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SUMMARY 

 

Egg yolk contains a number of components that can play 

significant functional roles in foods and human. Although some of the egg 

yolk components are already isolated and commercialized, the separation 

methods are largely limited to a single component and the rest are 

discarded. Therefore, majority of vital natural resources can be wasted. At 

present, most of the developed methods for the separation of value-added 

components from egg yolk are for laboratory scale and cannot be used in 

commercial scales. 

The objectives of this research are 1) to compare currently 

available separation methods for value-added elements from egg yolk, 2) 

to develop an efficient scale-up preparation method for each element for 

the practical use of egg components, and 3) to develop a sequential 

separation method for IgY, phosvitin, and phospholipids and neutral lipids 

from egg yolk.  Because the separated components will be used for 

humans, we try to minimize or eliminate the use of harmful chemicals and 

organic solvents in the separation methods. 

The main tools used for the separation of value-added components 

from egg yolk include dilution with water, pH adjustment, centrifugation, 

ultrafiltration, and salt precipitation. First, the phosvitin-containing 

granules were separated from the rest of the egg yolk components using 2 

volumes of water (3x dilution) and centrifuged. The precipitant was 

collected and phosvitin was extracted using 10% NaCl (w/v) in 0.05N 

NaOH solution and homogenization. The homogenate was diluted with 

DW and the pH adjusted to 4.0, and then precipitant was removed by 

centrifugation. The resulting supernatant was desalted and concentrated 

using ultrafiltration, and the impurities were removed by heat treatment. 
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After centrifugation, the phosvitin-containing supernatant was freeze-dried.  

The supernatant of the 3x-diluted egg yolk was used to separate 

IgY and lipids. The supernatant fraction was diluted with 3 volumes of 

water (4x dilution) and centrifuged. Phospholipids and neutral lipids were 

extracted from the solid fraction using ethanol and hexane, respectively.  

Phospholipids were collected after removing ethanol from the ethanol 

extract, and neutral lipids was recovered after removing hexane using a 

rotary evaporator. The liquid fraction was concentrated using ultrafiltration 

and then IgY was precipitated using 20% saturated (NH4)2SO4+15% NaCl 

(w/v). The precipitant containing IgY was dissolved in water, desalted 

using ultrafiltration, and then freeze dried. The SDS PAGE and Western 

Blot analyses indicated that the phosvitin separated had over 90% purity 

and 91% yield, and IgY had over 90% purity and 80% yield.  

The method developed protocol can not only be applied for 

individual component but also for sequential separation of multiple 

components, can be immediately applicable for scale-up processing, and 

the separated components can be used for humans as well as drug industry 

because no toxic compounds or organic solvents were used in the 

separation processes. 

 

 

Keywords: Egg yolk, IgY, Phosvitin, phospholipids, neutral lipids, 

sequential separation, large scale production 
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GENERAL INTRODUCTION 
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Egg is considered as a complete food that contains all essential 

nutrients. However, total egg consumption in developed countries has 

declined steadily during past 50 years due mainly to high cholesterol and 

fat content in eggs. Medical communities have been categorized egg as a 

non-healthy, cholesterol-loaded high-fat food, and discouraged public 

from consuming it. The amount of cholesterol in a typical large egg (60 g) 

is 213 mg, which are over 75% of the daily recommended dietary amount 

for humans, and fat content in egg yolk is 33% of liquid egg yolk. 

Numerous efforts have been made to decrease cholesterol from eggs by 

dietary manipulation of hens, or cholesterol and fat content by chemical 

extraction from yolk and egg products only with limited success.  

One of the major issues for the sustainable egg industry is the 

efficient movement of egg and egg products through market channels. Use 

of processed egg products, such as dried whole egg, yolk powder and 

liquid eggs in food processing can be a way to increase the consumption 

of egg but the increase through the conventional way is limited. Therefore, 

developing new value-added products and diversifying the utilization of 

egg in new food or non-food products is necessary. Egg yolk contains 

almost all the fat and cholesterol of egg, which negatively influence the 

consumption of egg. Increased utilization of egg yolk products, therefore, 

is the most critical factor increasing egg consumption. There had been 

sporadic attempts to separate few value-added components from egg yolk, 

but nobody used systemic approach to separate several useful components 

from egg yolk sequentially. Separation of value-added components from 

egg yolk is complicated and costly, but can increase the value of egg 

hundreds folds and expand the use of egg components to non-food 

products (e.g., pharmaceutical or antimicrobial agents).  

Over the past several decades, many studies have been done on 

functional properties of bioactive compounds of egg but the materials they 
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used are from the intricate separation methods using organic solvents. And 

the use of organic solvents makes these materials to be classified as 

environmental waste to bring negative effect on the overall study.   

Moreover, the separation efforts are largely limited to a single 

component and some of the separated components from egg yolk which 

are already commercialized are too expensive for the practical uses. The 

main problem for developing separation methods for a single component 

is that most of the residuals after separation of a target component is 

discarded, leading great loss of economical process and value for 

utilization of value added components from egg yolk. Therefore, 

development of a continuous separation method for multiple components 

from egg yolk with scale-up capability is important.      

To develop an appropriate separation method for multiple value 

added components from egg yolk, each step should be focused on making 

simple, economic, and environment-friendly method for large scale 

production. Previous methods used organic solvents which caused low 

yield and are difficult to scale up. However, our approaches do not use 

harmful chemicals and solvents for protein separation and minimally use 

food-grade solvents for the extraction of lipids. The limited use of organic 

solvents minimizes the environmental wastes. Furthermore, this study 

does not require many chromatography methods such as affinity, ion-

exchange, and gel filtration to increase the purity of separated value-added 

components because these columns are relatively expensive and 

inadequate for large scale separation. 

To develop optimal continuous process for scale-up production, 

our separation method involves simple steps so as to bring high efficiency 

in isolating important elements from egg yolk with high purity and yield. 

General characteristics of egg yolk, value-added components from egg 

yolk, and the objective of this study will be reviewed in Chapter 2. 
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Separation methods on each egg yolk components are introduced in the 

subsequent Chapters: Separation method of immunoglobulin Y is covered 

in Chapter 3, Purification method for phosvitin without using solvents is 

described in Chapter 4, and separation of phospholipids and neutral lipids 

is in Chapter 5. Lastly, Chapter 6 discusses the overall sequential 

separation of value-added components from egg yolk. 
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1.  Overview of the egg yolk 

1.1.  General characteristics and chemical composition 

 

The chicken eggs have been recognized as an excellent source of 

vital nutrients such as proteins, lipids, vitamins, and minerals for humans. 

Egg yolk is also a multifunctional ingredient widely used in many food 

products such as mayonnaise, salad dressings, and creams due to its 

emulsifying, gelling, and antioxidant properties. Each constituent of yolk 

possesses physical and chemical characteristics responsible for its own 

functional properties. These functional properties are greatly influenced 

not only by the environmental conditions such as pH and ionic strength 

but also by processing processes such as heating, freezing, and drying. 

Egg yolk comprises about 30 to 36% of chicken egg. The dry 

matter of fresh egg yolk varies between 50 to 52% depending upon the age 

of laying hens and the duration of storage. Fresh egg yolk is composed of 

51.1% water, 3.6% lipids, 16.0% proteins, 0.6% carbohydrates, and 1.7% 

minerals while dried yolk is composed of 62.5% lipids, 33.0% proteins, 

1.2% carbohydrates, and 3.5% minerals (Powrie and Nakai, 1986). The 

main components of egg yolk are lipids and lipid to protein ratio is about 

2:1 in dry matter. Lipids of yolk are highly associated with lipoprotein 

assemblies. They are composed of 62% tryglycerides, 33% phospholipids, 

and less than 5% cholesterol. Carotenoids represent less than 1% of yolk 

lipids, and are responsible for yolk color. Proteins exist as free and 

apoprotein forms. The interactions between lipids and proteins form 

lipoproteins such as low and high density lipoproteins, which constitute 

the major yolk components. Seventeen percent of liquid egg yolk is 

protein, which is composed of lipovitellins (36%), livetins (38%), 
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phosvitin (8%), and low-density lipoproteins (17%). 

 

1.2. Structure of Egg yolk 

 

Egg yolk can be separated into plasma and granule fractions after 

2x dilution with 0.3 M NaCl and centrifugation (McBee and Cotterill, 

1979). The plasma makes up 77-81% of yolk dry matter and is composed 

of 85% LDL and 15% livetins (Burley and cook, 1961). It forms an 

aqueous phase where yolk particles are in suspension. It represents about 

90% of yolk lipids and 50% of yolk proteins. Plasma contains 

approximately 73% lipids, 25% proteins, and 2% ash. Lipids of plasma are 

composed of 70% triglycerides, 25% phospholipids, and 5% cholesterol. 

