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A B S T R A C T   

Egg is well known to have great emulsifying properties in emulsion systems such as mayonnaise. However, egg 
yolk is a food allergen leading to the need for alternatives. The emulsification properties of cheese powder in 
mayonnaise were studied in comparison with egg yolk powder. Four percent of cheese powders were added 
during mayonnaise production and the resultant rheological properties, stability, and microstructure were 
evaluated. The cheese powders were based either on Cheddar or Camembert and powders from the latter were 
made with and without use of emulsifying salt. Use of cheese powder enabled development of a gel-like structure 
in the mayonnaise. Mayonnaise made using Cheddar cheese powder showed the highest degree of similarity to 
egg yolk powder in terms of rheological properties and exhibited a high consistency index (a K-value of 33.6 Pa 
sn) and higher stiffness (G’~2.2 kPa). On the other hand, samples with Camembert cheese powder showed 
decreased consistency index (a K-value of 4.1–7.3 Pa sn) and lower G’~1 kPa even if emulsifying salts were 
added (G’~1.6 kPa). All cheese powders ensured good fat emulsification but were less able to bind water.   

1. Introduction 

Cheese powder is produced by spray drying of a homogeneous 
cheese-based emulsion denoted cheese feed. Different cheese raw ma-
terials (type of cheese, cheese age) added ingredients (emulsifying salts, 
dairy powders) and drying technologies (one-stage or two-stage spray 
dryer) during manufacturing influence the final properties of cheese 
powders (Felix da Silva, Hirschberg, Ahrné, Hougaard, & Ipsen, 2018; 
Felix da Silva, Larsen, Hougaard, & Ipsen, 2017; Kelimu, Felix da Silva, 
Geng, Ipsen, & Hougaard, 2017) and may also affect cheese powder 
functionality. Cheese powders are multifunctional ingredients that 
provide additional functionality (e.g. water binding and emulsifying 
capacity) in the end product apart from contributing to flavor. Specif-
ically, cheese powder has emulsification properties due to proteins and 
peptides from the cheeses used and their ability to facilitate formation, 
improve stability and provide desirable physicochemical properties in 
oil-in-water emulsions (Norde, 2003). Previous studies have shown that 
cheese powder can stabilize model oil-in-water emulsions (Felix da Silva 
et al., 2020; Felix et al., 2019). 

Mayonnaise is a semi-solid oil-in-water emulsion traditionally pre-
pared through mixing of egg yolk, vinegar, oil, and salt. The lipoproteins 
and phospholipids present in egg yolk account for its emulsifying ca-
pacity (Sørensen, Altskär, Hermansson, Langton, & Jordansson, 2002). 

However, egg is known to cause food allergy in children younger than 
five years old (Armaforte, Hopper, & Stevenson, 2021), leading to the 
need of egg alternatives. To the best of our knowledge, no previous in-
vestigations have been conducted to understand cheese powder func-
tionality in a more complex food system such as mayonnaise. Thus, we 
aimed to understand the emulsification properties of cheese powder in 
mayonnaise in comparison with egg yolk powder. Rheological proper-
ties, stability, and microstructure of mayonnaise containing cheese 
powder were assessed. 

2. Materials and methods 

2.1. Cheese powders 

Two Camembert based cheese powders (with and without addition 
of emulsifying salt (ES)- disodium hydrogen phosphate) and a Cheddar 
based cheese powder were provided by Lactosan A/S (Ringe, Denmark). 
Their manufacture has been previously described (Felix da Silva et al., 
2017), and their characteristics are: Camembert cheese powder without 
ES (400 g/kg fat and 437 g/kg protein, pH: 5.8); Camembert cheese 
powder with ES (400 g/kg fat and 420 g/kg protein, pH: 5.8); Cheddar 
cheese powder (456 g/kg fat, and 367 g/kg protein, pH: 6). Egg yolk 
powder (643 g/kg fat and 317 g/kg protein, pH: 6) was provided by 
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Sanovo Foods A/S, Odense, Denmark. The chemical composition of 
powdered ingredients were provided by the suppliers. 

2.2. Mayonnaise preparation 

Mayonnaise containing 40 g/kg of cheese powder or egg yolk pow-
der was prepared in triplicates. Salt (3.7 g/kg), sugar (15 g/kg) and 
powder (cheese or egg yolk) were mixed with water (319 g/L) at 500 
rpm (20 min, 21 ◦C). Sunflower oil (Ponte Sisto, Nyborg, Denmark) was 
added slowly to the mix while stirring for 2 min at 23,000 rpm using a 
kitchen mixer (FDP301SI, Kenwood, New Lane, Havant, UK). Vinegar 
(Lagerberg, Højbejg, Denmark) (19.5 g/kg; 50 g/L acetic acid) was 
added and further mixing conducted for 30 s. Mayonnaise samples (60 
g:40 g oil in water) were stored at 20 ± 1.0 ◦C and analyzed at day one 
after production. 

