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Abstract 

Mayonnaise is one of the most important oil-in-water food emulsions, and its traditional formulation 

relies on egg yolk as the primary emulsifying agent. However, the high cholesterol content of egg 

yolk has prompted the search for natural plant-based alternatives capable of maintaining product 

quality while reducing its cholesterol content. The aim of this study was to evaluate the feasibility of 

using ultrasonic-assisted lecithin extracted from sesame oil as a partial substitute for egg yolk in 

mayonnaise preparation, and to examine its effect on the physicochemical, microbial, and sensory 

properties of the final product. 

Lecithin was extracted from sesame oil using ultrasonic technology; the extracted lecithin was then 

used to manufacture three mayonnaise formulations, in addition to a control sample without any 

substitution, and three treatments in which egg yolk was replaced with sesame lecithin at ratios of 

25%, 50%, 75%. The chemical composition, cholesterol content, pH, emulsion stability, sensory 

characteristics, and microbiological tests of the resulting mayonnaise were then evaluated. The 

results showed that increasing the percentage of lecithin substitution led to a significant decrease in 

cholesterol content compared to the control sample, Emulsion stability also improved gradually with 

increasing lecithin content, reflecting the high emulsifying efficiency of the phospholipids present in 

it. pH values were not significantly affected and remained within the appropriate acidic range for 

mayonnaise. 

Sensory evaluation showed that partially replacing egg yolk with sesame lecithin maintained 

acceptable sensory quality; the 25% replacement treatment achieved the highest acceptability scores 

among the replacement treatments, with a texture similar to that of the control sample. In contrast, 

higher substitution rates led to a gradual decline in color, taste, and overall acceptability. Microbial 

tests also showed no growth of E. coli, Salmonella, yeasts, or molds during the refrigerated storage 

period, while limited growth of total bacterial count was observed at the end of the 14-day storage 

period. 

The results indicated that sesame lecithin can be used as a natural vegetable emulsifier in 

mayonnaise preparation and that replacing 25% of the egg yolks represents the optimal level for 

reducing cholesterol while maintaining the desired physicochemical and sensory characteristics of 

the product. 

Keywords: Sesame lecithin, Mayonnaise, Egg yolk substitute, Cholesterol reduction, Emulsifier, 

Microbiological testing of mayonnaise, Sensory evaluation. 
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1   Introduction 

Mayonnaise is one of the most widely 

consumed food emulsions in the world and 

is classified as an oil-in-water emulsion, in 

which oil droplets are dispersed within a 

continuous aqueous phase containing 

vinegar, water, and other ingredients. The 

stability of the emulsion depends primarily 

on the presence of effective emulsifying 

agents, foremost among which is egg yolk, 

which is rich in phospholipids and 

lipoproteins [35]. 

Mayonnaise is also characterized by its 

high oil content, which may exceed 70%, 

requiring a stable interfacial system 

capable of preventing droplet coalescence 

and phase separation during storage [24]. 

Lecithin is a complex natural mixture of 

amphipathic phospholipids; it has both a 

hydrophilic and a lipophilic portion, which 

enables it to localize at the interface 

between oil and water and reduce the 

surface tension between them, thereby 

promoting the formation and stability of 

emulsions [36]. 

The functional performance of lecithin is 

linked to its phospholipid composition, 

which is rich in phosphatidylcholine, 

phosphatidylethanolamine, and 

phosphatidylinositol, all of which play an 

important role in improving the physical 

stability, texture, and rheological 

properties of emulsified food systems 

[9][18].Although commercial lecithin is 

primarily extracted from soybeans, interest 

has grown in recent years in identifying 

alternative plant sources with distinctive 

nutritional and functional properties.  

Sesame (Sesamum indicum L.) is 

considered an important oilseed crop due 

to its high oil content and a range of 

bioactive compounds, and its oil contains 

phospholipids, which are the primary 

component of lecithin. This makes it a 

promising source for the production of 

plant-based lecithin with good emulsifying 

properties that can be utilized in various 

food applications [25][27]. 

As [8]explained, sesame lecithin possesses 

effective emulsifying capacity due to its 

high content of phospholipids, which are 

capable of forming stable membranes 

around oil droplets in emulsions. 

In recent years, there has been growing 

interest in developing low-cholesterol 

mayonnaise products in response to 

consumers’ increasing awareness of the 

importance of limiting dietary cholesterol 

intake; Egg yolks are the primary source of 

cholesterol in traditional mayonnaise, 

which has prompted researchers to 

investigate the possibility of replacing or 

reducing their proportion using plant-based 

alternatives with suitable emulsifying 

properties [23]. Studies indicate that plant-

based lecithin can provide effective 

emulsifying properties while reducing 

cholesterol content and maintaining 

emulsion stability when the formulation is 

designed appropriately [10][35]. 

Furthermore, replacing egg yolk with 

plant-based lecithin not only affects the 

nutritional content of the product but also 

influences its physical and sensory 

properties, as well as the stability of the 

emulsion during storage  [38][18]. 

One of the modern techniques used to 

extract phospholipids and lecithin from 

vegetable oils is ultrasonic-assisted 

extraction, which relies on the 

phenomenon of acoustic cavitation, leading 

to enhanced mass transfer and improved 

efficiency in separating phospholipids 

from the oil, as well as reducing extraction 

time and improving yield compared to 

traditional methods [11][7]. 

This technique has demonstrated high 

efficiency in the extraction of lecithin from 

vegetable oils, making it a promising 

option for industrial and food applications. 
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Therefore, this study aimed to evaluate the 

effect of partially replacing egg yolk with 

ultrasonically extracted sesame lecithin on 

certain physicochemical properties of 

mayonnaise, with a focus on cholesterol 

content, pH, emulsion stability, and 

sensory evaluation, with the goal of 

developing a low-cholesterol mayonnaise 

product with suitable quality 

characteristics and applicability in the food 

industry.

