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Abstract: Mayonnaise is probably one of the most widely used sauces in worldwide. The egg is one of the
most ingredients has a role in affecting the quality characteristics of prepared mayonnaise. In this study the
possibility of using acid casein curd without and with Chlorella vulgaris biomass as a partial replacement of
egg in mayonnaise making with good quality characteristics was studied. The acid casein curd without
Chlorella vulgaris biomass and mixed with 10, 15 and 20 % of Chlorella vulgaris biomass were used as egg
replacement  at the levels of 25 and 50% of total egg during preparing mayonnaise samples. The different
quality characteristics of mayonnaise samples were determined. The results showed that, incorporating
Chlorella vulgaris biomass to acid casein curd improving the nutritional value of curd. The flow properties of
mayonnaise samples depended on shear rate and the samples exhibited non-Newtonian behavior. Using acid
casein curd as egg replacement with levels of 25 and 50% especially mixed with 10 and 15% of Chlorella
vulgaris biomass improving the rheological properties of produced mayonnaise, dynamic viscosity and
mayonnaise stability. The results of sensory evaluation of prepared mayonnaise samples demonstrated that
the acid casein curd mixed with 10 and 15% of Chlorella vulgaris biomass and used as egg replacement with
levels of 25 and 50% had a positive effect on the sensory characteristics of produced mayonnaise. Therefore
acid casein curd could be used as egg replacement in mayonnaise making without affecting the quality
characteristics of product especially when it was mixed with 10 and 15% of Chlorella vulgaris biomass.

Key words: Acid casein curd Chlorella vulgaris biomass  Egg replacement  Mayonnaise  Quality
characteristics  Sensory properties

INTRODUCTION nutrient-dense food in Asia, Africa and Mexico. However,

Modern food industry leads to cheaper, healthier and started in the early 1960s (Japan) and nowadays
more convenient products, in response to increasingly microalgae are mainly marketed as food supplements,
demanding consumers. Microalgae are an enormous commonly sold in the form of tablets, capsules or liquids.
biological resource, representing one of the most Additionally, there is an increasingly growing market for
promising sources for new products and applications [1]. food products with microalgae addition such as pastas,
These microscopic organisms can be grown under certain biscuits, bread, snack foods, candy bars or gums,
controlled environmental conditions that can stimulate or yoghurts, drink mixes, soft drinks, etc., either as nutritious
inhibit the biosynthesis and accumulation of bioactive supplement,  or  as  a source of natural food colorant [1].
compounds in large amounts. The possibility of not only In some countries such as Germany, France, Japan, USA,
harvesting microalgae but also growing them at different China or Thailand, food production and distribution
conditions enables its use as natural reactors at a large companies have already started serious activities to
scale [2]. Some microalgae species, such as Chlorella and market functional foods with microalgae and
Spirulina  have been used for many centuries as a cyanobacteria [3]. The biotechnological exploitation of

