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Summary
This study examined the influence of oil type (oil phase composition), whey powder content and duck egg yolk pasteurisation time 
on the rheological properties of salad mayonnaise. The mechanical process of homogenisation of mayonnaise was carried out at 10 
000 o/ min. during the period of 3 min. at room temperature. The mayonnaise samples contained 70% oil with different proportions 
of sunflower oil and Olivita oil. Rheological tests were carried out in a controlled rotational viscometer (DV- III + Digital Rheometer - 
Brookfield Engineering Laboratories, USA) with concentric spindles, at the temperatures of 10 °C and 25 °C. From the obtained data, 
the rheological parameters consistency coefficient, flow behaviour index and apparent viscosity were calculated. The results of the 
research show that the addition of Olivita oil and whey powder and duck egg yolk pasteurisation time affect the rheological properti-
es of mayonnaise. The addition of Olivita oil into the oil phase of mayonnaise reduces shear stress, apparent viscosity and consistency 
coefficient at 25 °C and 10 °C. Greater whey powder content and longer duck egg yolk pasteurisation time lead to an increase in appa-
rent viscosity and consistency coefficient values of mayonnaise.
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Introduction
Mayonnaise is a semi-solid oil-in-

water emulsion of edible vegetable 
oil, egg yolk, acetic and/or other ed-
ible organic acid, mustard, salt, sug-
ar, allowed additives, with or with-
out spices or spice extracts (Anon., 

on the basic requirements for edible 
oils and fats, margarines and simi-
lar products, mayonnaise, sauces, 
dressings, salads and other products 
made of edible oils and fats, salad 
mayonnaise must contain at least 

oils, the main ingredient in mayon-
naise, have an important function 
in an emulsion, they contribute to 
the taste, the appearance, the tex-
ture and the oxidative stability of the 

emulsion in a very specific way (Mc-

Rheological properties represent 
important quality parameters of oil-
in-water emulsion products (sauces, 

of the rheological properties of such 
products is important in creating a 
certain consistency of mayonnaise 

product quality during production, 
storage and transportation (Juszc-

properties of mayonnaise, as well 
as of salad dressings and sauces, are 
mainly determined by the ratio and 
the composition of the oil phase and 
the presence of emulsifiers, stabilis-
ers and thickeners (Wendin and Hall, 

emulsions, and their stability and 

viscosity depend on the homogeni-

the dispersion of vegetable oil drop-
lets in the continuous water phase, 
the egg yolk (Guilmineau and Ku-

type of the milk component, where-
by attention is paid to milk proteins. 
In this type of emulsion, oil droplets 
are mechanically dispersed in the 
continuous water phase of vinegar 
and the natural emulsifier in the egg 
yolk is used to increase the stability 
of the entire system (Kiosseoglou, 

of different edible vegetable oils or 
combinations of vegetable oils for 
the purpose of obtaining the desired 
composition of fatty acids, may also 
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enhance the nutritional and sensory 
traits of mayonnaise (Kostyra and 

of different ratios of Olivita oil (a mix-

phase with sunflower oil increases 
the ratio of monounsaturated oleic 
fatty acid and natural antioxidants, 
thus resulting in greater stability of 
mayonnaise in the face of oxidative 
spoilage. Rheological behaviour of 
mayonnaise is a reoccurring subject 
of research, since it influences con-
sumer attitudes not only by its com-
position, consistency and taste but 
also by its use in salads, with French 
fries and in other dishes (Franco et 

This study examined the effect 

whey powder content and duck 
egg yolk pasteurisation time on the 
rheological properties of salad may-

with sunflower oil and with mixtures 
of sunflower and Olivita oil in differ-
ent ratios.

