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ABSTRACT

Extra virgin olive oil (EVOO) has interesting nutritional characteristics, which are linked to its biophenols content with very important
antioxidant properties. The aims of this work were to investigate the effect of the addition of EVOO at four concentrations (0, 10, 25 and
50 g kg') on flow behaviour and sensory attributes of fresh and frozen/thawed mashed potatoes (FMP and F/TMP respectivelly)
formulated with and without added cryoprotectants (kappa-carrageenan (k-C) and xanthan gum (XG) (each cryoprotectant at 1.5 g kg™).
Other steady shear and yield stress data, colour, expressible water (E,,) and overall acceptability (OA) were also examined. All the
samples displayed shear-thinning flow behaviour. Results showed that between the factors under consideration, EVOO concentration was
the factor that set the minor difference among the most of the rheological properties, whereas the addition of x-C + XG resulted in main
differences between mashed potatoes (MP). However, EVOO concentration set the major difference among the OA of the samples.
Increase of EVOO content produced softer systems due to increasing droplet concentration, whereas addition of cryoprotectants led to
more structured systems related to the gelling properties of x-C. Processing also affected the flow behaviour of the MP, but the effect
depended on the absence or presence of cryoprotectants. EVOO would appear to provoke perceptions of creaminess/softness, whereas x-C
and XG provokes perceptions of creaminess/thickness. Very good correlations with sensory perceived consistency were found in the cases
of pseudoplasticity for the FMP samples (> = 0.947) and apparent viscosity for the F/TMP ones (> = 0.935). These results have important
implications for the production of F/TMP with improved sensory quality and freeze—thaw stability, at once that giving a functional value
to the product.

Keywords: cryoprotectant, extra virgin olive oil, flow behaviour, mashed potatoes, processing, sensory analysis

Abbreviations: EVOO, extra virgin olive oil; E,,, expressible water; xk-C, kappa-carrageenan; LSD, Fisher’s least significant difference;
MP, mashed potatoes; FMP, fresh mashed potatoes; F/TMP, frozen/thawed mashed potatoes; MPA, mashed potatoes without added
cryoprotectants; MPB, mashed potatoes with added cryoprotectants; FMPA, fresh mashed potatoes without added cryoprotectants;
F/TMPA, frozen/thawed mashed potatoes without added cryoprotectants; FMPB, fresh mashed potatoes with added cryoprotectants;
F/TMPB, frozen/thawed mashed potatoes with added cryoprotectants; OA, overall acceptability; WHC, water holding capacity; XG,

xanthan gum

INTRODUCTION

Various health organizations recommend a daily intake of
around 600 g of fruit and vegetables, but few people
manage to consume this amount. Led by consumer demand,
the food industry has shown an increased interest in the
manufacture of healthier and more natural fruit and vege-
table food products, such as soups, drinks and sauces
(Whybrow et al. 2006). Mashed potatoes made from 100%
fresh potato tubers are in addition a natural vegetable semi-
solid food, which may also be suitable for freezing as a
ready-meal component or as a product in itself such as
potato gratin (Alvarez et al. 2009a). In addition to the ad-
vantage of extended acceptability time, frozen ready-meals
also offer better manufacturing and distribution flexibility
and food safety.

Among vegetable oils, extra virgin olive oil (EVOO)
has nutritional and sensory characteristics that make it
unique. The importance of virgin olive oil is mainly attrib-
uted both to its high content of oleic acid a balanced con-
tribution quantity of polyunsaturated fatty acids and its rich-
ness in phenolic compounds, which act as natural antioxi-
dants and may contribute to the prevention of several
human diseases (Bendini et al. 2007). The polar phenolic
compounds of EVOO belong to different classes: phenolic

acids, phenyl ethyl alcohols, hydroxy-isochromans, flavo-
noids, lignans and secoiridoids. This latter family of com-
pounds is characteristic of Oleaceae plants and secoiridoids
are the main compounds of the phenolic fraction. Virgin
olive oil is an integral ingredient of the Mediterranean diet
and accumulating evidence suggests that it may have health
benefits which include reduction of risk factors of coronary
heart disease, prevention of several types of cancers, and
modification of immune and inflammatory responses.
EVOO can be considered as example of a functional food,
with a variety of components that may contribute to its
overall therapeutic characteristics (Stark and Madar 2002).
Its nutritional and healthy values and pleasant flavour have
contributed to an increase in consumption of virgin olive oil
which has fostered cultivation of olives outside the
traditional olive oil producing region of the Mediterranean
basin into newer areas such as Australia, Argentina and
South Africa (Bendini et al. 2007). The nutritional value of
EVOO arises from high levels of oleic acid, and from minor
components such as phytosterols, carotenoids, tocopherols
and hydrophilic phenols (Pérez-Jiménez 2005).

The oil volume fraction exerts profound effects on the
physicochemical and viscoelastic properties of the emul-
sions, such as droplet size distribution, creaming, oxidative
stability, and rheology (Dickinson and Chen 1999). Fat
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droplets influence the overall physicochemical and sensory
properties of foods in a variety of different ways (Chantra-
pornchai et al. 1999). A great deal of research has been
done on the influence of fat droplets on the rheology, sta-
bility and flavour of food emulsions, but less is known
about their influence on emulsion appearance. Colour is one
of the major attributes affecting consumer perception of the
quality of virgin olive oil (Criado et al. 2008), and chloro-
plast pigments (chlorophyll and carotenoids) are mainly
responsible for the colour of virgin olive oil, ranging from
yellow—green to greenish gold (Ayuso et al. 2004; Escolar
et al. 2007).

Rheological techniques have increasingly been used for
the characterization of food products in food and related
industries in recent years. Rheological characterization is
commonly based on shear stress versus shear rate ramps,
which are used to characterize the shear-thinning nature of
food stabilizer systems (da Silva and Rao 1992). Shear vis-
cosity—shear stress relationships are often applied to sam-
ples to characterize them in terms of yield stress behaviour
and solution viscosity in large deformation conditions
(Rodd et al. 2000). The existence of yield stress in a mate-
rial’s flow indicates that there is a cross-linked or other
interactive structure which must be broken down before
flow can occur at an appreciable rate (Tarrega et al. 2006).
Seven methods for determining the yield stress of concen-
trated suspensions were applied to natural and commercial
potato purees at different temperatures, constituting a com-
plementary set of techniques that are useful in studying the
rheology of either FMP or F/TMP (Canet et al. 2005a).

Previous studies showed that the addition of kappa-
carrageenan (k-C) and xanthan gum (XG) to mashed pota-
toes (MP) at a low concentration (each cryoprotectant at 1.5
g kg™) is recommended on the basis of overall acceptability,
especially when the product is going to be frozen (Alvarez
et al. 2009a; Fernandez et al. 2009). x-C provides the ap-
propriate texture, while XG imparts creaminess and mouth-
feel to the product.

No research has been done on the addition of olive oil
in fresh and frozen/thawed mashed potatoes, particularly
with EVOO. The use of EVOO rather than commercial
olive oil is preferable because of its high content of both
unsaturated fatty acids and antioxidant compounds such as
polyphenols and tocopherols (Severini et al. 2003). The
purpose of the present research was to evaluate the effects
of adding EVOO on the rheological, physical and sensory
characteristics of fresh and frozen/thawed mashed potatoes
formulated without and with added cryoprotectants.

