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Abstract:
Introduction. Mayonnaise is a kind of oil-in-water emulsion that usually contains 70–80% of oil. However, modern food science 
keeps providing new knowledge about high-fat products, which makes it possible to solve the problems related to health concerns. 
Study objects and methods. The research featured high-fat mayonnaise (20% of oil) with reduced oil stabilizer (1.75%) and without 
egg stabilizer. In experimental samples, egg stabilizer was replaced with 0.3, 0.4, and 0.5% of whey protein concentrate and 0.3, 0.5, 
and 1.0% of Tragacanth gum. Mayonnaise with 3.5% oil stabilizer and 0.3% egg stabilizer was used as control sample. The samples 
were tested for such textural attributes as firmness, consistency, adhesive force, and adhesiveness.
Results and discussion. The highest and the lowest textural values were demonstrated by the sample with 0.4% of whey protein 
concentrate and 0.5% of Tragacanth gum and the sample with 0.5% of whey protein concentrate and 1.0% of Tragacanth, respectively. 
The former showed textural characteristics similar to those of the control sample. The presence of hydrocolloids proved to affect the 
texture properties of mayonnaise, whereas Tragacanth gum reduced its elasticity. It formed a strong and complex gel-like structure in 
the continuous phase. As a result, oil droplets in the emulsion had a smaller diameter, which improved the texture properties of low-
fat mayonnaise.
Conclusion. Whet protein concentrate and Tragacanth gum in amounts of 0.5% and 1.0%, respectively, can be used to replace egg 
stabilizer and reduce oil stabilizer in low-fat mayonnaise.
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INTRODUCTION
According to the Iranian food standards developed 

by the Iranian Institute of Standards and Industrial 
Research, mayonnaise is a kind of seasoning produced 
by emulsifying edible vegetable oils in a liquid phase 
containing vinegar. This oil-in-water emulsion is then 
stabilized by the emulsifier compounds in egg yolk. Fats 
are necessary for human body as an important source 
of energy for growth. They provide both essential fatty 
acids and fat-soluble vitamins. Consumers’ concern with 
the fact that high-fat foods may cause cardiovascular 
diseases, hypertension, and obesity has encouraged the 
food industry to develop healthier low-fat food products. 

The consumption of oils and fats has increased 
significantly in recent decades. One of the reasons for 
this increase is that oil is widely used in many food 
products to obtain the appropriate textural properties. 
Not only is high oil content bad for health but it is also 

unprofitable for food producers. The general policy of 
global food industry is to produce fat-free or low-fat 
foods with a flavor similar to that of a natural product. 
Therefore, the use of proper fat substitutes in low-fat 
foods is inevitable. Fat substitutes are extremely diverse 
and include substitutes based on proteins, fats, and 
carbohydrates. Carbohydrate-based fat substitutes are a 
group of compounds derived from cereals, legumes, and 
herbs with digestible or non-digestible carbohydrates, 
including Tragacanth gum [2, 6]. Dried Tragacanth 
gum is obtained from a species of Astragalus genus that 
contains both water-soluble (tragacanthin) and water-
insoluble (bassorin) fractions. 

The US Food and Drug Administration classifies 
Tragacanth gum as a healthy food additive, which can 
be used as a stabilizer, emulsifier, thickener, and fat 
substitute in the food industry [7, 15]. There has been a 
lot of research on the production of low-fat mayonnaise 

Copyright © 2020, Habashi et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International  
License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, 
transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.