Materials and Methods 
Materials
The following materials were used 

to make salad mayonnaise:

-
sition: rapeseed oil, sunflower oil, 

Refined edible sunflower oil and 
Olivita oil were obtained from the 
IPK Oil Factory Čepin. Alcohol vin-

mustard were purchased in a local 

shop. Duck egg yolk was bought 
from a private supplier and used in 
liquid form fresh and pasteurised at 

oC. Lactose was obtained from 
Claro-prom Ltd. in Zagreb and tar-

Alkaloid Skopje. Whey powder was 
obtained from the company Zdenka, 
composition: milk fat in dry matter 

Preparation of the emulsion
The samples of salad mayonnaise 

used in this research were prepared 
in the traditional way, without the 
use of conservatives, in laboratory 
conditions, each sample weighing 

of a mixture of sunflower oil and Ol-

The first four samples were made 
to examine the effect of oil type (oil 

-
cal properties of mayonnaise con-

other ingredients in the following 

-

The mayonnaise samples were 
produced in the laboratory homog-

-
-

o/min. 
The 15 mm diameter rotor and the 

The first step in the preparation of 
the samples was the weighing of 
the necessary ingredients. ½ of sun-
flower oil was poured into the glass, 
and egg yolk, vinegar, distilled wa-
ter and the other ingredients were 
added. The homogeniser was turned 
on, the rest of the sunflower oil (or 

o/min. All the ingredients were 
at room temperature when used. 
The prepared samples were used to 
measure rheological properties. 

Pasteurised egg yolk was obtained 
by heating at the temperature of 

oC during the period of 1 minute 

samples were prepared in the same 
manner, only some ingredients were 
changed, depending on the recipes 
of the samples.

Rheological properties
Rheological tests of the mayon-

naise samples were carried out in 
a controlled rotational viscometer, 

Table 1 Recipes for the preparation of mayonnaise samples

Ingredients 
Sample 1 

100% SUN* 
(g)

Sample 2
80% SUN +

20% Olivita** 
(g)

Sample 3
70% SUN + 

30% Olivita (g)
50% SUN + 

 50% Olivita (g)

Sunflower oil

Olivita oil -

Duck egg yolk

Alcohol vinegar 8 8 8 8

Table salt

Mustard

Lactose 5 5 5 5

Tartaric acid

Distilled water

Whey powder

* SUN – sunflower oil

** Olivita oil
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model DV-III+ Digital Rheometer 
- Brookfield Engineering Laborato-

was connected to a computer with 

controlled the tests of the rheologi-
cal properties of mayonnaise and 
processed the obtained data. The 
tests of the rheological properties of 
freshly made salad mayonnaise sam-
ples were carried out at the temper-

-
tion temperature and temperature 

to keep the temperature of the may-
onnaise samples constant during 
testing in the viscometer. The tests 
measured the dependence of shear 

-
-1 -1 at upward 

-1

s-1 at downward measurement. On 
the basis of this dependence, fluid 
type was determined. All the tested 
mayonnaise samples displayed non-
Newtonian characteristics and were 
therefore pseudoplastic fluids with 
smaller or larger thixotropic loops. 
The values of the rheological pa-

calculated in the Microsoft Excel 
programme, by application of linear 
regression analysis. 

The rheological parameters con-
-

according to the Ostwald-Reiner 
power law: 

τ = k · Dn

D – shear rate (s-1

k – consistency coefficient (Pa·sn

n – flow behaviour index

-
lated by the formula:

µ = k · D n-1

Figure 1 The relation of shear stress (t) and shear rate (D) in mayonnaise with the 

addition of Olivita oil, at 25 °C.

The relation of apparent viscosity (m) and shear rate (D) in mayonnaise 

with the addition of Olivita oil, at 25°C. 

Figure 3 The effect of duck egg yolk pasteurisation at 68°C on the rheological 

properties of mayonnaise, at 25°C.
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Results and Discussion
The results of the research on the 

effect of oil type, duck egg yolk and 

rheological behaviour of mayon-

shown in Figures 1 - 3 and in Tables 

The effect of oil type (oil phase 

properties and parameters of may-
onnaise containing fresh duck egg 

the mayonnaise samples with the oil 

-
ples with different ratios of Olivita 
oil added into the sunflower oil. In-
creased Olivita oil content in the oil 
phase of mayonnaise reduces shear 
stress and apparent viscosity values.

