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Abstract. Egg processing, a major source of high-value protein for the food industry, is on the rise. 
However, it generates significant waste. Utilizing egg by-products, especially technical albumen, offers 
ways to create value-added products. The aim of this study is to examined different coagulation conditions 
for the utilization of technical albumen. Four types of coagulation were examined. The first type required 
pH correction using an acid solution (30% citric, lactic, or acetic acid) until the pH ranged from 4.8 to 5.2, 
followed by thermal coagulation using steam. The second type involved mixing the technical albumen with 
various percentages of 96% ethanol, ranging from 1% to 10%, followed by coagulation using steam. The 
third type was a combination of the first two. The precipitates were collected in porous fibre and pressed for 
15 minutes at 350 gr/cm2. Citric acid led to grainy, high-yield precipitates; lactic and acetic acid yielded 
more homogenous precipitates with increased dry matter loss. Only the 7.5% addition of ethanol resulted in 
relatively high precipitate yield. The combination of pH correction and ethanol addition didn’t enhance 
yield. Understanding the correlation between the composition of the technical albumen and applied 
coagulation condition necessitates further analysis. 

1 Introduction 
Egg protein is the most valuable source of essential 
amino acid in human diet, and multipurpose ingredient 
in the food industry [1]. No religion or ethnic group 
reject the eggs from their diet around the world. The 
consumption of eggs worldwide has a steady increase 
for the past decade, and Bulgaria is no exception [2].  

As a perfectly formed biological unit, eggs are 
considered as an excellent source of proteins, lipids, 
vitamins, and minerals [3]. The complex structure of the 
eggs consisted of eggshell, egg membrane, egg white 
and yolk, each of them with a completely different 
nature and properties determine its functional 
properties. The most valuable for the food industry are 
the foaming, emulsifying, gelling properties, also 
unique colour and flavour [4]. Approximately 30% of 
total egg consumption is via processed products [5].  
Meanwhile the food industry is more and more oriented 
towards minimum wastes. A growing interest for 
commercialization of different by-products was 
evaluated for the past 20 years [6]. The waste 
management on industrial scale is a challenging 
problem. The 3R principles (reduce, reuse and recycle) 
are the fundamentals of the “Circular Economy”. The 
concept is that the wastes are converted into valuable 
and later on useful resources. This will improve both 
adequate waste management strategies and sustainable 
development [7]. However, the implementation of waste 
management models is not efficient enough in terms of 
significant reduction of the generated wastes by the agri-
food industry. The main cause is the fact that the 
different ways of waste utilization are not sufficient 
enough. The waste management strategies are 
developing but still far from the “zero waste” model. [8]. 
Under the Commission’s proposals, the Circular 
Economy Package’s to goal will be to reduce waste to a 

minimum. This means that, when a product or resource 
reaches the end of its life, its components are kept within 
the economy wherever possible. From now, what 
previously was considered as a waste it transforms into 
a resource [9]. However, the egg processing waste is not 
just a waste with no potential purpose. It presents a 
source of valuable biocomponents and with cost-
effective processing could be used as secondary raw 
materials in the production of value-added products. 

The basis of egg processing is separation of its 
components depending of the final products. Cracking 
the egg and pouring its liquid component (egg white/ 
albumen and yolk) separates it from eggshell. Further 
separation of both solid and liquid fraction can be 
completed. Nonseparated albumen and yolk are used for 
the production of whole egg. Further thermal processing 
is applied and products like: pasteurized or dried egg 
mélange, albumen or yolk are produced.  

The solid fraction consists of the eggshell, 
adherent albumen and shell membranes. Egg membrane 
is adhered on the inner side of the eggshell and can be 
separated by further cracking of the shell and blowing 
with air [10]. Two of the three components, the eggshell 
and shell membrane fall in category of non-edible by-
products, but they can be a source for bioactive 
compounds [11]. Eggshells are widely used as 
fertilizers, feed supplements, absorbent media in fillets, 
medical and pharmaceutical products. The utilization 
and use of the shell membrane is in interest of the 
medicine as a source of collagen type I, V & X, keratin 
and other substance that stimulate the synthesis of 
collagen and wound healing [12-13]. 