2.3. Rheological properties 

2.3.1. Flow behavior 
Flow behavior was analyzed using a controlled stress rheometer (AR- 

G2, TA Instruments, New Castle, DE, USA) with a bob and cup geometry 
(inner diameter: 30 mm) and 4 mm gap using logarithmic increasing 
shear rate (©̇) from 0.1 s− 1 to 100 s− 1 followed by a decrease back down 
from 100 s− 1 to 0.1 s− 1. Up-sweep flow curves (shear stress vs shear rate) 
were fitted with the Power Law model (Equation (1)), where τ is the 
shear stress (Pa), K is the consistency index (Pa∙sn), and n is the flow 
index. 

τ =Kγ̇n (1)  

2.3.2. Viscoelastic behavior 

Viscoelastic behavior was measured using a controlled stress 
rheometer (AR-G2, TA Instruments, New Castle, DE, USA) equipped 
with a Peltier system for temperature control using a 40 mm diameter 2◦

cone-plate and a 0.052 mm gap. A strain sweep (10− 4 to 10, 1 Hz) was 
initially used to define the linear viscoelastic region (LVR). A dynamic 
frequency sweep (0.1–60 Hz) was subsequently conducted at a constant 
strain of 0.04% (within the LVR region for all samples). 

2.4. Physical stability 

Physical stability of mayonnaise samples was evaluated by an 
accelerated centrifugation method (SL 16 R centrifuge, Thermo Fisher 
Scientific, Waltham, MA, USA). An aliquot (30 ± 0.1 g) of mayonnaise 
was transferred into a 50 mL centrifuge tubes and centrifuged at 20 ◦C at 
300×g. The height of separated phase (% of total height) was measured 
with a ruler after 10, 20 and 30 min. In addition, a visual observation of 
the physical stability was done after four days of storage. 

2.5. Microstructure and oil droplets size 

Mayonnaise samples were inspected using a Leica SP5 (Leica 
Microsystems, Wetzlar GmbH, Wetzlar, Germany) confocal laser scan-
ning microscope. Excitation was done at 488 nm (krypton/argon) and 
543 nm (helium/neon). Nile red (9- diethylamino-5H-benzoalpha- 
phenoxazine-5-one; Sigma-Aldrich, St Louis, USA) was used to stain 
the oil phase and fluorescein isothiocyanate isomer (FITC; Sigma- 
Aldrich, Sigma-Aldrich, St Louis, USA) for the protein phase (Kelimu 
et al., 2017). The average oil droplets size was measured using Leica 
Application Suite Software 2.6.0 (LAS AF, Leica Microsystems, 
Denmark). 

2.6. Statistical analyses 

Three replicates of each mayonnaise sample were produced. Analysis 

Fig. 1. Shear stress versus shear rate (A), storage modulus G’ (B) and loss 
modulus G’’ (C) of mayonnaises with egg yolk ( ), Cheddar cheese powder ( ), 
Camembert cheese powder with emulsifying salts ( ) and Camembert cheese 
powder without emulsifying salts ( ). 
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of variance was performed using Origin Pro 2016 (OriginLab Corpora-
tion, Northampton, MA, USA) to identify differences among samples (p 
≤ 0.05). Paired comparisons between means were examined using 
Tukey’s test when significant differences were observed. 

3. Results and discussion 

3.1. Rheological properties 

Mayonnaises containing egg yolk or different cheese powders 
exhibited variation in flow behavior (Fig. 1A). Addition of Cheddar 
cheese powder resulted in the highest shear stress at any given shear 
rate, followed by samples made with Camembert based cheese powders 
with ES and Camembert cheese powder without ES. No differences were 
observed between the apparent viscosities of mayonnaises with Cheddar 
or egg yolk powder. The consistency coefficient (K) and the flow 
behavior index (n) estimated from the Power Law model are shown in 
Table 1. All mayonnaises showed non-Newtonian, shear-thinning 
behavior (n < 1). Mayonnaises with added egg yolk or Cheddar cheese 
powder exhibited stronger non-Newtonian behavior and a markedly 
higher K. 

Mayonnaises can be considered to be gel-like systems (Ma & Bar-
bosa-Cánovas, 1995) and addition of cheese powder enabled develop-
ment of a weak gel-like structure. All samples showed storage modulus 
(G’) greater than loss modulus (G’’) with a gradual increase with 
increasing frequency (Fig. 1B and C). No significant differences were 
observed between samples containing egg yolk and Cheddar cheese 
powder. Using Camembert cheese powder with ES gave a reduced 
storage modulus in comparison with the same type of cheese powder 
without ES, indicating a weaker interaction between protein molecules 
possibly due to reduced electrostatic interactions and improvement of 
protein solubility (Lucey, Maurer-Rothmann, & Kaliappan, 2011). 