 

2  Material and Methods 

1-2  Preparation of Lecithin 

Ultrasonically extracted sesame crude 

lecithin was used, following the method 

described by [29] with some 

modifications: an ultrasonic bath operating 

at a frequency of 30 kHz and a temperature 

of 60ºc was used for different times (10, 

20, 30)minutes, After comparing the 

extraction yields, the crude lecithin 

extracted for 10 minutes was selected 

because it yielded the highest extraction 

yield and was used as a vegetable 

emulsifier to partially replace egg yolks in 

the production of low-cholesterol 

mayonnaise. 

2-2  Mayonnaise preparation 

Table1: Ingredients in Mayonnaise 

Formulas 

T1 is the control sample 10% egg yolk; T2 

is mayonnaise 25% of the egg yolk has 

been replaced with lecithin; T3 is 

mayonnaise 50% of the egg yolk has been 

replaced with lecithin; T4 is mayonnaise 

75% of the egg yolk has been replaced 

with lecithin . 

The method described by [4] was followed 

with some modifications; the mayonnaise 

preparation recipe included the ingredients 

and their quantities listed in Table (1). The 

control sample (T1), containing 10% egg 

yolk, was prepared, while in the other 

treatments, the egg yolk was partially 

replaced with sesame crude lecithin at a 

rate of 25% (2.5 g lecithin) in T2, 50% (5 g 

lecithin) in T3, and 75% (7.5 g lecithin) in 

T4, with the remaining ingredients kept 

unchanged, The ingredients were mixed 

using an electric mixer to obtain a 

homogeneous emulsion, and then the 

samples were packaged in sterile, airtight 

containers and stored refrigerated until 

analysis.   

3-2 Determination of approximate 

compounds: 

 The moisture, ash, crude protein, fat, and 

carbohydrate contents of the mayonnaise 

samples were determined using standard 

methods approved by [5]. 

4-2    Cholesterol Assessment 

The cholesterol content in the mayonnaise 

samples was determined after preparation 

Ingredients T1 T2 T3 T4 

oil(ml) 06 06 06 06 

egg yolk(gm) 06 5.7 7 5.7 

Vinegar(ml) 7 7 7 7 

water(ml) 06 06 06 06 

salt(gm) 0.7 0.7 0.7 0.7 

sugar(gm) 5.7 5.7 5.7 5.7 

Corn 

Starch(gm) 
0.7 0.7 0.7 0.7 

mustard(gm) 6.0 6.0 6.0 6.0 

white 

pepper(gm) 
6.0 6.0 6.0 6.0 

lecithin(gm) - 5.7 7 5.7 
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using an alcoholic cholesterol extraction 

method as described by [3] . 

The cholesterol concentration was then 

measured according to the instructions 

provided with several commercial kits 

(Cholesterol Assay Kit) from the Spanish 

company Spinreact, and the results were 

expressed in mg/100 g of product. 

5-2    Determination of pH 

The pH of the mayonnaise samples was 

measured according to the standard 

method approved by [5] using a digital pH 

meter that had been calibrated with 

standard calibration solutions, and the 

readings were recorded at room 

temperature. 

6-2   Measurement of the Emulsion 

stability 

The emulsion stability was determined 

using the method previously described 

[26][28] by subjecting 15 g of mayonnaise 

samples to centrifugation at 5,000 rpm for 

30 minutes. The separated oil layer was 

then removed, and the emulsion stability 

was calculated as the ratio of the separated 

phase to the total sample mass, and the 

results were expressed as a percentage 

using the equation: 

Emulsion Stability (%)=Weight of Emul

sified Layer / Initial Sample Weight×100 

7-2  Microbiological Tests 

Microbial tests were conducted on 

mayonnaise samples in accordance with 

international standard methods, with some 

modifications to the media used. The total 

bacterial count was determined according 

to [15], the coliform count according to 

[14], and detection of Salmonella was 

performed according to [16]. Meanwhile, 

yeast and mold counts were determined 

according to [13].Microbial counts were 

calculated and expressed in Log CFU/g in 

accordance with the guidelines set forth in  

[17] . 

8-2   Sensory Evaluation 

The sensory evaluation of the mayonnaise 

samples was conducted at the Department 

of Food Science at the University of Kufa 

by 12 trained faculty members specializing 

in the field. The samples were presented to 

the evaluators at random and coded with 

numerical identifiers to minimize bias in 

the sensory assessment, and each evaluator 

assessed all samples ,The attributes of 

color, odor, taste, texture, and overall 

acceptability were evaluated as described 

by [12] The attribute scores and the 

sensory evaluation form were determined 

in accordance with the guidelines provided 

by [25]. 

Statistical Analysis   

The data were statistically analyzed using 

GenStat v.12.1 (GenStat., 2009) according 

to a completely randomized design (CRD) 

for chemical composition and microbial 

tests, while sensory evaluation data were 

analyzed according to a completely 

randomized block design (RCBD), with 

the evaluators serving as blocks. An 

analysis of variance (ANOVA) was 

performed to test for differences between 

treatments, and means were compared 

using Duncan’s multiple range test at a 

significance level of P ≤ 0.05. 

3.   Results and Discussion 

The Effect of Partial Replacement of 

Egg Yolk with Sesame Lecithin on the 

Chemical Composition of Mayonnaise 

The results of the chemical analysis of the 

mayonnaise samples showed a clear and 

significant effect of replacing egg yolk 

with ultrasonically extracted sesame 

lecithin on the basic components of 
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mayonnaise, as illustrated in the table (2) 

which indicated that an increase in the 

proportion of lecithin replacing egg yolk, 

led to a gradual decrease in the moisture, 

fat, protein, and ash content, accompanied 

by a calculated increase in the 

carbohydrate content. 

