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INTRODUCTION 

Egg yolk is a raw material in large quantities in the 
process of making cakes. Several types of cakes use 

egg yolks as their main raw material, including types of 
pastries and biscuits. The availability of fresh egg yolks 
is greatly influenced by the price of eggs due to over-

production, rising feed prices, religious holidays, and other 
commemorations of holidays. Likewise, the limited shelf 
life of eggs requires efforts to process eggs as raw material 
for further processing. Egg yolk powder is the result of 
drying fresh egg yolks. Egg yolk powder as an effort to 
extend shelf life. In addition, egg yolk powder can maintain 
the availability of egg yolks throughout the year at an 
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affordable price. However, drying egg yolks can have an 
impact on changes in the color and properties of egg yolks, 
so efforts are needed to minimize these changes. One way 
is to carry out the fermentation process on egg yolks. The 
application of the yeast S. cerevisiae to the fermentation of 
egg whites and whole eggs has been studied previously. 

Some research results have been conducted previously, 
namely research by Tian et al. (2021) reported that 
yolk fermentation using lactic acid bacteria can modify 
physicochemical properties and increase yolk emulsifying 
activity. Similarly, research by Jiang et al. (2020) reported 
that the application of short-term fermentation using 
lactic acid bacteria on egg whites also showed changes 
in characteristics, rheology, and foaming activity. 
Fermentation using S. cerevisiae has also been applied to 
egg whites and has an impact on the functional properties 
of egg whites (Kartina et al., 2023). Nahariah and Hikmah 
(2023) reported that the application of different types of 
yeast in fermentation also had an impact on the functional 
characteristics of chicken eggs. However, fermentation 
using yeast in the production of egg yolk powder is still 
limited.

Fermentation is influenced by several factors, including 
microbial levels and fermentation time. The application of 
yeast levels of S. cerevisiae with different fermentation times 
on egg yolks is thought to have an impact on the functional 
and physicochemical characteristics of the resulting egg 
yolk flour. This study aims to identify the application of 
yeast levels with different fermentation times in egg yolks 
to the functional and physicochemical characteristics of 
egg yolks.

MATERIALS AND METHODS

Research material 
The materials used in this study consisted of egg yolks 
of 225 infertile eggs from partner farms and commercial 
yeast starters of the S. cerevisiae type. The equipment used 
included spoons type SM0503 Merk Golden Flying fish 
brand produced by Golden Dragon Houseware. Mixer 
type CM-1579 Merk Cosmos brand produced by PT. Star 
Cosmos Indonesia. Containers/basin Type Stainless Steel 
Merk Komodo brand, produced by PT. Naga Komodo. 
Spatula Type J-050002 (d=2 mm, and P= 20 cm) Merk 
Shanghai Hegi, The brand produced by Shanghai Hegi 
Glassware Co., Ltd (Shanghai, Cina). Blender Type BL-
152 GF Merk Miyako brand, produced by PT. Kencana 
Gemilang Indonesia. Sample bottles Type 1101-04 Merk 
Nikko brand, produced by Nikko Co., Ltd. Measuring 
cups Type IWAKI Beaker Glass 500 mL Merk AGC 
IWAKI brand produced by AGC Techno Glass Thailand 
(ATGT). Test tubes Type IWAKI Pyrex Volume 10 mL 
Merk AGC IWAKI brand produced by AGC Techno 

Glass Thailand (ATGT). Stopwatch Type 055.01.001 
Merk ISOLAB brand produced by CV. Wahana Hilab 
Indonesia. Ovens Type Food Dehydrator Merk Getra 
brand, produced by PT. Royal Sultan Agung. pH meter 
Hand-type pH meter; PHS-25 Merk TBTSCIETECH 
brand, produced by Nanjing T-Bota Scietech Instruments 
and Equipment Co.Ltd Cina. Digital scales Type HP-
1/2000(500g/0.001g) Merk SOJIKYO brand produced 
by PT. Huinindo Multi Niagatama. Centrifuges type 80-2 
Merk CORONA brand, and color meters type TES-135A 
Merk NJouka brand, produced by Shenzhen Graigar 
Technology Co., Ltd.

Research methods
This research was conducted using a 3x3 factorial completely 
randomized design with 5 replications. Factor A was the 
fermentation times (hours) 1, 2, and 3, respectively. Factor 
B was the fermentation level (%) of yeast was 10, 20, and 
30, respectively. The total treatment units were 45 units. 
Each treatment unit used 5 eggs. The total number of egg 
yolks used was 225 eggs.
 
