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Effect of oil content on the rheological
and textural properties of mayonnaise

PETR STERN - KAMILA MiKOVA - JAN POKORNY - HELENA VALENTOVA

Summary

Two sets of mayonnaises with the oil content ranging from 66 to 82% and containing two different thickenings agents
were analysed at 10 °C and 25 °C. The rheological analysis included the determination of flow curves, yield value, appar-
ent viscosity, and viscoelastic parameters. Sensory characteristics were determined by manipulation of samples with
a spoon, and in the mouth, testing the spreadability, and both texture and flavour acceptances were determined too.
The oil content of a mayonnaise has substantial effect on rheological properties such as yield value, storage modulus
and loss modulus, but no differences were observed due to the thickening agents. The pseudoplastic behaviour was
confirmed. Temperature had no significant effect on the results of the sensory analysis. The effect of oil content on the
viscosity perceived in the mouth and on spreadability was pronounced. The sensory acceptability increased with increas-
ing oil content. Statistically significant relationships were observed between various rheological and sensory data, for
instance between the yield value and the texture acceptability or between the storage modulus and the loss modulus
and the spreadability. Rheological measurements were thus found useful for the rapid and cheap prediction of sensory

texture, flavour and food acceptability of the product.
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Mayonnaises are appreciated food components
and flavourings. They are oil-in-water emulsions,
containing over 80% of oil in traditional mayon-
naises, similarly as the lipid content in butter. The
high acceptability of mayonnaises is due to their
agreeable flavour, but also to their oil content, the
latter increasing the viscosity of food morsel in
the mouth after the ingestions, thus improving the
mouthfeel of the respective meal.

Rheological and textural properties of mayon-
naise are very complex, as the structure is semi-
solid with pronounced viscoelastic properties, but
it grows liquid under applied shear, even if the
shear is only moderate [1]. The elastic charac-
ter prevails over the viscous flow character at the
same frequency [2]. A power-law equation was
used to express the relation between the complex
viscosity and frequency, as well as the apparent
viscosity and the shear rate [3]. The transient flow
of mayonnaise can be described by a three-pa-
rameter model, consisting of the stress overshoot,

stress magnitude, and time [4]. The transient flow
can be described using the Wagner model, only
the Soskey-Winter damping function should be
introduced to describe the nonlinear relaxation
modulus [5]. The complex viscosity decreased with
frequency, and alight mayonnaise sample was
less destroyed by the shear than full-fat mayon-
naise samples [6]. The creep compliance-time re-
sponse was a function of viscoelastic properties, as
a function of a constant low shear stress [7]. Under
steady shear, flow curves fit two first-order func-
tions, therefore, the whole flow curve should be
measured, not only the extreme (initial and final)
values [8]. Dynamic viscosities are much larger
than steady apparent viscosities so that neither the
Cox-Merz rule, not the shift-factor type relation-
ships are suitable to express viscoelastic properties
[9]. The pseudoplastic behaviour of mayonnaise is
also accompanied by time-dependent characteris-
tics [10]. The presence of lipids containing long hy-
drocarbon chains results in thixotropic behaviour
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[11], perceptible in oil-in-water emulsions of may-
onnaise even if such behaviour is less pronounced
than in case of water-in-oil emulsions, such as mar-
garines. Therefore, the determination of the stor-
age modulus and the loss modulus were included
in the program of experiments.

There exist many papers on the rheology of
mayonnaise, but only little experimental evidence
is found on the relation between instrumental eval-
uation (rheology) and the sensory texture of may-
onnaise (both intensities of various sensory cha-
racteristics and the hedonic texture acceptance).
In our previous paper [12] we compared relations
between rheological and sensory characteristics in
sets of traditional and light mayonnaises (70% and
30%, respectively). Several significant relation-
ships between rheological and sensory characteris-
tics were obtained, irrespective of the oil content.