Foods and Raw Materials, 2021, vol. 9, no. 1
E-ISSN 2310-9599

ISSN 2308-4057

https://orcid.org/0000-0002-4483-2568
https://ror.org/043zh9f19
https://ror.org/043zh9f19
http://crossmark.crossref.org/dialog/?doi=10.21603/2308-4057-2021-1-19-23&domain=pdf


20

Habashi V. et al. Foods and Raw Materials, 2021, vol. 9, no. 1, pp. 19–23

using a variety of ingredients. Some studies featured 
the possibility of using pectin to reduce oil content [8, 
5]. Pectin proved to be able to reduce the level of oil in 
mayonnaise from 80 to 40%, while the finished product 
possessed textural and sensory properties comparable 
to the high-fat control sample. Other studies [5, 17] 
tested beta-glucan for low-fat mayonnaise production. 
The finished product appeared more stable than low-
fat mayonnaise. Replacing up to 50% of the initial oil 
content (from 82 to 41%) had no effect on the sensory 
properties of mayonnaise. 4α-GTASE-modified starch 
with xanthan gum also appeared effective in reducing 
oil content [10, 13]. The resulting product with 37.5% of 
oil, 5.6% of starch, and 0.1% of xanthan was similar in 
its appearance and rheological properties to the high-fat 
samples. Combined with citrus fiber and guar, xanthan 
was able to reduce oil from 73% to 36.5% [2, 16]. The 
mayonnaise sample with 1% of citrus fiber, 0.5% of guar, 
and 1.5% of xanthan gum had almost the same yield 
stress, viscosity, and flow behavior index as the control 

sample. In [5, 6, 14], scientists studied barley dextrin, 
maltodextrin with xanthan gum, and pre-gelatinized 
wheat starch in low-fat mayonnaise production, 
respectively.  

Given the adverse effects of oil on human health, 
low concentrations of hydrocolloids, such as starches 
and gums, seem quite promising for mayonnaise 
production. As they have a remarkable effect on the 
properties of food systems, they can be used to modify 
food properties and formulate new ones. In addition, 
they often possess economic benefits [7, 9]. Most 
sauces contain gum. By increasing the continuous 
phase concentration, these polysaccharides decrease 
the adhesiveness and compress the fat droplets. They 
decrease the collision and attachment of these droplets 
to each other by reducing release and movement of 
dispersed emulsion droplets, which stabilizes the 
emulsion [9, 17]. 

This study aimed to produce mayonnaise with 
whey protein concentrate as a substitute for eggs 
and Tragacanth gum as a substitute for fat. We also 
examined the textural attributes of the product obtained.

STUDY OBJECTS AND METHODS 
The mayonnaise formulation included sunflower 

oil, sugar, salt, oil stabilizerI, egg stabilizerII, citric acid, 
vinegar, mustard powder, sodium benzoate, potassium 
sorbate, drinking water, Tragacanth gum, and whey 
protein concentrate.  

Preparation of mayonnaise. According to the 
Iranian standards, a mayonnaise with 50% oil is a 
low-fat mayonnaise. The research featured three 
mayonnaise samples. A control sample contained 3.5% 
of oil stabilizer and 0.3% of egg stabilizer. The three 
experimental samples included a reduced oil stabilizer 
(1.75%), no egg stabilizer, whey protein concentrate 
(0.3, 0.4, and 0.5%), and Tragacanth gum (0.3, 0.5, and 
1.0%). The mayonnaises were made according to the 
formulation in Fig. 1.

Textural properties examination. Textural analysis 
device (QTS 25 Faranel CNS, UK) was used to examine 
I  Modified Starch Hydroxypropyl distarch phosphate (E1442)
II  Modified Starch Sodium Actinyl Succinate (E1450)

Figure 1 Production process of mayonnaise samples

Adding oil (slow)

Water phase. Mixing 
at speed 1 for 4 min Emulsion formation. Mixing at speed 2 for 5 min

