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Abstract

Industrial processing of tomato includes its cutting and mincing, thermal treatments, and the addition of ingredients, which
might induce changes in physicochemical properties of the final products. In this frame, the impact of texturing/thickening
[xanthan gum (X) or potato fiber (F)] on the macroscopic, mesoscopic and molecular properties of tomato double con-
centrate (TDC) was investigated to determine if F can efficiently substitute X, in association with small solutes (sugar and
salt) and thermal treatment (cold and hot). At a macroscopic level, multivariate statistics (MANOVA) underlined that color
change (AE) was increased by X and F addition contrary to heating and the addition of salt and sugar. MANOVA revealed
that texture was greatly enhanced through the use of F over X. '"H NMR molecular mobility changes were more controlled
by texturing agents (F and X) than thermal treatment and small solutes. Particularly F increased the more rigid population
indicating stronger interaction with water molecules resulting in shear-thinning flow. However, adding X contributed into
the increase of the dynamic and mobile populations. Therefore, F can be a valid “clean label” substitute of X in modulating
tomato products properties.
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Introduction

Tomato is one of the most marketed vegetables worldwide
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to give high viscosity at low concentrations (at 1% solids
of 1000-4300 mPa s) and high solubility both in hot and
cold water [15]. However, X is considered a food additive
(E415) according to Regulation (EC) No 1333/2008 [16],
and consequently industrials are increasingly looking for
“clean label” substitutes in response to consumers’ request
for natural ingredients [17]. Potato fiber (PF) extracted from
potato peel waste was reported to improve the texture and
the water binding capacity in the product [18-20]. Potato
fiber has been recognized with specific physico—chemical
and functional properties (e.g. high water-holding capacity
and emulsifying) [21, 22]. In a previous work [19], different
ingredients (guar, xanthan, carboxy methyl cellulose, locust
bean gums, potato fiber, milk, potato and soy proteins) were
added to tomato sauce at different levels (0.5, 1 and 1.5%) to
investigate their effect on its physico—chemical properties.
Results showed that the addition of ingredients did not affect
water activity, irrespectively of their nature and concentra-
tion, except PF that significantly reduced water activity sug-
gesting that PF had stronger water binding capacity than the
other ingredients used. Furthermore, F was tested as a poten-
tial texturizing agent to substitute xanthan (X) in tomato
pulp, double and triple tomato concentrate at different levels
(1, 1.5 and 2%) and under two heat treatments [18]. A higher
redness was obtained at 2% (g ingredient/100 g of product)
of F in double and triple tomato concentrate. F also showed
a stronger effect on apparent viscosity than X in the case of
triple tomato concentrate. In this study, the effect of these
texturizing agents was probed also at molecular level (with
"H NMR relaxometry) and it was found that F reduced pro-
ton molecular mobility, in contrast with X. F was therefore
suggested as a potential “clean label” substitute for X in
tomato-based products.

In tomato products, in addition to texturizing agents, other
ingredients find usually space to serve different purposes,
including flavor and color improvement, syneresis and water
activity control. Salt and sugars can play the role of flavoring
agents to enhance the taste and flavor as well as the color of
tomato products and, therefore, they are largely used in com-
mercial salsa-condiments. Salt and sugars can both modify
water dynamics by importantly reducing water activity thus
reducing growth of spoilage and pathogenic microorgan-
isms during storage [23]. Besides, salt can enhance color
stability due to the reduction of enzymes activity related to
the browning of tomato sauce [12]. The presence of various
ingredients in complex formulations of tomato products can
affect their end-quality depending on the type/properties of
the used ingredient and its mechanism of action.

A full factorial design was designed to study the impact
of different levels (1, 1.5 and 2%) of F and X on the phys-
ico—chemical properties of three different tomato products
[tomato pulp, double and triple tomato concentrate] pro-
cessed under different thermal treatments (cold and hot).