The effect of oil content on both rheological
and sensory characteristics of mayonnaise is rather
complicated as low-fat mayonnaises usually con-
tain various thickeners to achieve appearance and
flavour of a traditional high-fat product. Xanthan
gums and modified starches are generally used in
low-fat mayonnaises [13]. Another common type
of thickeners is B-glucans [14]. The effect of oil
content was studied by WENDIN and co-workers.
Light mayonnaises (15% and 30% oil) were com-
pared with a traditional mayonnaise (82% oil).
The authors concluded that both the thickener
and the oil content have pronounced effect on the
properties [15]. The flavour of the product was in-
fluenced by the oil content and thickeners as well
[16]. The texture and the mouthfeel of mayon-
naises were influenced by the oil content even in
a range as narrow as 70-82% oil [17].

Mayonnaises with oil content reduced below
50% might have problems with emulsion stability
[18]. Therefore, we applied our procedure used for
large differences in oil content [12] for a substan-
tially shorter range of 66-82% oil content, compa-
rable with the set of samples studied by WENDIN
[15]. Preliminary results, had been presented ear-
lier [19] at an International Conference on Rheol-
ogy, and encouraged us to give more detailed re-
sults on similar set of mayonnaises in this paper.

MATERIAL AND METHODS

Material

Mayonnaises prepared for two series of experi-
ments consisted of the same aqueous phase, and
the same refined soybean oil, differing only in the
ratio between the oil phase and the aqueous phase.
The ingredients included egg yolk, mustard, sugar,

salt, stabilizer, preservative agent, and modified
starches, either E 1422 (starch monophosphate) or
E 1410 (starch acetylated adipate) in the two se-
ries, respectively, EDTA, and water. The ingredi-
ents were mixed, and oil was added. Vinegar was
added as the last ingredient. The finished sam-
ple was packed in 0.5 kg containers, and stored
at 6-7 °C for aweek in order to obtain a stable
product.

Preparation of the emulsion

Mayonnaises were prepared using the pilot-
plant equipment Stephan UMC 5 Electronic ho-
mogenizer (Stephan Machinery, Hameln, Ger-
many), using the procedure recommended by the
manufacturer. The oil content varied between
66-82% (m/m). The total of 14 samples containing
different amounts of oil was prepared in the same
way.

Rheological measurements

Rheological parameters (yield value to, appar-
ent viscosity na, and visco-elasticity moduli - stor-
age modulus G’ - elastic component, loss modulus
G” - viscous component, G* - complex modulus)
were determined using the Rheoviscometer Ro-
tovisco RT 10 (ThermoHaake, Karlsruhe, Ger-
many), equipped with a vane rotor and of coaxial
ribbed cylinders. The visco-elasticity moduli were
determined by means of dynamic tests with forced
oscillation by frequency 0.1 Hz (index ¢.1) and 1 Hz
(index 1.0).

Flow curves, apparent viscosity na and viscoe-
lastic parameters were determined using coaxial
cylinders, ribbed to prevent slipping. A vane rotor
FL 20 was used for measuring the yield value 7.
Flow curves were determined with the RV 20 over
the shear rate range of 0-150 s°1, and the apparent
viscosity was calculated at the highest shear rate
applied (150 s'1).

Determination of the oil content

The oil content was determined using the
standard method by ROSE und GOTTLIEB [20]; be-
cause of lower stability of lipid phase, the solvents
were removed under reduced pressure in a rotat-
ing evaporator.

Sensory Analysis

The procedure of sensory evaluation (sample
preparation and serving pattern, design of the test
room) was in agreement with the respective inter-
national standards [21, 22]. Samples were evalu-
ated by persons selected, trained, and monitored
according to the respective international standard
[23]. The texture profile was designed using the in-
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ternational standard [24]. In all cases, unstructured
graphical scales were used, designed according to
the respective international standard [25].