commercial large-scale production of microalgae only
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microalgae resources for human nutrition purposes is Mayonnaise is a kind of semi-solid oil-in-water
restricted to very few species, due to the strict food safety emulsion containing 70-80% fat. It is traditionally prepared
regulations, commercial factors, market demand and by carefully mixing egg yolk, vinegar, oil and spices
specific preparation [3]. However, foods supplemented (especially mustard). Largely influenced by health related
with microalgae biomass might be sensorial more concerns, there has been pressure on the food industry to
convenient and varied, thus combining health benefits reduce the amount of fat, sugar, cholesterol, salt and
with attractiveness to consumers, namely in terms of certain additives in the diet. Among mayonnaise
color. For example, several microalgae when correctly ingredients, egg yolk is most critical for the stability of the
processed have an agreeable or piquant taste and could product. Nevertheless, one main problem with egg yolk is
be thus well incorporated into many types of foods, its high cholesterol content, so different attempts have
adding not only nutritional value, but also new, unique been carried out to develop low cholesterol sauces with
and attractive tastes [4]. Therefore, microalgae can be similar characteristic to real mayonnaise [6]. Mayonnaise
used to enhance the nutritional value of food products, is traditionally prepared by using egg yolk or the whole
due to their well balanced chemical composition as well as egg to emulsify a large amount of oil. The oil content of
a source of highly valuable molecules, such as traditional mayonnaise is more than 65%; hence it is
carotenoids pigments, vitamins, proteins, fatty acids, generally  regarded  as  a high-fat and high-caloric food.
sterols, polysaccharides, among other biologically active At the same time, a positive relationship between dietary
compounds, presenting potential health benefits. fat and development of cardiovascular diseases,
Chlorella vulgaris is a unicellular green micro-alga that is hypertension and obesity was reported previously, thus
ubiquitous in freshwater environments. The nutritional decreasing consumption of low-fat or low-energy
value of C. vulgaris was initially determined in 1950s- products. Hence a development of low-fat (LF)
1960s. It is also known as one of the earliest forms of life, mayonnaise is an important issue not only for the food
was the first microalgae to be isolated as a pure culture, industry but also for consumers, [7]. Generally, nonfat
by Beijernick in 1890s. It has been used as an alternative ingredients such as gums, starches and proteins with
medicine in the Far East since ancient times and it is different functionalities are incorporated into fat-reduced
known as a traditional food in the Orient, being products. In the same time, mayonnaise is an oil-in-water
considered as a potential source of a wide spectrum of (O/W) emulsion where egg proteins including lipoproteins
nutrients  and  widely  produced  and   marketed   as a act  as  emulsifiers.  In  products  such  as  mayonnaise,
food supplement in Japan, China, the U.S. and Europe, the functional contribution of egg is difficult to replace.
though it is believed that it does not possess GRAS As far as the emulsifying functionality is concerned, egg
status.  Toxicological  test  with Daphnia magna fed with yolks are the most functional components of the whole
C. vulgaris revealed the absence of any toxic effects [4]. egg owing to the presence of lipoproteins. Mayonnaise
The   nutritive   value   of   outdoor   or   indoor  cultured has thick texture because of the high internal phase
C. vulgaris is of interest to the food industry, especially volume and smaller droplets. Hence, the need does not
in countries where the weather conditions do not allow arise to stabilize it against creaming. However, it is
massive culture of higher plants. Chlorella has health formulated to provide maximum stability against
benefits, such as assisting disorders such as gastric coalescence because the oil drops are in close proximity
ulcers, wounds, constipation, anemia, hypertension, to one another. Thus, a strong, thick, pliable membrane is
diabetes, infant malnutrition and neurosis. It has also needed around the oil droplets in order to stabilize the
been shown to have immune-modulating and anticancer emulsion against coalescence [8]. Although egg
properties [3]. Feeding micro-algae to elderly people or possesses excellent functional properties, it suffers from
animals has been demonstrated to protect from age- some disadvantages such as high cholesterol content and
dependent diseases, particularly cardiac hypertension or susceptibility to microbial contamination. Furthermore,
hiperlipidemia [5]. C. vulgaris biomass has already been some people are allergic to egg proteins and some
used experimentally in feed [4] and food products, such as vegetarians cannot consume products that contain egg or
pasta products, butter cookies and its polyunsaturated egg components. These considerations have led to a
fatty acids are added to infant formulas [4]. The search  for  egg  replacers  and egg extenders [8].
incorporation of this biomass can provide a coloring Generally, proteins such as casein and skim milk products
effect and other functional characteristics such as could be used as egg replacer in mayonnaise making.
antioxidant activity and providing nutritional supplements Using of another emulsifier in addition to egg yolk, or
(e.g. fiber, fatty acids and oligoelements). completely   replace   this   important   ingredient  provides
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several advantages, like a decrease in cholesterol content Raw buffaloes milk was obtained from the herd of
and, generally, in fat content, an increase in faculty of Agriculture, Ain Shams University, Cairo,
microbiological stability and, in some cases, lower costs Egypt.
of manufacture. For that reason, the emulsification
properties of animal proteins such as whey protein, casein Mayonnaise Ingredients: Corn oil, fresh whole egg, lemon
and meat protein have been extensively investigated by juice, vinegar, mustard flour, salt, sugar and white pepper
Riscardo et al. [9]. Moreover, vegetable protein e.g. alga were purchased from local market, Cairo, Egypt. 
protein can be used effectively as food emulsion
stabilizers because of their capacity to lower the interfacial Methods: Preparation of Acid Casein Mixed with
tension between hydrophobic and hydrophilic Chlorella vulgaris Biomass: Acid casein was prepared
components. Recently a new technique of preparing milk according to the methods described by Sawhney et al.
proteins gave products that have much improved [10]. For preparation acid casein, skim milk was
solubility and functional properties. These milk protein pasteurized and cooled to 37°C. Hydrochloric acid
products could be used as a source of milk solids and solution 1 Mol was added to the milk as coagulant and the
have functional properties including  emulsifying, precipitation of casein was carried out at 37°C and pH 4.8.
foaming,  gelling and water binding needed in preparing As soon as the curd was settled, the whey was removed
mayonnaise. Therefore, Gaonkar et al. [8] studied the then the curd was washed with fresh water at 41°C and
emulsifying functionality of milk proteins such as whey pressed. The obtained curd was weighed and divided into
protein concentrate (WPC), whey protein isolate(WPI), four portions, then Chlorella vulgaris biomass was
casein and enzyme-modified WPC; WPI and casein were added to the curd at ratios of 0,10, 15 and 20% (w/w)
investigated in a O/W emulsion and they found that, at a respectively and well-distributed inside the curd.
given concentration of protein, egg components provide
smaller oil drops and creamier mayonnaise compared to Preparation of Mayonnaise: Mayonnaise was prepared
WPC and WPI. However, WPC provides a thicker using the suggested formula according to Kishk [11], as
mayonnaise-like emulsion compared to the egg proteins follows: corn oil (70.00g), whole egg (22.18g), lemon juice
and WPI. Both WPC and WPI provided products with (2.20g), vinegar (0.70g), mustard (2.20g), mustard flour
much thicker texture. However, the texture was not creamy (0.40g), salt (1.00g), sucrose (0.63g) and white pepper
compared to the emulsion containing the egg (0.31g). The salt, sugar, mustard, mustard flour, white
components. pepper, whole egg, vinegar and lemon juice were first