@ Springer

Results showed that F can be used as a possible substitute
to X in modulating the physico—chemical tomato products
properties [18]. Going forward, the present investigation
aims to point out the effect of salt and sugar in associa-
tion with texturizing agents (F and X), which are com-
mon multifunction ingredients (flavoring, water binding
and stabilizing) in tomato products formulation. In this
perspective, this work aims to modify the recipe of tomato
double concentrate (TDC) to evaluate the effect of substi-
tuting X by F in association with the addition of different
levels of sugar and salt. Salt, sugar and thickening agent
(X or F) were added into TDC and subjected to heat treat-
ment (80 °C, 20 min) to reproduce cooking process. The
effect of formulation and heat treatment were evaluated
using a macroscopic (water activity, moisture content,
pH and color), mesoscopic (rheological properties with
rheometer) and molecular (proton mobility with 'H NMR
Relaxometry) multilevel approach. Through multivariate
statistics, the considered factors (ingredients: X, F, salt,
sugar; heat treatment: hot and cold) were thoroughly ana-
lyzed to determine their weight on quality changes of the
final product.

Materials and methods
Tomato products’ preparation

The ingredients used in this study were: tomato double
concentrate (TDC, Mutti S.p.a., Parma, Italy); xanthan [X,
humidity: max 13% (g/100 g); ashes: max 13%; proteins
(Nx6.5) max 5%; fat: max 1% Chimab S.p.a, Campodare-
sego, Italy], potato fiber [F, moisture < 6.0%, protein < 1.0%,
fat < 1.0%, non-dietary fiber carbohydrates < 1.0%, dietary
fiber ~92.0% (soluble fiber ~73.0%; insoluble fiber ~ 19.0%),
ashes ~2.0%; HI-FOOD S.p.a, Parma, Italy], white refined
sugar (Inagra, Reggio Emilia, Italy) and table salt (fine sea
salt, Artisale S.p.a., Margherita di Savoia, Italy). All the
tomato product used in this study originated from the same
industrial production.

Tomato double concentrate (TDC) was mixed with 1% (g
ingredient/100 g tomato) of texturing agent (X or F) and two
levels [0.5 and 1% (g ingredient/100 g tomato)] of stabilizing
agents (sugar and salt) at 25 °C for 2 min at 500 rpm using
a mixer (Bimby® Vorwerk, Sunbeam, USA). TDC with no
ingredients (0%) was used as a control. After mixing, 200 g
aliquots of the samples (control and samples with ingredi-
ents) were placed into glass jars and sealed (cold samples).
The remaining products were heat-treated with continuous
mixing (80 °C, 20 min), placed into glass jars (200 g ali-
quots) and sealed (hot samples). All samples (hot and cold)
were stored at room temperature for 12 h before analysis.
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Tomato products’ characterization
Macroscopic properties

Moisture content (MC, % g water/100 g product) of tomato
products was determined by weight loss by drying in a
forced-air oven (ISCO NSV 9035, ISCO, Milan, Italy) at
80 °C to constant weight. At least triplicate tomato prod-
ucts samples were analyzed.

Water activity of tomato products were measured at
25 °C (Aqualab 4TE, Decagon Devices, Inc. WA, USA).
Triplicate measurements were taken for each tomato
product.

The pH was measured at 25 °C (JENWAY 3510 pH
meter, Bibby Scientific Ltd, Stone, Staff, UK). Triplicate
measurements were obtained for each tomato product.

Color parameters L* (Lightness), a* (degree of redness)
and b* (degree of yellowness) were measured with a Col-
orimeter (D65, 10° position, standard observer, CIE, 1978;
CM 2600d, Minolta Co., Osaka, Japan). At least twelve
measurements were taken for each sample. The a*/b* ratio
was computed to describe redness index [24, 25]. Differ-
ences of color between control (TDC with no ingredients)
and samples with added ingredients were evaluated using
the AE value [26].

Mesoscopic properties

Apparent viscosity was measured with an ARES Rheometer
(TA Instruments, New Castle, DE, USA), using a Couette
geometry (cup diameter: 34 mm; bob diameter; 32 mm;
height: 33 mm). In brief, tomato product (8 mL) was placed
into the cup and subjected to a rate sweep test (1-600 s~!,
25 °C, points for decade 10) to obtain shear stress (z) and
viscosity. Shear rate (y, s and shear stress (Pa) were then
fitted with a non-Newtonian model to extrapolate flow index
(n), and the consistency coefficient (K) [18, 27].