Texture descriptors were based on previous
experience with similar products [12]. Their list
is given in Table 1. Some descriptors were evalu-
ated using a category scale (such as colour or ap-
pearance). When possible, unstructured graphi-
cal scales were used. The texture was evaluated
firstly on a porcelain dish (shuffling the sample
with a spoon, pouring of the sample from a turned
up spoon, shape changes of the sample on a dish
on standing, consistence perceived on touching
the sample with a spoon, elasticity perceived on
repeated pressing the sample with a spoon). The
sample was then put in the mouth, and evaluated
immediately after the ingestion, after 5 s, and by
pressing the morsel with the tongue against the
palate. The determination of breakdown rate of
the sample in mouth was reported as very impor-

tant for the perception of mouthfeel [26]. The
creamy mouthfeel, smooth and thick texture sub-
stantially contribute to the sensory acceptability of
mayonnaise [27]. The spreadability was tested on
aslice of white bread, and on a piece of a finely
textured cartoon.

The hedonic scale (0% of the scale = bad tex-
ture, 100% = excellent texture) was used for the
evaluation of texture acceptability. An analogous
scale was used for flavour evaluation. Descriptors
of individual flavour notes were evaluated using
graphical intensity scales (0% = not perceived;
100% = extremely strong).

The ranking test was performed according to
the respective international standard [28].

Statistical Methods

One-way ANOVA, cluster analysis, and linear,
semilogarithmic and double-logarithmic regression
analyses were used (Statistica 7.0, Statsoft, Tulsa,

Tab. 1. Analytical methods used and standard deviations of experimental data.

Code

of the method Analytical method

>

Yield value [Pa]

Storage modulus G’o.7 [Pa]
Storage modulus G’1.0 [Pa]
Loss modulus G”¢.7 [Pa]
Loss modulus G1.0 [Pa]
Colour [points]
Appearance [points]

Operation with spoon [%]
Pouring from spoon [points]
Keeping on spoon [points]
Behaviour on plate [%]

Elasticity on touching [%]
Viscosity after ingestion [%]
Viscosity after 5 s [%]
Viscosity by pressing [%]
Overall texture rating 1%]
Overall flavour rating [%]

Intensity of oily flavour [%]

Intensity of salty flavour [%]
Intensity of off-flavours [%]
Spreadability on bread [%]

N < X S < CH®»w»OH TOZZr X I OO mMmOO®

Operation with spoon [points]

Consistence on touching [%]

Intensity of acidic flavour [%]

Spreadability on cardboard [%]

Number Standard deviation
of replicates of the mean value
4 5
4 2
4 2
4 2
4 2
27 <A1
27 <A1
27 <<1
27 4
27 <1
27 <1
27 3
27 4
27 4
27 3
27 4
27 4
27 4
27 4
27 4
27 3
27 4
27 4
27 2
27 3
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Tab. 2. Rheological data of mayonnaise samples.

Sample Oil Yield value2 | Yield value2 Storage Storage Loss modulus | Loss modulus
code No. | content [%] at10°C at25°C modulus Go.7 | modulus G’1.0 G”0.1 G”1.0
1A 82 2.90 2.77 3.55 2.70 3.68 2.85
2A 77 2.84 2.75 3.45 2.64 3.57 2.81
3A 75 2.79 2.74 3.34 2.61 3.51 2.77
4A 72 2.14 1.95 2.99 2.56 3.29 2.68
5A 70 2.46 2.34 2.57 2.47 3.02 2.61
6A 68 2.07 1.91 1.81 2.36 2.57 2.57
7A 66 2.04 1.76 0.70 1.99 2.42 2.55
8B 82 2.95 2.85 3.51 2.69 3.64 2.74
9B 77 2.81 2.78 3.41 2.61 3.52 2.71
10B 75 2.71 2.62 3.31 2.59 3.44 2.67
11B 72 2.57 2.47 2.87 2.56 3.25 2.59
12B 70 2.21 215 2.60 2.56 2.93 2.49
13B 68 2.05 1.83 1.81 2.43 2.41 2.41
14B 66 1.81 1.62 0.00 1.92 1.72 2.39

A, B - thickening agents; a - decadic logarithms of the respective values.