MATERIALS AND METHODS
Test materials

The potatoes used were fresh tubers (cv. ‘Kennebec’) from Aguilar
de Campoo (Burgos, Spain) cultivated in 2008 and having weights
(g) within the confidence interval (95.69 < p < 111.81) and spe-
cific weights (g cm™) within the interval (1.072 < p < 1.079); P
<0.01. Raw material was stored in a chamber at 4 + 1°C and 85%
relative humidity throughout the experiment (Nourian et al. 2003).
Kappa-carrageenan (x-C) (GENULACTA carrageenan type LP-
60) and xanthan gum (XG) (Keltrol F [E]) were donated by Pre-
mium Ingredients, S.L. (Girona, Spain). Extra virgin olive oil
(EVOO) (Carbonell, Spain) was chosen to be added to the MP.
Range-finding experiments were performed at the outset of these
studies to ascertain the maximum acceptable amount of EVOO
that could be added to the MP on the basis of texture, colour and
taste. From these preliminary results, the lower and upper levels of
EVOO to be used were set at 10 and 50 g kg™’ respectively. A sam-
ple without EVOO was also prepared for each type of MP and pro-
cessing conditions.

Preparation of MP

Tubers were manually washed, peeled and diced. MP samples
were prepared in ~2000-g batches by EVOO concentration, con-
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Table 1 Composition and processing of the samples studied with codes
used for their identification.

EVOO (g kg') k-C+XG (gkg") Processing Sample code
0 - Fresh FMPAO

10 - Fresh FMPA10

25 - Fresh FMPA25

50 - Fresh FMPAS0
50b - Fresh FMPA50b

0 1.5+1.5 Fresh FMPBO

10 1.5+1.5 Fresh FMPB10

25 1.5+1.5 Fresh FMPB25

50 1.5+1.5 Fresh FMPBS50
50b 15+1.5 Fresh FMPBS50b

0 - Frozen/thawed  F/TMPAO
10 - Frozen/thawed  F/TMPA10
25 - Frozen/thawed = F/TMPA25
50 - Frozen/thawed = F/TMPAS50
50b - Frozen/thawed = F/TMPA50b
0 1.5+1.5 Frozen/thawed  F/TMPBO
10 1.5+1.5 Frozen/thawed  F/TMPB10
25 1.5+1.5 Frozen/thawed  F/TMPB25
50 1.5+1.5 Frozen/thawed ~ F/TMPBS50
50b 1.5+1.5 Frozen/thawed  F/TMPB50b

taining 607.7 g kg of potatoes, 230.8 g kg™ of semi-skimmed in-
bottle sterilized milk (fat content, 15.5 g kg™"), 153.8 g kg of
water, 7.7 g kg of salt (NaCl) and the corresponding EVOO con-
centration (0, 10, 25, and 50 g kg") using a Thermomix TM 31
food processor (Vorwerk Espaiia, M.S.L., S.C., Madrid, Spain).
Two types of MP were prepared: without added cryoprotectants
(MPA samples) and with 1.5 g kg added x-C and 1.5 g kg™ added
XG (MPB samples). In the latter case, x-C and XG were also
added to the rest of ingredients at this point in the form of a dry
powder. Next, all the ingredients were heated to 90°C in the
Thermomix for 5-10 min, then they were first cooked for 30 min
at 90°C (blade speed: 40 rpm). During the first 5 min of this first
cooking step, the ingredients were instantaneously heated to
100°C then cooled to 90°C to assure plenty enzymatic inactivation.
The amount of liquid evaporated during boiling was determined
by weighing the ingredients before and after cooking. The liquid
was then replaced by adding milk. Next, the ingredients were
cooked for an additional 5 min at 90°C. The mash was im-
mediately triturated for 40 s (blade speed at position 4: 1200 rpm)
and for 20 s (blade speed at position 5: 2600 rpm). The product
was immediately homogenized through a stainless steel sieve
(opening diameter: 1.5 mm). In this study, the highest EVOO con-
centration (50 g kg') was added twice to the MP to evaluate the
effect of order of addition and EVOO thermal treatment on MP
quality. Firstly, 50 g kg”' of EVOO was added along with the rest
of the ingredients as indicated above, whereas in the second case
the same EVOO concentration was added to the MP before final
homogenization. This concentration is designated as “50b”
throughout the manuscript.

Two batches were continuously prepared and blended. Half of
each FMP blend was analysed immediately, and the other half was
frozen and thawed as reported below. Each FMP or F/TMP sample
consisted of a complete batch, i.e. of ~2000 g of MP. Sample com-
position is shown in Table 1.

Freezing and thawing procedures

Following preparation, MP samples were placed on flat freezing
and microwave thawing trays to minimize the differences in
freezing rates between mashed potato at the surface and deep with-
in the pack, and then frozen by forced convection with liquid
nitrogen vapour in an Instron programmable chamber (model
3119-05, —70/+4250°C) at —60°C until their thermal centres
reached —24°C (freezing rate, 1 + 0.10°C min ). Air and product
temperatures were monitored by T-type thermocouples (NiCr/
NiAl; =200 to +1000°C) using the MMS3000™ Multi Measure-
ment System™ (Mod. T4, Commtest Instruments, Christchurch,
New Zealand). After freezing, the samples were packed in 300 x
200 mm? rectangular polyethylene plastic bags, sealed under light
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vacuum (—0.05 MPa) on a Multivac packing machine (Sepp Hag-
genmiiller KG, Wolfertschwenden, Germany), placed in a domestic
freezer for storage at —24°C and left there for at least 1 month
before thawing. Packed frozen samples were thawed in a Samsung
M1712N microwave oven (Samsung Electronics S.A., Madrid,
Spain). Samples were always placed in the same position and
heated for a total of 20 min at an output power rating of 600 W.
Moisture loss by processing was determined by weighing the sam-
ples before freezing and after thawing, and the water evaporated
was then remixed into the product by stirring gently with a spoon;
the temperature reached at the product thermal centre was meas-
ured in all cases (+85 £ 5°C) (Fernandez et al. 2006).

Heating of samples

All the samples were brought up to 55°C by placing them in a
Hetofrig CB60VS water-bath (Heto Lab Equipment A/S, Birkerad,
Denmark), where water and product temperatures were monitored
by T-type thermocouples as described elsewhere (Alvarez et al.
2008; Fernandez et al. 2008; Alvarez et al. 2009a, 2009b; Fernan-
dez et al. 2009). Sample testing temperature was 55°C, as previous
studies have shown that this is the preferred temperature for con-
sumption of MP (Alvarez et al. 2005).

Rheological measurements

A Bohlin CVR 50 controlled stress theometer (Bohlin Instruments
Ltd., Cirencester, UK) was used to conduct steady shear experi-
ments using a plate—plate sensor system with a 2 mm gap (PP40,
40 mm) and a solvent trap to minimise moisture loss during tests.
Before measurements were taken, samples remained 5 min
between the plates as equilibration time. Temperature control at
55°C was achieved with a Peltier Plate system (—40 to +180°C;
Bohlin Instruments).