In fact, there is no published data in the literature on mixed using a kitchen blender (National, Japan) on low
application of casein and alga to replace egg and reduce velocity for 5 sec. The oil was then slowly added to the
cholesterol and fat in mayonnaise. Therefore, considering system until the mass began thicken. Prepared acid casein
the importance of producing functional product with low curd without Chlorella vulgaris biomass and mixed curd
cholesterol and fat and also lowering production with 10, 15 and 20% of Chlorella vulgaris biomass were
expenses, we tried to take advantage of the casein protein used as partial substituted with percentage of 25 and 50%
interaction with alga protein to formulate a mayonnaise of whole egg used in mayonnaise preparation.
with similar characteristics to full fat mayonnaise prepared Mayonnaise samples were packed in 100g glass jars with
with whole egg. In more detail, in the proposed approach, screw cap and stored at ambient temperature until
the Acid Casein Curd enriched with Chlorella vulgaris analysis.
biomass is a protein source which can be used as a partial
substitute of whole egg in preparing mayonnaise. Nutrient profile of microalgae biomass was

MATERIALS AND METHODS moisture, ash, protein, fat and fiber content. Total

Materials: differences.

Chlorella vulgaris biomass in the form of freeze- curd mixed with chlorella vulgaris biomass:
dried powder was obtained from Algal
Biotechnology Unit, National Research Center, Giza, The casein samples were tested for fat (using Gerber
Egypt. method), protein contents (using micro-Kjeldahl method)

determined according to AOAC [12] in terms of

carbohydrate contents were calculated by

Chemical analysis of prepared acid casein curd and
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and pH values (using pH meter model Cole-Armer 52.8 and 9.13 %, respectively, on the other hand, their
Instrument Co., USA) as described by Ling [13]. The results of fat and carbohydrates were less than our
moisture and ash contents were determined according to results(8.1 and 5.6%, respectively), despite the fiber
the method in AOAC [12]. Crude fiber contents were content was so high (20.8%). These differences could be
determined according to the method described by Nielsen due to the differences in cultivation conditions of the
[14]. Total carbohydrate contents were calculated by strain of algae as mentioned by Janczyk et al. [21].
differences. Chlorella vulgaris is sometimes called as the “whole

Dynamic Viscosity: Rheological properties of the to human health.
different prepared mayonnaise samples were measured
using the rotational viscometer (Rheotest 2- Germany) Composition of Acid Casein Curd Mixed with Chlorella
according to the methods of Gladwell et al. [15].

