 shows the shear stress
The time dependence of TISG was studied comparing to theresponse of TISG as compared to plain tomato with and without
results obtained for TJ with and without SRE). Examples of soy protein when a stepwise sequence of-5600—500 s
|00p, startup tests, and stepwise sequences were used to compa(g_B_C regions,Figure 6) was apphed for an overall time
the time dependence of TISG with the other two tomato productsof 1800 s. For the TISG, by application of the first step (step
(15). A), the shear stress decayed as a function of time. As the shear
Figure 5 shows hysteresis loops for tomato SG as compared rate was increased (step B), again the shear stress slightly
to the other two products by the application of a continuous decayed indicating a breakdown of the network system with
shear from zero to a final shear rate value between 50 and 150(artial structure recovery. Finally, after application of the last
s1 (for example 7503!; Figure 5). The shear stress values in  step (step C), the shear stress was unchanged due to limited
the increasing ramp were always greater than those in thestructure recovery resulting in an irreversible thixotropic
decreasing ramp suggesting an incomplete structure recoverybehavior (Figure 6). For all of the stepwise sequences applied,
leading to a thixotropic behavior. The same pattern was observedthe trend observed for TISG was qualitatively the same as that
for all of the different final shear rate values (data not shown). found in plain TJ. These trends were confirmed by startup test
The addition of SG did not affect qualitatively the time where the time of the shearing was much longer (data not
dependence of plain TJ, while soy protein addition showed shown).
significant differences as was discussed previous).(Hys- All three different experiments confirmed the thixotropic
teresis loops can depend on the ramp duration, selected sheabehavior of TISG. The higher TSS content of SG does not seem

TISG

Shear stress (Pa)

TJ

Figure 6. Shear stress as a function of time obtained using a shear rate
stepwise procedure [500(step A) — 600(step B) — 500(step C) s~1] for
plain TJ, TISG, and TJSPI.
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to affect qualitatively the rheological trend of plain TJ. Two (6) Fishman, M. L.; Gross, K. C.; Gillespie, D. T.; Sondey, S. M.

counteracting phenomena of breaking the pulp network structure Macromolecular components of tomato fruit pectiArch.
and, simultaneously, restoring interparticle interactions, reform- Biochem. Biophys1989,274 (1), 179—191.

ing the network, was observed in the case of plain1) énd (7) Sharma, S. K.; Liptay, A.; Le Maguer, M. Molecular charac-
enhanced after addition of 1% SPI5, 36). The thixotropic terization, physicochemical and functional properties of tomato

fruit pectin. Food Res. Int1997,30 (7), 543—547.

and rheopectic behaviors were hypoth.e5|zed to be affectgd by (8) Rao, M. A Cooley, H. J. Rheology of tomato pastes in steady

rearrangement of soy protein w!th pectin and all other particles dynamic shear]. Texture Stud1992,12, 521—538.

present in the 'I_'J upon gppllcatlon of different shear rates. The (9) Kjoniksen, A. L.; Hiorth, M.; Roots, J.; Nystrom, B. Shear-

different chemical profile of the SG seemed to limit the induced association and gelation of aqueous solutions of pectin.

rearrangements of this globular protein and improve the texture J. Phys. Chem. B003,107 (26), 6324—6328.

and the stability of the final product. The addition of SG  (10) Mizrahi, S. Irreversible shear thinning and thickening of tomato

increased the viscosity without affecting the shear and time juice. J. Food Process. Preser#997,21 (4), 267—277.

dependence of the plain TJ. (11) Tanglertpaibul, T.; Rao, M. A. Flow properties of tomato
From the dynamic and steady shear flow experiments, we concentratesEffect of serum viscosity and pulp contedtFood

Sci.1987,52 (2), 318—321.

conclude that the addition of SG to TJ did not affect qualitatively .
(12) Murphy, P. A.; Barua, K.; Hauck, C. C. Solvent extraction

the rheological properties of TJ while addition of soy protein A L ) :
showed significant qualitative and quantitative differences. The selection in the determination of isoflavones in soy foolis.
’ Chromatogr., B: Biomed. Life S@002,777(1—2), 129—138.

addition of SG did not change the shear-thinning and time (13) Smith, A. K.; Circle, S. JSoybeans: Chemistry and Technology

depender_1_ce behaviors of TJ contrary to the ob_served behavior The Avi Publishing Company, Inc.: West Port, Connecticut,
after addition of SPI. Thus, the addition of SG is not expected 1972.

to change the texture of plain TJ as compared to TISPI while (14) Schryver, T. Increasing health benefits using soy g&eneal
significantly enhancing its isoflavones content. Further studies Foods World2002,47 (5), 185—188.

comparing the sensory characteristics of the three products are (15) Tiziani, S.; Vodovotz, Y. Rheological effects of soy protein
planned to confirm these findings. addition to tomato juiceFood Hydrocolloid2005,19 (1), 45—

52.

Thakur, B. R.; Singh, R. K.; Handa, A. K. Effect of added soy
protein on the quality of tomato sauck Food Process. Preser
1996,20 (2), 169—176.

(17) Takada, N.; Nelson, P. E. Pectin-protein interaction in tomato

Dynamic tests depicted “physical gel” characteristics for all
three products. The higher gel strength of the two soy-containing (16)
tomato systems reduced the serum separation and increased the
water-holding capacity of TJ16). However, oscillatory tests

showed that the stability and the compatibility between the two products.J. Food Sci1983,48 (5), 1408—1411.

different soy ingredients and TJ were different. Heating (18) Sanchez, M. C.; Valencia, C.; Gallegos, C.; Ciruelos, A.; Latorre,
weakened the hydrophobic and electrostatic interactions between A. Influence of processing on the rheological properties of tomato
pectin and proteinl(7) in the tomato SPI system. The effect of paste.J. Sci. Food Agric2002,82 (9), 990—997.

temperature on the viscosity was confirmed by the activation (19) Chou, T. D.; Kokini, J. L. Rheological properties and conforma-
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