Sample flow was measured by recording shear stress (o) val-
ues when shearing with an increasing shear rate ( ) from 0.1 to
120 s with a ramp of 15 min, which is the range of interest in
food texture studies (Bistany and Kokini 1983). Viscosity values
in the upward viscosity/shear rate curves at a shear rate of 50 s'
(Mappss0» Pa s) were taken as the apparent viscosities of the samples.
This value would represent the approximate viscosity felt in the
mouth (Bourne 2002). Experimental data were fitted to the Ost-
wald-de Waele and Casson models using shear stress data obtained

from increasing shear rate measurements (Rao 1999; Baixauli et al.

2004; Fernandez et al. 2008). From the fitted models, the flow
behaviour index () and the consistency index (K, Pa s"), and the
Casson yield stress (oyc, Pa) and the Casson plastic viscosity (4,
Pa s) were obtained respectively. Additionally, yield stress was ob-
tained by direct extrapolation of the straight-line portion of shear
rate—shear stress data (oogy, Pa) (Fernandez ef al. 2008).

Other quality parameters

Instrumental measurement of colour of the MP in the pots was
carried out with a HunterLab model D25 (Reston, VA, USA)
colour difference meter fitted with a 5 cm diameter aperture. Re-
sults were expressed in accordance with the CIELAB system with
reference to illuminant D65 and a visual angle of 10°. The para-
meters determined were L* (L* = 0 [black] and L* = 100 [white]),
a* (-a* = greenness and +a* = redness), b* (-b* = blueness and
+b* = yellowness). The total colour difference (AE*) between the
fresh control made without either added cryoprotectants or EVOO
(FMPAO sample, Table 1) and the rest of the MP samples was
calculated as described elsewhere (Baixauli ef al. 2002; Alvarez et
al. 2008).

Expressible water (E,,) was measured by centrifugal force.
Centrifuge tubes containing approximately 10 g of MP were cen-
trifuged at 15000 x g for 30 min in a Sorvall®, RC-5B apparatus
(Global Medical Instrumentation, Inc, Clearwater, Minnesota,
USA). E,, was expressed as the percentage of liquid separated per
total weight of sample in the centrifuge tube (Eliasson and Kim
1992). Measurements of colour and E,, were performed in quad-
ruplicate and the results averaged.
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Sensory analyses

Samples were subjected to a descriptive quantitative method
adapted for MP (Adams et al. 1981). Sensory evaluation was con-
ducted by a four-member panel with 8 years of specific training in
potato purees (Alvarez et al. 2005; Canet et al. 2005b; Fernandez
et al. 2008). Each sample was tested twice and average scores
calculated, so that each sample was tested eight times in all. The
panellists were asked to evaluate samples for texture (consistency,
adhesiveness, creaminess and fibrousness), appearance (authentic
colour, off-colours, shine and uniformity) and taste (sweetness,
authentic taste and off-taste). Scores were awarded on a scale of
1-5, in which 1 indicated total absence of the sensory attribute and
5 a very definite attribute. MP samples were also subjected to an
OA test based on all sensory attributes (texture, colour, taste). In
this case, sensory assessment was conducted by a fourteen-mem-
ber untrained panel. The hedonic scale is used to quantify the deg-
ree of product acceptability. The hedonic nature of the test was
stressed by asking the panellists to base their scores entirely on
their liking of the product, and also by presenting a nine point
bipolar mixed descriptive scale where each point is given a num-
ber and an explanatory description indicating the intensity of the
acceptability or rejection caused by the MP. The descriptive terms
for the extreme categories used were: (1 = dislike extremely, and 9
= like extremely).

Statistical analysis

As a result, two groups of 10 samples each were prepared: without
and with k-C and XG (MPA and MPB samples, respectively).
Each group was divided into two subgroups, one fresh (FMP) and
another one frozen/thawed (F/TMP). A sample without EVOO and
samples with different concentrations (10, 25, 50 and 50b g kg™
of EVOO were prepared for each subgroup (Table 1). Two repe-
titions of each composition were made in different weeks each of
them to assure the appropriate experiment randomization.

A three-way ANOVA with interactions was applied to eval-
uate how the three factors studied — EVOO concentration, pre-
sence or absence of hydrocolloids and performance or not of pro-
cessing (freezing/thawing) — affected the steady shear measure-
ments, colour, and the OA of the MP. E,, was always zero for all
the samples containing cryoprotectants; in this case a two-way
ANOVA with interactions was applied to evaluate how EVOO
concentration and processing affected the WHC of the products.
Minimum significant differences were calculated using Fisher’s
least significant difference (LSD) tests with a 99% confidence
interval for the comparison of instrumental parameters, and a 95%
confidence interval for comparison of OA. These analyses were
performed with Statgraphics® software version 5.0 (STSC Inc.,
Rockville, MD, USA).

Sensory attributes from the descriptive quantitative method
(discrete values) were subjected to Friedman two-factor ranked
analysis of variance (k = 10 and »n = 8) carried out on FMP and
F/TMP samples separately, and where differences existed between
samples a regular Wilcoxon signed-rank test was used to pinpoint
them (O’Mahony 1986). Nonparametric tests were carried out
using SPSS 14.0 software (SPSS, Inc., Chicago, IL).

RESULTS AND DISCUSSION
Characterization of flow curves of MP

Flow curves of both FMPB and F/TMPB samples at dif-
ferent EVOO concentrations (0, 50 and 50b g kg') are
shown in Fig. 1. The variation of the shear stress values
with the shear rate indicated a non-Newtonian shear-thin-
ning flow (7 < 1) and yield stress with all the added combi-
nations. Curves were similar at other EVOO concentrations.
Earlier studies have also shown that MP samples are non-
Newtonian at most temperatures (Canet et al. 2005b). The
rheology of gums and stabilizers is generally non-Newto-
nian and they impart a non-Newtonian character to dres-
sings and sauces even when the amount of the dispersed
phase is small (Ford et al. 1997). The pseudoplastic beha-
viour of MP was due to the flow behaviour of potato starch
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Fig. 1 Typical flow curves showing the changes in shear stress for both
FMPB and F/TMPB samples without added EVOO and with 50 and
50b g kg' added EVOO.

and biopolymers. Starch blends can be pseudoplastic
(BeMiller and Whistler 1996), especially when granules are
significantly swollen, so that they become deformed when
subjected to shear force (Bagley and Christianson 1982).
F/TMPB samples presented higher resistance to flow than
their FMPB counterparts (Fig. 1). F/TMPBO sample, fol-
lowed by F/TMPB50b and F/TMPB50 samples exhibited a
higher shear stress compared to their FMPB counterparts,
indicating that F/TMPB products were more structured.
This behaviour can be explained taking account that much
stronger and more cohesive networks are formed when
solutions of XG are frozen and thawed (Giannouli and Mor-
ris 2003). Accordingly to these authors, during freezing, XG
chains are forced to align and associate by conversion of
water to ice crystals. The forced associations survive on
thawing to give a cryogel network. Nevertheless, XG avoid
amylose retrogradation, but it does not prevent ice recrys-
tallization nor amylopectin retrogradation (Ferrero et al.
1994); therefore, mainly amylopectin retrogradation could
also be responsible of the overall structure reinforcement
observed in the processed samples.