Granules represent 19-23% of yolk dry matter, accounting for 

about 50% of yolk proteins and 7% of yolk lipids (Anton and Gandemer, 

1997). Lipids in granules are composed of 60% triglycerides, 35% 

phospholipids, and 5% cholesterol and are mainly distributed in HDL 

(70%) and LDL (30%) proteins. Granules are prone to make insoluble 

HDL-phosvitin complexes due to phosphocalcic bridges between 

phosphate groups of phosvitin and HDL at low ionic strength (Burley and 

Cook, 1961) because phosvitin contains large amount of highly 

phosphorylated serine residues (Causeret et al., 1991). These bridges make 

the granule structure very compact and poorly hydrated, which limits 

access by enzymes and protects against thermal denaturation and heat 

gelation. It is reported that the phosphocalcic bridges could be disrupted at 

high ionic strength (0.3M NaCl) (Cook and Martin, 1969). In this 

condition, the solubility of granules can be increased up to 80% as 

phosivitin is a water soluble protein and high density lipoproteins behave 

as soluble proteins (Anton and Gandemer, 1997). However, complete 
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disruption of granules occurs when the ionic strength becomes very high 

(1.71 M NaCl). On the other hand, acidification and alkalization are also 

able to disrupt granules and solubilize these constituents due to the 

electrostatic repulsion by positive and negative charges in those conditions. 

 

2. Value-added components from egg yolk 

2.1. Egg yolk antibody (Immunoglobulin Y) 

 

The protein represents approximately 17.0% of egg yolk. One of 

the major protein fractions is livetin and is composed of -livetin (serum 

albumin), -livetin (2-glycoprotein), and -livetins (-globulin, IgY) 

(Sugino et al., 1997). All livetins are water soluble and the relative portion 

of the three livetins in egg yolk is 2:5:3 (Bernardi and Cook, 1960). 

Immunoglobulin Y is the predominant fraction of -livetin and is one of 

the most vital components of the livetin fraction (Kovacs-Nolan et al., 

2005).  

The -livetins in egg yolk are transported from the blood of 

chicken. Among the three immunoglobulins (IgM, IgA, and IgG) in the 

serum, only IgG can be transferred to yolk (Hatta et al., 1997). The -

globulins or -livetins in egg yolk are referred to as immunoglobulin Y to 

distinguish them from mammalian IgG. Even though IgY is derived from 

chicken serum IgG, it has many different chemical and structural 

characteristics from mammalian IgG (Kovacs-Nolan and Mine, 2004). As 

IgG, IgY molecule has two light and heavy chains. However, the 

molecular weight of the heavy chains is greater than that of the 

mammalian IgG (180kDa for IgY and 150kDa for mammalian IgG). 
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Moreover, IgY heavy chain lacks in a hinge region, which results in a 

reduced flexibility of the Fab moiety. This structural difference can be a 

reason for the differences in the functional properties between IgY and 

IgG and antigen epitope recognition (Warr et al., 1995; Sun et al, 2001). 

IgY has a lower isoelectric point, does not associate with mammalian 

complement or rheumatoid factors, and binds less with human and 

bacterial Fc receptors (Kovacs-Nolan and Mine, 2004). 

Recently, many research groups studied the use of IgY as an oral 

passive immunization against various bacteria and viruses (Kovacs-Nolan 

and Mine, 2004). Oral administration of IgY has proven effective to treat a 

variety of gastrointestinal pathogens and against dental plaque formation 

in humans (Smith et al., 2001), indicating that IgY can be used to cure 

various animal and human diseases, immunodiagnostic, and pathogen 

control. 

 

2.2. Phosvitin 

 

Phosvitin is a phosphoglycoprotein that contains about 10% 

phosphorus and comprises approximately 7% of egg yolk proteins 

(Mecham and Olcott, 1949). It is one of the most highly phosphorylated 

proteins in nature. More than 50% of the amino acids in phosvitin are 

serine and out of which 90% are phosphorylated (Clark, 1985). Phosvitin 

is a mixture of two polypeptides including -phosvitin and -phosvitin. -

Phosvitin contains three or four subunits of 35 to 40 kDa and -phosvitin 

contains four or five subunits of 45 kDa (Ito et al., 1962).  

Phosvitin predominantly forms a random coil conformation at 

neutral pH while a -sheet predominates at acidic pH (Taborski, 1974; 

Damodaran and Xu, 1996). Phosvitin is water soluble protein with 
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isoelectric point of 4.0 (Ternes, 1989), and is highly charged at neutral pH. 

Phosvitin is synthesized from a precursor, vitellogenin where high density 

lipoproteins are also derived (Taborsky, 1983). After cleavage of the 

precursor, the two polypeptides are liberated but they interact through 

phosphocalcic bridges to form the granular structure. Phosvitin is poorly 

modified by thermal treatment because of its unordered structure. Even 

heating at 110 
o
C for 20 minutes does not cause its aggregation or 

insolubility (Albright et al., 1984). 

Phosvitin has a strong metal-chelating capability due to its 

polyanionic character. The unique primary structure of phosvitin enables 

this protein as one of the strongest metal chelating agents (Byrne et al., 

1984). Whole egg contains approximately 2 mg of iron per 100 g, and 

95% of egg yolk iron is bound to phosvitin (Albright et al, 1984). 

Phosvitin also can bind calcium and is possible to be involved in calcium 

and iron metabolism during embryonic development (Richards, 1997). 

Moreover, phosvitin structure is affected by pH because of modifications 

in electrostatic repulsion (Yasui et al., 1990). Even if the interaction 

between iron and phosvitin reduces electrostatic repulsion, iron binding 

does not affect the structure of phosvitin (Taborsky, 1980). 

 

2.3. Phospholipids and Neutral lipids 

 

Lipids are the major component of egg yolk solids, and are 

composed of 65% triglycerides, 28-30% phospholipids, and 4-5% 

cholesterol. Phospholipids are amphiphilic molecules that contain one 

hydrophilic head group and one hydrophobic group. The major 

components of egg yolk phospholipids are phosphatidylcholine (PC), 

which is 76% of total phospholipids, and phosphatidylethanolamine (PE), 
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which make up approximately 22% of the phospholipids. 

Phosphatidylinositol (PI), phosphatidylserine (PS), sphingomyelin (SM), 

cardiolipins (CL), lysoPC, and lysoPE are also components of yolk 

phospholipids. Egg yolk contains three-fold higher levels of 

phosphatidylcholine than natural soy phospholipids. Choline is a structural 

part of phosphatidylcholine and is known as a vital nutrient in brain 

development, liver function and cancer prevention (Gutierrez et al., 1997), 

and generally added to commercial infant formulas as an important 

nutrient. The consumption of phosphatidylcholine is reported to increase 

plasma and brain choline levels and boost neuronal acetylcholine synthesis. 

Also, it is indicated that consumption of yolk proteins are prone to 

alleviate the Alzheimer disease symptoms (Juneja, 1997). 

Neutral lipids of egg present in yolk granules as well as in the 

plasma (Chang et al., 1977). The glycerol of the triglycerides is mainly 

esterified by palmitic acid in position 1, by oleic and linoleic acids in 

position 2, and by oleic, palmitic, and stearic acids in position 3 (Kuksis, 

1992). Neutral lipids in egg yolk can be used as cooking oil or in animal 

feed. 

 

3. Objectives 

 

     There had been many attempts to isolate value-added components 

from egg yolk individually but no systemic approach to separate multiple 

components from egg yolk has been reported. Most of the developed 

methods for separating value-added components from egg yolk are mainly 

focused on simple component and rest of the yolk residues was discarded. 

The objectives of this research were: 1) to develop separation and 

purification methods for individual value-added components from egg 
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yolk, 2) to optimize the developed method for large-scale production in 

order to use them for food applications and drug industries, and 3) to 

develop simple, economical and continuous preparation method for 

separating immunoglobulin Y, phosvitin, phospholipids, neutral lipids, and 

other yolk proteins from egg yolk. 
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1. Abstract 

 

The  objective  of  this  study  was  to  develop  a  

simple,  efficient  and  economical separation procedure  for  IgY 

using ammonium sulfate and sodium chloride combinations. Egg  yolk  

was  diluted  with  two  volumes  of  cold  distilled  water,  

homogenized,  and  then centrifuged  at 3,400 x g for 30 min to  

remove yolk granules. The supernatant was diluted again with three 

volumes of cold distilled water to precipitate phospholipids and 

lipoproteins, and then the precipitate was removed by centrifugation.  

The resulting supernatant was concentrated using ultrafiltration and then 

IgY was precipitated using 20% saturated ammonium sulfate + 15% 

sodium chloride (w/v). The IgY pellet was collected, dissolved with 

distilled water, desalted using ultrafiltration, and then freeze-dried. 