Table 1 
Power Law model parameters and stability of mayonnaises produced with 
different ingredients (n = 3).  

Added 
ingredient 

Consistency 
Coefficient (K) 
(Pa sn) 

Flow 
behavior 
index (n) 

Height of water phase (%) 
after centrifugation 

10 
min 

20 
min 

30 min 

Egg yolk 28 ± 5a 0.3 ± 0.0c 0±0a 1.1 
±

0.7a 

1.97 ±
0.7a 

Cheddar cheese 
powder 

33.6 ± 2.4a 0.4 ± 0.1b 4 ±
0.7b 

7.6 
±

0.4b 

9.71 ±
0.9b 

Camembert 
cheese powder 
with ES 

4 ± 2.7b 0.7 ± 0.1a 10 ±
0.4c 

14 ±
1.0c 

14.92 
± 0.7c 

Camembert 
cheese powder 
without ES 

7 ± 2.3b 0.7 ± 0.2a 9 ±
0.7c 

13 ±
0.4c 

14.74 
± 0.41c 

ES: emulsifying salts. 
Small different letters within a column are significantly different (p ≤ 0.05). 

Fig. 2. Confocal scanning micrographs of mayonnaises produced with egg yolk (A), Cheddar cheese powder (B), Camembert cheese powder with emulsifying salts 
(C) and Camembert cheese powder without emulsifying salts (D). Red color represents fat, whereas green color represents the protein. Scale bar of 25 μm. (For 
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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Similar behavior was reported by Felix da Silva et al. (2017) where a 
higher gel stiffness was reported in the absence of emulsifying salt in 
reconstituted (50:50 in water) cheese powders. It is noteworthy that the 
formation of a stronger gel structure for mayonnaises made using egg 
yolk or Cheddar cheese powder is also reflected in the higher consis-
tency index (Table 1). 

3.2. Physical stability and microstructure 

Egg yolk mayonnaise exhibited no phase separation over storage 
time by visual evaluation, while a water layer was observed in the 
cheese powder mayonnaises after four days of storage (data not shown). 
In accordance with this, Table 1 shows the phase separation after 10, 20 
and 30 min centrifugation. The sample made using egg yolk showed the 
least separation followed by the Cheddar mayonnaise. The two 
Camembert mayonnaises were the most unstable (approximately 14% of 
water phase after centrifugation), and addition of ES did not signifi-
cantly affect the stability. From Fig. 2 it can be seen that egg yolk powder 
resulted in oil droplets with a smaller size (average 2.5 μm), which 
created a well-packed structure, whereas Cheddar mayonnaise pre-
sented larger oil droplets (average 4.6 μm). 

It is often stated that decreasing the particle size increases viscosity 
and stability of oil-in-water emulsions (Barnes, 1994). However, this is 
not true for all the investigated samples since Cheddar mayonnaise 
exhibited larger oil droplets in comparison with Camembert mayon-
naises. Thus, the stabilization is presumably also a consequence of the 
protein profile of the applied cheese powders. For protein stabilized 
droplets, the attractive interactions between adsorbed proteins and 
proteins in the gel network will reinforce network structure and increase 
gel stiffness. Conversely, when droplets are stabilized by 
small-molecular surfactants (that do not interact strongly with the 
protein network), the presence of droplets tends to weaken the network 
and decrease gel stiffness (McClements, 2015). The reduced gel strength 
for Camembert mayonnaise could thus be explained by increased pres-
ence of smaller peptides caused by the high degree of proteolysis that 
characterizes surface mold-ripened cheese. Such peptides will not 
necessarily have a well-defined amphiphilic structure. Some small 
peptides may work adequately as emulsifier, like small molecule sur-
factants, but not necessarily lead to the desired network/structure for-
mation observed for the egg yolk and cheddar proteins. In addition, 
these samples exhibited undissolved protein lumps, suggesting that poor 
rehydration of the added powders could also be the reason of the weaker 
gel network since not all protein present was able to interact in the 
continuous phase. 

4. Conclusions 

Cheese powders are able to replace egg yolk in mayonnaise pro-
duction. However, significant differences occur as a consequence of the 
type of cheese powder used. All cheese powders tested ensured good fat 
emulsification but were less able to bind water in the investigated sys-
tem. The mayonnaise made using Cheddar cheese powder showed the 
highest degree of similarity to egg yolk in terms of rheological properties 

and stability. The stabilization mechanisms of cheese powders in 
mayonnaise needs to be further investigated, more specifically 
regarding the differences between the cheese type used and how the 
proteins and peptides present in the cheese are absorbed at the interface. 
Furthermore, the application of cheese powders as emulsifiers might 
impair taste and appearance. 
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