Stability Rate: Stability rate of different prepared
mayonnaise samples was determined according to the
method of Mun et al. [16].

Color Measurements: Color parameters of different
prepared mayonnaise samples were determined according
to the tristimulus color system as described by Francis
[17] using spectrophotometer (MOM, 100D, Hungary).
Color coordinates X, Y & Z were converted to
corresponding Hunter L , a & b  color coordinates* * *

according to formula given by manufacturer. The chroma
(C) represents color saturation or purity was calculated
from C = (a +b )  and total color intensity (a +b +L ) .2 2 1/2 2 2 2 1/2

Sensory Evaluation: Sensory characteristics of different
prepared mayonnaise samples were determined according
to Liu et al. [18].

Statistical Analysis: All measurements were carried out
in triplicate for each samples. A one way analysis of
variance (ANOVA) and Duncan test were used to
establish the significance of differences among the mean
values at (p 0.05). The data were analyzed according to
user Guide of Statistical Analysis System, SAS [19].

RESULT AND DISCUSSION

Chemical Composition (Dry basis) and pH of Chlorella
vulgaris Biomass: Chemical composition and pH of
Chlorella  vulgaris  biomass  are presented in Table 1. relationship between dynamic viscosity and shear rate
The results revealed that the protein content was was not linear indicating that all prepared mayonnaise
accounted about half the dry matter of Chlorella vulgaris samples followed non-Newtonian behavior. The control
biomass (51.45%). The other components carbohydrates, mayonnaise samples (contained 100% egg) was
fat, fiber and ash represented 11.86, 12.18, 9.18 and 9.50, characterized by an initial dynamic viscosity of 577 c p at
respectively. The contents of protein and ash in algae are shear rate 3 s , prepared mayonnaise samples contained
in  agreement  with  those obtained by Janczyk et al. [20] acid casein curd mixed with 10, 15 and 20% Chlorella
as they mentioned that the protein and ash contents were vulgaris  biomass  as  egg substituted were have the same

food” as it contains loads of nutrients which are essential

vulgaris Biomass: The changes in gross chemical
composition of acid caseins made with incorporation of
edible Chlorella vulgaris biomass to the base acid curd
at the levels of 10, 15 and 20 % are shown in Table 2.
Significant differences (p<0.05) were recorded among the
chemical composition of caseins made without and with
incorporation of chlorella biomass. Casein samples made
with incorporation of chlorella biomass had higher
contents of total solids, total protein, ash, total
carbohydrates, fat and fiber than the control casein and
increasing the percentage of chlorella biomass added in
the curd increased all theses contents. The highest
contents of ash, total protein, carbohydrates, fat as well
as fiber in acid caseins with incorporation of chlorella
biomass are mainly due to the higher contents of these
components in chlorella biomass used in fortification of
the casein curd (Table 1). However, the pH of control acid
casein had significantly the lowest value as compared
with casein curd with chlorella biomass. In the other
means, casein curds mixed with different ratios of chlorella
biomass had higher values of pH. The pH values were
increased  to  more  extent in the resulting caseins when
the  percentage  of added chlorella biomass increased.
This could be due to the higher pH value of chlorella
biomass used in the formula (~ pH = 6.50). These results
are in agreement with those obtained by Haresh [22].