Molecular properties

Molecular properties of tomato-based products were
assessed with 'H NMR Relaxometry. A Low resolution
(20 MHz) 'H NMR spectrometer (the MiniSpec, Bruker
Biospin, Milano, Italy) operating at 25.0 +£0.1 °C was
used. About 4 g of tomato product (10 mm high) were
placed into a 10 mm (diameter) NMR tube and then sealed
with Parafilm® to prevent moisture loss during the NMR
experiment.

"H FIDs were acquired using a single 90° pulse, fol-
lowed by a dwell time of 7 ps, a recycle delay of 5 s and

a 0.5 ms acquisition window and 900 data points. The
curves were fitted with a two components model [expo-
nential and gaussian; Sigmaplot, v6, Systat Software Inc.,
USA]:

2
SO =y0+A Xexp(ﬁ) +B><exp(ﬁ) ,

where yO0 is the FID decay offset, A and B are the inten-
sities of each relaxation component, TA and TB are the
apparent relaxation times.

T, relaxation time was measured with a Carr—Pur-
cell-Meiboom-Gill (CPMG) pulse sequence with a recycle
delay of 3s (>5'H T,), an interpulse spacing of 0.04 ms
and 26,000 data points. 'H T, curves were analyzed as
quasi-continuous distributions of relaxation times using
an UPENWin software (Alma Mater Studiorum, Bologna,
Italy). Default values for all UPEN settings parameters
were used with the exception of the LoXtrap parameter
that was set to 1 to avoid extrapolation of relaxation times
shorter than the first experimental point. 'H T, CPMG
relaxation decays were also fitted with a discrete expo-
nential model (Sigmaplot, v.6, Systat Software Inc., USA).

The 'H self-diffusion coefficient (D) was measured, at
25 °C, with a pulsed-field gradient spin echo (PFGSE)
pulse sequence and a 40% gradient. The instrument was
calibrated with water at 25 °C (D=2.29 x 10~° m%/s).

Statistical analysis

Multivariate analysis of variance (MANOVA) was used
to determine the influence of the fixed factors (ingredi-
ents: X, F, salt, sugar; heat treatment: hot, cold) on the
physico—chemical properties of tomato products. Two
MANOVA were performed based on fixed factors at a sig-
nificance level of @ =0.05. The first MANOVA was a four
ways-ANOVA considering four factors (T thermal treat-
ment (cold/hot); TA, texturing agents (X and F); salt and
sugar] and the percentages of total variations were com-
puted to underline the contribution of different ingredients
and their interactions in the variance of each parameter.
As for the second MANOVA (five ways-ANOVA), five
factors [T thermal treatment (cold/hot); potato fiber (F)
(0 and 1%, g ingredient/100 g tomato); xanthan (X) (0
and 1%, g ingredient/100 g tomato); salt (0, 0.5 and 1%,
g ingredient/100 g tomato); and sugar: (0, 0.5 and 1%, g
ingredient/100 g tomato)] were considered to underline
the potential of F as substitute of X in modulating the
physicochemical properties of salt and sugar containing
TDC. Significant differences among the mean values were
calculated using Duncan’s test. All experimental data were
statistically analyzed using SPSS version 19.0 (SPSS Inc.,
Chicago, IL, USA).
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Results and discussion

Current international guidelines recommended salt/sugar
intake reduction due to health concerns related to their over-
consumption [29, 30]. Salt has been related to hyperten-
sion, cardiovascular diseases and stroke [31], while sugar is
related to overweight, diabetes and cardiovascular diseases
[32]. Therefore, the maximum level used in the present work
was 1% (sugar or/and salt) versus higher amounts commonly
used at an industrial level [3—4% (salt); 4-8% (sugar)] [12,
33]. The formulated products were also subjected to thermal
treatment to simulate the industrial processing.

