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Abstract
This paper compares the rheological and physical properties of conventional mayonnaise and
mayonnaise with combinations of whole-milk and the decrease or removal (partial or total) of the

egg.

The objectives we pursued in this paper were: analysis of the growth/cremation index of
mayonnaise; analysis of heat stability of mayonnaise; analysis of the physical stability of
mayonnaise; analysis of the variation of the apparent viscosity of mayonnaise depending on the
temperature and shear rate; quantification of the size of the parameters of the Casson mathematical
model affected by the state variables: the concentration and ingredients of mayonnaise.

All samples show the same shear force, regardless of the formula used, under conditions of a
constant shear rate.

All samples of mayonnaise, regardless of the formula used, are non-Newtonian time-
dependent liquids, thixotropic, which suffers a decrease in viscosity, with the change in the
concentration of ingredients (egg, milk, xanthan) at a constant shear rate.

For all mayonnaise samples, the relationship between shear stress and shear rate was
nonlinear, showing a behavior of thinning shear (pseudoplastic liquids).
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INTRODUCTION

Mayonnaise is an oil-in-water emulsion prepared from vegetable oil,
egg yolk, vinegar, sugar, salt, mustard and a variety of food additives
(Juszczak et al. 2003). Among its ingredients, the egg is the most critical in
terms of mayonnaise stability. Egg is considered a high profile ingredient
due to its high nutritional value and multifunctional properties, including
emulsification, coagulation, foaming and flavoring of the product
(Narsimhan and Wang 2008).

Cholesterol is present in egg yolk in amounts ranging from 180 to 250
mg, depending on the type of chicken (Stadelman and Cotterill, 1995).

The desire to replace the egg in food systems has been brought about
by a lot of concerns from consumers and processors who wanted to have
low cholesterol and safe food (Liu et al. 2007). Thus, several studies have
been done on the removal or reduction of the egg in mayonnaise (Takeda et
al., 2001).
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Emulsifiers generally act through one or more mechanisms, including
reducing the surface tension between the oil and water phases or covering
fat globules with a loaded layer to create a physical barrier that prevents
flocculation (Walstra, 1986). Stabilizers, mainly polysaccharides, usually
stabilize emulsions by increasing the viscosity of the aqueous phase.

Whey proteins are known to alter their adsorption behavior at fluid
interfaces that respond both to different aqueous environmental conditions
(Davis et al., 2004) and to the presence of several food additives, such as
lipids and polysaccharides (Rodriguez Patino et al.2008; Hilma, 2016),
sugars (Yang et al. 2009), electrolytes (Marinova et al., 2009), polypeptides
(Martinez et al., 2009).

Macromolecular interactions between whey protein in milk and
Xanthan, both in solution and in the vicinity of the interface, depend on the
type of protein and the relative concentration of the biopolymer in the
aqueous subphase (Perez et al., 2009).

MATERIAL AND METHOD

This paper compares the rheological and physical properties of
conventional mayonnaise and mayonnaise with combinations of whole milk
and the decrease or removal (partial or total) of the egg.

The objectives we pursued in this paper were: analysis of the
growth/cremation index of mayonnaise; analysis of heat stability of
mayonnaise; analysis of the physical stability of mayonnaise; analysis of the
variation of the apparent viscosity of mayonnaise depending on the
temperature and shear rate; quantification of the size of the parameters of
the Casson mathematical model affected by the state variables: the
concentration and ingredients of mayonnaise.

In this paper we replaced the eggs with mixtures of milk and xanthan.

The substitution of eggs with milk and xanthan mixtures was selected
from 0-100% and 0-0.2%, respectively (Nikzade, 2012; Hilma, 2019).

Seven tests were used to achieve the objectives of the paper:

+ standard control mayonnaise (F1) without hydrocolloids, 10%

€9g;

mayonnaise (F2) 8% egg, 1.9% milk, 0.1% xanthan;
mayonnaise (F3) 2% egg, 7.9% milk, 0.1% xanthan;
mayonnaise (F4) 0% egg, 9.9% milk, 0.1% xanthan;
mayonnaise (F5) 8% egg, 1.8% milk, 0.2% xanthan;
mayonnaise (F6) 2% egg, 7.8% milk, 0.2% xanthan;
mayonnaise (F7) 0% egg, 9.8% milk, 0.2% xanthan.

The standard temperature of the ingredients was 8° C.

FEFEEEF
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Each formulation was prepared once and each experiment was
performed in 3 replicates. After preparation, the samples were kept in the
refrigerator (4-5°C) until analysis (Liu et al., 2007).

The differences between the seven formulas of mayonnaise consist in
changing the concentration of the ingredients, namely egg yolk, milk and
xanthan hydrocolloid, the amount of other ingredients remaining
unchanged.

In the standard formula (F1) | used 10% egg yolk, without
hydrocolloids.

I changed the second formula (F2), decreasing the yolk concentration
to 8%, but I increased the milk concentration to 1.9% and xanthan 0.1%.