The results of the rheological tests 
of the mayonnaise samples, ex-
pressed in rheological parameters in 

-
-

flower oil has higher apparent vis-

the oil phase containing a mixture of 
sunflower and Olivita oil, measured 

-1. Increased Olivita 
oil content added into the sunflower 
oil reduces apparent viscosity. It also 
reduces the consistency of mayon-
naise, whereby consistency coeffi-

n 

n in mayonnaise with 

for this is the change of the oil phase 
composition effected by the addi-
tion of Olivita oil, which decreases 
the viscosity of the oil phase with 
sunflower oil, used to make mayon-
naise. The addition of more Olivita 
oil into the oil phase increases the 

changes of rheological parameters 
were recorded during testing of the 

Table 3 illustrates the results of 
the research on the effects of milk 
protein in whey powder on the 
rheological properties of mayon-
naise containing fresh duck egg 

 The effect of oil type on the rheological parameters of mayonnaise with 

fresh duck egg yolk,  at 25°C and 10°C.

Sample
μ at 50 s-1

(mPa.s)
k

(Pa.sn)
n R2

25 oC

10 oC

*SUN – sunflower oil 

μ -1

k – consistency coefficient (Pa.sn

n – flow behaviour index

R2 – coefficient of determination

Table 3 The effect of whey powder content on the rheological parameters of may-

onnaise with fresh duck egg yolk, at 25°C and 10°C.

Whey powder 
content

μ at 56 s-1

(mPa.s)
k

(Pa.sn)
n R2

25 oC

1155

10 oC

The effect of duck egg yolk pasteurisation time at 68°C on the rheological 

parameters of mayonnaise, measured at 25°C and 10°C.

Duck egg yolk 
pasteurisation time 

(min)

μ 
at 50 s-1

(mPa.s)

k
(Pa.sn)

n R2

25 oC

1 min

10 oC

1 min
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yolk, measured at the temperatures 

that the addition of whey powder at 
preparation of mayonnaise affects 
its rheological properties, whereby 
the increase in the ratio of whey 

-
creases the viscosity of mayonnaise. 
Increased whey powder content in-
fluences the rheological properties 

powder increased apparent viscosity 

s-1, measured at the temperature of 
-

tent also increased the consistency 
of the samples: the mayonnaise with 

had a higher consistency coefficient 
n, whereas the may-

n, meas-

of whey powder ratio. The same 
changes were recorded at measure-
ment of rheological properties at the 

The effect of egg yolk pasteurisa-

the rheological properties of mayon-

expressed in rheological parameters 

shows how duck egg yolk pasteuri-

rheological properties of mayon-
naise. Egg yolk pasteurisation causes 
thermal degradation of proteins, li-
poproteins and phospholipids (leci-

in higher shear stress values in these 
mayonnaise samples in comparison 
with those made with fresh egg yolk. 
Shear stress value is higher in may-
onnaise with the duck egg yolk pas-

 

-1, 
illustrating that pasteurisation time 
effects an increase in the viscosity 

of mayonnaise. Apparent viscosity 
of mayonnaise with fresh duck egg 

-
onnaise with the egg yolk pasteur-

mayonnaise with the egg yolk pas-

measured at the temperature of 

-
-

of the rheological properties of the 
-

parent viscosity and consistency but 
lower flow behaviour index values.

Conclusion
All the mayonnaise samples dis-

played non-Newtonian, pseudoplas-
tic flow with a certain thixotropic 
loop area. 

The examined samples displayed 
different rheological properties, de-
pending on the oil type (oil phase 

and duck egg yolk pasteurisation 
time.