Measured parameter
The swelling ability of yolk egg fermentation
The swelling ability of the egg yolk fermentation is 
calculated as follows: Egg yolks are put into a measuring 
cup of 50 mL. Calculation of the swelling ability of egg 
yolk fermentation begins by calculating the specific gravity 
of the egg yolk with the formula:

g = W/V

g= Yolk specific gravity; W= The weight of the yolk 
swelling; V= The swelling volume of the yolk egg.

The calculation of the swelling power (F) was 50 mL of 
egg yolk shaken at full power until fluffy for 3 minutes. 
Furthermore, the measurement of the swelling weight 
(W) of the yolk and the swelling volume (V) of the yolk. 
The swelling ability of the yolk (F) was calculated by the 
formula (Awuchi et al., 2019).

Emulsion stability
The emulsion stability test was measured by placing the 
sample in a centrifuge tube and rotating it for 15 minutes 
at 3000 rpm. The separated oil is then taken with a dropper 
pipette and the volume of the oil is measured (modified 
Taylor and Bigbee, 1973). The emulsion stability testing 
formula is as follows.
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The pH value
The pH value was measured by turning on the pH meter 
and calibrating it with a pH 4 and pH 7 buffer solution. 
The pH meter electrode was then rinsed with distilled 
water and then dried with tissue paper. The electrode was 
immersed in the sample and let stand until the number on 
the pH meter showed a stable number. The pH value of the 
sample was displayed on the monitor screen (Nahariah et 
al., 2019).

Water content 
Samples were weighed as much as 2 g (W1). Then put it in 
the oven at 105oC for 24 hours. The sample was removed 
from the oven, allowed to stand, and cooled before being 
weighed. Weigh the final weight to a constant weight (W2) 
(Nahariah et al., 2010). The water content of the sample 
can be calculated by the following formula:

Color profile
Color measurement using a Colorimeter tester. These tools 
refer to the Hunter color system (L*, a*, b*). The scoring 
system consists of L*= brightness level, a*= redness level, 
and b*= yellowness level, notation L*= 0 (black), 100 
(white). The a* notation with the value +a* (positive) from 
0 to +60 was for red color while the value –a*(negative) 
was 0 to -60 for green color. The b* notation was with 
values ​​+b*(positive) and 0 to +60 for yellow colors and 
-b*(negative) values ​​from 0 to -60 for blue colors. Color 
measurements were carried out using a portable colorimeter 
TES-135 Digital color. Then the value of E* (total color 
difference) was calculated using the formula (Sharma and 
Garuva, 2003):

RESULT AND DISCUSSION 

Swelling ability characteristics of fermented 
egg yolks at different levels of the yeast S. 
cerevisiae and different fermentation times
Analysis of variance in Table 1 shows that the level of 
yeast Saccharomyces cerevisiae in egg yolk fermentation 
had a significant (P<0.05) effect on the swelling ability of 
egg yolks. There is no effect of fermentation time and the 
interaction between the two on the swelling ability of egg 
yolks. 

Duncan’s test showed that there was no difference between 
the addition of 10 and 20% yeast S. cerevisiae on the swelling 
ability of egg yolks. However, the level of both shows a 
significantly lower difference compared to the addition of 

the 30% level. This indicates that the addition of yeast with 
a greater amount will have an impact on increasing the 
ability to swell the egg yolks.

Table 1: The swelling ability of fermented yolks with 
different fermentation times and yeast level (%).
Fermentation 
times (Hours)

Yeast levels (%) Total
10 20 30

1 167±18.29 173±9.00 181±24.52 174±17.11
2 173±8.53 189±17.07 202±2.99 188±16.07
3 178±11.08 170±31.87 206±12.17 185±24.42
Total 172±12.45x 177±20.64x 197±17.98y 182±19.77

Notes: x,y Superscripts on the same line indicate significant 
differences (P<0.05).

The swelling ability of the egg yolk is lower than the 
swelling or foaming power of the egg white. This is related 
to the protein content that contributes to the ability to form 
foam in egg whites. The type of protein that dominates 
egg white and is thought to contribute to the swelling 
or foaming power is ovomucin (Stadelman and Cotterill, 
1986). The swelling ability of both is determined by the 
type of protein. The ability to swell is not determined by 
the amount of protein content. This considers the protein 
content in egg whites to be 9.7%-10.6%, lower than egg 
yolks with a protein content of 15.7-16.6%. However, 
the swelling ability of the egg white is higher than the 
yolk. The high protein content of egg yolk is bound to 
the phospholipid component so it does not contribute to 
swelling ability.