In the third formula (F3) I decreased the egg yolk concentration to
2%, | increased the milk concentration to 7.9% and xanthan 0.1%.

In the fourth formula (F4) | replaced the liquid egg yolk with 9.9%
milk and 0.1% xanthan.

In the fifth formula (F5) I increased the concentration of egg 8% and
xanthan 0.2%, decreasing the concentration of milk to 1.8%.

The sixth formula (F6) contains 2% egg, 7.8% milk and 0.2%
xanthan.

In the last formula (F7) | replaced the liquid egg yolk with 9.8% milk
and 0.2% xanthan.

Viscosity measurements were performed on mayonnaise samples at
room temperature (200C) with the Brookfield viscometer (Brookfield
Engineering Inc, Model DV E) and 5 different Rpm speeds (5, 10, 20, 50,
100) with the LV 3C axis no. 67.

In order to achieve the objectives listed above, taking into account the
physical properties of the product under analysis, | made the following
determinations:

Determining the growth/creaming index of mayonnaise;
Determining the heat stability of mayonnaise;

Determining the physical stability of mayonnaise;

Determining the apparent viscosity, shear rate and shear stress
of mayonnaise;

Determining the Casson yield to characterize how mayonnaise
will behave during consumption, in terms of quality.

= FHEEF

RESULTS AND DISCUSSION

The first determination consisted in measuring the viscosity of the
mayonnaise samples depending on the concentration of the ingredients: egg,
milk, xanthan and 5 different Rpm speeds (5, 10, 20, 50, 100).
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The results obtained at a constant torsion (48.71%) frame
mayonnaise as a non-Newtonian thixotropic liquid.

Thus, all samples of mayonnaise, regardless of the formula used, are
non-Newtonian time-dependent, thixotropic liquids that suffer from
decreased viscosity, with the change in the concentration of ingredients
(egg, milk, xanthan) at a constant shear rate.

Mayonnaise exhibits non-Newtonian behavior and the same
behavior was observed in this paper.

The apparent viscosity of the mayonnaise samples decreased in all
formulas with increasing shear rate and shear strength, except for the
formula in which the egg was replaced 100% with milk and xanthan gum.

The apparent viscosity is inversely proportional to the shear rate and
shear stress.

The apparent viscosity of the mayonnaise samples decreased with
increasing shear rate, indicating a non-Newtonian liquid, and showed shear
thinning behavior characterized by flow behavior values (Casson yield
value) less than 1.

The flow curves for mayonnaise samples made from different
amounts of milk, xanthan and egg are shown in Figure 1.

= Control (F1) without hydrocolloids,

r{zazo— {2} 24,77 2432 a2 10% eggs
1 — 225 241 —Mayonnaise (F2) 8% eggs, 1.9% milk, 0.1% xanthan
H i 21,00 21,05)
: 20.89) / 1.0 qum
n 17,81 /‘ LR 18,11 Mayonnaise (F3) 2% of eggs, 7.9% milk, 0.1% xanthan
b gum
& 15 — 15,60

13,78) —Mayonnaise (F4) 0% eggs, 9.9% milk, 0.1% xanthan

iz gum

1047 Mayonnaise (F5) 8% eggs, 1.8% milk, 0.2% xanthan

a2 Mayonnaise (F6) 2% eggs, 7.8% milk, 0.2% xanthan

2,01 == Nlayonnaise (F7) 0% eggs, 9.8% milk, 0.2% xanthan

Fig. 1. Comparison of flow curves in mayonnaise samples

For all mayonnaise samples, the relationship between shear stress and
shear rate was nonlinear, showing a behavior of thinning shear
(pseudoplastic liquids).

As Rao wrote, the Casson model is considered a mathematical
equation that describes rheological data, such as shear rate versus shear
force, in a basic shear diagram, and provides a convenient and concise way
to describe the data.

The Casson yield value is important in determining the consistency
index.
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The value of the Casson yield (Figure 2) or the consistency index of
the mayonnaise samples decreased until the egg was replaced with milk and
xanthan (mayonnaise (F4) 0% egg, 9.9% milk, 0.1% xanthan), but for the
higher content, except for the 100% replacement, increased.

The lowest consistency index (31.91 Pa), was observed in the sample
containing 100% milk together with 0.2% xanthan, and the highest (4.39 Pa)
was recorded among the analyzed samples 9.9% replacement milk together
with 0.1% xanthan.

Also, the highest shear thickening property was observed for the
control and replacement of 100% milk together with 0.2% xanthan.

Also, for all samples, the flow behavior index showed a thin shear
behavior.