The adherent egg white left inside the shell after 
cracking the egg is often referred to as technical 
albumen [14]. It is separated from the eggshells through 
centrifugation, leading to the fragmentation of the 
shells. Since the direct contact between the technical 
albumen and eggshell, it falls under the category 3, 
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animal by-products according to Regulation 1069/2007, 
Article 10 k) [15]. Consequently, it cannot be presented 
as human food but can be processed into feed according 
to Regulation 1069/2007. Eggs, eggshells, albumin, and 
dried egg products are listed in Commission Regulation 
(EU) No 68/2013 of 16 January 2013 concerning the 
catalogue of feed materials [16]. 

The main interest in technical albumen arises from 
the vast quantities generated annually [2]. Specific 
literature data is lacking, as quantities are influenced by 
conditions under which egg breaking occurs, as well as 
the type of birds, their feeding, and seasonality. Based 
on our unpublished data, technical albumen quantities 
vary from 5 to 10% of the total processed egg quantity. 

The protein composition of albumen is extensively 
studied through the year and it is known that egg white 
has from 9.7 to 12% protein [17]. It is a complex 
aqueous system of globular protein. The seven largest 
fractions are ovalbumins (A1 and A2), ovomucoid, 
conalbumin and ovoglobulins (G1, G2 and G3). More 
than half of albumen proteins are ovalbulmins which are 
globular phospoglycoprotein. Their molecular weight is 
44.5 kDa and has isoelectric point of 4.5 [1]. During 
storage ovalbumin is alters into s-ovalbumin and its 
stability against heat denaturation gradually increases. 
Second most is the glycoprotein conalbumin or 
ovotransferin, representing 13% of albumen proteins. Its 
molecular weight varies from 60 to 95 kDa with an 
isoelectric point between 6.0 and 6.6. In presence of 
metal ions can form protein-metal complexes resistant 
to heat denaturation. Alleoni, [17] stated that ovomucoid 
represents a glycoprotein containing approximately 20 
to 25% carbohydrates. It is a heat-stable protein even in 
acidic solution. The other globular proteins constitute 
from 2 to 0.4% of total albumen proteins and relevance 
to the applied pH variations or heat denaturation are 
significantly low.  
Strelec [8] proved by SDS-PAGE analysis that adherent 
egg white proteins of egg waste originate from egg 
white. Moreover, a significant activity of egg lysozyme 
has been detected in the clarified protein solution. The 
use of egg white for the production of various purified 
proteins, including lysozyme as a high-value-added 
product, i.e., fine chemicals, has been well established. 
Heat-induced denaturation of proteins occurs in three 
stages: unfolding of the structure (and denaturation) of 
individual molecules, aggregation, and finally network 
formation. The formation of aggregates during 
denaturation is related with the pH values. Close to the 
iso-electric point pH values and presence of high ionic 
strength, leads to low charge density on the protein 
molecule. All combined results in the formation of 
dense clusters of aggregates [18]. 
Therefore, the aim of this study is to examining 
coagulation conditions for the utilization of technical 
albumen. 

2 Material and methods 
2.1 Materials 

The three batches of technical albumen (TA) were 
provided from OVO-BUL Ltd., Pleven, Bulgaria. The 

albumen is from by-product from the everyday 
production and it is collected by centrifugal separation 
from the eggshells. Separation is done up to 1 min after 
cracking of eggs. The technical albumens were stored at 
0-1℃ until further analysis.  

2.2 Experimental design 

The flow diagram of the experiment is presented in 
Figure 1. Briefly, four types of coagulation were 
examined. The first type required pH correction at room 
temperature or after preheating the sample to 55℃. For 
this purpose, were used 30% acid solutions of citric - 
CA, lactic - LA, or acetic acid – AA, until the pH ranged 
from 4.8 to 5.2, followed by thermally induced 
coagulation using steam until 85℃. The second type 
involved mixing the technical albumen with various 
percentages of 96% ethanol, ranging from 1.0% to 10%, 
followed by the same coagulation regime. The third type 
was a combination of the first two.  

The obtained precipitates were cooled at room 
temperature for 30 min, followed by transferring them 
in fibrous cloth and pressing (350 g/cm2) to squeeze out 
water. The drained precipitates were dried at 80℃ for 
3h. Final products were stored in sealed polyethylene 
bags at room temperature until further analysis.  

 The above stated procedure was done three time 
using three batches of technical albumen. 