Macroscopic properties

As illustrated in Table 1, moisture content (MC) of TDC
was significantly controlled by heat treatment (~ 31%)

which induced a slight reduction in MC. Regarding stabi-
lizing ingredients, the effect of sugar (~ 20%) was more
pronounced followed by salt (~ 16%) and texturing agents
(~ 6%). In particular, F, salt and sugar slightly reduced MC,
whereas X did not show any significant effect. Water activity
showed small differences among the studied formulations
(0.948-0.958, Table 2). These changes resulted mainly from
salt addition (~ 73%; Table 1). Indeed, a,, was significantly
reduced through the addition of salt alone or in conjunction
with sugar. However, T, X and F and sugar addition did not
significantly affect this parameter. The values of pH ranged
from 4.102 to 4.229 (Table 2). Although the changes in the
pH of TDC was minimal, they were mainly controlled by
sugar (~ 84%). In fact, sugar addition significantly reduced
the pH from 4.229 (0%) to 4.102 (1%). Heating minimally
increased pH values [from 4.182 (0%) to 4.195(1%)]. Like-
wise, F addition slightly increased pH (from 4.183 to 4.200);
while X and salt did not show a significant effect.

Table 1 Multivariate analysis based on Pillai’s Trace test of the quality characteristics of tomato double concentrate with different formulation

T TA Salt Sugar TXTA Txsalt Txsugar TAxsalt TAxsugar TxTAxsalt TxXTAXsugar
MC Sig ok *E wE wE ns ns ns ns ns *E *
SS% 3072 6.22 15.85 2026 2.39 1.15 0.72 0.86 1.12 12.29 8.42
a, Sig ns * * ns * ns * * * * *
SS%  4.92 2.67 7299 0.11 2.02 0.39 3.41 1.97 6.7 1.15 3.66
pH Sig sk * ns sk ns Hk sk B Hk ok ns
SS%  0.96 0.67 0 83.65 0.13 0.89 1.25 4.59 5.99 1.84 0.04
SS% 4622 10.83 3.22 124 3.45 4.57 0.62 3.59 8.93 0.02 6.14
a* Slg skoksk skoksk koksk skoksk skoksk skoksk ns Hok ok ns ok
SS% 224 1439 0.26 2.54 3.43 7.07 0 10.62 21.41 0.05 17.82
b* Slg ns ok ok ns *3k ko ns skoksk skoksk * k
SS% 0 4.57 2.13 0.03 7.14 9.24 0.01 19.79 39.47 0.78 16.86
a*/b* Slg ok ns k * * * k ok skoksk ns sk
SS% 1493 0.12 4.81 2.05 5.23 7.76 0.3 17.35 349 0.04 12.51
AE Slg skoksk skoksk skoksk skoksk ns *3k k ok *3k ok *3k
SS%  5.67 7.33 5.51 222 0.08 8.57 0.41 15.69 23.55 1.62 29.34
SS%  5.59 66.84 2 4.5 2.95 1.33 0.38 2.01 2.57 4.62 7.22
SS%  2.62 62.05 2.65 3.58 4.96 0.27 0.46 7.57 5.89 4.21 5.73
Pop A Sig * ok ns * * ns * * ns ns ns
SS% 1.75 89 0.37 1.12 1.57 0.08 2.43 1.58 0.06 0.68 1.37
TA Slg koK koK * ns k k ns * ns * k
SS% 5.44 67.01 0.95 1.16 3.79 571 0.28 2.6 0.58 9.43 2.98
D Slg skoksk skoksk skoksk skoksk skkck skoksk ns ns ns ns k
SS% 34 22.18 8.29 2996 0.39 1.71 0.01 0.04 0.08 0.07 3.26