= Mayonnaise (F2) 8% eggs, 1.9% milk, 0.1% xanthan
gum
Mayannaise (F3) 2% of eggs, 7.9% milk, 0.1% xanthan
gum

—Mayonnaise (F4) 0% eggs, 9.9% milk, 0.1% xanthan
gum

Mayonnaise (F5) 8% eggs, 1.8% milk, 0.2% xanthan

Mayonnaise (F6) 2% eggs, 7.8% milk, 0.2% xanthan

= Mayonnaise (F7) 0% eggs, 9.8% milk, 0.2% xanthan

Fig.2. The value of Casson's yield in mayonnaise samples

The apparent viscosity of the mayonnaise samples decreased with
increasing egg replacement from 20% to 80%, as the highest and lowest
viscosity observed in the samples contained 100% (18.91 Pa s at shear rate
1.05 s1) and 80% replacement (5.18 Pa s at shear rate 1.05 s*) (Figure 3).

The increase in shear rate and the percentage of substitutes (milk and
xanthan) led to a decrease in the apparent viscosity.

The apparent viscosity of the samples containing 20%, 80% and 100%
egg substitutes compared to the control sample (100% egg) were lower.

The increase in the concentration of xanthan resulted in a decrease in
the viscosity of the samples compared to the control.

Increasing the concentration of xanthan and milk decreased the
viscosity of all samples, except where we replaced the egg 100%, being the
highest viscosity recorded for sample F7 (18.91 Pa s) (99.8% milk and 0.2%
xanthan gum).

All investigated mayonnaise samples containing milk proteins and
xanthan gum showed a shear-thinning behavior (Raymundoa et al. 2002).
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From this point of view, it can be concluded that milk with xanthan
gum not only maintained the structure of mayonnaise, but had a greater
effect on the viscosity and flow parameters of the mayonnaise samples
compared to the egg.

Fig.3. Apparent viscosity compared to the shear rate for the various samples of
mayonnaise

During the 7-day storage period, samples of mayonnaise 3, 4 and 5
were greater than 50%, except for samples 1, 2, 6 and 7.

The highest stability was recorded for samples 4 and 5 (80 %) and the
lowest for sample 7 (26.66%) compared to the control sample.

The samples of mayonnaise 4 and 5 for 7 days of storage showed
more than 80% stability and there were no significant differences between
them.

In this study, all mayonnaise samples, except samples 1, 2, 6 and 7,
showed heat stability of more than 50% during the 7-day storage period.

The highest heat stability recorded for samples 4 and 5 (80%) and the
lowest for sample 7 (26.66%) were significantly different compared to the
control sample.

The rest of the samples during the 7-day storage had higher heat
stability and did not have significant differences between them.

In this study, the addition of milk with xanthan (as an egg substitute)
to mayonnaise protected the separation of the emulsion phases compared to
the control sample during the 4-day storage period.

Sun et al. explained similar cremation behaviors with different
concentrations of XG in mayonnaise. (2007).

Hennoc et al. (1984) reported that in emulsions containing 60% oil,
the presence of xanthan to prevent phase separation is essential.

This is due to the strong increase in viscosity that prevented the liquid
from moving by decreasing the burning rate (McClements, 2004).
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But the phenomenon of creaming or growth was observed in the
samples containing 1.9% milk, 0.1% xanthan (F2), 7.9% milk, 0.1%
xanthan (F3) and 9.8% milk, 0.2% xanthan (F7) substitutes after 4 days
storage due to large particle size and low viscosity.

CONCLUSIONS

This paper compares the rheological and physical properties of
conventional mayonnaise and mayonnaise with whole-milk combinations
and the decrease or removal (partial or total) of the egg. All samples show
the same shear force, regardless of the formula used, under conditions of a
constant shear rate. The results obtained at a constant torsion (48.71%)
frame mayonnaise as a non-Newtonian thixotropic liquid. All samples of
mayonnaise, regardless of the formula used, are non-Newtonian time-
dependent liquids, thixotropic, which suffers a decrease in viscosity, with
the change in the concentration of ingredients (egg, milk, xanthan) at a
constant shear rate.

The highest shear thickening property was observed for the control
and replacement of 100% milk together with 0.2% xanthan.

For all samples, the flow behavior index showed a thin shear behavior.
The increase in shear rate and the percentage of substitutes (milk and
xanthan) led to a decrease in the apparent viscosity.

The apparent viscosity of the samples containing 20%, 80% and 100%
egg substitutes compared to the control sample (100% egg) were lower.

The increase in the concentration of xanthan resulted in a decrease in
the viscosity of the samples compared to the control.

The increase in the concentration of xanthan and milk decreased the
viscosity of all samples, except where we replaced the egg 100%, the
highest viscosity being recorded for the F7 sample.

The highest stability was recorded for samples 4 and 5 and the lowest
for sample 7 compared to the control sample.

All mayonnaise samples, with the exception of samples 1, 2, 6 and 7,
showed heat stability of more than 50% during the 7-day storage period.

The addition of milk together with xanthan (as an egg substitute) to
the mayonnaise protected the separation of the emulsion phases compared to
the control sample during the 4-day storage period.

From this point of view, it can be concluded that milk with xanthan
gum not only maintained the structure of mayonnaise, but had a greater
effect on the viscosity and flow parameters of the mayonnaise samples
compared to the egg.
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