This change reflects a genuine shift in the 

balance between the oil phase and the 

aqueous phase and their associated 

components, rather than a random 

fluctuation. 

 Moisture content decreased significantly 

from 34.157% in the control sample T1 to 

27.990% in the substitution treatment T4; 

this is attributed to the reduction in the 

amount of egg yolk, since egg yolk 

contributes to the aqueous phase of the 

system, whereas lecithin is a phospholipid 

used in smaller quantities and does not 

compensate for the moisture added by the 

egg yolk. [35] stated that mayonnaise is an 

oil-in-water emulsion, and that its main 

ingredients, including oil and egg yolk, 

directly affect the system’s structure and 

the distribution of the aqueous phase 

within it. [2]also noted that changing the 

ingredients in the mayonnaise formulation 

leads to a change in the product’s moisture 

content. 

The fat content also decreased from 

55.570% in the T1 control sample to 

50.890% in the T4 treatment. This is 

explained by the fact that egg yolk does 

not function solely as an emulsifier but 

also serves as a fat component that 

contributes to the overall composition of 

mayonnaise, Therefore, reducing its 

proportion and replacing it with lecithin 

led to a decrease in fat content. This is 

consistent with the findings of [2], who 

noted that egg yolk contains phospholipids, 

proteins, and fat components that 

contribute to the fat composition of 

mayonnaise, as well as the findings of 

[35]also demonstrated that the proportion 

of oil and its associated components is a 

key factor in determining the composition 

of mayonnaise; thus, the lower fat content 

in the substituted formulations is due to the 

reduced contribution of egg yolk to the 

final composition. 

As for protein, its content decreased from 

2.140% in the T1 control sample to 

0.717% in the T4 treatment. This is 

directly related to the nature of lecithin, as 

it is a phospholipid and not a protein; 

therefore, it does not replace the proteins 

and lipoproteins present in egg yolk. This 

is consistent with [2], who noted that egg 

yolk contains proteins and lipoproteins in 

addition to phospholipids; consequently, 

replacing it with lecithin leads to a 

decrease in the product’s protein content. 

The ash content decreased from 1.927% in 

T1 to 1.010% in T4. This is attributed to 

the fact that egg yolk has a complex 

composition that includes vitamins and 

minerals in addition to phospholipids and 

proteins, making it a richer source of 

mineral components compared to the 

lecithin used. This is consistent with the 

findings of [18] regarding the complex 

composition of egg yolk, and with the 

observation by [2] that ash content is 

affected by modifications to the 

mayonnaise formulation. 

As for the increase in carbohydrates, this is 

due to the difference-based calculation 

method, as the simultaneous decrease in 

moisture, fat, protein, and ash leads to an 

increase in the calculated carbohydrate 

content, which is consistent with the 

findings reported in [22]. 

The Effect of Substitution on the 

Cholesterol Content of Mayonnaise 

The results showed a clear, statistically 

significant decrease in cholesterol content 

as the proportion of egg yolk replaced by 

sesame lecithin increased, As shown in 
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Table (3), the control sample T1 recorded 

the highest cholesterol content at 101.6 

mg/100 g, while treatment T4, in which 

75% of the egg yolk was replaced with 

lecithin, recorded the lowest value of 39.93 

mg/100 g. 

This decrease is directly attributable to the 

reduction in the amount of egg yolk—the 

main source of cholesterol in traditional 

mayonnaise—and its replacement with 

cholesterol-free vegetable lecithin. This 

result is consistent with the findings of 

[30], who noted that egg yolks possess 

good functional properties but are 

characterized by high cholesterol content.  

[1] also pointed out that a single egg yolk 

contains approximately 275 mg of 

cholesterol. Furthermore, [31] noted that 

reducing or eliminating egg yolks from 

mayonnaise formulations is an important 

goal in the development of mayonnaise 

products for health reasons, including 

lowering cholesterol levels. Thus, the 

results indicate that using sesame lecithin 

as a partial substitute for egg yolks is an 

effective approach for producing low-

cholesterol mayonnaise while maintaining 

the required emulsifying function.

 

Table 2. Chemical Composition of Mayonnaise Samples

Different letters within the same column indicate a statistically significant difference between 

the means of the treatments at the      (P ≤ 0.05) level. 

Values are expressed as the arithmetic mean of three replicates. 

 T1: Control sample containing 10% egg yolk; T2: Mayonnaise with 25% of the egg yolk 

replaced by lecithin; T3: Mayonnaise with 50% of the egg yolk replaced by lecithin; T4: 

Mayonnaise with 75% of the egg yolk replaced by lecithin. 

 

Table 3: Cholesterol Content in Mayonnaise 

samples 
%Percentage of Ingredients  

moisture lipids protein ash carbohydrates 

T1 
34.157 

d 

55.570 

d 

2.140 

a 

1.927 

a 

6.21 

a 

T2 
32.863 

c 

53.703 

c 

1.673 

b 

1.567 

b 

10.19 

b 

T3 
31.053 

b 

51.597 

b 

1.020 

c 

1.207 

c 

15.12 

c 

T4 
27.990 

a 

50.890 

a 

0.717 

c 

1.010 

c 

19.39 

d 
sample Cholesterol (mg/100 g) 
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 Different letters within the same column indicate a statistically significant difference between 

the means of the treatments at the      (P ≤ 0.05) level. 

Values are expressed as the arithmetic mean of five replicates. 

T1: Control sample containing 10% egg yolk; T2: Mayonnaise with 25% of the egg yolk 

replaced by lecithin; T3: Mayonnaise with 50% of the egg yolk replaced by lecithin; T4: 

Mayonnaise with 75% of the egg yolk replaced by lecithin. 