On visually comparing flow curves of FMPB and
F/TMPB samples made without and with 50 g kg added
EVOO, one can observe that the shear stress was greater in
the samples without added EVOO. This seems to indicate
that the flow behaviour of the systems is not only influ-
enced by the presence of starch, cryoprotectants and pro-
cessing, but also by the presence of fat that can affect their
structure (Tarrega and Costell 2006). Note as in both
F/TMPB and FMPB samples, the flow curve were greater
when the EVOO was added after cooking (50b g kg’ Y. This

difference could be related to the droplet size in the systems.

In this study oil droplet diameters were not measured, but it
is very probably that MP with added EVOO before final
homogenization had larger droplets sizes because they were
not drastically triturated. Lower differences in the flow
curves of the FMPB samples could be associated with grea-
ter orientation of macromolecules and structural disruption
(Windhab 1995).

Effect of EVOO concentration, cryoprotectant
addition and freezing and thawing processes on
steady shear measurements of MP

Table 2 shows the effects of EVOO concentration, cryo-
protectant addition and processing on the values of the
rheological properties derived from the flow curves. F*
ratios are not shown, but generally speaking the addition of
cryoprotectants was the factor that set the main differences
among the steady measurements of the samples, followed
by processing and the EVOO concentration (in that order).
However, in the case of the consistency index (K), pro-
cessing was the factor that set the main differences, fol-
lowed by the EVOO concentration and the addition of cryo-
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protectants (in that order). MPB samples presented sig-
nificantly higher rheological properties than their MPA
counterparts. As mentioned earlier, previous studies shown
that when x-C/XG blends were added to FMP and F/TMP
samples, xk-C provided the appropriate consistency whereas
XG imparted creaminess to the product (Alvarez et al.
2009a; Fernandez et al. 2009). Analogously, in starch/XG
blends, it was observed that XG does not interfere in potato
starch network building (Mandala and Palogou 2003; Man-
dala et al. 2004). Therefore, addition of both hydrocolloids
to MP produces to a more structured system which is asso-
ciated with the gelling properties of x-C. The effect of XG
on creaminess would be explained by either amylose/XG
interactions preventing retrogradation or XG-water inter-
actions as commented below. Note as the flow behaviour
index (n), which indicates the extent of shear-thinning beha-
viour as it deviates from 1, was also higher in the MPB
samples than in the MPA ones. The more intense shear-
thinning behaviour observed in MPA samples could be due
to high concentration of a high molecular weight substance
(potato starch) in the liquid phase not competing with other
biopolymers, as reported by Holdsworth (1971).

In turn, F/TMP samples presented significantly higher
Happ,50» 7 and #¢ but lower K, ooc and oy values than their
FMP counterparts. In natural MP without added cryopro-
tectants, the product was softer than the fresh control after
freezing and thawing (Alvarez et al. 2005). Also, processing
weakened the structure of natural MP without added cryo-
protectants at different experimental temperatures, pro-
ducing a far more diluted dispersion (Alvarez et al. 2004).
MP may be considered starchy foods, and as such may pre-
sent quality problems such as syneresis and organoleptic
and textural changes, especially if they are subjected to
freeze-thaw cycles. These problems were ascribed to phase
separation caused by retrogradation of the starch (Eliasson
and Kim 1992; Kim and Eliasson 1993; Kim et al. 1993).
One strategy to minimise damage from freezing is to incor-
porate compounds that interact with water and offer protec-
tion against the deleterious effects of thawing in particular,
i.e. cryoprotectants (Sych et al. 1990), which have been re-
ported to slow down the rate of ice crystal growth and alter
crystal shapes (Bolliger et al. 2000).

With respect to the effect of the EVOO addition, the
maximum #,,, s0, K, doc and oy values were registered in
the samples without EVOO, although the dlfferences bet-
ween oy values of the samples with 10 g kg added EVOO
and those without EVOO were non-significant (Table 2).
Adding 25 and 50 g kg of EVOO (either before or after
cooking) significantly reduced consistency (K) and both
yield stresses (oypc and oggy). By contrary, an increase in
EVOO concentration produced an increase in the flow
index value (n). Generally speaking, increasing EVOO con-
centration produced softer, liquid-like systems. Increasing
oil content in mayonnaise reduced the elasticity more than
the viscosity but also reduced the yield value (Stern et al.
2007). This softening associated with increased EVOO con-
tent is to be expected as liquid oil in rising concentration is
added to the product, increasing the oil-phase volume frac-
tion. In oil-in-water emulsions, the extent of the linear
region decreased with increasing oil-phase volume fraction
from 20% to 40% v/v (Sun and Gunasekaran 2009). In turn,
Dickinson and Chen (1999) suggested that oil/water emul-
sions may undergo a behaviour transition from predomi-
nantly entropic behaviour to predominantly enthalpic beha-
viour with increasing oil-phase volume fraction. So the 20%
(v/v) oil/water emulsions behaved as polymer gels (strain
hardening, long linear region, and large rupture strain),
while the 40% (v/v) oil/water emulsions behaved as particle
gels (strain weakening, short linear region, small rupture
strain). However, note that Casson plastic Vlsc051ty (nc) sig-
nificantly increased with both 50 and 50b g kg'. A possible
mechanism by which oil increases 7¢ includes lubrication
(de Wijk et al. 2003).

The analysis of variance also showed that the three
binary interactions among the factors under consideration
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Table 2 Effects of EVOO concentration, cryoprotectant addition and freezing/thawing (processing) on rheological properties of MP.

Source Apparent Flow behaviour

Consistency

Casson yield Casson plastic Yield stress from

viscosity at 50 s”, index, n (-) index, K (Pa s") stress, 6oc (Pa) viscosity, nc (Pa's) Bingham method,
Napp. 50 (P2 5) Gosm (Pa)
Main effects:
A:EVOO concentration (g kg™)
0 4.940 a 0.208 b 113.542 a 83.290 a 0.798 b, ¢ 181.875a
10 4.074 b 0.182a 102.642 b 79.324 a 0.629 a 159.375b
25 42550 0.223 b 89.180 ¢ 70.600 b 0.728 a, b 155.000 b
50 4.112b 0.284 ¢ 66.701 d 52.435d 0.884 ¢, d 143.125 ¢
50b 4.308 b 0.265 ¢ 73.455d 59.899 ¢ 0.908 d 153.750 b
P values <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LSD (99%) 0.266 0.024 9.051 5.276 0.109 8.034
B:Cryoprotectant addition
Without k-C and XG  3.064 a 0.183 a 85.714 a 60.918 a 0.458 a 116.500 a
With k-C and XG 5.611b 0.282b 92.494 b 77.301 b 1.121b 200.750 b
P values <0.001 <0.001 0.0030 <0.001 <0.001 <0.001
LSD (99%) 0.168 0.015 5.724 3.337 0.069 5.081
C:Processing
Fresh 4.148 a 0.202 a 98.992 a 78333 a 0.623 a 168.750 a
Frozen/thawed 4.527b 0.263 b 79.216 b 59.886 b 0.956 b 148.500 b
P values <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LSD (99%) 0.168 0.015 5.724 3.337 0.069 5.081
Interactions
AB <0.001 <0.001 <0.001 <0.001 0.0017 <0.001
AC <0.001 0.1919 <0.001 <0.001 <0.001 <0.001
BC <0.001 <0.001 <0.001 <0.001 0.1262 <0.001
ABC <0.001 0.0154 <0.001 <0.001 <0.001 <0.001

had a significant effect on the #,yp 50, K, 0oc and oogym values
(Table 2). This means that the effect of EVOO concentra-
tion on the rheological properties of the samples depended
on the presence of x-C and XG and on the freezing/thawing
of the systems. Besides, the interactions between EVOO
concentration and cryoprotectant addition and between this
and processing significantly affected the value of »n, where-
as binary interactions AB and AC were also found to have a
significant effect on the value of #c.