The swelling ability of the egg yolk is probably influenced by 
the fermentation process. The addition of more yeast levels 
can increase the blooming power of the egg yolks. This 
is possible, because of the ability of the yeast S. cerevisiae 
to produce enzymes that break down carbohydrates 
contained in egg yolks. Egg yolks contain carbohydrates 
of 0.2-1% (Stadelman and Cotterill, 1986). The result of 
decomposition is carbon dioxide. The carbon dioxide that 
is formed can cause the egg yolks to expand when beaten. 

The application of different fermentation times did not 
show a change in the swelling ability of the egg yolks. This 
indicates that fermentation of egg yolks for 1, 2 or 3 hours 
does not contribute to the swelling ability of the yolks. But 
for effectiveness, it can be done for 1 hour of fermentation.

Characteristics of emulsion stability in 
fermented egg yolk at different levels of the 
yeast S. cerevisiae and different fermentation 
times
Table 2, analysis of variance shows that the level of yeast S. 
cerevisiae in egg yolk fermentation had a significant effect 
(P<0.05) on the stability of the egg yolk emulsion. There 
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was no effect of fermentation time and the interaction 
between the two on the stability of the egg yolk emulsion. 

Table 2: Emulsion stability of fermented egg yolk at 
different fermentation times and yeast levels (%).
Fermenta-
tion times 
(Hours)

Yeast levels (%) Total
10 20 30

1 94.84±3.03 96.74±1.78 95.71±3.55 95.76±2.63
2 97.30±1.09 96.34±1.75 93.17±1.68 95.60±2.29
3 95.87±2.15 95.71±2.07 91.82±4.14 94.47±3.23
Total 96.00±2.21xy 96.26±1.68y 93.57±3.32x 95.28±2.70

Note: : x,y Superscripts on the same line indicate significant 
differences (P<0.05).

Duncan’s test showed that there was no difference between 
the addition of 10 and 20% yeast S. cerevisiae on the stable 
emulsion of the egg yolk. However, the 20% level showed a 
significant difference (P<0.05) in higher emulsion stability 
compared to the addition of the 30% level. This indicates 
that the addition of yeast with a greater amount will have an 
impact on decreasing the stability of the egg yolk emulsion.

Emulsion stability is related to the lecithin content in the 
egg yolk. Lecithin is a compound component composed of 
minerals bound to fat, namely phospholipids. The lecithin 
constituent structure can change due to processing, 
temperature, and shaking. The low emulsion stability in 
the addition of 30% yeast S. cerevisiae is possibly due to 
structural changes due to fermentation so that the water 
content in carbohydrates will be released. The emulsion is a 
dispersion of oil or fat particles in water or water in oil. Egg 
yolk is an example of an oil/fat in water emulsion. However, 
water can be strongly bound to proteins and carbohydrates. 
The addition of S. cerevisiae yeast with a high level may 
result in changes to the components of the ingredients, 
especially those containing carbohydrates. Carbohydrates 
can help in the process of developing egg yolks but result in 
decreased emulsion stability due to unbound water. Protein 
can function as an emulsifier because it has an active surface 
that contains a mixture of amino acids. Amino acids are 
hydrophilic and hydrophobic along the polypeptide chain 
and form a layer at the oil-water interface resulting in a 
stable bond. However, changes in protein structure can 
also occur due to fermentation activity so that the bonds 
become unstable and reduce the surface tension ability of 
the material.

Physicochemical characteristics 
The pH value of fermented egg yolk
Analysis of variance in Table 4 shows that differences in 
fermentation time and the level of the yeast S. cerevisiae had 
a significant effect (P<0.05) on the pH value of fermented 
egg yolks. However, there is no interaction between the 
two on the pH value. 

Table 3: The pH value of fermented eggs yolk with 
different fermentation times and yeast levels. 
Fermentation 
times (Hours)

Yeast levels (%) Total
10 20 30

1 6.36±0.15 6.20±0.26 6.16±0.35 6.24±0.25a

2 6.33±0.41 5.97±0.05 5.91±0.30 6.07±0.28ab

3 6.02±0.05 5.95±0.03 5.88±0.60 5.95±0.07b

Total 6.24±0.27x 6.04±0.18xy 5.98±0.22y 6.08±0.24
Note: a,b,x,y Different superscripts in the same column and row 
show a significant difference (P<0.05).