2.3 Proximate composition 

The Kjeldahl method was used to determine the total 
amount of nitrogen, according to AOAC 992.115-1992 
[19]. The protein content was calculated by 
multiplication with the nitrogen-protein factor of 6.25. 
The fat content was determined using the Soxhlet 
apparatus by extraction with diethyl ether [20]. The 
content of water was determined after drying the 
samples at 104°C overnight [21]. The total ash content 
was determined by incineration at 400-600°C [22]. The 
residue was calculated by the following equation (1): 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 100 − (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐹𝐹𝐹𝐹𝐹𝐹 + 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 𝐴𝐴𝐴𝐴ℎ) 

2.4 Yield 

Yields are calculated by the following equation (2): 
 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 =  𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ∗ 100, %  (2) 

2.5 Statistical analysis 

The method of single-factor variance analysis of 
variables (ANOVA: Single Factor) was used to 
evaluated the significance of the results. In this manner, 
a significant effect of coagulation conditions (pH 
correction or percent of added ethanol) was determined 
at a significance level of p ≤ 0.05 [23]. Data is presented 
as Mean ± SD (standard deviation). a,b,c,d,e, indicate 
significant differences (p≤0.001)  

 

 
Fig 1. Flow diagram of the experiment 

 

3 Results and discussion  

3.1 Proximate composition of examined TAs 

The evaluated protein content (Figure 2) in all samples 
of TA varied from 9.99 to 12.20% (p≤0.05). Due to the 
fact that technical albumen is derived from the adherent 
albumen to the eggshell, the proximate compassion is 
likely to be similar. Out results confirm the reported by 
Alleoni [17] protein content from 9.7 to 12% in egg 
white.  

 

 
Fig 2. Proximate composition of evaluated 

 
 The fat content of TA 3 was around 7.3 % and the 
highest through-out the evaluated samples (Figure 2). 
Meanwhile both other samples TA 1 and 2 had around 
5% of fat which is not characteristic for albumen [3, 8, 

14]. That could be explained by deviation in egg 
cracking conditions, like temperature of eggs, applied 
force of the cracking knife, season, type of diet of laying 
hens and many more [8, 24]. 

Similar variation was examined about the water 
content of the TA (Figure 2). TA 2 was characterized by 
the highest water content (p≤0.05), that could 
potentially explain the lowest protein and fat content 
(p≤0.05). 

The ash content of all three samples was around 
0.50% and did not differ significantly (p≥0.05). Those 
our results confirm other previously reported [3]. 

3.2 Yields of examined TAs 

The first of three used acids, citric (CA) led to grainy 
precipitates/coagulums. Results present a significant 
(p≤0.001) difference depending on applied pH 
correction (Table 1). Where the highest yield was 
measured in samples with pH 5.10 and 5.00. The 
coagulum formed after pH correction with lactic or 
acetic acid were finer and more homogenous. Upon 
pressing the precipitates, the serum entrained an amount 
of the precipitate, leading considerable dry matter loss. 
For this reason, it is impossible to report the results of 
these acids in a Тable 1. This could be due to different 
structure of the lactic and acetic acids, determining their 
ionic strength. Ionic strength of the solution is 
documented as crucial factor in gel formation and 
structure of the gel matrix. Although all three used acids 
are weak acids, citric have a greater ionic strength 
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animal by-products according to Regulation 1069/2007, 
Article 10 k) [15]. Consequently, it cannot be presented 
as human food but can be processed into feed according 
to Regulation 1069/2007. Eggs, eggshells, albumin, and 
dried egg products are listed in Commission Regulation 
(EU) No 68/2013 of 16 January 2013 concerning the 
catalogue of feed materials [16]. 

The main interest in technical albumen arises from 
the vast quantities generated annually [2]. Specific 
literature data is lacking, as quantities are influenced by 
conditions under which egg breaking occurs, as well as 
the type of birds, their feeding, and seasonality. Based 
on our unpublished data, technical albumen quantities 
vary from 5 to 10% of the total processed egg quantity. 