The Effect of Substitution on the pH of 

Mayonnaise 

The pH measurement results showed no 

statistically significant differences in pH 

values among the four formulations, and 

the pH values of the mayonnaise 

formulations remained within the acidic 

range appropriate for mayonnaise, as 

shown in Figure(1), This is attributed to 

the fact that the percentage of vinegar used 

in production remained constant across all 

treatments; therefore, the partial 

replacement of egg yolks with sesame 

lecithin did not result in a significant 

change in the acidity of the final product, 

and the recorded values fall within the 

appropriate range for mayonnaise. [22] 

indicated that the pH value of typical 

mayonnaise ranges between 3.5 and 4.5, 

and [19] confirmed that the pH of 

mayonnaise does not exceed 4.1 to ensure 

the product’s nutritional and microbial 

safety. Thus, all prepared mayonnaise 

samples maintained an appropriate pH, 

which is an important characteristic for the 

quality and safety of mayonnaise. 

 

Figure 1: pH of the mayonnaise samples 

Values are expressed as the arithmetic 

mean of three replicates. 

T1: Control sample containing 10% egg 

yolk; T2: Mayonnaise with 25% of the egg 

yolk replaced by lecithin; T3: Mayonnaise 

with 50% of the egg yolk replaced by 

lecithin; T4: Mayonnaise with 75% of the 

egg yolk replaced by lecithin. 

The Effect of Substitution on Emulsion 

Stability 

The emulsion stability results showed a 

clear improvement as the proportion of egg 

yolk replaced by sesame lecithin increased. 

The control sample T1 recorded the lowest 

emulsion stability value of 93.11%, while 

it rose to 95.49% in T2 and 96.07% in T3, 

with no statistically significant difference 

between these two treatments, and reached 

its highest value in T4 at 98.20%, with 

treatment T4 showing statistical superiority 

over the other treatments. The 

improvement in emulsion stability is 

attributed to the increased lecithin 

concentration, as lecithin has an 

amphipathic nature due to its hydrophilic 

and lipophilic groups, which help it 

concentrate at the oil-water interface and 

form a stable film around the oil droplets, 

thereby reducing droplet coalescence and 

oil separation [33] [36]. 

This result is consistent with the findings 

of [20], as replacing egg yolk with sesame 

and peanut milk improved emulsion T1T2T3T4

3.7 

4 

3.73 3.67 p
H

 

samples 

T1 101.6±0.3987 d 

T2 70.06±0.2539 c 

T3 00.05±0.1666 b 

T4 03.33±0.1410 a 
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stability, and the complete substitution 

ratios recorded the highest values for 

physical stability. As noted by [8], the 

highest emulsion stability in the 

formulations using water-extracted sesame 

oil lecithin as an emulsifier in margarine 

production reached 98%, confirming the 

ability of sesame lecithin to act as an 

effective emulsifier. 

 

  Figure 2: Emulsion Stability of Mayonnaise Samples 

 

Different letters indicate a statistically significant difference between the means of the 

treatments at the      (P ≤ 0.05) level, as  determined by Duncan’s multiple range test.  

Values are expressed as the arithmetic mean of three  replicates. 

T1: Control sample containing 10% egg yolk; T2: Mayonnaise with 25% of the egg yolk 

replaced by lecithin; T3: Mayonnaise with 50% of the egg yolk replaced by lecithin; T4: 

Mayonnaise with 75% of the egg yolk replaced by lecithin. 

Microbiological Testing of Mayonnaise 

Table(4) shows the results of microbial 

tests on mayonnaise samples over a period 

of fourteen days. The test results indicated 

that no growth of yeast, mold, coliform 

bacteria, or Salmonella was detected in any 

of the samples during the refrigerated 

storage periods of 1, 3, 7, and 14 days, 

indicating the high hygiene standards 

followed during preparation and storage, as 

well as the suitability of the product’s 

acidic nature in limiting the growth of 

these microbial populations.  

As for the total count of aerobic bacteria, 

significant differences were observed 

among the treatments on the 14th day, with 

the control sample T1 recording the 

highest value of 3.025 log CFU/g, 

followed by treatment T2 with an average 

of 2.901 log CFU/g, with no significant 

difference between them, whereas the 

count decreased significantly in treatments 

T3 and T4 to 2.624 and 2.360 log CFU/g, 

respectively. This indicates that increasing 

the proportion of egg yolk replaced with 

sesame lecithin contributed to a reduction 

in the total bacterial load in the 

mayonnaise samples. 

This decrease can be explained by the fact 

that replacing part of the egg yolk with 

sesame lecithin reduced the contribution of 

the egg yolk as a relatively rich source of 

proteins, fats, and nutrients that may 

support the growth of certain 

90
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microorganisms. Furthermore, the 

improved emulsion stability provided by 

lecithin may reduce phase separation 

within the product and limit the availability 

of free water or the formation of localized 

areas conducive to microbial growth.  

[39] used flaxseed gum as a functional 

substitute for egg yolk in mayonnaise, 

demonstrating that plant-based substitution 

can preserve the functional properties of 

mayonnaise without causing undesirable 

changes in microbial counts, while keeping 

bacterial counts low in the mayonnaise 

samples. 

The low microbial growth can also be 

attributed to the acidic nature of 

mayonnaise resulting from the presence of 

vinegar, as the low pH and the presence of 

acetic acid are important factors in 

inhibiting the growth of many spoilage or 

pathogenic bacteria. [37] explained that the 

safety of mayonnaise is largely related to 

the ratio of eggs to vinegar, and that the 

low pH resulting from the vinegar makes 

the environment less suitable for bacterial 

growth.  

[32] also confirmed that properly prepared 

mayonnaise and acidic sauces possess an 

inhibitory system based primarily on a low 

pH and the presence of acetic acid in the 

aqueous phase, which limits the growth or 

survival of many pathogenic bacteria such 

as Salmonella and E. coli. 