From the variation in the #,,,s0 value based on EVOO
concentration for both MPA and MPB samples shown in
Fig. 2A, one can observe that in all cases 77y, so was lower
in the MPA than in the MPB samples containing cryopro-
tectants. Therefore, MPB samples were thicker which is
attributed to the presence of x-C in the systems as shown
previously (Alvarez et al. 2009a; Fernandez et al. 2009). In
both MPA and MPB samples, the changes in the values of
Happ,50 WETE s1m11ar when EVOO concentratlon increased
from 10 to 50 g kg'. However, with 50b g kg”! EVOO con-
centration the #,,,50 value developed differently for each
type of sample. In the MPB samples, adding 50b g kg of
EVOO increased the value of #,y, 50, indicating a recovering
of the original structure of the system, whereas the addition
of oil at this same concentration produced a significant
weakening of the original structure in the case of the MPA
samples. Addition of XG to pourable salad dressings in-
duces depletion flocculation of the droplets and formation
of a three-dimensional weak gel network structure that
retards the process of droplet creaming (Parker ez al. 1995).
However, in the MPB samples when EVOO was added
after cooking, it was not totally entrapped in the MP matrix,
and larger oil droplets probably formed by aggregation
through steric and/or electrostatic forces (Paraskevopoulou
et al. 2005). Also, when the concentration of added EVOO
was increased, the Happ,50 Value developed differently in the
FMP and F/TMP samples (Fig. 2B); in FMP samples, the
increase in EVOO content led to reduced apparent viscosity.
As the droplet concentration increased, the droplets are
polydisperse and the samples present a less close packing
structure. In mayonnaise, increasing walnut oil content
increases the diameter of oil droplets and consequently
reduces viscoelastic properties (Cavella et al. 2009) How-
ever, in the F/TMP samples, adding 50b g kg”' EVOO in-
creased sample viscosity up to a value almost similar to that
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observed in the control. Freezing and thawing significantly
mcreased sample viscosity in the systems with 50 and 50b g
kg EVOO, although in the lowest EVOO concentrations
the viscosity of the FMP and F/TMP samples was similar.
The processing-dependent variation in #,,,s0 value based
differed in the MPA and MPB samples (Fig. 2C). Pro-
cessing significantly decreased sample viscosity in the MPA
samples but significantly increased it in MPB samples. This
behaviour can be explained taking account that much stron-
ger and more cohesive networks are formed when solutions
of XG are frozen and thawed (Giannouli and Morris 2003).
The effect of XG may be explained by amylose/XG inter-
actions, which compete against amylose/amylose interac-
tions, retarding or even avoiding retrogradation and sof-
tening. Recently, it has also been shown that the addition of
small amounts of XG to white sauces made with starches
from different sources significantly improve freeze/thaw
stability (Aroca et al. 2009).

The variation in » value with EVOO concentration for
both MPA and MPB samples is shown in the Fig. 2D. In the
MPB systems, when the EVOO concentration was in-
creased the value of # slightly increased, indicating that the
addition of this ingredient produced a slight decrease of
pseudoplasticity. In the MPA samples, adding 10 g kg
EVOO significantly increased pseudoplasticity as compared
with the control without EVOO, but clearly decreased when
EVOO was added at the highest concentration. Note that
the n value was lower when the EVOO was added after
cooking (50b g kg) in the MPA samples but not in the
MPB samples. When the processing-dependent variation in
n value was plotted (Fig. 2E), the changes in the parameter
value were similar to those observed for the 7, 50 (Fig. 2C),
although the effect of processing on the flow index value
was more pronounced, particularly in the MPA samples.
Anyway, either the percentage of added EVOO or pro-
cessing had a much less important effect on the pseudoplas-
ticity in the systems containing x-C and XG, evidencing the
ability of this blend of cryoprotectants to improve freeze/
thaw stability of MP (Alvarez et al. 2009a; Fernandez et al.
2009), as well as to mitigate the effect of the addition of
other ingredients, such as EVOO.

The changes in the values of K on increasing EVOO
concentration in both MPA and MPB samples (Fig. 2F)
were quite similar to those observed in the #,y,50 values
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(Fig. 2A). In addition, the decrease in MPA sample consis-
tency was greater when EVOO concentration increased
from 10 to 50 g kg™'; moreover, the K value was higher for
the MPA samples when the EVOO concentration was lower
(0 to 25 g kg'). When the EVOO concentration was in-
creased, the K value evolved similarly for each of the F MP
and F/TMP products (Fig. 2G). At 0, 10 and 25 g kg
EVOO concentration, FMP samples showed significantly
higher consistency Values than F/TMP samples, whereas in
the systems with 50 g kg™, this was the case for the F/TMP
samples. Besides, for the MPB samples, processing signifi-
cantly increased sample consistency; whereas, for the MPA
samples, it decreased remarkably (Fig. 2H).

Nevertheless, on representing the variation in the Cas-
son yield stress (oyc) value based on EVOO concentration
for both MPA and MPB samples (Fig. 3A), it can be ob-
served that in the MPA samples the addition of 25, 50 or
50b g kg EVOO significantly decreased oyc Whlle the ad-
dition of EVOO at concentrations of 10 g kg slightly in-
creased ooc values. In the MPB samples, addition of 10-50 g
kg' EVOO significantly decreased Casson yield stress;
moreover, the variation in goc was lower in presence of k- C
and XG, In both FMP and F/TMP products the variation in
ooc with EVOO concentration was quite similar to that
observed in the values of K (Fig. 2G) (data are not shown).
In addition, processing significantly decreased Casson yield
stress value in the MPA samples but significantly increased
it in MPB samples (Fig. 3B). Curiously, when the percen-
tage of added EVOO was increased, the #¢ value behaved
similarly for both MPA and MPB samples (Fig. 3C) and for

both FMP and F/TMP ones (Fig. 3D). In all cases, ¢ values
were greater in the samples with added cryoprotectants and
likewise in the processed products In both MPA and FMP
products, samples with 50 g kg added EVOO had the
highest 5c values, while samples with 10 g kg added
EVOO had lower 7¢ values than the EVOO-free control. In
turn, in both MPB and F/MP products when the amount of
added EVOO was increased, only the samples with 50b g
kg' added EVOO had 51gn1ﬁcant1y higher #¢ values than
the EVOO-free control.