The protein composition of albumen is extensively 
studied through the year and it is known that egg white 
has from 9.7 to 12% protein [17]. It is a complex 
aqueous system of globular protein. The seven largest 
fractions are ovalbumins (A1 and A2), ovomucoid, 
conalbumin and ovoglobulins (G1, G2 and G3). More 
than half of albumen proteins are ovalbulmins which are 
globular phospoglycoprotein. Their molecular weight is 
44.5 kDa and has isoelectric point of 4.5 [1]. During 
storage ovalbumin is alters into s-ovalbumin and its 
stability against heat denaturation gradually increases. 
Second most is the glycoprotein conalbumin or 
ovotransferin, representing 13% of albumen proteins. Its 
molecular weight varies from 60 to 95 kDa with an 
isoelectric point between 6.0 and 6.6. In presence of 
metal ions can form protein-metal complexes resistant 
to heat denaturation. Alleoni, [17] stated that ovomucoid 
represents a glycoprotein containing approximately 20 
to 25% carbohydrates. It is a heat-stable protein even in 
acidic solution. The other globular proteins constitute 
from 2 to 0.4% of total albumen proteins and relevance 
to the applied pH variations or heat denaturation are 
significantly low.  
Strelec [8] proved by SDS-PAGE analysis that adherent 
egg white proteins of egg waste originate from egg 
white. Moreover, a significant activity of egg lysozyme 
has been detected in the clarified protein solution. The 
use of egg white for the production of various purified 
proteins, including lysozyme as a high-value-added 
product, i.e., fine chemicals, has been well established. 
Heat-induced denaturation of proteins occurs in three 
stages: unfolding of the structure (and denaturation) of 
individual molecules, aggregation, and finally network 
formation. The formation of aggregates during 
denaturation is related with the pH values. Close to the 
iso-electric point pH values and presence of high ionic 
strength, leads to low charge density on the protein 
molecule. All combined results in the formation of 
dense clusters of aggregates [18]. 
Therefore, the aim of this study is to examining 
coagulation conditions for the utilization of technical 
albumen. 

2 Material and methods 
2.1 Materials 

The three batches of technical albumen (TA) were 
provided from OVO-BUL Ltd., Pleven, Bulgaria. The 

albumen is from by-product from the everyday 
production and it is collected by centrifugal separation 
from the eggshells. Separation is done up to 1 min after 
cracking of eggs. The technical albumens were stored at 
0-1℃ until further analysis.  

2.2 Experimental design 

The flow diagram of the experiment is presented in 
Figure 1. Briefly, four types of coagulation were 
examined. The first type required pH correction at room 
temperature or after preheating the sample to 55℃. For 
this purpose, were used 30% acid solutions of citric - 
CA, lactic - LA, or acetic acid – AA, until the pH ranged 
from 4.8 to 5.2, followed by thermally induced 
coagulation using steam until 85℃. The second type 
involved mixing the technical albumen with various 
percentages of 96% ethanol, ranging from 1.0% to 10%, 
followed by the same coagulation regime. The third type 
was a combination of the first two.  

The obtained precipitates were cooled at room 
temperature for 30 min, followed by transferring them 
in fibrous cloth and pressing (350 g/cm2) to squeeze out 
water. The drained precipitates were dried at 80℃ for 
3h. Final products were stored in sealed polyethylene 
bags at room temperature until further analysis.  

 The above stated procedure was done three time 
using three batches of technical albumen. 

2.3 Proximate composition 

The Kjeldahl method was used to determine the total 
amount of nitrogen, according to AOAC 992.115-1992 
[19]. The protein content was calculated by 
multiplication with the nitrogen-protein factor of 6.25. 
The fat content was determined using the Soxhlet 
apparatus by extraction with diethyl ether [20]. The 
content of water was determined after drying the 
samples at 104°C overnight [21]. The total ash content 
was determined by incineration at 400-600°C [22]. The 
residue was calculated by the following equation (1): 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 100 − (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐹𝐹𝐹𝐹𝐹𝐹 + 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 𝐴𝐴𝐴𝐴ℎ) 

2.4 Yield 

Yields are calculated by the following equation (2): 
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2.5 Statistical analysis 

The method of single-factor variance analysis of 
variables (ANOVA: Single Factor) was used to 
evaluated the significance of the results. In this manner, 
a significant effect of coagulation conditions (pH 
correction or percent of added ethanol) was determined 
at a significance level of p ≤ 0.05 [23]. Data is presented 
as Mean ± SD (standard deviation). a,b,c,d,e, indicate 
significant differences (p≤0.001)  
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compared to acetic and lactic acid, due to the differences 
in their dissociation constants. Citric acid has 
dissociation constants (pKa) of 3.13 and is stronger than 
lactic (pKa = 3.83) and acetic acid (pKa = 4.76). This 
mean that citric acid will release its protons in solution 
more rapidly that lactic and acetic acids [25].  
 No matter of the preheating operation of technical 
albumen to 55℃ before pH correction, again the citric 
acid led to the most granny precipitates/coagulum. In 
preheat to 55℃ + 30% CA samples the pH correction 
significantly influences the yields of coagulum 
(p≤0.001). The highest yields were evaluated at pH 4.90, 
which is different than observed in the samples with pH 
correction at room temperature (Table 1). This could be 
explained by the reported correlation between 
temperature, pH and ionic strength affecting the gel 
formation [25]. As previous pH correction at room 
temperature the lactic and acetic acid formed a finer and 
more homogenous leading to increased precipitate loss 
upon pressing. Therefore, we conclude that the use of 
lactic and acetic acid is not suitable for pH correction of 
the technical albumen. 
  