ns not significant, SS sum of squares
*p<0.05

*#p<0.01

*#%p <0.001
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Color has been characterized considering L*, a*, b*,
a*/b* and AE. The effect of fixed factors (T, TA, sugar
and salt) on the color of tomato products is summarized in
Table 1. The main results of MANOVA revealed that: L*
was mainly controlled by T (~ 46%) and sugar (~ 12%);
a* was controlled by T (~ 22%), TA x sugar (~ 21%),
TXTA X sugar (~ 18%), TA (~ 14%), TA xsalt (~ 11%); b*
was controlled by TA X sugar (~ 39%), TA X salt (~ 20%);
TxTA xsugar (~ 17%). T significantly reduced L* and a*,
likely due to the formation of dark compounds by non-enzy-
matic browning, L* was increased by X and decreased by
sugar addition, but it was not affected by F. When singly
added, salt did not show any effect on L*, but when added
with sugar, it significantly reduced L*. Moreover, a* was
significantly decreased by both X and F. However, it was
increased after the addition of sugar. Interestingly, when salt
was included in TDC formulation by itself, no significant
changes were observed, whereas, in conjunction with sugar,
a* significantly increased. As for b*, T, sugar and F did not
show significant effects, only X addition induced a signifi-
cant decrease. Salt increased b* by itself [from 25.22 (0%)
to 26.44 (1%)], and even more in conjunction with sugar
(27.04). The redness index (a*/b* ratio) for unprocessed
TDC was the highest (1.3), but when subjected to heat treat-
ment, this value was significantly reduced (1.23). This result
might be due to carotenoids degradation, in particular, the
isomerization and oxidation lycopene [34, 35], although no
specific quantification was carried out in this work. How-
ever, the texturizing ingredients minimally changed a*/b*
ratio; in particular, a slight increase was caused after X and
F inclusion in the formulation of TDC. AFE is used to deter-
mine whether the total color difference of a sample was visu-
ally observable, as compared to the standard sample. Table 2

showed that AE decreased by T as well as salt and sugar
(together or separately), while TA increased AE values to
be slightly higher than 3 indicating an important change in
color in agreement with previous findings [19, 36].

Mesoscopic properties

Consistency coefficient and flow behavior index were cal-
culated and reported in Table 2. The flow behavior index
(n) was lower than 1 in all samples indicating a pseudo-
plastic behavior. The influence of processing on the consist-
ency coefficient (K) and the flow index (n) was weak (~6%
and ~ 3%, respectively; Table 1), where heating resulted
in K increase and n decrease (Table 2). This result can be
likely attributed to total solids content increase [9, 12, 37].
MANOVA results (Table 1) underlined that K and n were
chiefly controlled by TA (~67% and ~ 62%, respectively),
while sugar and salt were less relevant (~2-4.5%). Overall,
the addition of salt or sugar induced a reduction of K and
no particular change in n. As for the interactions between
TA, salt and sugar, their contribution in the variability of
the mesoscopic properties was in most cases lower than 7%.
Due to the importance of TA in modulating the rheological
properties (as shown in Table 1), X and F were considered
2 factors rather than 1 in a second MANOVA. The results
(data not shown) underlined that F was more efficient in
increasing K and n than X consistently with our previous
work [18]. Table 3 summarized the changes in K and  as a
function of the texturing agent (X and F) in association with
salt and sugar. Overall, increasing hydrocolloid concentra-
tion increased K and decreased n due to hydrocolloids ability
to trap water and to create a gel-like network [38]. This result
is in concordance with several previous works [12, 13, 15,

Table 3 Consistency coefficient TA

(K) and flow behavior index (1) Sugar/salt  FXsalt X xsalt F X sugar X X sugar
of tomato double concentrate K
with different formulation 0% 0% 103.8240.45/A  110.98+044b/B  105.01+£0.450/A  114.8+0.44b/B
0.5% 98.64 +0.61a/A 97.31 £0.61a/A 98.64 +0.61ab/A 97.31 £0.61a/A
1% 98.63 +£0.63a/A 106.99 +0.61ab/B 96.25 +£0.62a/A 99.33 +£0.59a/AB
1% 0% 133.2 +0.63b/B 118.89+0.65a/A 133.56+0.63b/B 118.97 +0.65a/A
0.5% 119.27+0.92a/A 121.92+0.92b/A 119.27+0.92a/A 121.92+0.92b/A
1% 135.47+0.86¢/B 118.77+0.92a/A 124.75 +0.86ab/B 118.6 +0.92a/A
N
0% 0% 0.166 +£0.002a/A 0.169 +£0.002a/A 0.166 +£0.002a/A 0.167 £0.002a/A
0.5% 0.186 +£0.002b/A 0.191 £0.002bc/A  0.186+0.002b/A 0.191 £0.002abA
1% 0.180+£0.002b/A 0.179 £0.002b/A 0.178 £0.002ab/A  0.183 +£0.002ab/A
1% 0% 0.152+0.002ab/A  0.145+0.003a/A 0.147 £0.002a/A 0.145+0.003a/A
0.5% 0.163 £0.004b/A 0.154 +£0.004b/A 0.163 £0.004ab/A  0.154 +£0.004ab/A
1% 0.144 +0.003a/A 0.145 +£0.004a/A 0.155+0.003ab/A  0.144 +0.004a/A