Adding 2/3 vinegar. 
Mixing for 1 min

Homogenization, Mixing 
at speed 4 for 7 min

Figure 2 TPA curves of mayonnaise samples obtained from 
the textural analysis device
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control – 3.5% oil stabilizer + 0.3% egg stabilizer; 1 – 1.75% oil 
stabilizer + 0.3% whey protein concentrate + 0.3% Tragacanth 

gum; 2 – 1.75% oil stabilizer + 0.4% whey protein concentrate + 
0.5% Tragacanth gum; 3 – 1.75% oil stabilizer + 0.5% whey protein 

concentrate + 1.0% Tragacanth gum.
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the mayonnaise samples for such textural properties as 
firmness, consistency, adhesive load, and adhesiveness. 
The measurement was done by back-estrogen method 
using a measuring vessel with a height of 58 mm and  
50 mm in diameter, as well as a probe with a diameter 
of 45 mm. The penetration depth of the probe into the 
sample was 40 mm. The probe and other parameters 
were selected according to the manufacturer’s 
instructions. The textural properties, such as firmness, 
cohesiveness, and adhesiveness, were plotted by the 
device in the form of load–time curves (Fig. 2) [8]. As 
a result, the textural properties were defined as follows: 

Firmness: Maximum load during first compression 
rotation.

Cohesiveness: area ratio of level 2 to level 1.
Adhesiveness: the area of negative load resulting 

from the first plunge and indicating the work required to 
pull the probe out of the sample.

Statistical analysis. The experiments were 
conducted in a completely randomized design with 
three replications. The mean comparison of treatments 
was performed by Duncan test at 95% confidence 
level. SPSS 16.0 and Excel 2007 were used for data 
analysis and drawing charts, respectively. For this 
purpose, appropriate equations were plotted by the 
abovementioned software to show the relationship of 
each of the dependent variables in the regression model 

with the independent variables. The R2 values were 
determined to evaluate the accuracy.

RESULTS AND DISCUSSION
Compounds known as hydrocolloids with a high 

ability to absorb water and to develop texture are 
widely used in the production of low-fat products. 
This research featured the physical performance of 
whey protein concentrate and Tragacanth gum in the 
texture formation. Both whey protein concentrate and 
Tragacanth gum proved to possess water-absorbing 
capacity and improved textural properties.

Both compounds revealed a good potential as egg 
and fat substitutes to obtain desirable texture. They 
provided the same texture that high-fat mayonnaise 
owes to large quantities of oil. In addition to its fat-
replacement role, Tragacanth appeared capable of 
enhancing the consistency of low-fat mayonnaise 
samples and reducing their caloric value. Since 
Tragacanth gum can bond with water in the continuous 
phase, it improved the stability of the emulsion. 
Therefore, it can be used as a fat substitute in the low-fat 
mayonnaise formulation. In spite of the fact that the use 
of Tragacanth gum in mayonnaise production requires 
further research, the present study was an effective step 
towards self-sufficiency and localization of this product.

Textural properties. Table 2 shows the textural 
properties of the mayonnaise samples under study. 
Firmness is one of the most important factors affecting 
mayonnaise as it is believed to affect customers’ 
attitude. The control sample (with egg stabilizer) and 
the sample with 0.4% whey protein concentrate and 
0.5% Tragacanth gum demonstrated the highest and 
the lowest firmness, respectively. Similarly, they had 
the highest and the lowest consistency, adhesiveness, 
and firmness, respectively. Regression coefficients 
of firmness, adhesiveness, and textural cohesiveness 
showed that the experimental samples fit the model well: 
the coefficient of determination was 99.96, 99.78, and 
98.72, respectively.

The firmness percentage increased when egg 
stabilizer was replaced with 0.3% whey protein 
concentrate and 0.3% Tragacanth gum (Table 2). 
0.4% whey protein concentrate and 0.5% Tragacanth 
gum decreased firmness, while 0.5% whey protein 
concentrate and 1.0% Tragacanth gum increased it 
again. The results of this study were consistent with [17].  