Separated IgY was confirmed using Western Blot. The purity determined 

using SDS-PAGEwas > 95%, and the yield was > 80%. The method 

developed was simple, easy and has very high potential for the 

commercial production of IgY from egg yolk. The method can be applied 

to separate antibodies produced by specific antigens, which can be used to 

cure diseases, immunotherapy, and diagnostics for animals and human 

diseases. 

 

 

 

Key words: Immunoglobulin Y, ammonium sulfate, sodium chloride, 

chicken egg yolk, separation 
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2. Introduction 

 

The antibodies produced from immunized chicken has very high 

potentials to be used to cure various animal and human diseases, 

immunodiagnostic, and pathogen control in food products (Hatta et al., 

1993; Reilly et al., 1997; Chalghoumi et al., 2009; Vega et al., 2011). 

Chicken antibodies have significant advantages over mammalian 

antibodies: in contrast to mammalian antibodies, chicken antibodies do not 

activate the human complement system nor react with rheumatoids factors 

largely due to different phylogenetic relationships and genetic 

backgrounds between the two species. Therefore, use of IgY can reduce 

interference in immunological assays and improve the performance in 

curing diseases (Larsson and Sjoquist, 1993; Otani et al., 1991). Also, 

chicken IgY has higher stability at high temperature and low pH 

conditions (Shimizu et al., 1992), and is more cost effective to produce 

than the mammalian antibodies.  

The amount of IgY in egg yolk is approximately 5-7 mg/ml and 

around 25 eggs can be produced from one hen per month, which is 

equivalent to 375 ml of serum (Akita et al., 1992; Shimitzu et al., 1994). 

This productivity represents reduction in animal numbersand improved 

animal welfare because invasive blood collection from animals can be 

avoided. Also, direct use of egg yolk as an antibody source will be simple 

and cost less. Thus, chicken antibodies would have greater potentials than 

mammalian antibodies and egg yolk is an ideal source for antibodies 

(Fayer and Jenkins, 1992; Svendsen et al., 1995). At present, the 

application and efficiency of IgY have not been fully appreciated (Hatta et 

al., 1993). However, if immunoglobulin Y (IgY) from egg yolk is isolated 

and purified, its efficiency and application can be increased dramatically. 
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Several published antibody purification methods from egg yolk 

are available, but most of them are for laboratory scale and are 

complicated (Jensenius et al., 1981; Polson et al., 1985; Akita and Nakai, 

1992; Dong et al., 2008). One of the main hindrances in separating IgY 

from egg yolk was high portion of insoluble lipids and lipoproteins in egg 

yolk, which have negative effects on further chromatography and 

filtration-based purification steps (Hansen et al., 1998). To improve 

extraction of IgY various dilution factors (Akita and Nakai, 1993) have 

been tested. To remove lipids in the IgY extract, xanthan gum (Hatta et al., 

1988), carrageenan (Hatta and Kim, 1990), and choloroform 

(Ntakarutimana et al., 1992) have been used. Also, precipitation of IgY 

from egg yolk using polyethylene glycol (Polson et al., 1985), pectin 

(Chang et al., 2000), dextran sulfate (Jensenius et al., 1981) and 

ammonium sulfate (Akita and Nakai, 1993) had been tested. However, 

many of these approaches have limitations for commercial production of 

IgY due to low yield and complicated procedures.  

The most popular strategy for separating IgY from egg yolk is 

extracting IgY from yolk using 10 volumes of acidic water and then 

precipitating IgY using ammonium sulfate or sodium sulfate (Akita and 

Nakai, 1992; 1993). However, extreme volume increase makes it difficult 

for handling. Ultrafiltration can help reduce the volume of IgY extract 

(Liu et al., 2010; Hernandez-Campos et al., 2010; Liu et al., 2011) but the 

efficacy of ultrafiltration can be significantly affected by the amount of 

lipids in the extract. To improve the purity of IgY separated, affinity 

chromatograph or ion-exchange chromatography are often employed (Ko 

and Ahn, 2007; Dong et al., 2008). However, the chromatographic 

methods are not recommended because the resins are expensive and have 

limitations for industrial scale preparations. Therefore, an appropriate 

separation procedure for IgY with high yield and purity, and scale-up 
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capability without using toxic compounds is necessary if the separated IgY 

is to be used for humans. The objective of this work was to develop a 

simple and easy purification method that can be used for commercial 

production of IgY from egg yolk. 

 

3. Material and methods 

 

Materials 

 

Chicken eggs (less than 3 days old) were purchased from a local 

market. Ammonium sulfate and sodium chloride were purchased from 

Fisher Scientific (Thermo Fisher Scientific Inc., Waltham, MA, USA). IgY 

standard was purchased from MP biomedicals (MP Biomedicals,LLC, 

Santa Ana, CA, USA) and anti-IgY HRP conjugated antibody was from 

US Biological (US Biological, Swampscott, MA, USA). 

  

Separation of IgY  

 

      Egg yolk was separated from egg white using egg separators. Egg 

yolk was diluted with 2 volumes of cold (4 
o
C) distilled water and 

homogenized for 1 min using a hand blender (Kitchen Aid) at high speed. 

After centrifugation at 3,400 x g for 30 min at 4 
o
C, the supernatant was 

collected and diluted again with 3 volumes of cold (4 
o
C) distilled water, 

kept in a cold room overnight to precipitate phospholipids and lipoproteins, 

and then centrifuged to remove the precipitant. The resulting supernatant 

was concentrated using ultrafiltration (membrane filter cut-off size: 50 kD, 
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GE healthcare Bio-Sciences Corp., Piscataway, NJ, USA). 

Immunoglobulin Y in the concentrated solution was precipitated using 

different levels of ammonium sulfate, sodium chloride, or ammonium 

sulfate + sodium chloride combinations. The precipitant was collected 

after centrifugation, dissolved with distilled water, and then precipitated 

again with salt combinations for further purification if necessary. The 

precipitant was dissolved with distilled water and desalted using 

ultrafiltration. Protein concentration was determined using DC protein 

assay (BioRad, Hercules, CA) based on the Bradford assay. Bovine serum 

albumin (1.5 mg of protein/mL, Sigma-Aldrich, St. Louis, MO) was used 

as a reference protein. The absorbance was measured at 595 nm after 15-

min reaction with Bradford solution using a microplate reader (Fisher 

Scientific, St. Louis, MO, USA). The purity of IgY was determined using 

SDS-PAGE and identified using Western Blot. All the sample preparations 

were replicated 3 times. 

 

Yield of IgY 

 

To determine the yield of IgY, precipitation of IgY using 20% 

saturated ammonium sulfate and 15% sodium chloride (w/v) combination 

was used because this protocol produced the best IgY separation. The 

precipitated IgY was dissolved with distilled water, desalted, and then 

freeze-dried (Labconco Corp., Kansas City, MO, USA). The yield was 

calculated using the reported value of igY in egg yolk (Stadelman and 

Cotterill, 2001). The whole separation process was replicated three times. 

  

SDS-PAGE 
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The IgY separated using the optimum level of ammonium sulfate 

and sodium chloride combination was evaluated. SDS-PAGE was carried 

out under non-reducing conditions using Mini-PROTEIN Tetra cell (Bio-

Rad Lab Inc.). Ten percent SDS gel and Coomassie Brilliant Blue R-250 

(Sigma) staining was used.  After destaining, gel pictures were taken 

using the Gel Doc (Bio-Rad Lab Inc.). The protein bands in the gel picture 

were analyzed using ImageJ software (NIH, Bethesda, MD, USA) and 

used to calculate the purity of IgY. 

 

Western Blot 

 

       Western blot was conducted to identify separated IgY. Ten percent 

SDS-PAGE gel was run with a standard IgY, IgY samples separated, and a 

dual color molecular marker (Bio-Rad). Proteins in the SDS-PAGE gel 

were transferred to a nitrocellulose membrane (Bio-Rad) using a Mini 

TransBlot Cell (Bio-Rad) at 90 V for 2 h in cold room and then, the 

membrane was blocked with 5% skim milk (w/v) dissolved in PBST for 1 

h in RT. After blocking, a membrane was put in primary antibody with 

HRP conjugated in PBST (Add company name and address). The anti-IgY 

antibody conjugated with HRP was diluted at 1:15,000 in PBST solution 

containing 5% skim milk and incubated overnight at 4 oC. The membrane 

was washed 3 times with PBST solution at 10 minutes intervals, exposed 

to ECL Prime (GE Healthcare) for 5 minutes, and checked with Chemidoc 

(Bio-rad Laboratory Inc.). 

 

Statistical Analyses 

 

       The data were analyzed using SAS Institute software (Release 9.3, 
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SAS Institute Inc., Cary, NC) by the generalized linear model procedure. 

Differences in the mean values were compared by Tukey honestly 

significant difference test, and mean values and standard deviations were 

reported (Kuehl, 2000). 