Oklahoma, USA), and the results were statistically
evaluated on the basis of P = 0.95 probability lev-
el. Average differences between the samples eval-
uated by category tests were calculated after GINI
[29]. For the evaluation of average differences in
case of methods using graphical scales, recommen-
dations by MCBRIDE [30] were used. Results of the
ranking tests were evaluated as described in the
literature [28, 31].

RESULTS AND DISCUSSION

Set of samples prepared for analysis

Two sets of samples were prepared, containing
66-82% refined oil, and the same aqueous phase
consisting of water, vinegar, sugar, ascorbic acid,
sodium chloride, and minor ingredients (antioxi-
dants and preservation agents). Egg yolk was used
as an emulsifier in both sets of samples. These sets
of samples differed in the thickening agent used
(modified starch E 1410 and E 1422, respectively).
The use of modified starches is common in mayon-
naises with reduced oil content [32]. The composi-
tion of the aqueous phase and of the oil phase re-
mained the same so that the samples differed only
in the ratio of the two phases. The samples were
stored at 6-8 °C for at least a month prior to the
analysis in order to achieve equilibrium values.

The oil content and some basic rheological
characteristics are shown in Table 2. All rheologi-

cal analyses were carried out four times, and the
means are given in the Table 2.

The rheological analysis was carried out at
the same time as the sensory evaluation in order
to eliminate the influence of changing stability of
mayonnaise on storage [33].

Errors of the analytical results

The standard deviations of the analyses are
summarized in Table 1, as well as average differ-
ences between duplicate analyses. Standard devia-
tions of the mean value of those sensory analyses,
which were evaluated with the use of graphical
scales are given in the lists of sensory methods (in
parentheses), too. Analytical results were almost
identical in case of parameters, where category
scales were used so that average differences were
much lower than a category point. No systematic
effect of the oil content was observed, therefore,
the results will not be further discussed.

Flavour profile is very important for the accept-
ability of mayonnaises by the consumers. The
average difference between the results of a du-
plicate analysis by the same assessor was equal to
17% of the graphical scale in case of overall fla-
vour acceptance. Similar values were obtained in
the evaluation of acidic and salty tastes (15% and
16%, respectively). Smaller average difference
of only 9% was observed in the evaluation of off-
flavours, obviously due to low intensity of off-fla-
vours. The determination of oily flavour was ob-
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viously difficult (the average difference of 22%),
which could be explained partially by lack of sig-
nificant differences among flavour acceptances
of the samples, and the identical composition of
the oil phase. The oily flavour percept is mainly
influenced by the sample viscosity in the mouth,
and partially by the off-flavour oxidation products
present in oil. The ingestion of a sample contain-
ing oil reduces the sensitivity required for evalu-
ation of other oil samples within 10-15 minutes
[34].

Relationships of rheological data

Average data are summarized in Tab. 2 (the
respective standard deviations can be found in
Tab. 1). The increasing oil content in mayonnaise
decreased the elasticity G’ more than the viscos-
ity G”, but decreased the yield value. The thick-
ening agent had no significant effect on the yield
value in spite of literature data to the contrary
[15]. However, the range of rheological properties
was rather narrow, and the structure of thickening
agents related in our study, which could reduce
their effect on rheological behaviour was simi-
lar. The yield values decreased with the increas-
ing temperature as expected, and decreased with
the increasing content of soybean oil, as expected
(r = 0.89, N = 28). Difference in the temperatures
of measurement had no influence on either elas-
ticity or viscosity.