 Increased ratio of Olivita oil added 
into the oil phase of mayonnaise 
reduced shear stress, apparent vis-
cosity and consistency coefficient 

The addition of whey powder at 
preparation of mayonnaise affected 
its rheological properties, whereby 
the increase in the ratio of whey 

-
creased the apparent viscosity and 
the consistency coefficient of may-

Duck egg yolk pasteurisation 

-
mal degradation of proteins, lipo-
proteins and phospholipids (leci-

apparent viscosity and consistency 

coefficient values than those of the 
samples containing fresh egg yolk, 
measured at the temperatures of 
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Einfluss des Eidotters der Ente und Milchproteine 
auf rheologische Eigenschaften der Majonäse

Zusammenfassung
In dieser Arbeit wurden der Einfluss der Ölart (Zusammensetzung der Ölphase), Anteil der Molke im Pulver und Zeit der Pasterisation 
des Enteeidotters auf rheologische Eigenschaften der Majonäse untersucht. Der mechanische Homogenisationsprozess der Majo-
näse wurde bei 10 000 °/Min in der Zeit von 3 Minuten bei Zimmertemperatur durchgeführt. Die Majonäse enthält 70 % Öl mit ver-
schiedenen Anteilen von Sonnenblumenöl und Olivitaöl. Die Messungen der rheologischen Eigenschaften wurden auf Rotationsvis-
kosimeter (DV- III + Digital Rheometer-Brookfield Engineering Laboratories, USA) mit konzentrischen Zylindern bei Temperatur 10° C 
und 25° C durchgeführt. Aus den bekommenen Resultaten wurden rheologische Parameter, Konsistenzkoeffizient, Geläufigkeitsindex 
und scheinbare Viskosität errechnet.  Die Untersuchungsresultate haben gezeigt, dass die Zufügung von Olivitaöl, Molke im Pulver 
und Pasterisationszeit des Enteeidotters rheologische Eigenschaften der Majonäse beeinflussen. Mit der Zufügung des Olivitaöls in 
die Ölphase der Majonäse kommt es zur Verringerung der Gleitanstrengung (smično neprezanje), der scheinbaren Viskosität und des 
Konsistenzkoeffizients bei 25° C und 10° C. Die Zufügung von größerem Anteil der Molke im Pulver und Pasterisation des Enteeidotters 
führt zu Vegrößerung der scheinbaren Viskosität und des Konsistenzkoeffizients der Majonäse.
Schlüsselwörter: Sonnenblumenöl, Olivitaöl, Enteeidotter, rheologische Eigenschaften, Majonäse  

Influenza del tuorlo d’uovo di anatra e delle proteine 
di latte sulle caratteristiche reologiche di maionese

Sommario
In quest’articolo è stata esaminata l’influenza del tipo d’olio (composizione di fase oleosa), percentuale di siero di latte in polvere e 
tempo di pasterizzazione del tuorlo d’uovo di anatra sulle caratteristiche reologiche di maionese per insalata. Il processo meccanico 
di omogenizzazione di maionese è stato fatto a 10 000 giri per minuto e nel tempo di 3 minuti alla temperatura ambientale. La maio-
nese contiene il 70% d’olio con vari percentuali d’ olio di girasole e d’olio Olivita. Le caratteristiche reologiche sono state misurate sul 
viscosimetro rotazionale (DV- III + Digital Rheometer-Brookfield Engineering Laboratories, USA) a cilindri concentrici alle temperature 
di 10 oC e 25 oC. Dai dati ottenuti sono stati contati i parametri reologici: coefficiente di consistenza, indice di scorevolezza e viscosità 
apparente. I risultati di ricerca hanno mostrato che l’aggiunta d’olio Olivita, siero in polvere e tempo di pasterizzazione del tuorlo 
d’uovo di anatra influiscono sulle caratteristiche reologiche di maionese. Con l’aggiunta d’olio Olivita nella fase oleosa si riducono 
lo sforzo di taglio, viscosità apparente e coefficiente di consistenza alle temperature di  25 oC e 10 oC. L’aggiunta di una percentuale 
maggiore di siero di latte in polvere e la pasterizazzione del tuorlo d’uovo di anatra fanno aumentare la viscosità apparente ed il 
coefficiente di consistenza di maionese.
Parole chiave: olio di girasole, olio Olivita, tuorlo d’uovo di anatra, caratteristiche reologiche, maionese
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