 

4. Results 

 

Purification of Immunoglobulin Y from the crude extract of 

egg yolk 

 

One of the most frequently used methods to separate proteins is 

precipitating proteins using sodium chloride, ammonium sulfate and 

polyethylene glycol (PEG). Recently, Marcet et al. (2011) used multi-step 

PEG precipitation to separate IgY from egg yolk. They have precipitated 

IgY three times using different levels of PEG and then further purified 

using anion exchange chromatography. Pauly et al. (2011) also used a 

three-step PEG precipitation for IgY separation from egg yolk. PEG was 

used to remove lipids in the first step and then to precipitate IgY in the 

next two steps. However, more than two steps are needed to separate 

relatively pure form of IgY and it is difficult to remove PEG from IgY 

after precipitation. The molecular size of PEG is 6-8 kD but its size greatly 

increases because it can bind hundreds of water molecules, which 

significantly reduce the efficacy of ultrafiltration. Also, chromatography 

and dialysis used as the last step for IgY separation method are not 

appropriate for large scale purification. Their SDS-PAGE results showed 

high levels of impurities in precipitant. Therefore, using salt instead of 

PEG to precipitate IgY will be easier and better for scale-up process. 

Our preliminary trials were focused on comparing the capabilities 
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of two salts, ammonium sulfate and sodium chloride, commonly used to 

precipitate IgY. Kim and Nakai (1998) reported that addition of sodium 

chloride makes IgY polymerized and facilitated the isolation of IgY from 

other proteins. Figure 1 showed the effect of sodium chloride at different 

concentrations: 15% sodium chloride produced the best IgY precipitation, 

but large amount of IgY were still remaining in the supernatant. Ko and 

Ahn (2007) suggested two times precipitation of IgY using 40% 

ammonium sulfate and revealed that ammonium sulfate produced better 

result than sodium chloride. The IgY remaining in supernatant (Figure 2) 

indicated that precipitation of IgY using ammonium sulfate was better 

than that with sodium chloride, but the precipitant contained impurities 

even at high concentration of ammonium sulfate. It was shown that 20% 

saturated ammonium sulfate produced the best precipitation although 

some IgY was still remaining in the supernatant. Therefore, ammonium 

sulfate and sodium chloride combinations were tested in the next study to 

improve separation procedure, increase the purity, and reduce the amount 

of salt uses. 

Two salts combinations were tested to precipitate IgY effectively. 

The preliminary trials indicated that 20% saturated ammonium sulfate or 

15% sodium chloride (w/v) was the best conditions to precipitate IgY 

when ammonium sulfate or sodium chloride was used alone. Thus, the 

combination studies used fixed level of ammonium sulfate (20% 

saturation) with varying levels of NaCl, and fixed level of sodium chloride 

(15%, w/v) with varying levels of ammonium sulfate. Figure 3 shows the 

comparison of IgY separation at different concentrations of ammonium 

sulfate with fixed level (15%) sodium chloride (w/v). The result showed 

that increasing ammonium sulfate higher than 15% saturation did not 

improve the precipitation of IgY. The DC protein assay produced the 

highest readings when 15% saturated ammonium sulfate and 15% sodium 



22 

 

chloride (w/v) combination was used.  

Figure 4 showed no significant difference in the separation of IgY 

when 10 - 17.5% of sodium chloride was added to the concentrated 

supernatant with fixed level (20% saturated) of ammonium sulfate. The 

gel picture of supernatant indicated that 5% sodium chloride (w/v) was not 

enough to precipitate IgY and more than 17.5 % sodium chloride (w/v) did 

not increase the precipitation. The DC protein assay results showed that 

the best precipitation was obtained when 15.0 % sodium chloride (w/v) 

and 20% saturated ammonium sulfate combination was used. From 

Figures 3 and 4, the two best salt combinations were compared to confirm 

the final conditions to isolate IgY from the egg yolk extract. The SDS-

PAGE and DC protein assay results showed that 15% sodium chloride 

(w/v) + 20% saturated ammonium sulfate precipitated IgY more 

effectively than 15% saturated ammonium sulfate + 15% sodium chloride 

(w/v) conditions. Therefore, 20% saturated ammonium sulfate and 15% 

sodium chloride combination was selected as the final conditions for 

separating IgY from the egg yolk extract. The purified IgY was confirmed 

by the Western blot (Figure 6). 

 

Yield and purity of purified Immunoglobulin Y 

 

The sample fractions of egg yolk solutions obtained by each step 

involving dilution, centrifugation, ultrafiltration, and 20% saturated 

ammonium sulfate + 15% sodium chloride (w/v) precipitation are shown 

in Figure 5. The purity of purified IgY is as high as 95% and Table 1 

showed that yield, which is more than 80%. 
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Figure 1. Effect of sodium chloride (w/v) on the separation of 

immunoglobulin Y from egg yolk extract 

Lane 1:  Marker; Lane 2: Egg yolk extract; Lanes 3 to 5: Supernatant 

obtained after 10, 15, and 20% sodium chloride (w/v) precipitation, 

Lanes 6 to 8: Precipitant obtained from 10, 15, and 20% sodium chloride 

(w/v) precipitation. 
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Figure 2. Effect of ammonium sulfate on the separation of 

immunoglobulin Y from egg yolk 

Lane 1:  Marker; Lanes 2 to 4: Supernatant obtained from 20, 30, 40% 

(saturated) ammonium sulfate precipitation; Lanes 5 to 7: Precipitant 

obtained from 20, 30, and 40% (saturated) ammonium sulfate 

precipitation. 
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Figure 3. Effect of ammonium sulfate and sodium chloride 

combinations on the separation of immunoglobulin Y from egg yolk 

extract 

Lanes 1 to 6: Precipitant obtained from 5.0, 10.0, 12.5, 15.0, 17.5, 20.0 

saturated ammonium sulfate with fixed level (15%) of sodium chloride 

(w/v) precipitation; Lanes 7 to 12: Supernatant obtained from 5.0, 10.0, 

12.5, 15.0, 17.5, 20.0 saturated ammonium sulfate with fixed level 

(15%) of sodium chloride (w/v) precipitation. 
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Figure 4. Effect of ammonium sulfate and sodium chloride 

combinations on the separation of immunoglobulin Y from egg yolk 

extract 

Lanes 1 to 6: Precipitant obtained from 5.0, 10.0, 12.5, 15.0, 17.5, 

20.0 % sodium chloride (w/v) with fixed level (20% saturated) of 

ammonium sulfate precipitation; Lanes 7 to 12: Supernatant obtained 

from 5.0, 10.0, 12.5, 15.0, 17.5, 20.0 % sodium chloride (w/v) with 

fixed level (20% saturated) of ammonium sulfate precipitation. 
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Figure 5. The SDS-PAGE patterns of sample obtained at different 

step in the separation process 

Lane 1: Marker; Lane 2: Immunoglobulin Y standard; Lane 3: Diluted 

egg yolk; Lane 4: Supernatant prepared by centrifuge after adding 

distilled water; Lane 5: After ultrafiltration; Lane 6: Dissolved precipitant 

obtained from 20% saturated ammonium sulfate and 15% sodium 

chloride (w/v) combinations; Lane 7: Supernatant obtained from 20% 

saturated ammonium sulfate and 15% sodium chloride (w/v) 

combinations; Lane 8: Supernatant after desalting. 
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Figure 6. Western blot of immunoglobulin Y  

 

Lane 1: 10 times diluted purified immunoglobulin Y; Lane 2 to 3: 

Purified immunoglobulin Y without dilution; Lane 4: immunoglobulin Y 

Standard (400 ng/ml); Lane 5: Molecular markers. 
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Homogenize egg yolk 

 

2 times dilution with cold distilled water  

and centrifuge at 3,400 x g for 30 min in 4 
o
C 

 

Collect the supernatant, 3 times dilution with cold distilled water,  

and keep overnight 

 

Centrifuge at 3,400 x g for 30 min at 4 
o
C, collect the supernatant 

 

Ultrafiltration 

 

20% saturated (NH4)2SO4 + 15% NaCl (w/v) combination  

for precipitation 

 

Centrifuge at 3,400 x g for 30 min at 4 
o
C, collect the precipitant,  

and dissolve with DW 

 

Ultrafiltration and Freeze drying 

 

 

 

 

Figure 7. Schematic diagram for the separation of immunoglobulin Y 

from egg yolk  
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Table 1. Yield of immunoglobulin Y using the protocol developed 

Sample Weight (g) Yield (%) 

Egg yolk Immunoglobulin Y
1
 1.00 100 

Final Immunoglobulin Y
2
 0.81± 0.01 80.94± 0.63 

 

 

 

 

 

 

 

 

1
The theoretical amount of immunoglobulin Y in egg yolk 

(Immunoglobulin Y is 0.6% of total egg yolk). The original amount of 

egg yolk was 165 g per replication. 