The pseudoplastic behaviour of mayonnaise
samples [10] was confirmed, as characterized
by pronounced yield stress and time-depend-
ent changes. The elasticity was measured at two
frequencies, 0.1 and 1.0 Hz, which gave different
results. The storage modulus and the loss modu-
lus were independent of the temperature in the
studied range, so that only the results obtained at
25 °C have been included. The storage modulus G’
decreased with the decreasing oil content, and the
relationship was almost linear (+ = 0.98 and 0.99,
respectively; N = 28), but the slopes for G’0.1 and
G’1.0 were different (241 and 302, respectively).
Changes of the loss modulus G” with the increas-
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Fig. 1. Dependence of complex modulus of elasticity
G* on oil content.
A - thickening agent E 1422, B - thickening agent E 1410.

ing oil content were smaller, and contrary to the
storage modulus, slopes of G”0.1 and G”10 were
nearly the same (23 and 24, respectively), so that
differences were pronounced only in the inter-
cept. In both cases, semilogarithmic relationships
were very close to linear. The respective correla-
tion coefficients were 0.85, 0.80, 0.88, and 0.86,
N = 28. The complex modulus of elasticity G* also
increased with the increasing oil content, and its
change was also almost linear (Fig. 1). The slopes
were independent of the thickening agent used.

Relations between the oil content
and sensory characteristics of mayonnaises

Most sensory characteristics, except pouring
from a spoon and touching the sample on a plate
with a spoon were significantly dependent on the
oil content, correlation coefficients varying be-
tween 0.43 and 0.85 (N = 28). However, the effect
of temperature was not significant. The degree
of whiteness depends on homogenization degree,
which was the same in all samples in our experi-
ments, more than on the oil content [17], there-
fore, no effect of oil content on the colour hue
could be expected, as it was confirmed in our ex-
periments. The effect of oil content on the evalua-

Tab. 3. Relationships between the oil content (A) and sensory characteristics.

Sensory characteristic Experimental expression R2
Viscosity after ingestion (P) P = 12150 exp(0.081A) 0.71
Viscosity after a few movements in the mouth (Q) Q = 2936 exp(-0.056A) 0.72
Viscosity by pressing against the palate (R) R = 1855 exp(—0.047A) 0.69
Spreadability on a slice of bread (Y) Y = 1529 - 762 logA 0.76
Spreadability on a piece of cardboard (2) Z = 1061 - 515 logA 0.72
Texture acceptance (S) S = 284 — 490 logA 0.56
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tion of viscosity in the mouth was very pronounced.
The relationships were exponential (Tab. 3) with
relatively high correlation coefficients.

The behaviour of the sample in mouth during
the test should be the same in all samples, as the
perceived viscosity depends on movements of the
tongue [35]. Naturally, both the sensory and the
instrumental viscosity are affected by thickeners
[16, 36] so that additives could influence the rela-
tionships studied. On the contrary, relationships
between the oil content and spreadability were
semilogarithmic (Tab. 3). The texture acceptability
(in spite of its hedonic character) was linearly de-
pendent on the oil content, increasing with the in-
creasing oil content. These relationships could be
expected as they were in agreement with the liter-
ature data on mayonnaise [24]. The positive effect
of fats and oils in the diet is inborn as lipids were
the most important source of energy on humanoid
and primitive human ancestors. All these sensory
characteristics were interrelated. The sensory vis-
cosity in modern low-fat mayonnaises depends
more on the thickener than on moderate differ-
ences in oil content [15], but in our experiments,
the thickeners used were of similar chemical struc-
ture, as mentioned above, so that their effect was
not crucial. A positive relationship between the oil
content, rheological viscosity, and sensory accept-
ability was observed in a set of Polish commercial
mayonnaises [37].

The flavour acceptability was not affected by
the oil content of mayonnaises in the range of
66-82% oil (r = 0.16, N = 28). Viscosity affects the
taste [38], but the viscosity range was probably not
sufficiently wide to influence the sensory percept.
The reason was probably not the lack of sensitivity,
but great variability of taste preferences. The same
assessors were able to distinguish dependence of
oily taste intensity on the oil content (r = 0.46) and
decreasing acidic taste (r = —0.58), due to chang-
ing ratio of oily and aqueous phases. It is interest-

100
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Fig. 2. Relationship of storage modulus G’ on the
elasticity tested with a spoon.

ing that the acidic taste in mayonnaises of similar
interval of oil content was higher with increasing
oil content in other experiments [17]. Changes of
salty taste and intensity of off-flavours were not re-
corded.