Table 4: Logarithmic averages of microbial counts (log CFU/g) for samples of mayonnaise 

manufactured and refrigerated at 4°C for 14 days

Values are expressed as the arithmetic mean of three replicates , N.D. stands for ―not 

detected.‖ 

days Microbiological Testing T1 T2 T3 T4 

1 

Total Bacterial Count N.D N.D N.D N.D 

Yeast and Mold N.D N.D N.D N.D 

Total Coliform Bacteria Count N.D N.D N.D N.D 

Salmonella Detection N.D N.D N.D N.D 

3 

Total Bacterial Count N.D N.D N.D N.D 

Yeast and Mold N.D N.D N.D N.D 

Total Coliform Bacteria Count N.D N.D N.D N.D 

Salmonella Detection N.D N.D N.D N.D 

7 

Total Bacterial Count N.D N.D N.D N.D 

Yeast and Mold N.D N.D N.D N.D 

Total Coliform Bacteria Count N.D N.D N.D N.D 

Salmonella Detection N.D N.D N.D N.D 

14  

Total Bacterial Count 
3.025

 

a 

2.901
 

a 

2.624
 

b 

2.360
 

c 

Yeast and Mold N.D N.D N.D N.D 

Total Coliform Bacteria Count N.D N.D N.D N.D 

Salmonella Detection N.D N.D N.D N.D 
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Different letters indicate a statistically significant difference between the means of the 

treatments at the P ≤ 0.05 level. 

T1 is the control sample containing 10% egg yolk; T2 is mayonnaise with 25% of the egg 

yolk replaced by lecithin; T3 is mayonnaise with 50% of the egg yolk replaced by lecithin; T4 

is mayonnaise with 75% of the egg yolk replaced by lecithin. 

Sensory evaluation 

The results of the sensory evaluation 

showed significant differences among the 

mayonnaise formulations in all the 

attributes studied; the control samples T1 

and T2 recorded the highest acceptability 

scores for most attributes, and no 

statistically significant differences were 

observed between them in color, odor, 

taste, and overall acceptability, indicating 

that the partial replacement of egg yolks 

with 25% sesame lecithin did not adversely 

affect the sensory attributes of the 

mayonnaise; overall acceptability scores 

were 9.79 and 9.42 for T1 and T2, 

respectively.In contrast, increasing the 

substitution rate to 50% and 75% led to a 

statistically significant decrease in most 

sensory attributes, as overall acceptability 

decreased to 8.58 in T3 and 7.79 in T4. 

This can be explained by the fact that egg 

yolk does not merely play an emulsifying 

role, but also contributes to the color, taste, 

aroma, texture, and mouth feel of 

mayonnaise. Therefore, a significant 

reduction in its proportion may alter the 

sensory balance of the product. 

Furthermore, vegetable lecithin helps 

improve emulsion stability and texture due 

to its ability to concentrate at the oil-water 

interface, however, increasing its 

proportion does not fully compensate for 

the multiple sensory and structural 

functions of egg yolk. This explains the 

superiority of the partial replacement 

treatment T2 compared to the high-

replacement treatments T3 and T4, and is 

consistent with the findings of multiple 

studies [34] [35] [18] regarding the role of 

egg yolk and lecithin in the stability and 

texture of mayonnaise. 

Based on this, it can be concluded that the 

partial replacement of egg yolk with 

extracted sesame lecithin was most 

suitable at a 25% level, as treatment T2 

maintained sensory characteristics similar 

to those of the control sample, with a clear 

improvement in texture, while higher 

replacement levels led to a gradual 

decrease in overall sensory acceptability 

due to changes associated with the 

reduction of traditional egg yolk 

components.

Table 4: Results of the Sensory Evaluation of Mayonnaise Samples
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Different letters indicate a statistically significant difference between the means of the 

treatments at the P ≤ 0.05 level. 

1: Highly unacceptable, 2: Largely unacceptable, 3: Moderately unacceptable, 4: Slightly 

unacceptable, 5: Average, 6: Slightly acceptable, 7: Moderately acceptable, 8: Largely 

acceptable, 9: Highly acceptable. 

T1: Control sample containing 10% egg yolk; T2: Mayonnaise with 25% of the egg yolk 

replaced by lecithin; T3: Mayonnaise with 50% of the egg yolk replaced by lecithin; T4: 

Mayonnaise with 75% of the egg yolk replaced by lecithin.

4   Conclusion 

The study results demonstrate the potential 

of using ultrasonically extracted sesame 

lecithin as a partial substitute for egg yolk 

in the preparation of low-cholesterol 

mayonnaise, as increasing the substitution 

rate contributed to reducing cholesterol 

content and improving emulsion stability 

without causing a significant change in pH. 

Furthermore, the 25% replacement level 

demonstrated the best balance between 

health benefits and sensory acceptability, 

as it maintained sensory characteristics 

similar to those of the control sample while 

showing a clear improvement in texture. 

Microbiological results confirmed the 

absence of E. coli, Salmonella, yeasts, and 

molds in all treatments, indicating the 

product’s microbiological suitability under 

the studied preparation and storage 

conditions. Thus, a 25% replacement rate 

can be adopted as the optimal level for 

preparing low-cholesterol mayonnaise that 

is sensorially acceptable. 

Acknowledgment:  

The authors would like to express their 

sincere gratitude to the department of food 

science, faculty of agriculture, university 

of kufa, Iraq , for providing the laboratory 

facilities and scientific support necessary 

to accomplish this study . 

References 

[1] Abdul Haiyee, Z., Che In, F., 

Hassan, O., & Mustapha, W. 

A. W. (2016). Nutritional 

Composition and Colour 

Analysis Of Cholesterol-

Reduced Egg Yolk Powder. 