2
Immunoglobulin Y produced with 20% saturated ammonium sulfate and 

15% sodium chloride combination; n=3 
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5. Discussion  

 

Recent studies suggested modified ammonium sulfate 

precipitation to separate IgY from egg yolk. Wen et al. (2012) adapted two 

former studies (Polson et al., 1980; Ko and Ahn, 2007): they applied a 

two-step PEG precipitation of IgY to remove lipid portion, and then 50% 

and 33% saturated ammonium sulfate precipitation. The IgY yield was 

76.5 mg per yolk, and the purity was 98.2%. Tan et al. (2012) also 

suggested a mix of -carrageenan, pectin and CaCl2 to remove lipids, and 

then used 30% and 20% ammonium sulfate in sequence to precipitate IgY. 

This study produced 60 mg IgY per egg yolk and the purity was around 

80%. Although, the methods produced IgY with high yield and purity, they 

are not recommendable for the large scale preparation because the number 

of chemicals used and the steps involved are too many for scale-up 

processes. Also, use of gums and PEG makes it difficult to remove them at 

the final stage of purification. Ko and Ahn (2007) demonstrated that 

addition of 0.01% charcoal and 40% saturated ammonium sulfate 

precipitation at pH 9.0 produced 69 mg IgY per egg yolk with high purity. 

Compared with previous studies, precipitation of IgY using ammonium 

sulfate and sodium chloride combination does not require pH adjustment 

and use the original crude egg yolk supernatant.  

To extract water-soluble proteins from egg yolk, former protocols 

used 10 times dilution with pH adjustment to 5.0. However, our protocol 

uses only 3x dilution of egg yolk without pH adjustment at the beginning 

step. Centrifugation of the 3x diluted egg yolk separated yolk granules and 

other fractions containing water soluble proteins, phospholipids and lipids 

in the supernatant fraction. This procedure enables the use of precipitated 

yolk granules for phosvitin separation. Further dilution of supernatant 
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fraction with 3 volumes of water coagulated a fraction containing lipids, 

lipoproteins and phospholipids upon storage in a cold room overnight. 

After centrifugation, the fraction containing water-soluble proteins can be 

concentrated using ultrafiltration and used to separate IgY. The precipitant 

can be used to separate phospholipids and neutral lipids. The two-step 

water dilution makes it easy for the separation of multiple value-added 

components from egg yolk. Also, this protocol involves with fewer steps 

than other reported methods and can be easily applied for scale-up process. 

Immunoglobulin Y from egg yolk could be separated using 

dilution with cold distilled water, low speed centrifugation, salt 

combination, and ultrafiltration. The best combination for isolating 

immunoglobulin Y from the concentrated extract was 20% saturated 

ammonium sulfate + 15% sodium chloride (w/v) combination. The 

protocol is simple and applicable for a large scale production. Furthermore, 

the purified IgY can be used for food and drug industry because only 

distilled water and two salts are used to separate IgY, and the salts added 

could be removed easily by ultrafiltration at the last stage of the separation 

process. The yield of the IgY was over 80% and the purity was higher than 

95%. 
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CHAPTER 4 

 

 

SEPARATION OF PHOSVITIN FROM 

CHICKEN EGG YOLK WITHOUT 

USING SOLVENT  
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1. Abstract 

 

Phosvitin is one of the major yolk proteins with extraordinary 

molecular structure and functions. More than half of the amino acids in 

phosvitin are phosphorylated, and thus phosvitin can be an excellent 

substrate for functional phosphopeptides production. The objective of this 

study was to develop a simple separation protocol to separate phosvitin 

from egg yolk without using organic solvents. Egg yolk was diluted with 2 

vol. of cold distilled water, homogenized and centrifuged. The precipitant 

was collected and homogenized with 4 vol. of 10% NaCl (w/v), 0.05 N 

NaOH solution to extract phosvitin. The homogenate was diluted with 1 

volume of DW, the pH adjusted to 4.0, and then the precipitant was 

removed by centrifugation. The supernatant containing phosvitin was 

collected, and salts removed and concentrated using ultrafiltration. The 

supernatant was heat-treated at 70 
o
C for 30 min to remove impurities and 

improve purity by centrifugation, and then collected supernatant is freeze-

dried. The phosvitin separated was verified using Western blotting, and the 

purity checked using SDS-PAGE. The purity of the phosvitin separated 

was > 90% and the yield was > 85%. This study proved that phosvitin can 

be separated from egg yolk without using solvent. Also, the method 

developed is very simple and has a high potential for scale-up process. 

 

 

Key words: Phosvitin, separation, sodium hydroxide, sodium chloride, pH 

adjustment, egg yolk  
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2. Introduction 

 

Phosvitin is one of the most highly phosphorylated proteins in 

nature, and represents approximately 7-11% of yolk proteins and 7% is 

mostly used to estimate phosvitin content in egg yolk (Mecham and Olcott, 

1949; Clark, 1985; Anton, 1998). About 60% of the amino acids in 

phosvitin is serine residues and almost all of them are phosphorylated.  

Phosvitin accounts for 60% of total egg yolk phosphoproteins and 90% of 

the total egg yolk phosphorous (Mecham and Olcott, 1949; Taborsky and 

Mok, 1967). Phosvitin comprises a mixture of two polypeptides called -

phosvitin and -phosvitin, and their molecular weight ranges from 18.5 to 

60 kDa (Abe et al., 1982; Connelly and Taborsky, 1961). Both - and -

phosvitin have multi-subunits and -phosvitin with molecular weight of 

45 kDa is the predominant one. Phosvitin has excellent physiological 

functions and can be used in foods as a metal-chelating, emulsifying, 

antioxidant or antibacterial agent (Grizzuti and Perlmann, 1973; Khan et 

al., 1998; Ishikawa et al., 2004; Khan et al., 2000). 

Mecham and Olcott (1949) are the first ones who purified 

phosvitin using MgSO4, (NH4)2SO4, ethyl ether, and NaCl. Over the past 

60 years, various separation methods had been developed using a three-

step process: lipid removal using organic solvents such as methanol, ether, 

chloroform, hexane and ethanol from yolk, extraction of phosvitin from 

the lipid-free fraction using NaCl and then precipitation of extracted 

phosvitin using MgSO4, (NH4)2SO4, and NaCl (Joubert and Cook, 1958; 

Sundararajan et al., 1960; McBee and Cotterill, 1979; Tsutsui and Obara, 

1982; Losso and Nakai, 1994; Castellani et al., 2003; Belhomme et al., 

2007; Ko et al., 2011). Causeret et al. (1991) reported that granular 

structure and solubilized phosvitin from granules can be greatly affected 
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by pH variations or changes in ionic strength.  

For further purification of extracted phosvitin, anion exchange 

chromatography has been applied in particular because phosvitin is 

negatively charged due to large number of phosphate groups in 

phosphoserine residues.   

Among the anion exchange chromatography, DEAE-cellulose 

resin was the most commonly used (Connelly and Taborsky, 1961; 

Castellani et al., 2003; Zhang et al., 2011; Lei and Wu, 2012), but this 

method consumes large amounts of acid and alkali for regeneration of 

resins, which are relatively expensive. Recently, Zhang et al. (2012) 

purified phosvitin using immobilized metal affinity nanoparticles 

(IMANs) with calcium, instead of ion exchange chromatography, but the 

method was not applicable for commercial scale-up process. 

Most of the current methods for separating phosvitin use non-

food-grade solvents to remove lipids in granules from egg yolk, and thus 

the phosvitin cannot be accepted for human use. Also, the solvents caused 

denaturation and modification of phosvitin structure, which led low 

phosvitin recovery and loss of functions (Castellani et al., 2003). Recently, 

several separation methods for phosvitin without using toxic solvents, 

which include polyethylene glycol, heat treatment, and carbonate-

bicarbonate buffer, have been published (Zhang et al., 2011; Liu et al., 

2012; Lei and Wu, 2012). However, all these methods used anion 

exchange chromatography or dialysis for further purification, which has 

limitation to apply for industry scale production. The objective of this 

work was to develop a simple and easy method for separating phosvitin 

from egg yolk without using organic solvents. 

 

 

 



37 

 

3. Material and methods 

 

Chemicals 

 

Sodium chloride and NaOH were purchased from Fisher scientific 

(Thermo Fisher Scientific Inc., Waltham, MA, USA). Phosvitin standard 

was purchased from Sigm-Aldrich Inc. (St. Louis, MO, USA), and 

phosvitin primary antibody (mouse monoclonal IgG2a) and secondary 

antibody (goat anti-mouse IgG-horseradish peroxidase) from Santa Cruz 

Biotechnology Inc. (Santa Cruz, CA, USA), and ECL prime Western 

Blotting Detection Reagents from GE Healthcare Life Sciences 

(Pittsburgh, PA, USA). 