Table 1. Comparison of the net amount of liquid 
released from coagulum after pressing using different 

coagulation conditions 
 pH 

 
Coagulant, 

ml 
Released 

serum, ml 
% from initial 

volume 

30% CA  

5.2 1.0 16.56 33.12±0.12c 
5.1 1.25 20.08 40.16±0.12d 
5.0 1.4 19.92 39.84±0.13d 
4.9 1.5 15.60 31.20±0.14b 
4.8 1.65 11.72 23.44±0.14a 

Preheat 
to 55℃ 
+ 30% 
CA  

5.2 1.0 9.12 18.24±0.27b 
5.1 1.25 10.76 21.52±0.29c 
5.0 1.4 8.23 16.46±0.25a 
4.9 1.5 17.12 34.24±0.27e 
4.8 1.65 16.38 32.76±0.27d 

96% 
Ethanol  

- 1.0 16.01 32.02±0.11b 

- 2.0 17.18 34.36±0.12d 

- 3.0 16.39 32.78±0.11c 

- 4.0 13.17 26.34±0.10a 

- 5.0 13.14 26.28±0.12a 

- 7.5 18.65 37.30±0.09e 

- 10.0 15.61 31.22±0.14b 

30% CA 
+ 2% 
(v/v) 
96% Et  

5.2 2.0 19.66 39.32±0.30d 

5.1 2.25 16.69 33.38±0.32b 

5.0 2.4 15.27 30.54±0.34a 

4.9 2.5 19.34 38.68±0.29d 

4.8 2.65 17.63 35.26±0.27c 

CA 30% 
+ 4% Et 
96% 

5.2 3.0 18.23 36.46±0.27e 

5.1 2.25 13.38 26.76±0.25c 

5.0 3.4 12.21 24.42±0.25b 

4.9 3.5 9.20 18.40±0.26a 

4.8 3.65 16.81 33.62±0.28d 

a,b,c,d,e, indicate significant differences (p≤0.001)  
 
The yields of precipitate were significantly 

(p≤0.001) influenced by the percent addition of 96% 
ethanol.  In the same time only the 7.5% (v/v) addition 
of 96% ethanol resulted in relatively high precipitate 
yield (Table 1). Other used concentrations lead to a 

lower precipitate yield as % from initial volume. The use 
of alcohol for precipitation of proteins in solutions is 
known analytic technique [26]. The native protein 
structure is in close relation with the hydrophobic effects 
and hydrophobic interactions. The organic solvents such 
as alcohols, even in small concentrations can lead to a 
significant decrease of the hydrophobic effect [27]. 
Ethanol could acts as organic cosolvent, leading to the 
lowering the thermal stability of proteins and also 
dissolving the lipid and decreasing the emulsion 
stability [1]. According to van der Vegt & Nayar [27] at 
a high concentration of a cosolvent, protein native 
structure can become thermodynamically unfavourable 
that could possibly explain the decreased yield in the 
sample with addition of 10% (v/v) 96% ethanol.  

The pH of samples with 30% CA and 2% (v/v) 96% 
ethanol addition significantly (p≤0.001) influence the 
yields (Table 1). The highest yield was evaluated at pH 
4.90, which was higher compared to the sample with 
same pH and no alcohol addition (p≤0.001). 

The yields of coagulum were significantly (p≤0.001) 
influenced by the pH correction and addition to 4% 
ethanol (Table 1). The increase of ethanol addition to 
4% lead to a decrease (p≤0.001) in yields at all pH 
values compared to the addition of 2%. Possible 
explained by the statement of van der Vegt & Nayar [27] 
about the threshold concentration of a cosolvent, that 
could lead to thermodynamical changes in protein native 
structure. In our case this concentration was decreased 
from 10 to 4% probably because of the pH values that 
are close to the isoelectric point of the egg proteins [1].  