Finally, the variation in the oy value based on EVOO
concentration for both MPA and MPB samples is shown in
the Fig. 2E. In the MPA samples, on increasing the percen-
tage of added EVOO the value of oygy significantly de-
creased, without significant differences between the para-
meter values for the samples with 50 and 50b g kg™ added
EVOO. This result evidences that in MPA samples, the
structure responsible for the yield stress is weakened by
adding this ingredient. In the MPB samples, EVOO concen-
tration had a less remarkable effect. The oy values were
lowest in the samples with added EVOQO, although the dif-
ferences between samples with 10, 25 and 50 g kg added
EVOO were not significant. On the other hand, adding 50b
g kg™ EVOO did not significantly decreased the oopm Value
as compared to the value obtained in the control without
added EVOO. In both FMP and F/TMP products the varia-
tion in yield stress with EVOO concentration was quite
similar to that observed in the sample consistency (Fig. 2F)
(data are not shown). On representing the variation in the
yield stress from Bingham method based on processing (Fig.
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2F), the changes in parameter value were similar to those
observed for the 7,50 (Fig. 2C), although in the yield
stress parameter, processing had a less remarkable effect in
the MPB samples. These results would appear to indicate a
positive effect whereby freeze-thawing resistance and sta-
bility were imparted to MP when XG was added, combined
with x-C.

Effect of EVOO concentration, cryoprotectant
addition and freezing and thawing processes on
other quality parameters of MP

Instrumental colour was found to significantly change with
EVOO concentration, cryoprotectant addition and proces-
sing (Table 3). All the three main factors studied and their
interactions were found to have a significant effect on the
colour differences with respect to the fresh control without
added ingredients (FMPAO sample, Table 1). As the EVOO
concentration increased there was an increase in the AE*
value. An increase in EVOO level favours higher L* value
(lightness) due to an increase in the overall light scattering
associated with the scattering properties of fat (Chantra-
pornchai et al. 1999). The maximum AE* value correspon-
ded to the samples with 50 g kg™ added EVOO, and the
value of the parameter for the samples with 50b g kg
added EVOO was significantly lower. MPB and F/TMP
samples presented significantly higher AE* values than
their respective MPA and FMP counterparts. Increased
colour differences in the F/TMP samples as compared to the
AE* values in their FTM counterparts may have been partly
due to the formation of fissures produced by the growth of
ice crystals during freezing, which favours the release of
water; this would transmit the light more rather than cap-
turing it.

On representing the AE* values on EVOO concentra-
tion for both FMA and FMB samples (Fig. 4A), one can
observe that the colour differences with respect to the fresh
control without added ingredients were higher in the MPB
samples than in their MPA counterparts, which could be
partially due to the absolute water holding capacity (WHC)
of the MPB samples as discussed below, as well as to a loss
of greenness related to the presence of XG in the system as
found previously (Fernandez er al. 2008). Also, as the
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Table 3 Effects of EVOO concentration, cryoprotectant addition and
freezing/thawing (processing) on colour, expressible water and OA of
MP.

Source AE* Ew (%) OA
Main effects:
A: EVOO concentration (g kg™)
0 1.386a 224210 5.025a
10 3.537b 25.733 a 7.266 b
25 4813 ¢ 20.716 d 7.744 ¢
50 7.898 d 21.523 ¢ 8.169d
50b 7.538¢ 21.854 b, ¢ 8.006d
P values <0.001 <0.001 <0.001
LSD (99%) 0.069 0.710 0.246
B: Cryoprotectant addition
Without k-C and XG 3921 a - 7.089 a
With k-C and XG 6.147b - 7.395b
P values <0.001 - <0.001
LSD (99%) 0.043 - 0.156
C: Processing
Fresh 4.621 a 21.010 a 7.022 a
Frozen/thawed 5.448 b 23.888 b 7.461b
P values <0.001 <0.001 <0.001
LSD (99%) 0.043 0.449 0.156
Interactions
AB <0.001 - <0.001
AC <0.001 <0.001 0.0775
BC <0.001 - 0.5200
ABC <0.001 - <0.001

EVOO concentration increased there was in increase in AE*
in both MPA and MPB samples. The influence of droplet
characteristics on the optical properties of coloured oil-in-
water emulsions was examined (Chantrapornchai et al.
1999). The lightness (L*) of the emulsions increased with
increasing droplet concentration and decreasing droplet size.
As the droplet concentration increases so does the reflec-
tance because the droplets scatter light more effectively and
hence the light beam is unable to penetrate further into the
product and be absorbed. Consequently, AE* values in-
creased as EVOO concentration increased because the



Food 5 (Special Issue 1), 27-39 ©2011 Global Science Books

A
10
8
o6
<
41
21
0
0 10 25 50 50b
EVOO concentration (g kg”)
-+ MPA -- MPB
C
12
10
8
2
4 0
2 6

N

FMP
-+ MPA o- MPB

F/TMP

AE=*

10
8-
6
4
2
0
0 10 25 50 50b
EVOO concentration (g kg™)
-&- FMP o~ F/TMP
35
30 -
25 A
20 -
15
0 10 25 50 50b

EVOO concentration (g kg"l)
-+ FMP -o- F/TMP

Fig. 4 Colour difference value of: (A) MPA and MPB samples at different EVOO concentrations; (B) FMP and F/TMP samples at different EVOO
concentrations; (C) MPA and MPB samples for both processing conditions. Expressible water value of: (D) FMP and F/TMP samples at different EVOO

concentrations.

amount of light reflected from them increased relatively
uniformly across the whole wavelength range. However,
probably, this increase is also associated with the augmen-
ted pigment content of the MP. The pigment profile of the
virgin olive oil comprises chlorophyll a, chlorophyll 5, and
derivative pigments associated with the acidic medium of
the oil extraction process: pheophytin a, pheophytin b; and
the carotenoids: lutein, B-carotene and the epoxide xantho-
phylls, neoxanthin, violaxanthin and antheraxanthin (Criado
et al. 2008).

Note that in the MPB samples the AE* value was grea-
ter when the EVOO was added after cooking (50b g kg™,
whereas in the MPA systems it was greater in the samples
with 50 g kg EVOO added before cooking (Fig. 4A). This
discrepancy could be also related to either the droplet size
or the presence of cryoprotectants in the systems. MP with
added EVOO before final homogenization would be expec-
ted to have larger droplets because the sample was not tho-
roughly triturated. In the presence of XG, there is an
increase in the reflectance in the MP with added EVOO
before final homogenization; this is because in absence of
creaming and coalescence, the droplets scatter light more
effectively when the oil is not so strongly entrapped in the
matrix. In the MPA samples on the other hand, reflectance
probably decreased because the scattering efficiency of the
droplets decreases above a certain droplet size.

Analogously, on increasing the percentage of added
EVOO, the AE* values developed similarly for each of the
two FMP and F/TMP samples (Fig. 4B). In fact, the AE*
values were higher in processed than in fresh samples only
when smaller EVOO concentrations (0 and 10 g kg™') were
added. Processing significantly increased sample colour dif-
ference in both MPA and MPB samples, although the effect
of processing on the AE* value was less pronounced in the
case of the MPB samples (Fig. 4C).