 

Protocol for phosvitin purification 

 

Fresh chicken eggs were purchased from a local market. Egg yolk 

was separated from egg white and 2 volumes of cold distilled water (4 
o
C) 

were added to the egg yolk, homogenized for 1 min using a kitchen hand 

blender (Kitchen Aid), and then centrifuged at 3,400 x g for 30 min. The 

precipitant containing egg yolk granules was homogenized with 4 volumes 

of 10% sodium chloride (w/v) in 0.05 N sodium hydroxide solution, 

diluted with an equal volume of distilled water, the pH of the homogenate 

adjusted to pH 4.0 using 6 N HCl, and then centrifuged at 3,400 x g for 30 

min at 4 
o
C to remove precipitant containing phospholipids and lipids. The 

supernatant was collected. The precipitant was re-extracted using 4 

volumes of 10% NaCl (w/v) in 0.05 N sodium hydroxide solutions, treated 

the same way as the first extraction, and then the supernatant was 

collected and pooled with the first supernatant. The pooled supernatant 
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was desalted and concentrated using ultrafiltration (membrane filter cut-

off size: 10 kD, GE healthcare Bio-Sciences Corp., Piscataway, NJ, USA), 

and heated at 70 
o
C for 30 min, and then centrifuged at 3,400 x g for 30 

min. The resulting supernatant was freeze-dried (Labconco Corp., Kansas 

City, MO, USA). The yield was calculated using the reported value of 

phosvitin in egg yolk (Stadelman and Cotterill, 1977). The schematic 

diagram for the purification of phosvitin from egg yolk is shown in Figure 

6. The purity of phosvitin was determined using SDS-PAGE and identified 

by Western Blot (Figure 5). 

 

SDS-PAGE 

 

Freeze dried phosvitin was dissolved in distilled water at 1 mg 

protein/mL. Sample (10 l) was mixed with 40 l of Laemmli sample 

buffer solution under reducing conditions, heated at 95
 o
C in a block heater 

for 5 min, and then 10 l of sample was loaded on the Mini-PROTEIN 

Tetra cell (Bio-Rad Laboratory Inc.). The purity of phosvitin preparations 

was evaluated using 10% SDS-PAGE gel and a low-range SDS-PAGE 

molecular weight standard (Bio-Rad Laboatory Inc.) was used as a marker. 

The proteins in the gel were stained using 0.1 M aluminum nitrate for 

proteins containing phosphorus from the modified Coomassie Blue 

method (Hegenauer et al., 1977). After destaining, gel pictures were taken 

using the Gel Doc (Bio-Rad Lab Inc.). The protein bands in the gel picture 

were analyzed using ImageJ software (NIH, Bethesda, MD, USA) and 

used to calculate the purity of phosvitin. 
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Western Blot 

 

10% SDS-PAGE gel was run with a standard phosvitin, phosvitin 

samples separated, and a dual color molecular marker (Bio-Rad). Proteins 

in the SDS-PAGE gel were transferred to a nitrocellulose membrane (Bio-

Rad) using a Mini TransBlot Cell (Bio-Rad) at 90 V for 2 h in cold room, 

and then the membrane was blocked with the blocking solution containing 

5% skim milk (w/v) dissolved in PBST for 1 h at room temperature. After 

blocking, a membrane was placed in the phosvitin primary antibody 

solution (mouse monoclonal IgG2a, Santa Cruz Biotechnology Inc.), which 

was diluted to 1:2,000 ratio with 5% skim milk (w/v) dissolved in PBST 

and incubated overnight at 4 
o
C. The membrane was washed 3 times with 

PBST solution at 10 minutes intervals at RT and then incubated with a 

secondary antibody (goat anti-mouse IgG-horseradish peroxidase, Santa 

Cruz Biotechnology Inc.) for 1 h at room temperature. The secondary 

antibody was diluted at 1:5,000 with 5% skim milk (w/v) dissolved in 

PBST solution. After completion of the secondary antibody incubation, the 

membrane was washed 3 times with PBST solution at 10 minutes intervals, 

exposed to ECL Prime (GE Healthcare) for 5 minutes, and detected with 

Chemidoc (Bio-Rad). 

 

Yield of Phosvitin 

 

To determine the yield of Phosvitin, 10% NaCl in 0.05N NaOH 

solution and heating at 70
 o

C
 
for 30 min was used because this protocol 

produced the best phosvitin separation. After extraction, phosvitin was 

desalted and concentrated by ultrafiltration and then freeze-dried 

(Labconco Corp., Kansas City, MO, USA). The yield was calculated using 
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the reported value in egg yolk (Stadelman and Cotterill, 2001). This was 

replicated three times. 

 

Statistical Analyses 

 

The data were analyzed using SAS Institute software (Release 9.3, 

SAS Institute Inc., Cary, NC) by the generalized linear model procedure. 

Differences in the mean values were compared by Tukey honestly 

significant difference test, and mean values and standard deviations were 

reported (Kuehl, 2000). 

 

4. Results 

 

Separation of phosivtin from egg yolk granules 

 

There are three major proteins in yolk granules, which include 

low-density lipoprotein, lipoviellin recognized as a high-density 

lipoprotein (HDL), and phosvitin. Phosvitin is present inside the micelle 

structure of egg yolk granules and interacts with lipovitellin as a complex 

through a phosphocalcic bridge (Radomsky and Cook, 1964). Lipovitellin 

is composed of - and -lipovitellin and these are prone to soluble at 

alkaline pH (Burley and Cook, 1961; Anton and Gandemer, 1997). If the 

granule portion from egg yolk could be completely disrupted and 

solubilized to release phosvitin, it would be easier to make simplified 

phosvitin purification process. To disrupt the granule structure and extract 

phosvitin, 10% NaCl (w/v) was used after removing phospholipids from 

the egg yolk granules (Losso and Nakai, 1994; Ko and Ahn, 2011). The 
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basic concept of the current study was to break the micelle structure of 

yolk granules and modify lipovitellin through high ionic strength and high 

pH. In this study, extraction of phosvitin from yolk granules using 10% 

NaCl in various concentration of NaOH (ranging from 0.05N to 0.1N), 

10% NaCl with heating, and 10% NaCl, NaOH and heating combination 

was tested. As shown in Figure 1, a mild alkaline condition with 10% 

NaCl (w/v) was better than higher concentrations of sodium hydroxide in 

terms of phosvitin yield and purity in the extract. Heat treatment at 80 
o
C 

for 30 min with 10% NaCl (w/v) has the greatest purity but yield was low. 

LDL and HDL started to denature at 70 
o
C and formed gels at 75 

o
C while 

phosvitin is less sensitive to thermo-coagulation than LDL (Yang and 

Cotterill, 1989). The result also showed that combination of high ionic 

strength (10% NaCl) + alkaline condition (0.05-0.1N NaOH) + heating 

was too harsh to extract phosvitin from egg yolk granules. Use of 10% 

NaCl (w/v) + heating denatured phosvitin and the results was not 

reproducible. Thus, heating was eliminated from the extraction parameter 

and used it as a tool to remove impurities after the initial extraction of 

phosvitin from egg yolk with 10% NaCl in 0.05N NaOH solution. 

The pH of 10% NaCl (w/v) in 0.05 N NaOH solution for 

extracting phosvitin from granules of egg yolk considerably affected the 

recovery rate of phosvitin. Phosvitin and lipoproteins have different 

isoelectric points, and thus pH adjustment can help separating these two 

proteins. Sugano (1957) indicated that both - and -lipovitellin would 

precipitate at pH < 7.5-7.8 and pH < 6.5-7.0, respectively. Castellani et al. 

(2003) adjusted the pH of phosvitin extract from 7.0 to 5.0 or lower (pH 

3.6 and 2.5) to precipitate lipovitellin. However, there was no significant 

difference in the solubility of phosvitin because it was not influenced 

much by the pH adjustment. Causeret et al. (1991) reported that the 

viscosity and solubility of granules was greatly diminished from pH 3.0 to 
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6.4. This step was used to determine the best pH conditions for removing 

impurities. We narrowed down the pH range from 3.0 to 4.5 and tested the 

effect of pH adjustment. As shown in Figure 2, the yield of phosvitin was 

the highest when the pH of the solution was adjusted to pH 4.0. When the 

pH of the extract solution was adjusted to pH < 4.0 phosvitin recovery 

started to decrease, while the pH was > 4.0, the impurity in the extract 

increased. Therefore, adjusting the pH of the extract to 4.0 and 

centrifugation will be the best conditions for the the maximal recovery of 

phosvitin from the extract. 