Table 4: Water content of fermented eggs with different 
fermentation times and levels of yeast. 
Fermenta-
tion times 
(Hours)

Yeast levels (%) Total

10 20 30

1 50.39±0.51 55.32±0.52 56.23±5.75 53.98±3.97
2 51.46±4.67 49.73±5.12 56.98±8.74 52.72±6.47
3 54.89±1.69 52.38±5.65 54.41±4.60 53.89±3.91
Total 52.25±3.22 52.47±4.52 55.87±5.82 53.53±4.77

Duncan’s test showed that the pH value was significantly 
(P<0.05) higher at 1 hour of fermentation compared 
to 3 hours of fermentation. However, the 2 hours of 
fermentation did not show a significant difference with the 
1 and 3 hours of fermentation on the pH value. The pH 
value of egg yolk decreased with increasing fermentation 
time. The pH value of egg yolk decreased due to the 
fermentation of S. cereviseae yeast which can break down 
reducing sugars into gluconic acid. D’Souza and Godbole 
(1989) said that this is due to the activity of fermentation, 
the carbohydrates in the eggs are converted to acids, water, 
and other end products. Kartina et al. (2023) reported that 
the application of S. cerevisiae fermentation to chicken eggs 
showed a significant change in pH value which decreased 
as the fermentation time increased. Egg flour that has been 
previously fermented for 3 hours shows a lower change in 
pH value (Kartina et al., 2023).

The pH value of fermented egg yolk was significantly 
different (P<0.05) and decreased between 10 and 30% 
addition of S. cerevisiae yeast. However, the pH value did 
not show a difference at 2% with all levels of yeast added. 
This indicates that the addition of yeast with a greater 
amount will have an impact on decreasing the pH value 
of the egg yolk. Fermentation using S. cerevisiae can break 
down carbohydrates or sugar into carbon dioxide and water. 
Meyer and Hood (1973) revealed that the loss of carbon 
dioxide (CO2) in eggs will cause an increase in the pH value.

Water content of fermented egg yolks 
Table 3 showed that the fermentation time with different 
levels of S. cerevisiae did not significantly affect the value of 
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the moisture content of the egg yolk. This shows that the 
fermentation time with different levels of S. cerevisiae in 
egg yolks does not result in changes in the resulting water 
content. 

The water content value of the fermented egg yolk is 
higher than the water content of the unfermented egg 
yolk. Zhang et al. (2023) reported that the water content 
in fresh egg yolk is 47-50% while according to Lai et al. 
(2010), the water content of fresh egg yolk is 44.53%. In 
addition, Wulandari’s and Arief (2022) says that the water 
content of purebred chicken egg yolk per 100 grams is 
around 50.33. This is due to the fermentation activity that 
can loosen water bonds with carbohydrates or proteins so 
that a lot of free water. However, the amount of free water 
is still limited. This limitation is probably caused by the 
level and time of fermentation that has not fully broken 
down the bound water present in the egg yolks. Egg yolk 
has a high water content but the condition of the water in 
the yolk is bound to water. 

Lightness value color ( L*) in fermented egg 
yolk 
Table 5 showed that fermentation time with different 
yeast levels of S. cerevisiae did not significantly affect the 
brightness color (L*) of fermented egg yolks. Likewise, 
there is no interaction between the two. This shows that 
the duration of fermentation with differences in the levels 
of the yeast S. cerevisiae in egg yolks does not result in 
changes in the resulting lightness color (L*).

Table 5: Lightness value color (L*) in fermented eggs with 
different fermentation times and yeast levels. 
Fermenta-
tion times 
(Hours)

Yeast level (%) Total
10 20 30

1 68.31±6.62 66.57±2.46 66.42±4.31 67.10±4.24
2 66.25±11.37 65.31±6.17 65.34±5.82 65.64±7.11
3 63.62±0.61 63.85±8.94 61.44±4.50 62.97±5.14
Total 66.06±6.89 65.24±5.69 64.40±4.83 65.23±5.68

Note: Lightness value (0 (black) -100 (white).