Malaysian Journal of 

Analytical Science, 20(4), 820–

828. 

treatment color smell taste texture overall 

T1 

9.67 

a 

9.79 

a 

9.50 

a 

9.58 

bc 

9.79 

a 

T2 

9.50 

a 

9.67 

a 

9.17 

a 

9.83 

c 

9.42 

a 

T3 

8.67 

b 

9.00 

b 

7.83 

b 

9.00 

b 

8.58 

b 

T4 

8.00 

b 

8.08 

c 

7.75 

b 

8.08 

a 

7.79 

c 



Euphrates Journal of Agricultural Science-18 (3):236-250, (Sep. 2026)      Al-Jamali &Al- Obaidi            

 

  ISSN 2072-3857           

 
247 

 

https://doi.org/10.17576/mjas-

2016-2004-15 

 [2] Abirached, C., María Noel 

Acuña, Carreras, T., & Vieitez, 

I. (2025). Strategies for Reducing 

Fat in Mayonnaise and Their 

Effects on Physicochemical 

Properties. Foods, 14(17), 3133–

3133. 

https://doi.org/10.3390/foods141

73133 

 [3] Al-Obaidi, Fares Abdul Ali 

Mahdi. 1999.  Evaluation of 

the Qualitative and Chemical 

Characteristics of Japanese 

Quail (Coturnix japonica) 

Eggs. Ph.D. dissertation. 

College of Agriculture. 

University of Baghdad. Iraq 

 

[4] Alves, J. dos S., Rodrigues, A. 

S., Moro, K. I. B., Boeira, C. 

P., Holkem, A. T., Roggia, I., 

… Rosa, C. S. da. (2021). 

Elaboration of mayonnaises 

containing landrace common 

bean flour as a partial egg yolk 

substitute. Ciência Rural, 

51(9). 

https://doi.org/10.1590/0103-

8478cr20200543 

 [7] AOAC International. (2019). 

Official Methods of Analysis of 

AOAC International (21st ed.) 

AOAC International, 

Gaithersburg, MD, USA. 

 [0] Arshad, M. T., Ikram, A., 

Ahmad, M., Maqsood, S., 

Sakhawot Hossain, M., & 

Gnedeka, K. T. (2025). Sensory 

Characteristics, Quality 

Attributes, and Storage Stability 

of Mayonnaise: A Review. 

International Journal of Food 

Science and Technology, 60(8). 

https://doi.org/10.1093/ijfood/vva

f148 

  [5] Athanasiadis, V., 

Giannopoulou, M., Sarlami, G., 

Bozinou, E., Varagiannis, P., & 

Lalas, S. I. (2025). Green 

Optimization of Sesame Seed Oil 

Extraction via Pulsed Electric 

Field and Ultrasound Bath: Yield, 

Antioxidant Activity, Oxidative 

Stability, and Functional Food 

Potential. Foods, 14(21), 3653. 

https://doi.org/10.3390/foods142

13653 

    [0] Berdiansyah, S., & Arifan, F. 

(2023). Evaluation of the effect of 

sesame lecithin emulsifier generated 

from sesame oil 

water degumming process on 

margarine production. Food 

Research, 7(1), 236–243. 

https://doi.org/10.26656/fr.2017.7(1).

553  

[9] Cui, L., & Decker, E. A. (2015). 

Phospholipids in foods: prooxidants 

or antioxidants? Journal of the 

Science of Food and Agriculture, 

96(1), 18–31. 

https://doi.org/10.1002/jsfa.7320 

 [06] El-Abhar, M., Mahmoud, G., 

Eman Hanafy, El-Mallah, M., & 

Safinaz El-Shami. (2020). 
Comparative study of modified soy 

lecithins as oil in water (O/W) 

emulsifiers. Egyptian Journal of 

Chemistry, 0(0). 

https://doi.org/10.21608/ejchem.202

0.27536.2579 

 [00]  Guo, T., Wan, C., Huang, F., Wei, 

C., & Xiang, X. (2021). Process 

optimization and characterization of 

arachidonic acid oil degumming 

using ultrasound-assisted enzymatic 

method. Ultrasonics Sonochemistry, 

78, 105720. 

https://doi.org/10.1016/j.ultsonch.20

21.105720 

 [05] Herlad, T. J., Abugoush, M., & 

Aramouni, F. (2009). Physical and 

Sensory Properties of Egg yolk and 

https://doi.org/10.17576/mjas-2016-2004-15
https://doi.org/10.17576/mjas-2016-2004-15
https://doi.org/10.3390/foods14173133
https://doi.org/10.3390/foods14173133
https://doi.org/10.1590/0103-8478cr20200543
https://doi.org/10.1590/0103-8478cr20200543
https://doi.org/10.1093/ijfood/vvaf148
https://doi.org/10.1093/ijfood/vvaf148
https://doi.org/10.3390/foods14213653
https://doi.org/10.3390/foods14213653
https://doi.org/10.26656/fr.2017.7(1).553
https://doi.org/10.26656/fr.2017.7(1).553
https://doi.org/10.1002/jsfa.7320
https://doi.org/10.21608/ejchem.2020.27536.2579
https://doi.org/10.21608/ejchem.2020.27536.2579
https://doi.org/10.1016/j.ultsonch.2021.105720
https://doi.org/10.1016/j.ultsonch.2021.105720


Euphrates Journal of Agricultural Science-18 (3):236-250, (Sep. 2026)      Al-Jamali &Al- Obaidi            

 

  ISSN 2072-3857           

 
248 

 

Egg yolk Substitutes in a Model 

Mayonnaise System. Journal of 

Texture Studies, 40(6), 692–709. 

https://doi.org/10.1111/j.1745-

4603.2009.00206.x 

 [13]    International Organization for 

Standardization (ISO). (2008). 

ISO 21527-1:2008. Microbiology of 

food and animal feeding stuffs — 

Horizontal method for the 

enumeration of yeasts and moulds — 

Part 1: Colony count technique in 

products with water activity greater 

than 0.95. Geneva, Switzerland: ISO. 

 [14]    International Organization for 

Standardization (ISO). (2006). 