In turn, E,, was found to significantly change with
EVOO concentration and processing (Table 3). In addition,
the binary interaction among the two factors had a signi-
ficant effect on the WHC of the samples (Fig. 4D). In this
study, addition of x-C and XG reduced the E,, of both FMP
and F/TMP samples to 0.00%, corroborating the well-
established ability of XG to immobilize water as found pre-
viously (Lee et al. 2002; Alvarez et al. 2008, 2009a), and
evidencing the existence of XG-water or XG-water-XG
interactions in the systems. Also, according to Baranowska
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et al. (2008), the amount and mobility of free water is
limited in the presence of XG. Addition of x-C alone sig-
nificantly reduces the water loss in F/TMP samples (Alva-
rez et al. 2009), but in the presence of either x-C and XG
blends at different concentrations or of XG alone, the rel-
ease of liquid completely disappeared as also found in this
study. Analogously, adding XG (0.3% w/w) to corn starch
pastes (10% w/w) minimized syneresis after freezing (Fer-
rero et al. 1993, 1994; Ferrero and Zaritzky 2000). In turn,
Lee et al. (2002) found the effect of XG to be dependent on
concentration; at a concentration of 0.3% the XG was more
effective than guar gum in reducing syneresis in a freeze/
thawed potato starch gel; however, at 0.6% the guar gum
was more effective. The authors hypothesized that starch/
XG interaction was excessive at 0.6%, resulting in a nega-
tive effect on syneresis by allowing more water to transform
to bulk phase ice. The addition of XG also significantly
reduced the appearance of syneresis in white sauces made
with potato starches (Aroca ef al. 2009). In any case the E,,
values recorded in the present case confirm that XG ef-
fectlvely stabilizes MP against syneresis when no more than
1.5 gkg' is added.

As regards EVOO concentration and processing effects
and the binary interaction between the two factors (Fig. 4D),
WHC was greater in the FMP samples than in their F/TMP
counterparts at all EVOO concentrations. This result is
likely related to structural damage caused by freezing. The
fissures formed by the growth of ice crystals during
freezing, favour the release of water as indicated above. The
addition of EVOO at low concentrations significantly in-
creased E,, mainly in the processed samples. The reason for
the greater water loss resulting from the addition of EVOO
at 10 g kg™ may have been that the interchain spaces were
occupied by oil, displacing the water (Liechr and Kuliche
1996). However, the addition of EVOO at higher concentra-
tions again significantly reduced water loss, probably
because excess oil hindered the release of water from the
starch matrix. EVOO by itself was not effective in enhan-
cing the WHC of MP. In any case E,, percentages were also
quite high (> 20) in both FMP and F/TMP samples without
added EVOO, evidencing the presence of weak starch-
water or starch-water-starch interactions in all the systems.
Water separation in the MP without added cryoprotectants
is due to starch retrogradation and a consequent reduction
of water holding ability (BeMiller and Whistler 1996).
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Effect of EVOO concentration, cryoprotectant
addition and freezing and thawing processes on
sensory attributes and OA of MP

The Friedman test showed that there were significant dif-
ferences between FMP samples due to EVOO concentration
and cryoprotectant addition as regards to cons1stency, adhe-
sweness creammess and fibrousness (y* = 60.43, > = 54.85,
1 =58. 46 and X =40.74, respectlvely p=0. 000) authen-
tic colour, shine and un1form1ty G =61.43, ¥ =33.96 and
2 =39.26, respectively; p = 0.000) and authentlc taste (X =
25 25; p = 0.003). The panellists detected no effect of
EVOO concentration and cryoprotectant addition on off-
colours, sweetness or off-taste in the FMP products. On the
other hand there were significant differences between
F/TMP samples as regards to conmstenC}% adhesweness
creaminess and fibrousness (> = 65.71, y* = 52.88, x*
58.44 and y* = 54.00, respectlvely, p= 0 000), authentlc
colour, shine and umformlty (o = 60.86, y* = 45, 05 and y* =
21.89, respectively; p = 0.000) and sweetness (> = 25.65; p
= 0. 002) The panellists detected no effect of EVOO con-
centration and cryoprotectant addition on off-colours, au-
thentic taste or off-taste in the F/TMP products. In addition,
all the three main factors significantly affected the OA of
the products (P < 0.05) (Table 3). Moreover, the interaction
between EVOO concentration and cryoprotectant addition
significantly affected the value of the OA of the samples.
Figs. 5 and 6 show radar plots constructed to represent
perceived sensory attributes and the OA. As regards to the
sensory attributes of texture in FMP samples (Fig. 5A), in
the case of consistency the panellists distinguished signifi-
cantly between FMPAS50 sample, which scored lowest, and
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all the other samples (except for FMPAO, FMPA25 and
FMPAS50b samples). In the case of adhesiveness, the panel-
lists distinguished significantly between FMPBO sample
and all the other samples (except for FMPB25) Therefore,
sensory analysis indicated that 50 g kg' EVOO pr0V1ded
superior softening in the MPA samples, whereas addition of
cryoprotectants provided better thickening. In the case of
creaminess, the panellists distinguished significantly bet-
ween FMPB50b and all the other samples (although dif-
ferences between FMPBS50b, FMPB50, FMPAS50 and
FMPA25 samples were non-significant), which scored high-
est for creaminess and presented a softer mouthfeel. There-
fore, addition of EVOO at the highest concentration used,
either in presence or in absence of cryoprotectants, in-
creased the creaminess of the samples. In this study, the
panellists also scored the FMPAO control higher for fibrous-
ness than any of the other samples.

In the F/TMP products (Fig. 5B), the panellists scored
F/TMBI10 sample higher for consistency, although dif-
ferences with F/TMBO, F/TMPB25, F/TMPB50 and
F/TMPB50b were non-significant. This result again points
out the freeze-thaw stability conferred by the x-C/XG blend.
In the case of adhesiveness, the panellists distinguished sig-
nificantly between F/TMPBO and all the other samples
(except for F/TMPB50), which scored higher. Conversely,
F/TMPA products without added cryoprotectants scored
lower for the adhesiveness. In the case of creaminess, the
panellists distinguished significantly between F/TMPB50b
and all the other samples, which scored higher. The panel-
lists perceived more fibrousness in the F/TMPAO and
F/TMPAS0 samples, in both of which there was no cryo-
protectants. This could be ascribed to the lack of hydro-
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colloid—water interactions in the absence of XG, as well as
to the presence of larger aggregates of retrograded starch,
which were detected by the panellists.

As regards to sensory appearance attributes (Fig. 5C),
of the FMP samples, FMPB50 scored highest for authentic
colour, although the differences between the score for this
sample, and that for F/TMPB50b were non-significant.
Therefore, addition of either cryoprotectants or of EVOO at
a high enough concentration improved the colour of FMP
products. The panellists may have found that increasing
yellowness improved the colour of the product, since the
flesh of Kennebec potatoes is white and MP without added
other ingredients look rather pale. In fact, the panellists also
distinguished significantly between FMPAO control and the
rest of the FMP samples, which scored lower for uniformity
and shine. Of the F/TMP products (Fig. 5D), F/TMPA10
scored lowest for authentic colour, although the differences
between the score for this sample, and that for F/TMPBO0
were non-significant. The panellists scored F/TMB50b sam-
ple higher for authentic colour, although differences with
F/TMPBS50 sample were non-significant. F/TMPBO control
with added biopolymers scored lower for shine than the rest
of the samples, which is likely related to the lack of EVOO
in the controls. The panellists distinguished significantly
between F/TMPA10, which scored lowest for uniformity,
and all the other samples (except for F/TMAO, F/TMPA50
and F/TMPBO).