Rheological Properties of Prepared Mayonnaise
Samples: The results of dynamic viscosity of the different
prepared mayonnaise samples were shown in Fig. 1. As
seen from the figure it could be noticed that, the

1
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Fig. 1: Dynamic viscosity of different prepared mayonnaise samples
Control: mayonnaise samples made with 100% egg
Treatments 1and 2: mayonnaise samples made by acid casein curd as egg substituted of 25 and 50% 
Treatments 3 and 4: mayonnaise samples made by acid casein curd mixed with 10 % Chlorella vulgaris biomass as egg
substituted of 25 and 50% 
Treatments 5 and 6: mayonnaise samples made by acid casein curd mixed with 15 % Chlorella vulgaris biomass as egg
substituted of 25 and 50% 
Treatments 7 and 8: mayonnaise samples made by acid casein curd mixed with 20% Chlorella vulgaris biomass as egg
substituted of 25 and 50% 

Table 1: Chemical composition (dry basis) and pH of Chlorella vulgaris
biomass powder

Component (%)
Moisture 5.83
Dry matter 94.17
Crude protein 51.45
Carbohydrates* 11.86
Crude fat 12.18
Crude fiber 9.18
Ash 9.50
pH 6. 50
*: Calculated by differences

Table 2: Chemical composition (on dry basis) and pH of acid casein curd
mixed with Chlorella vulgaris biomass.

Ratios of Chlorella vulgaris biomass (%)
--------------------------------------------------

Composition (%) Control 10 15 20
Total solids 46.97 56.34 61.06 65.81c b ab a

Total protein 43.02 48.16 50.73 53.31c b ab a

Fat 1.04 2.26 2.87 3.47b a a a

Ash 2.82 3.77 4.25 4.72c b ab a

Fiber ND 0.98 1.43 1.94b ab a

Total carbohydrates 0.1 1.29 1.88 2.47* c b ab a

pH 4.82 4.91 4.95 5.03c b b a

*: Calculated by differences 
ND: Not Determined
Means not followed by the same lower case letter in each column are
significantly different (p  0.05)

value of dynamic viscosity of control sample (577 c p) at
the same shear rate except that sample prepared by acid
casein curd mixed with 15% Chlorella vulgaris biomass
and replaced of 50% of egg used in prepared mayonnaise
sample (769.33 c p). At the same time prepared
mayonnaise samples contained acid casein curd without
Chlorella vulgaris biomass and used egg replacement
with ratio of 25 and 50% had a dynamic viscosity of
6731.67 and 1923.33 c p, respectively at the same shear
rate (3 s ). From the same figure it could be noticed that,1

using acid curd casein without and with Chlorella
vulgaris biomass with ratio of 25 and 50% increased the
dynamic viscosity of the prepared mayonnaise samples,
where the control mayonnaise sample had a dynamic
viscosity of 5936.21 c p at shear rate of 4.86 s  in1

comparison to 6173.66, 6648.56, 7242.18, 6648.56, 6648.56,
7360.91, 6292.39 and 8073.25 c p for prepared mayonnaise
samples contained acid casein curd mixed with 10, 15 and
20% Chlorella vulgaris biomass with ratio of 25 and 50%,
respectively. These results could be related to the strong
interactions among the droplets that contributes to the
elastic modulus and need longer time to relax, At the same
time the aforementioned treatments could be supported
the gel-link structure predominate in this kind of
emulsions  [23].  Generally  it  could  be  noticed   that, the
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Table 3: Stability rate of different prepared mayonnaise samples
Mayonnaise samples Stability rate (%)
Control 95.90
Treatment 1
25% 92.81
50% 88.52
Treatment 2
25% 94.05
50% 93.80
Treatment 3
25% 95.76
50% 94.31
Treatment 4
25% 95.47
50% 94.96
Control: mayonnaise samples made with 100% egg
Treatment 1: mayonnaise samples made by acid casein curd as egg
substituted of 25 and 50% 
Treatment 2: mayonnaise samples made by acid casein curd mixed with 10
% Chlorella vulgaris biomass as egg substituted of 25 and 50% 
Treatment 3: mayonnaise samples made by acid casein curd mixed with 15
% Chlorella vulgaris biomass as egg substituted of 25 and 50% 
Treatment 4: mayonnaise samples made by acid casein curd mixed with
20% Chlorella vulgaris biomass as egg substituted of 25 and 50% 

viscosity of all prepared mayonnaise samples were
decreased as the shear rate increased and the pattern of
this decreasing could be categorized into two phases,
practically. These two phases are necessary when
mayonnaise samples were subjected to mechanical stirring
or a forced flow. 