On the other hand, cleaning up impurities with additional heating 

was also tested in case pH adjustment could not remove impurities 

completely. Different temperatures from 70 to 90 
o
C at 5 C interval and 

heating time from 30 to 60 min at 10 min interval were tested to determine 

the optimal heating temperature and time conditions to eliminate 

impurities from the phosvitin extract using 10% NaCl (w/v) in 0.05 N and 

0.075 N NaOH solutions. As shown in Figure 3, some impurities were still 

found above the phosvitin band in the extract using 10% NaCl (w/v) in 

0.075 N NaOH solution. However, extract from 10% NaCl (w/v) in 0.05 N 

NaOH solution had no bands in the area. Liu et al. (2012) used 0.5M NaCl 

to dissolve granule portion of egg yolk and heated at 80 
o
C for 30 min to 

extract phosvitin, but the purity of phosvitin in SDS-PAGE gel was not 

clear and the majority of phosvitin band was shown at around 35 kDa, 

which is smaller than the natural phosvitin at around 45 kDa. Therefore, 

phosvitin extraction using 10% NaCl (w/v) in 0.05 N NaOH solutions 

would be the best conditions for the highest phosvitin extraction from egg 

yolk granules and additional heating at 70 
o
C for 30 min significantly 

improved its purity. Figure 4 verified the effect of this additional heat 

treatment. Therefore, 10% NaCl in 0.05N NaOH solution with additional 

heating at 70
 o

C for 30 min was selected as the final conditions for 
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separating phosvitin from the granule portion of egg yolk. The purified 

phosvitin was confirmed by the Western blot (Figure 5). 

 

Yield and purity of purified Phosvitin 

 

The purity and yield of purified phosvitin from final optimized 

method using 10% NaCl in 0.05N NaOH with additional heating at 70
 o
C 

for 30 min is shown in figure 4 and table 1 respectively. The results 

indicated that the purity is over 95% and the yield is approximately 91%. 
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Figure 1. Effect of 10% sodium chloride (w/v) in alkaline solution, heat 

treatment, and their combinations on the separation of phosvitin from egg 

yolk 

 

Lane 1: Phosvitin Standard; Lane 2: 10% NaCl in 0.05 N NaOH solution; 

Lane 3: 10% NaCl in 0.075 N NaOH solution; Lane 4: 10% NaCl in 0.1 N 

NaOH solution; Lane 5: 10% NaCl with heat treatment at 70 
o
C for 30min; 

Lane 6: 0.05 N NaOH solution; Lane 7: 0.075 N NaOH solution; Lane 8: heat 

treatment; Lane 9: 0.05 N NaOH solution with heat treatment; Lane 10: 0.075 

N NaOH with heat treatment. 
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Figure 2. Effect of pH on the recovery of phosvitin extracted using 10% 

NaCl (w/v) in 0.05N NaOH solution from yolk granules 

 

Lane 1: pH 3.0; Lane 2: pH 3.5; Lane 3: pH 4.0; Lane 4: pH 4.5; Lane 5: 

Phosvitin Standard. 
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Figure 3. Effect of additional heat treatment at 70 
o
C on the purity of 

phosvitin extracted from egg yolk granules using 10% NaCl (w/v) in 0.05 N 

and 0.075 N NaOH solution 

 

Lanes 1 to 4: Supernatant obtained from 0.05 N NaOH solution after heating for 30 

min, 40 min, 50 min, and 60 min; Lanes 5 to 8: Supernatant obtained from 0.075 N 

NaOH solution after heating for 30 min, 40 min, 50 min, and 60 min; Lane 9: 

Precipitant obtained from 0.05 N NaOH solution after heating; Lane 10: Precipitant 

obtained from 0.05 N NaOH solution after heating. 
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Figure 4. Effect of additional heating at 70 
o
C for 30 min on the removal 

of impurities from the extract prepared using 10% NaCl (w/v) in 0.05N 

NaOH solution 

 

Lanes 1 and 3: Supernatant after centrifugation; Lanes 2 and 4: Precipitant 

after centrifugation; Lane 5: supernatant obtained from additional heating 

and centrifugation. 
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Figure 5. Western Blot of Phosvitin  

 

Lane 1: Marker; Lane 2: Standard phosvitin (1mg/ml); Lanes 2 and 3: 

Purified phosvitin. 
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Homogenize egg yolk with 2 volumes of cold distilled water 

 

 Centrifugation at 3,400 x g for 30 min in 4 
o
C 

 

Homogenize the precipitant with 4 volumes of 10% NaCl (w/v) in 0.05 N 

NaOH for 2 min 

 

Adjust pH to 4.0, dilute with DW, and Centrifuge at 3,400 x g for 30 min 

at 4 
o
C 

 

 Collect the supernatant and concentrate and desalt using Ultrafiltration 

 

Additional heat treatment at 70 
o
C for 30 min (If necessary) 

  

Centrifugation at 3,400 x g for 30 min in 4 
o
C 

 

Collect supernatant and Freeze drying 

 

 

 

 

Figure 6. Schematic diagram for the separation of phosvitin from egg 

yolk 
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Table 1. Yield of Phosvitin from egg yolk using the developed protocol 

Sample Weight (g) Yield (%) 

Egg yolk Phosvitin
1
 2.07 100 

Final Phosvitin
2
 2.04± 0.05 91.1± 0.04 

 

 

 

 

 

 

 

 

 

1
The theoretical amount of Phosvitin in egg yolk (Phosvitin is 8% of egg 

yolk protein). The original amount of egg yolk was approximately 165 g 

per replication. 

2
Phosvitin produced with 10% NaCl in 0.05N NaOH and heat treatment 

at 70 
o
C for 30 min; n=3 
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Discussion 

 

Lei and Wu (2012) recently studied granule solubilization by 

changing the pH of egg yolk solution from pH 5 to 12 and then loaded the 

phosvitin solution to an anion exchange column for further purification. 

They reported that egg granules could be completely dissolved in 0.05 M 

carbonate-bicarbonate buffer at pH 9.6. However, using carbonate-

bicarbonate buffer (0.05 M, pH 9.6) could not extract phosvitin from egg 

yolk granules, and most of the phosvitin was still remaining in the 

granules after 2 extractions. Although, further purification method using 

anion exchange chromatography improved the purity of phosvitin, the 

recovery rate of phosvitin was 35.4%, which is much lower than currently 

available method (Ko et al., 2011) as well as the method we have 

developed in this study. Our results suggested that combination of high 

ionic strength (10% NaCl) and alkali conditions (0.05N NaOH) would be 

an excellent tool to isolate phosvitin from egg yolk granules, and further 

heat treatment of the extracted phosvitin significantly improved the purity 

of phosvitin. The method is simple, effective and scalable, and the yield 

and purity of the phosvitin separated are similar to or better than any 

methods reported. The purified phosivitn can be used in food products and 

pharmaceutical industry because the method does not involve with any 

solvents or harmful ingredients because it uses only salt, pH adjustment, 

centrifugation, heating and ultrafiltration. 
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CHAPTER 5 

 

 

SEPARATION OF PHOSPHOLIPIDS 

AND NEUTRAL LIPIDS FROM 

CHICKEN EGG YOLK USING FOOD 

GRADE SOLVENTS 
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1. Abstract 

 

Lipids are the major component of egg yolk, which takes 

approximately 32-36% of yolk. The composition of yolk lipids is about 

65% triglyceride, 28-30% phospholipids, and 4-5% cholesterol. The 

objective of this study was to develop a separation method for neutral and 

phospholipids from the residues of IgY and phosvitin separation using 

food grade solvents. Egg yolk solid, collected after separating yolk 

granules and then IgY extraction, was treated with four volumes of 100% 

ethanol and homogenized to extract phospholipids. The homogenate was 

centrifuged at 3,400 x g for 30 min and the supernatant containing 

phospholipids was collected. The precipitant was treated with four 

volumes of hexane, homogenized, and centrifuged to extract neutral lipids. 

After removal of ethanol and hexane from the respective fraction using 

rotary evaporator, lipid classes were identified using thin layer 

chromatography. The majority of phospholipids were present in ethanol 

fraction and neutral lipids in hexane fraction, and their purities were > 

85%. However, their purity can be improved by adding an extra 

purification steps. This method is considered to be non-toxic and can be 

incorporated to the sequential separation of value-added components from 

egg yolk. 

 

 

 

Key words: Egg yolk, phospholipids, neutral lipids, ethanol, hexane, thin 

layer chromatography (TLC) 
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2. Introduction 

 

Dried egg yolk is consisted of 61% lipids, 30% protein, 4% water, 

and 3% ash. The lipids from egg yolk can be divided into three parts: 

neutral lipids (65%), phospholipids (32%), and cholesterol (3%) 

(Stadelman and Corrterill, 1977). Neutral lipid is one of the major 

components of egg yolk lipids and its nutritional value is equivalent to that 

of plant oils or even better. Phospholipids are currently used in food and 

non-food products and are well known as an outstanding emulsifier 

(Juneja et al., 1994). Most of the phospholipids available to food and non-

food applications are separated from plant oils. However, the amount of 

phospholipids in plant oils is only about 10% of egg yolk lipids, and thus 

egg yolk is much better source for phospholipids than plant oils. Egg yolk 

phospholipids are composed of 77% phosphatidylcholine (PC), 18% 

phophatidylethanolamine (PE), and 3% sphingomyelin (SM) (Stadelman 

and Corrterill, 1977). 