As regards to sensory taste attributes, of the FMP sam-
ples, in the case of authentic taste, the panellists distin-
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guished significantly between the FMPAO control, which
scored highest, and FMPBO and FMPAS0 samples, which
scored lowest (Fig. 6A).The former is related to the potato
taste detected by the panellists in the samples without other
added ingredients. However, the addition of EVOO clearly
improved the taste of FMP, as evidenced by the highest OA
score received by all the samples containing EVOO as
shown below. Of the F/TMP products (Fig. 6B), the panel-
lists distinguished significantly between F/TMPAO, which
scored lowest for sweetness, and F/TMPBO0 and F/TMPB50
samples, which scored highest. This indicates that addition
of cryoprotectants increased the sugariness of the F/TMP
samples.

Finally, note as scores for OA increased significantly
with increasing EVOO content in both fresh and processed
MPA and MPB samples (Figs. 6C, 6D). Similarly, a posi-
tive relationship between oil content and sensory accepta-
bility has been observed in a set of Polish commercial
mayonnaises (Juszack et al. 2003) and in salami (Severini
et al. 2003). Also, sensory acceptability has been found to
increase with increasing oil content in mayonnaise (Stern et
al. 2007). The creamy mouthfeel, and smooth and thick
texture contribute substantially to the sensory acceptability
of mayonnaise. Anyway, the effect of EVOO content on
both rheological and sensory characteristics of MP is rather
complicated in the presence of cryoprotectants, since both
the hydrocolloids and the oil content have pronounced
effects on these properties. The main differences between
samples without and with added EVOO were ascribed to
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Fig. 7 Correlations between rheological properties and sensory texture attributes: (A) flow behaviour index by rheological measurement versus consis-
tency measured by sensory evaluation in FMP samples; (B) Overall acceptability versus creaminess measured by sensory evaluation in FMP samples; (C)
Apparent viscosity by rheological measurement versus consistency by sensory evaluation in F/TMP samples; (D) Overall acceptability versus creaminess

measured by sensory evaluation in F/TMP samples.

either an aromatic or a creamy note detected in the oil-
added MP (Figs. 6A, 6B). Certainly, samples with higher
percentages of EVOO produced less sensations of dryness
and roughness, more sensations of flavour, and more sensa-
tions of creamy and fatty mouth- and after-feel than the
samples without added oil. Fat is a well-known enhancer of
creaminess sensations (de Wijk et al. 2003). In vanilla cus-
tard desserts, the latter authors suggested that the possible
mechanism by which fat affects the sensory attributes that
are part of a rough-creamy/soft dimension include lubrica-
tion and flavour release. The effects of fat on odour and
flavour attributes may be related to the flavour-releasing
properties of fat. In sixteen virgin olives oils, volatile and
phenolic compounds have been related to olfactory and
gustative notes respectively (Cerretani et al. 2008). The
volatile composition evidenced several correlations with
olfactory attributes perceived by sensory analysis: the sum
of aldehydes C4 was correlated with orthosonal perception
of olive fruity and retrosanal odour of almond. On the other
hand, the effect of oil content on mayonnaise flavour was
non-significant (Stern et al. 2007), although the authors
ascribed this fact to the narrow range of oil used in that
study.

Slmllarly, except in FMP samples containing 10 and 25
g kg added EVOO panellists gave higher OA scores to the
MPB samples (Figs. 6C, 6D). This is probably related to
the presence of XG in the systems. In previous studles it
was found that samples containing 0.5 and 1.5 g kg™ added
XG alone (Alvarez et al. 2008), and samples contalmng
blends of x-C and XG (each biopolymer at 1.5 g kg™) (Al-
varez et al. 2009a; Fernandez et al. 2009), were preferred

organoleptically due to the creamy mouthfeel they produced.

In these studies, k-C appeared to provoke perceptions of
melting/thickness, whereas XG provoked perceptions of
roughness/creaminess/ softness. The effects of XG on
mouth texture may be related to its WHC as perceived by
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the panellists. Finally, note that in the F/TMPB samples
there were no significant differences between the OA scores
given to the MP at any concentration of added EVOO
(which were the highest) (Fig. 6D).

A complete dependence study was performed on the
rheological properties versus texture scores obtained by
sensory evaluation. Very good correlations with sensory
consistency scores were found in the cases of pseudo-
plasticity in the FMP samples (r* = 0.947) and of Happ,50 1N
the F/TMP ones (> = 0.935) (Fig. 7A, 7B), respectively.
Again, a quite good correlation was also found between
consistency index gK) and sensory consistency score in the
F/TMP samples (r" = 0.884, plot not shown). This means
that 7 and 7,,,50 affect sensory texture evaluation in both
FMP and F/TMP products, respectively independently of all
the other rheological properties. On the other hand, the OA
scores of the FMP and F/TMP samples correlated very well
with sensory creaminess scores (Figs. 7C, 7D). As can be
seen in Fig. 3D, F/TMPBO control has been represented by
a filled square that was excluded from the statistical fit. The
type of dependence between these two scores shows that
panellists prefer MP with high creaminess. Therefore, crea-
miness also had a decisive influence on the OA score awar-
ded to the FMP and F/TMP products.

CONCLUSIONS

The addition of either EVOO or cryoprotectants and the
processing significantly affected the rheological, physical
and sensory characteristics of MP, although the effect of
EVOO concentration on the characteristics studied depen-
ded not only on the presence of cryoprotectants, but also on
freezing/thawing. Adding 25 and 50 g kg of EVOO (either
before or after cooking) significantly reduced consistency
and yield stresses and increased flow behaviour index and
Casson plastic viscosity due to the coating properties and
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the lubricant effect caused by the oil. The moment of ad-
dition of the highest EVOO concentration had a significant
effect on some rheological properties, although panellists
did not perceived these differences. Increased EVOO con-
centration resulted in enhancement of colour due to an
increase in overall light scattering and pigment content. E,
values confirmed that the addition x-C and XG (each
hydrocolloid at 1.5 g kg™') was effective in stabilizing MP
against syneresis, whereas EVOO by itself did not enhance
the WHC of MP. Addition of x-C and XG improved solid-
ness, possibly through the exclusion effect of swollen starch
granules promoting gelation of the x-C. Freezing and thaw-
ing led to a less or a more structured system than in FMP
counterparts depending respectively on whether x-C and
XG were absent or present. Addition of EVOO in increa-
sing concentrations enhanced the sensory quality of MP in
terms of increased creaminess and OA. Creaminess was the
most crucial factor for OA of the products and was con-
ferred either by EVOO or XG, which is linked to the lub-
ricant properties of fat and to the presence of XG-water
interactions and XG-amylose interactions that prevent retro-
gradation. Samples with 50 g kg' added EVOO were
judged the best of all. Results indicate that in the presence
of k-C and XG, if the EVOO content is reduced to below 25
g kg™, the OA score for the product does not decrease, and
hence its consumer acceptability is not adversely affected.
This fact has important consequences for the formulation of
EVOO-based MP, emphasizing on the development of
reduced-fat foods that have the same desirable quality
attributes as the original product.
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