TA texturing agent (F and X); consistency coefficient (K) and the flow index (n), F potato fiber, X xanthan

gum
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18, 19]. In particular, F enabled an important enhancement
of K over X [130 (1% F) versus 119 (1% X)], which can be
attributed to higher affinity of F for binding water molecules.
Furthermore, the formulation including 1% F and 1% salt
enabled the highest K value. However, n increased when salt
(0.5%) and sugar (0.5%) were added; but if 1% of sugar or
salt were used, a reduction in n was observed.

Molecular properties

Molecular characterization of TDC formulations was per-
formed to enable a deep understanding of the effects of
ingredients and heating at a molecular level using the Low
resolution 'H NMR (20 MHz) technique.

Free Induction Decay (‘H FID) enabled the determination
of two proton populations A and B characterized by their
relative abundance (pop A, pop B) and relaxation times T,
and Tg. Based on MANOVA results (Tablel), pop A and
T, were mainly controlled by the TA (89 and 67%, respec-
tively), whereas 7, salt and sugar were less relevant. The
more rigid protons population (pop A) was represented by
~ 6% of protons and it relaxed at ~ 0.01 ms. More specifi-
cally, Pop A was increased by F but reduced by X (Table 4).
Pop A generally reflected the presence of more solids in all
products (increasing pop A with increasing amount of added
ingredients) [18]. Subsequently, this result can suggest that
F reduced proton mobility through the formation of a rigid
binding with water resulting in higher consistency as men-
tioned above. As well, heating induced an increase of pop
A. Sugar, however, did not have a significant effect, while
salt significantly reduced pop A. As for T,, a slight increase
was found after X addition contrary to F, while both sugar
and salt did not show any significant effect. Pop B was not
considered because it overlaps with the times of pop C.

The identified populations in the '"H T, experimental win-
dow were population C (pop C), population D (pop D) and
population E (pop E). These populations were character-
ized by their average relaxation times (T,c, T,p and Ty,
respectively) and protons abundances (pop C, pop D, pop E).
An additional population F (pop F) was exclusively found
in X-based products at relaxation time T,z 'H T, popula-
tions and relaxation times are reported in Table 4. Statisti-
cally, all four identified populations and their relaxations
times were mainly controlled by TA and slightly by T, as
shown in Table 5. Interestingly, 'H T, proton mobility was
not affected by salt or sugar, probably because the amounts
were quite low to induce relevant changes on proton dynam-
ics. In contrast, the presence of salt was found relevant in
molecular changes when 6% of salt was included in tomato
products [12]. The less mobile populations, pop C and pop
D, and their corresponding relaxation times were signifi-
cantly increased by F but reduced by X. As well, they were
significantly decreased by heating, which might be due to

structural changes (i.e. consistency coefficient K and Bost-
wick consistency) [19]. However, the more mobile popula-
tion, pop E, was significantly increased by X, but reduced by
F. Heating also induced an increase in pop E but it reduced
its relaxation time. These changes in protons mobility might
suggest occurrence of an interactions between each specific
sauce ingredient and water that might have resulted in the
development of a molecular structure with lower mobility
[19]. For fresh tomato, the attribution of 'H T, in relation
to cell compartmentalization was as follows: exchange-
able solutes (< 100 ms), cell walls (= 100 ms), cytoplasm
(400-600 ms) and vacuole (900-1600 ms) protons [39].
However, the results reported in Table 4 showed different
proton mobility that can be attributed to tomato processing
causing the destruction of cell wall compartmentalization
and tissues structure. Furthermore, the inclusion of different
ingredients resulted in different proton exchange in concord-
ance with previous works [12, 19]. Noteworthy, the inclusion
of X in the formulation enabled the detection of a fourth
population (pop F), which is the most mobile population
with a corresponding relaxation time (7,5) = 193 to 412 ms.
Therefore, X induced the increase of the most mobile popu-
lations (pop E and pop F), while F induced the increase of
the most rigid populations (pop C and pop D), in agreement
with the mesoscopic findings.