ISO 4832:2012. Microbiology of 

food and animal feeding stuffs — 

Horizontal method for the 

enumeration of coliforms — Colony-

count technique. Geneva, 

Switzerland: ISO. 

  [15] International Organization for 

Standardization (ISO). (2013). 

ISO 4833-1:2013. Microbiology of 

the food chain — Horizontal method 

for the enumeration of 

microorganisms — Part 1: Colony 

count at 30°C by the pour plate 

technique. Geneva, Switzerland: ISO 

[16]  International Organization for 

Standardization (ISO). (2017). 

ISO 6579-1:2017. Microbiology of 

the food chain — Horizontal method 

for the detection, enumeration and 

serotyping of Salmonella — Part 1: 

Detection of Salmonella spp. 

Geneva, Switzerland: ISO. 

 [17]     International Organization for 

Standardization (ISO). (2024). 

ISO 7218:2024. Microbiology of the 

food chain — General requirements 

and guidance for microbiological 

examinations. Geneva, Switzerland: 

ISO. 

[18]  Jin, Y., & Adhikari, A. (2025). 

Recent Developments and 

Applications of Food-Based 

Emulsifiers from Plant and Animal 

Sources. Colloids and Interfaces, 

9(5),61–61. 

https://doi.org/10.3390/colloids9050

061 

 [19]  Johary, N., Fahimdanesh, M., & 

Farhad, G. (2015). Effect of Basil 

Seed Gum and Tracaganth Gum as 

Fat Replacers on Physicochemical, 

Antioxidant and Sensory Properties 

of Low Fat Mayonnaise. In 

International Journal of Engineering 

Science Invention. Retrieved from 

http://www.ijesi.org/papers/Vol(4)1/

Version-2/I0412051057.pdf 

 [20]    Karshenas, M., Goli, M., & 

Zamindar, N. (2018). The effect of 

replacing egg yolk with sesame-

peanut defatted meal milk on the 

physicochemical, colorimetry, and 

rheological properties of low-

cholesterol mayonnaise. Food 

Science & Nutrition, 6(4), 824–833. 

https://doi.org/10.1002/fsn3.616 

 [21]   Linafi’ah, A., Hudiyanti, D., 

Siahaan, P., & Khairiah, R. (2024). 

Characterisation and Quality 

Assessment of Phospholipid from 

Sesame Seeds (Sesamum indicum). 

Tropical Journal of Natural Product 

Research,8(2). 

https://doi.org/10.26538/tjnpr/v8i2.2

2 

 [22]   Ma, N. B., Tran, N. M., Trinh, P. 

H., Vo, T. D., Vu, L. T. K., Ton, N. 

M. N., & Le, N. L. (2025). 

Characterization, sensory evaluation 

and oxidative stability of reduced-fat 

mayonnaise formulated with 

polysaccharides extracted from 

mangosteen peels as fat replacer. 

Journal of Agriculture and Food 

Research, 19, 101747. 

https://doi.org/10.1016/j.jafr.2025.10

1747 

 [23]  Ma, Z., & Boye, J. I. (2012). 

Advances in the Design and 

Production of Reduced-Fat and 

Reduced-Cholesterol Salad Dressing 

https://doi.org/10.1111/j.1745-4603.2009.00206.x
https://doi.org/10.1111/j.1745-4603.2009.00206.x
https://doi.org/10.3390/colloids9050061
https://doi.org/10.3390/colloids9050061
http://www.ijesi.org/papers/Vol(4)1/Version-2/I0412051057.pdf
http://www.ijesi.org/papers/Vol(4)1/Version-2/I0412051057.pdf
https://doi.org/10.1002/fsn3.616
https://doi.org/10.26538/tjnpr/v8i2.22
https://doi.org/10.26538/tjnpr/v8i2.22
https://doi.org/10.1016/j.jafr.2025.101747
https://doi.org/10.1016/j.jafr.2025.101747


Euphrates Journal of Agricultural Science-18 (3):236-250, (Sep. 2026)      Al-Jamali &Al- Obaidi            

 

  ISSN 2072-3857           

 
249 

 

and Mayonnaise: A Review. Food 

and Bioprocess Technology, 6(3), 

648–670. 

https://doi.org/10.1007/s11947-012-

1000-9 

 [24]   McClements, D. J. (2010). 
Emulsion Design to Improve the 

Delivery of Functional Lipophilic 

Components. Annual Review of Food 

Science and Technology, 1(1), 241–

269. 

https://doi.org/10.1146/annurev.food.

080708.100722 

 [25]   Meilgaard, M. C., Carr, B. T., & 

Civille, G. V. (1999). Sensory 

Evaluation Techniques. CRC Press. 

https://doi.org/10.1201/97810030407

29 

 [26]   Mirsadeghi Darabi, D., Ariaii, P., 

Safari, R., & Ahmadi, M. (2021). 

Effect of clover sprouts protein 

hydrolysates as an egg substitute on 

physicochemical and sensory 

properties of mayonnaise. Food 

Science & Nutrition, 10(1), 253–263. 

https://doi.org/10.1002/fsn3.2665 

 [27]   Mumeen, A. Y., Babarinde, G. O., 

& Abioye, V. F. (2025). 

Characterization of lecithin produced 

from Nigerian soybean (Glycine 

max) and sesame (Sesamum 

indicum) varieties: yield, quality and 

functional properties. Discover Food, 

5(1). https://doi.org/10.1007/s44187-

025-00401-x 

 [28] Mun, S., Kim, Y.-L., Kang, C.-G., 

Park, K.-H., Shim, J.-Y., & Kim, 

Y.-R. (2009). Development of 

reduced-fat mayonnaise using 

4αGTase-modified rice starch and 

xanthan gum. International Journal 

of Biological Macromolecules, 44(5), 

400–407. 

https://doi.org/10.1016/j.ijbiomac.20

09.02.008 

 [29]  Nosenko, T., Zhupanova, D., 

Nguyen, T.-H., & Nosenko, V. 