Stability of Different Mayonnaise Samples: Mayonnaise
stability usually involves preventing droplets
coalescence, flocculation and creaming. Creaming is not
usually problem in mayonnaise that have high fat content
because the droplets are so closely packed together so
that they cannot move. Emulsion stability rate of different
prepared mayonnaise samples supplemented with
different ratios of acid casein curd mixed with Chlorella
vulgaris biomass are presented in Table 3. It could be
clearly noticed that, both control mayonnaise samples and
mayonnaise samples prepared by acid casein curd mixed
with 15 and 20% Chlorella vulgaris biomass as egg
substituted of 25% had a good emulsion stability above
95%as they recorded values of 95.90, 95.76 and 95.47%,
respectively. On the other hand, mayonnaise samples
prepared by acid casein curd as egg substituted of 50%
had the lowest emulsion stability as its values was
88.52%. A pattern of emulsion stability reduction was
found as the replacement ratio of egg by all tested acid
casein curd increased. The sharp reduction was noticed
in mayonnaise samples prepared by acid casein curd as

egg substituted with ratio of 25 and 50% as the emulsion
stability values were 92.81 and 88.52%, respectively, these
results might be caused by coalescence which is the
result of oil droplet convergence [24]. On the other hand,
emulsion stability of different mayonnaise samples
prepared by acid casein curd mixed with 10, 15 and 20%
Chlorella vulgaris biomass was not affected by
increasing the replacement ratio from 25 to 50% as shown
in Table 3. These results could be due to increased
viscosity of the aqueous phase by addition of 10, 15 and
20% Chlorella vulgaris biomass in acid casein curd
which slowed down oil droplet movement and preventing
coalescence by avoiding the oil droplets from getting too
close together. Thus, the aforementioned results could be
due to the increase protein content of acid casein curd as
ratio of Chlorella vulgaris biomass was increase which
probably had synergistic effects on the acid casein curd
and might be used as egg substituted in preparing low
egg mayonnaise. 

Color Parameters of Prepared Mayonnaise: Color as a
matter of visual perception is an important consideration
in food products development because food color and
appearance are usually gives the first impression to
register in the consumer s mined. The results of color,

parameters: lightness (L ), redness (a ), yellowness (b ),* * *

chroma and total intensity of different prepared
mayonnaise samples supplemented with different ratios of
acid casein curd mixed with Chlorella vulgaris biomass
are presented in Table 4. The results showed that, there
were significant differences (P<0.05) in all tested color
parameters between control mayonnaise samples prepared
with 100% egg and all prepared mayonnaise samples
prepared by acid casein curd without and with 10, 15 and
20% of Chlorella vulgaris biomass as egg substituted by
ratios of 25 and 50%. Generally, from the observed results
of color parameters of different prepared mayonnaise
samples it could be noticed that, the lightness (L )*

significantly decreased (P<0.05) between all treated
mayonnaise samples in comparison to control samples. A
decrease in L  values of samples implies that there was a*

faint change in the lightness of the treated mayonnaise
samples. These results could be related to utilization of
acid curd casein especially that mixed with Chlorella
vulgaris biomass as egg substitute. From the same table
it  could  be  noticed  that, similar trend was observed for
a   and  b  values  for  all  treated  mayonnaise  samples.* *

A  decreased  in  b   value  signifies  that the yellowness*

of  treated  samples  decreased  thus could be related to
the  chlorella pigments. The change of color parameters of
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Table 4: Mean color values of different prepared mayonnaise samples

Color characteristics
--------------------------------------------------------------------------------------------------------------------------------------------------------