The lightness value color (L*) of fermented egg yolk at the 
time of fermentation and the level of the yeast S. cerevisiae 
showed an average value of 65.23 with the color criteria 
tending to be bright. These results illustrate that the higher 
the level of yeast S.cerevisiae, the brighter the appearance 
of the observed egg yolk color. Prakusya (2021), found that 
this is thought to have occurred because the higher the level 
of baker’s yeast, the more sugar will be reduced. Dieudonne 
et al. (2023) stated that the color in egg yolks is formed 
due to the presence of xanthophyll pigments, lutein, and 
zeaxanthin in large quantities as well as beta carotene in 
eggs. Danajaya et al. (2018) that the increase in egg yolk 

color occurred due to the presence of β-carotene in the 
treatment ratio which functions as an enhancer of egg yolk 
color. This β-carotene has a role as a precursor of vitamin 
A which can be used as a pigment in egg yolks. Things are 
different in the research by Wicaksono et al. (2021), that 
in food products of meat origin, changes in the lightness 
value (L*) are determined by changes in myoglobin in the 
tissues. 

Redness Value Color (a*) in fermented egg yolk 
Table 6 showed that egg yolk fermentation time had a 
significant (P<0.05) effect on the value of the redness color 
(a*) in fermented egg yolks. However, there was no effect 
on the levels of the yeast S. cerevisiae and their interaction 
on the redness color value (a*) in fermented egg yolks. 

Table 6: Redness color value (a*) of fermented eggs with 
different fermentation times and yeast levels. 
Fermenta-
tion times 
(Hours)

Yeast level (%) Total

10 20 30

1 15.23±1.51 13.36±0.55 11.83±1.30 13.47±1.80a

2 14.46±1.95 14.40±1.90 15.43±2.53 14.76±1.92a

3 16.40±0.98 16.86±1.45 19.76±0.81 17.67±1.85b

Total 15.36±1.57 14.87±1.98 15.67±3.74 15.30±2.53
Note:: a,b Superscripts in the same column show significant 
differences (P<0.05). Reddish Value (-60 (green)-+60 (red).

The value of redness color (a*) was significantly (P<0.05) 
different with increasing fermentation time. There is no 
difference in fermentation time between 1 and 2 hours. 
However, both were significantly (P<0.05) lower than 
3 hours of fermentation. This shows that increasing 
the fermentation time will increase the redness value of 
fermented egg yolks. Kartina et al. (2022) reported that 
egg yolk contains carotenoids which can provide yellow, 
orange to red pigments. Yunitasari et al. (2023) stated 
that the yellow color of egg yolks is influenced by feed 
containing carotenoid pigments, especially beta-carotene, 
and xanthophyll.

Yellowness value color (b*) in fermented egg 
yolk
The fermentation time and the yeast level of S. cerevisiae 
in Table 7 had no significant effect on the value of the 
yellowness color (b*) of fermented egg yolks. Likewise, 
there is no interaction between the two on the yellowness 
values ​​(b*) in fermented egg yolks.

Color profile differences (L*, a*, b*)
Differences in color profiles between L*= lightness, a*= 
redness, and b*= yellowness for fermented egg yolks. 
Fermentation time and the addition of the yeast S. cerevisiae 
was 3.50 (Large) which means the difference is big. The 
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difference between the large L, a, and b values ​​in fermented 
egg yolks has L* (lightness) values ​​that tend to be bright. 
The a* (reddish/greenish) values ​​are slightly red, and the b* 
(bluish/yellowness) values ​​are yellow. This is influenced by 
the content of carotenoids in fermented egg yolks. In the 
opinion of Sujana et al. (2006) stated that the yellow color 
of egg yolks is influenced by feed containing carotenoid 
pigments, especially beta-carotene, and xanthophyll. Aziz 
et al. (2023) revealed that the value of the color difference 
in mayonnaise is 4.1 (normal/moderate).

Table 7: Yellowness color (b*) fermented eggs with 
different fermentation times and yeast levels. 
Fermenta-
tion times 
(Hours)

Yeast level (%) Total
10 20 30

1 55.51±3.51 52.91±0.94 52.00±9.27 53.47±5.22
2 55.71±1.33 57.34±4.85 57.23±2.85 56.76±3.00
3 58.03±4.67 56.78±4.60 53.48±1.14 56.10±3.90
Total 56.41±3.23 55.68±3.97 54.24±5.41 55.44±4.23

Note: Yellowness value (-60 (blue)-+60 (yellow)).

CONCLUSIONS AND 
RECOMMENDATIONS

The application of S. cerevisiae fermentation to the 
characterization of functional and physicochemical 
properties of egg yolk has been investigated. The results 
showed that the treatment of different fermentation 
levels and times can improve functional characteristics 
including expandability and emulsion stability. Similarly, 
fermentation level and time also improved the physicomic 
characteristics including pH value, moisture content and 
color profile (L, a and b). The use of 30% yeast for 3 hours 
can optimize the functional and physical characteristics of 
fermented egg yolks. 
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