Table 1 Raw materials used to produce different samples  
of mayonnaise, %

Samples Control Sample 
No. 1

Sample 
No. 2

Sample 
No. 3

Sunflower oil 20 20 20 20
Egg stabilizer – – – 0.3
Oil stabilizer 1.75 1.75 1.75 1.75
Tragacanth gum – 0.3 0.5 1.0
Whey protein 
concentrate

– 0.3 0.4 0.5

Vinegar 5.2 5.2 5.2 5.2
Salt 1.5 1.5 1.5 1.5
Sugar 5 5 5 5
Citric acid 0.13 0.13 0.13 0.13
Mustard 0.3 0.3 0.3 0.3
Sodium benzoate 0.07 0.07 0.07 0.07
Potassium sorbate 0.07 0.07 0.07 0.07

Table 2 Effect of whey protein concentrate and Tragacanth gum on textural properties of mayonnaise

Samples Adhesive force, N Adhesiveness, N·s–1 Consistency, N·s–1 Firmness, N
Control (no WPC and TG) 70.92 3.37 117.30 4.14
0.3% WPC + 0.3% TG 65.32 2.73 98.93 3.45
0.4% WPC + 0.5% TG 22.10 0.85 36.22 1.32
0.5% WPC + 1.0% TG 61.63 2.88 100.10 3.50

WPC – whey protein concentrate
TG – Tragacanth gum
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In other studies, 50% and 75% beta-glucan increased 
the firmness of low-fat mayonnaise [16]. The highest 
consistency was observed in the control sample  
(177.30 N·s–1) and sample with 0.5% whey protein 
concentrate and 1.0% Tragacanth gum (100.10 N·s–1). 
The lowest consistency was observed in the sample with 
0.4% whey protein concentrate and 0.5% Tragacanth 
gum (36.22 N·s–1). The highest (3.37 N·s–1) and the 
lowest (0.85 N·s–1) adhesiveness was observed in the 
control sample and the sample with 0.4% whey protein 
concentrate and 0.5% Tragacanth gum, respectively.

The presence of hydrocolloids proved to played a 
significant part in developing the texture properties of 
mayonnaise. Accordingly, the maximum load recorded 
in histometry test, known as the sample tolerance for 
flow initiation, was obtained for the control sample and 
then the sample with 0.5% whey protein concentrate 
and 1.0% Tragacanth gum. The sample with 0.4% whey 
protein concentrate and 0.5% Tragacanth gum showed 
the lowest value of this parameter. Based on the obtained 
results, the sample with the highest levels of whey 
protein concantrate (0.5%) and Tragacanth gum (1.0%) 
demonstrated the closest texture behavior to the control 
sample containing egg stabilizer (Figs. 3–5). Other 
studies had similar results: gum reduced the elasticity 
due to the formation of a strong gel-like structure in 
the continuous phase [7, 9, 11]. The gum made the 

structure firmer and more complex while affecting the 
formation of oil droplets with smaller diameter in the 
emulsion, thus improving the texture properties of low-
fat mayonnaise.

CONCLUSION
Given the importance of such food emulsions as 

mayonnaise, the qualitative properties of this high-fat 
seasoning require careful scientific attention. Texture 
is one of the factors that affect the quality of this 
product. Gum is one of the most important compounds 
used to achieve a proper texture. Considering the 
effect this irreplaceable component has on the quality 
properties, localization of this product is impossible 
without introducing the native Tragacanth gum into the 
formulation and studying its functionality. 

The research objective was to measure the effect 
of Tragacanth gum as a partial substitute for fat on 
the textural properties of low-fat mayonnaise. All the 
samples proved acceptable in terms of pH and acidity 
according to Iranian National Standard. However, 
different levels of whey protein concentrate and 
Tragacanth gum changed the texture properties of 
mayonnaise. The synergistic effect of whey protein 
concentrate and Tragacanth gum at amounts of 0.5% and 
1.0 %, respectively, improved the product’s texture. 
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Figure 3 Firmness vs. consistency and adhesive force  
vs. adhesiveness correlation

Figure 4 Correlation between adhesive force and firmness

Figure 5. Correlation between adhesive force and consistency
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