Mayonnaise samples L a b Chroma Total intensity* * |*

Control 86.06 -19.77 20.46 28.45 90.64A A A A A

Treatment 1
25% 82.93 -19.23 13.57 23.53 86.21B BC E CD B

50% 80.21 -18.46 15.02 23.80 83.66E E B BC E

Treatment 2
25% 79.38 -18.39 12.76 22.38 82.44G E F E G

50% 79.38 -19.63 12.81 23.44 82.54H AB F D G

Treatment 3
25% 78.69 -18.03 12.03 21.68 81.63I F G F H

50% 81.25 -18.98 14.09 23.54 84.62D CD C CD D

Treatment 4
25% 81.86 -19.27 13.88 23.75 85.24C BC D BC C

50% 79.48 -18.87 14.90 24.05 83.04F D B B F

Control: mayonnaise samples made with 100% egg
Treatment 1: mayonnaise samples made by acid casein curd as egg substituted of 25 and 50% 
Treatment 2: mayonnaise samples made by acid casein curd mixed with 10 % Chlorella vulgaris biomass as egg substituted of 25 and 50% 
Treatment 3: mayonnaise samples made by acid casein curd mixed with 15 % Chlorella vulgaris biomass as egg substituted of 25 and 50% 
Treatment 4: mayonnaise samples made by acid casein curd mixed with 20% Chlorella vulgaris biomass as egg substituted of 25 and 50% 
L*, lightness; a*, redness; b*, yellowness
Data are the mean, n = 10, Mean values in the same column bearing the same superscript do not differ significantly (P > 0.05).

Table 5: Sensory properties of different prepared mayonnaise samples. 

Sensory properties
-----------------------------------------------------------------------------------------------------------------------------------------------------------------

Mayonnaise samples Consistency (10) Appearance (10) Color (10) Aroma (10) Taste (10) Overall acceptability (10)

Control 9.2 9.8 9.6 9.2 9.2 9.4AB A A A A A

Treatment 1
25% 6.4 7.0 7.4 7.8 7.4 7.2D C D C B A

50% 7.2 7.8 7.6 8.0 7.4 7.2CD B CD BC B B

Treatment 2
25% 9.2 9.4 8.4 8.8 8.8 8.8AB A BC AB A A

50% 9.6 9.4 9.6 9.4 9.6 9.8A A A A A A

Treatment 3
25% 9.2 9.4 8.8 9.0 9.0 9.2AB A AB A A A

50% 9.0 9.2 9.0 9.2 9.2 9.0AB A AB A A A

Treatment 4
25% 8.2 7.8 7.6 7.4 7.6 7.4BC B CD C B B

50% 7.4 7.4 7.6 7.8 7.2 6.6CD BC CD C B B

Control: mayonnaise samples made with 100% egg
Treatment 1: mayonnaise samples made by acid casein curd as egg substituted of 25 and 50% 
Treatment 2: mayonnaise samples made by acid casein curd mixed with 10 % Chlorella vulgaris biomass as egg substituted of 25 and 50% 
Treatment 3: mayonnaise samples made by acid casein curd mixed with 15 % Chlorella vulgaris biomass as egg substituted of 25 and 50% 
Treatment 4: mayonnaise samples made by acid casein curd mixed with 20% Chlorella vulgaris biomass as egg substituted of 25 and 50% 
Data are the mean, n = 10, Mean values in the same column bearing the same superscript do not differ significantly (P > 0.05).

different treated mayonnaise samples could relate to the Sensory  Characteristics   of   Prepared   Mayonnaise:
treatments as utilization of acid casein curd without and The results of sensory evaluation characteristics of
with Chlorella vulgaris biomass affected the droplet size different prepared mayonnaise samples supplemented
of oil during preparing mayonnaise causing a different with different ratios of acid casein curd mixed with
scattering efficiency [25]. Chlorella  vulgaris  biomass  are  presented  in   Table  5.
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It could be noticed that, there is no significant difference 5. Fradique,  M.,  A.P.  Batista,  M. Nunes, L. Gouveia,
(p>0.05) in all tested sensory properties (consistency, N. Bandarrac and A. Raymundo, 2010. Incorporation
appearance, color, aroma, taste and overall acceptability) of Chlorella vulgaris and Spirulina maxima biomass
between control mayonnaise samples (prepared with in pasta products. Part 1: Preparation and evaluation.
100% egg) and mayonnaise samples prepared by acid J. Sci. Food Agric., 90: 1656-1664.
casein curd mixed with 10 and 15% of Chlorella vulgaris 6. Nikzade, V., M. Mazaheri Tehrani, M. Saadatmand-
biomass as egg substituted of 25 and 50%. On the other Tarzjan, 2012.Optimization of low- cholesterol low-fat
hand, mayonnaise samples prepared by acid casein curd mayonnaise formulation: Effect of using soy milk and
without and with 20% of Chlorella vulgaris biomass had some stabilizer by a mixture design approach, Food
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