(2024). Ultrasound degumming of 

sunflower oil. Ukrainian Food 

Journal, 13(3), 597–608. 

https://doi.org/10.24263/2304-974x-

2024-13-3-11 

 [30]  Pradhananga, M., & Adhikari, B. 

(2016). Sensory and Quality 

Evaluation of Mayonnaise and its 

Effect on Storage Stability. Sunsari 

Technical College Journal, 2(1), 48–

53. 

https://doi.org/10.3126/stcj.v2i1.147

99 

[31]   Raikos, V., Hayes, H., & Ni, 

H. (2019). Aquafaba from 

commercially canned 

chickpeas as potential egg 

replacer for the development of 

vegan mayonnaise: recipe 

optimisation and storage 

stability. International Journal 

of Food Science & Technology, 

55(5), 1935–1942. 

https://doi.org/10.1111/ijfs.144

27 

 [32] Smittle, R. B. (2000). 

Microbiological safety of 

mayonnaise, salad dressings, 

and sauces produced in the 

United States: a review. 

Journal of Food Protection, 

63(8), 1144–1153. 

https://doi.org/10.4315/0362-

028x-63.8.1144 

 

[33]  Suhag, R. (2024). Egg Yolk, a 

Multifunctional Emulsifier: 

New Insights on Factors 

Influencing and Mechanistic 

Pathways in Egg Yolk 

Emulsification. Applied 

Sciences, 14(21), 9692. 

https://doi.org/10.3390/app142

19692 

[34]  Tan, C., & McClements, D. J. 

(2021). Application of 

Advanced Emulsion 

Technology in the Food 

Industry: A Review and 

Critical Evaluation. Foods, 

https://doi.org/10.1007/s11947-012-1000-9
https://doi.org/10.1007/s11947-012-1000-9
https://doi.org/10.1146/annurev.food.080708.100722
https://doi.org/10.1146/annurev.food.080708.100722
https://doi.org/10.1201/9781003040729
https://doi.org/10.1201/9781003040729
https://doi.org/10.1002/fsn3.2665
https://doi.org/10.1007/s44187-025-00401-x
https://doi.org/10.1007/s44187-025-00401-x
https://doi.org/10.1016/j.ijbiomac.2009.02.008
https://doi.org/10.1016/j.ijbiomac.2009.02.008
https://doi.org/10.24263/2304-974x-2024-13-3-11
https://doi.org/10.24263/2304-974x-2024-13-3-11
https://doi.org/10.3126/stcj.v2i1.14799
https://doi.org/10.3126/stcj.v2i1.14799
https://doi.org/10.1111/ijfs.14427
https://doi.org/10.1111/ijfs.14427
https://doi.org/10.4315/0362-028x-63.8.1144
https://doi.org/10.4315/0362-028x-63.8.1144
https://doi.org/10.3390/app14219692
https://doi.org/10.3390/app14219692


Euphrates Journal of Agricultural Science-18 (3):236-250, (Sep. 2026)      Al-Jamali &Al- Obaidi            

 

  ISSN 2072-3857           

 
250 

 

10(4), 812. 

https://doi.org/10.3390/foods1

0040812 

[35] Taslikh, M., Mollakhalili-

Meybodi, N., Alizadeh, A. 

M., Mousavi, M.-M., 

Nayebzadeh, K., & 

Mortazavian, A. M. (2021). 

Mayonnaise main ingredients 

influence on its structure as an 

emulsion. Journal of Food 

Science and Technology, 59(6). 

https://doi.org/10.1007/s13197

-021-05133-1 

 

[36]  van Nieuwenhuyzen, W., & 

Tomás, M. C. (2008). Update 

on vegetable lecithin and 

phospholipid technologies. 

European Journal of Lipid 

Science and Technology, 

110(5), 472–486. 

https://doi.org/10.1002/ejlt.200

800041 

 

[37]  Xiong, R., Xie, G., & 

Edmondson, A. S. (2000). 

Modelling the pH of 

mayonnaise by the ratio of egg 

to vinegar. Food Control, 

11(1), 49–56. 

https://doi.org/10.1016/s0956-

7135(99)00064-x 

[38]  Xu, R., Shafique, B., Farid, 

M. S., Jabeen, S., Hussain, 

M. I., Akhtar, S., & 

Łopusiewicz, Ł. (2025). 

Leguminous Aquafaba and 

Natural Gums as Egg 

Replacers and Emulsifiers in 

Plant-Based Mayonnaises: A 

Review of Their Functional 

Properties and Quality 

Attributes. Food and 

Bioprocess Technology, 18(7). 

https://doi.org/10.1007/s11947

-025-03809-6 

[39]  Yaver, E., Güneş, E., & 

Adıyaman, N. (2026). 

Flaxseed Mucilage as a 

Functional Egg Replacer in the 

Preparation of Mayonnaise: 

Stability, Physicochemical, and 

Sensory Properties. Journal of 

Food Science, 91(5). 

https://doi.org/10.1111/1750-

3841.71140 

 

 

 

 

 

 

 

https://doi.org/10.3390/foods10040812
https://doi.org/10.3390/foods10040812
https://doi.org/10.1007/s13197-021-05133-1
https://doi.org/10.1007/s13197-021-05133-1
https://doi.org/10.1002/ejlt.200800041
https://doi.org/10.1002/ejlt.200800041
https://doi.org/10.1016/s0956-7135(99)00064-x
https://doi.org/10.1016/s0956-7135(99)00064-x
https://doi.org/10.1007/s11947-025-03809-6
https://doi.org/10.1007/s11947-025-03809-6
https://doi.org/10.1111/1750-3841.71140
https://doi.org/10.1111/1750-3841.71140