Proton self-diffusion coefficients (‘"H D) was sig-
nificantly influenced by T (= 34%), sugar (r 30%),
TA (~ 22%) and salt (~ 8%) (Table 1). D val-
ues were decreased by heating [from 1.048 +0.001
(cold) to 1.019+0.004 * 10~°m?/s (hot)], sugar [from
1.044 +0.001 * 10~ m?%s (0%); 1.028 +0.001 * 10~ m?%/s
(0.5%); 1.018+0.001 * 10™°m*s (1%)], X [from
1.041+0.001 (0%) to 1.019+0.001 * 10~°m?%s (1%)] and
slightly by salt addition. These results can be due to adding
salt/sugar or to the formation of a viscous gel matrix (X) at
a molecular level. However, F addition did not affect protons
translational mobility contrarily to our previous work [18].
This can be attributed to more pronounced impact of sugar
or salt masking F impact on D.

Conclusion

The effect of heating and addition of ingredients (X, F, salt
and sugar) on TDC properties was studied from a multilevel
perspective [macroscopic (water activity, pH and color);
mesoscopic (rheological attributes); and molecular (proton
mobility)]. Based on multivariate statistics, water activ-
ity and moisture content merely varied, where these small
changes were mostly controlled by 7 (reduction of mois-
ture content), salt (reduction of water activity) and sugar
(increase of pH). Color properties were more controlled by
heating, texturing agents and their interactions with sugar/
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Table 5 Multivariate analysis based on Pillai’s trace test of 'H T, relaxation times and populations of tomato double concentrate with different

formulations

Pop C Ty Pop D T)p

Sig SS% Sig SS% Sig SS% Sig SS%
T * 1.70 * 2.77 Hkk 24.16 * 5.56
TA Hkk 94.58 Hkok 96.85 Hkk 50.01 Hkok 93.73
Salt ns 0.00 ns 0.00 ns 0.17 ns 0.04
Sugar ns 0.00 ns 0.01 ns 0.07 ns 0.05
TxTA * 3.69 ns 0.04 Hkk 20.56 ns 0.32
Tx Salt ns 0.01 ns 0.28 * 1.65 ns 0.21
T'X sugar ns 0.00 ns 0.05 * 3.38 ns 0.09

Pop E T Pop F Tk

Sig SS% Sig SS% Sig SS% Sig SS%
T ok 18.04 * 0.62 * 0.20 * 0.73
TA ok 71.56 ok 97.16 HkE 99.65 Rk 98.88
Salt ns 0.09 ns 0.00 ns 0.01 ns 0.02
Sugar ns 0.02 ns 0.00 ns 0.06 ns 0.00
TXTA ok 7.35 * 2.21 ns 0.05 ns 0.25
Tx Salt * 0.96 ns 0.00 ns 0.02 ns 0.01
T'x sugar * 1.98 ns 0.00 ns 0.00 ns 0.12

ns not significant, SS sum of squares
*p<0.05

**p<0.01

##%p <0.001

salt. Indeed, color change (AE) was increased by X and
F addition, while it was reduced by heating and the addi-
tion of salt and sugar. Mesoscopic properties were mainly
controlled by texturing agents, where consistency coeffi-
cient (K) was improved (increased) by F over X. Likewise,
water status at molecular level chiefly influenced by TA. In
particular, F addition resulted in the increase of the rigid
populations abundance and consistency, while X increased
the more mobile populations abundance. These results sug-
gested that the addition of texturing ingredients had more
ability to modulate the consistency and proton mobility over
salt and sugar.
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