The complex of sensory characteristics, rated
with the use of graphical scales, was by ranking
(P = 0.99). The sample containing 82% oil was
rated as better than the rest of the samples by the
method of KrRAMER [31], while the samples con-
taining 70-66% oil where worse. The oil content
was determined as an important factor by the
method described by PAGE [28].

Relationship between rheological
and sensory data

Very complex effects due to semisolid structure
and pronounced elastic component were observed
[1], but in our experiments, the range of conditions
studied was relatively small, which simplified the
evaluation of the behaviour of mayonnaise under
stress. Relationship between rheological and sen-
sory characteristics depends very much on the ma-
terial tested and on the methods used [39]. Proce-
dures were tested in our earlier studies, and were
found satisfactory. The relations were either semi-
logarithmic or double logarithmic, but in almost
all cases, at least in the range of temperature and
oil content studied, so that they were statistically
significant as linear functions, even if there were
slight deviations from linearity.

The sensory viscosity, when tested with a spoon
touching the sample on a porcelain plate was
a semilogarithmic function of the loss modulus G”
and storage modulus G’ (Fig. 2) with correlation
coefficients of r = —-0.56 and —0.57, respectively.
Sensory characteristics determined by manipula-
tion of the sample on a plate with a spoon (i.e. be-
fore the ingestion) were in a nearly linear correla-
tion with the yield value (r = -0.86).

Sensory evaluations after sample ingestion were

100
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Fig. 3. Relationship between storage modulus G’ and
the viscosity measured after ingestion in the mouth.
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affected by contact with warm mucosa of the mouth
cavity and gradually diluted with saliva so that the
experimental conditions differed from those meas-
ured using the viscometer. Nevertheless, sensory
viscosities measured in the mouth (procedures P,
Q, and R described in Tab. 3) were correlated with
the yield value (e.g. P = 57 - 0.551), and with the
storage modulus G* (Fig. 3), the relation being
strictly linear in the last case.

The overall texture acceptability (S), being
a hedonic variable, was still a nearly linear func-
tion of the yield value (a measure of intensity, not
the hedonics):

S =283+ 0.035,r =0.82, N = 28

without any distinct maximum in the interval stud-
ied. Similar linear relations were observed in case
of storage modulus G’ (s = 30.9 + 0.0073 G’0.1) or
the loss modulus G”’:

S =251+ 0.0474 G”0.1

Nearly linear relationships were observed in
case of spreadabilities (procedures Y and Z de-
scribed in Tab. 3), however only very flat shoulders
were observed at the yield values of 250-600 Pa.
When plotting the elasticity storage modulus and
the loss modulus against spreadability (both on
a slice of bread - Y, or on a piece of cardboard - Z),
the relations were again nearly linear (r = 0.6-0.7,
N = 28),e.g. Y =119-0.0117 G”0.1, but still very
flat shoulders of spreadability were observed at
medium elasticity values.

RICHARDSON et al. [40] showed factors affect-
ing the oral thickness viscosity in such weak gels as
mayonnaises, but these weak influences were not
significant in our experiments because of a rather
narrow range of properties investigated in our
samples.

CONCLUSIONS

The oil content in mayonnaise has an important
effect not only on rheological characteristics, such
as the yield value and the elasticity of the product,
but also on the sensory texture, but not on flavour.
Many statistically significant relationships were
observed between rheological and sensory data,
e.g. the relation between the yield value and the
data obtained by manipulation of the sample with
a spoon. As a few among them have high correla-
tion coefficients, the expensive and time-consum-
ing sensory evaluations could be replaced in some
cases with fast and cheap rheological measure-
ments. Even hedonic characteristics, such as tex-
ture acceptability, could be predicted with use of

instrumental analysis, e.g. the texture acceptability
on basis of the yield value.
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