4 Conclusion 
Understanding the correlation between the 

proximate composition, protein profile, and amino acid 
composition of the technical albumen will serve to 
clarify and determine the optimal coagulation regimes 
in further analysis.  
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compared to acetic and lactic acid, due to the differences 
in their dissociation constants. Citric acid has 
dissociation constants (pKa) of 3.13 and is stronger than 
lactic (pKa = 3.83) and acetic acid (pKa = 4.76). This 
mean that citric acid will release its protons in solution 
more rapidly that lactic and acetic acids [25].  
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preheat to 55℃ + 30% CA samples the pH correction 
significantly influences the yields of coagulum 
(p≤0.001). The highest yields were evaluated at pH 4.90, 
which is different than observed in the samples with pH 
correction at room temperature (Table 1). This could be 
explained by the reported correlation between 
temperature, pH and ionic strength affecting the gel 
formation [25]. As previous pH correction at room 
temperature the lactic and acetic acid formed a finer and 
more homogenous leading to increased precipitate loss 
upon pressing. Therefore, we conclude that the use of 
lactic and acetic acid is not suitable for pH correction of 
the technical albumen. 
  

Table 1. Comparison of the net amount of liquid 
released from coagulum after pressing using different 

coagulation conditions 
 pH 

 
Coagulant, 

ml 
Released 

serum, ml 
% from initial 

volume 

30% CA  

5.2 1.0 16.56 33.12±0.12c 
5.1 1.25 20.08 40.16±0.12d 
5.0 1.4 19.92 39.84±0.13d 
4.9 1.5 15.60 31.20±0.14b 
4.8 1.65 11.72 23.44±0.14a 

Preheat 
to 55℃ 
+ 30% 
CA  

5.2 1.0 9.12 18.24±0.27b 
5.1 1.25 10.76 21.52±0.29c 
5.0 1.4 8.23 16.46±0.25a 
4.9 1.5 17.12 34.24±0.27e 
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96% 
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- 3.0 16.39 32.78±0.11c 

- 4.0 13.17 26.34±0.10a 

- 5.0 13.14 26.28±0.12a 

- 7.5 18.65 37.30±0.09e 
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+ 2% 
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4.9 2.5 19.34 38.68±0.29d 
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5.1 2.25 13.38 26.76±0.25c 

5.0 3.4 12.21 24.42±0.25b 

4.9 3.5 9.20 18.40±0.26a 

4.8 3.65 16.81 33.62±0.28d 

a,b,c,d,e, indicate significant differences (p≤0.001)  
 
The yields of precipitate were significantly 

(p≤0.001) influenced by the percent addition of 96% 
ethanol.  In the same time only the 7.5% (v/v) addition 
of 96% ethanol resulted in relatively high precipitate 
yield (Table 1). Other used concentrations lead to a 

lower precipitate yield as % from initial volume. The use 
of alcohol for precipitation of proteins in solutions is 
known analytic technique [26]. The native protein 
structure is in close relation with the hydrophobic effects 
and hydrophobic interactions. The organic solvents such 
as alcohols, even in small concentrations can lead to a 
significant decrease of the hydrophobic effect [27]. 
Ethanol could acts as organic cosolvent, leading to the 
lowering the thermal stability of proteins and also 
dissolving the lipid and decreasing the emulsion 
stability [1]. According to van der Vegt & Nayar [27] at 
a high concentration of a cosolvent, protein native 
structure can become thermodynamically unfavourable 
that could possibly explain the decreased yield in the 
sample with addition of 10% (v/v) 96% ethanol.  

The pH of samples with 30% CA and 2% (v/v) 96% 
ethanol addition significantly (p≤0.001) influence the 
yields (Table 1). The highest yield was evaluated at pH 
4.90, which was higher compared to the sample with 
same pH and no alcohol addition (p≤0.001). 

The yields of coagulum were significantly (p≤0.001) 
influenced by the pH correction and addition to 4% 
ethanol (Table 1). The increase of ethanol addition to 
4% lead to a decrease (p≤0.001) in yields at all pH 
values compared to the addition of 2%. Possible 
explained by the statement of van der Vegt & Nayar [27] 
about the threshold concentration of a cosolvent, that 
could lead to thermodynamical changes in protein native 
structure. In our case this concentration was decreased 
from 10 to 4% probably because of the pH values that 
are close to the isoelectric point of the egg proteins [1].  

4 Conclusion 
Understanding the correlation between the 

proximate composition, protein profile, and amino acid 
composition of the technical albumen will serve to 
clarify and determine the optimal coagulation regimes 
in further analysis.  
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