Phosphatidylcholine (PC) is a major component of biological 

membranes and is regarded as an important factor in the functions of nerve 

cells. Because PC contains choline, which is a vital nutrient for human, PC 

isolated from egg yolk can be used as a dietary supplement especially for 

infants whose nerve-system is developing quickly (Ueland, 2011). Also, 

choline plays a decisive role in serving as a precursor of phospholipids and 

acetylcholine and element for neurodevelopment as well as nutrient for 

liver function and cancer prevention (Miller, 2002). 

Phophatidylethanolamine (PE) is found in all living cells and nervous 

tissues such as the white matter of brain, nerves, neural tissue, and in 

spinal cord. PE also creates a more viscous lipid membrane than PC due to 

its polar head group (Li et al., 2011). Sphingolipids are a vital component 
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of central nerve system myelin sheaths, and affect the viability of brain 

cells and signal transduction in T-cell activation (Podbeislska et al., 2012; 

Dong et al., 2012).  

The components of egg yolk are distributed in the yolk granules 

and plasma portions in a distinct way. Neutral lipids of yolk granules are 

present inside the myelin structure and those of plasma are present inside 

the low density lipoprotein spheres surrounded by proteins and 

phospholipids of LDL (Chang et al., 1977). Therefore, breaking the outer 

structure of granules and LDL spheres using solvents for solubilizing 

phospholipids should be performed first in order to extract neutral lipids 

from egg yolk.  

At present, a number of isolation and purification methods for 

phospholipids from egg yolk in industrial scale have been developed, but 

the neutral lipids portion remaining in the residues after phospholipids 

extraction are not fully used. Neutral lipids can be easily removed from 

the residue of phospholipids extraction, which leaves protein as the major 

remaining main component of yolk. The yolk protein, recovered after 

removing all lipids from egg yolk, contains well balanced essential amino 

acids. So, they can be used for many food products as a protein 

supplement or raw materials for functional peptides production. With the 

continuous separation method for lipids and yolk proteins with food-

industry-compatible protocol, the efficient and economic uses of egg will 

be increased. The objectives of this research were to develop optimal 

sequential separation method for phospholipids, neutral lipids, and yolk 

proteins with environmental friendly method. Developing this method 

using water, ethanol, and hexane will increase the value and utilization of 

egg yolk as well as separate many essential yolk components, which have 

high potential to be used for human. 
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3. Material and methods 

 

Materials 

 

Chicken eggs were purchased from a local market. Acetone, 

hexane, diethyl ether, and methanol were purchased from Fisher scientific 

(Thermo Fisher Scientific Inc., Waltham, MA, USA). Standard of PC, PE, 

SM, TG, Cholesterol and 2’7’-dichlorofluororescein was purchased from 

Sigm-Aldrich Inc. (St. Louis, MO, USA), silica gel-G plate was purchased 

from Merck (Merck, Whitehouse Station, NJ, USA) 

 

Separation of phospholipids and neutral lipids from egg yolk 

 

Egg yolk was separated from egg white and 2 volumes of cold 

distilled water (4 
o
C) were added to the egg yolk, homogenized for 1 min 

using a kitchen hand blender (Kitchen Aid), and then centrifuged at 3,400 

x g for 30 min. The supernatant was diluted with 3 volumes of cold 

distilled water again and kept in cold room for overnight. After 

centrifugation, precipitant is collected for extraction of phospholipids and 

neutral lipids from water-insoluble fraction of egg yolk. Because this 

method is aimed for human uses, three food-grade solvents including 

ethanol, acetone, and hexane were selected and tested with various 

volumes. Solvents were added to the water-insoluble fraction of yolk, 

homogenized using a kitchen blender (KitchenAid, St. Joseph, MI, USA) 

for 2 min, and then centrifuged at 3,400 x g for 30 min. The supernatant 

was collected and the solvent used was removed using a rotary evaporator 

under vacuum. Separated phospholipids and neutral lipids are identified to 

check the purity by a thin layer chromatography. 
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Thin Layer Chromatography 

 

Dried solvent extract were dissolved in Chloroform to make the 

lipid content approximately 100mg/ml. Separated samples and each 

standard about 20 to 50 l are applied onto pre-coated silica gel-G plate 

(20x20 cm, Merck, Whitehouse Station, NJ, USA) which had been pre-

activated under the heat at 120
 o

C at 2 hr. The plates were developed in 

chloroform: methanol: water (98:38:6) solution mixture to 10 cm from the 

origin approximately 40 min inside of the chamber. The plate was air dried 

and then developed in hexane and diethyl ether (120:30) solution for 

another 20 min. The plates were air-dried and then sprayed with 0.1% 

(w/v) 2’7’-dichlorofluoroescein in ethanol. The spots corresponding to PC, 

PE, TG, SM, and cholesterol were identified under UV light. The 

schematic diagram for the extraction of phospholipids and neutral lipids is 

shown in Figure 3.  

 

 

4. Results and discussion 

 

 To extract phospholipids and neutral lipids from water-insoluble 

fraction of egg yolk, food grade solvents were tested for phospholipids 

extraction first. The result showed that acetone and ethanol have an 

excellent capability to extract phospholipids. However, hexane was not a 

good solvent for phospholipids extraction (Figure 1). The majority of the 

lipids separated using ethanol or acetone was phospholipids but some 

neutral lipids and cholesterol were also extracted as the volume of those 

solvents was increased from acetone in particular. It was also indicated 

that ethanol was better than acetone and 4 volumes of ethanol or acetone 
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was better than 9 volumes, representing high purity phospholipids and 

very little amount of neutral lipids in the TLC chromatogram.    

Result also showed that using 4 volumes of ethanol was better 

than 4 volumes of acetone resulting in little neutral lipids in ethanol 

extract even without further purification steps. Phospholipids content in 

the ethanol extract was very high portion but a cholesterol band is also 

seen. The remaining precipitant after ethanol extraction and centrifugation 

contained mostly neutral lipids, and was treated with 4 volumes of hexane. 

It is largely because hexane is the most broadly used solvent to extract 

lipids from plant seeds, have a strong power to extract neutral lipids. 

Figure 2 showed that the hexane extract was largely composed of neutral 

lipids but it also showed some phospholipids bands including PC and PE. 

Although almost all phospholipids was extracted using ethanol and neutral 

lipids using hexane, and their purities were relatively high (>85%), there 

are still potentials to increase the purity with additional purification steps. 

After the second solvent extraction with hexane, the remaining 

precipitant was mainly composed of proteins. The final product after lipids 

and phospholipids removal and drying contained more than 90% proteins 

with small amounts of lipids and carbohydrates. Therefore, the final 

products can be used as a protein supplementing agent for many processed 

food products or substrate for functional peptides production. This method 

can be incorporated as a part of continuous separation process for multiple 

value-added components from egg yolk.     
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Figure 1. Effect of solvents and solvent volumes on the extraction on 

phospholipids and neutral lipid from egg yolk 

 

NL(TG): Neutral lipid; TG: Triglyceride; PL: Phospholipid; PE: 

Phosphatidyl Ethanolamine; PC: Phosphatidyl Choline; SM: 

Sphingomyelin. 
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Figure 2. Effect of ethanol and hexane on the extraction of 

phospholipids and neutral lipid 

 

Lane 1: Standard indication; Lane 2: Ethanol extraction; Lane 3: Hexane 

extraction. 

NL: Neutral lipid; C: Cholesterol; PE: Phosphatidyl ethanolamine; PC: 

Phosphatidyl choline; SM : Sphingomyelin. 



61 

 

 

Figure 3. Schematic diagram for the separation of phospholipids and 

neutral lipid from egg yolk 
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CHAPTER 6 

 

 

GENERAL DISCUSSION 
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General Discussion 

 

This study was conducted to develop optimal conditions for 

sequential separation of value-added components from egg yolk and 

implement the methods for large scale production of the value-added 

components in food and drug industries. From the liquid egg yolk, 

multiple elements such as immunoglobulin Y (IgY), phosvitin, 

phospholipids, and neutral lipids were extracted and separated sequentially 

using water, salt in alkaline solution, ethanol, and hexane. The final 

residue recovered was yolk proteins. 

The developed protocols for individual component can be 

combined and make an integral scheme for sequential separation of all the 

components studied. The proposed sequential separation protocol for the 

value-added components from egg yolk is as follow:  

Egg yolk separated from egg white was diluted with 2 volumes of 

cold water and then centrifuged at 3,400 x g for 30 min. Pellet, which is 

the granule portion of egg yolk was used to separate phosvitin and the 

supernatant (S1) used for IgY , lipids, and phospholipids separation. Yolk 

granules were treated with 4 volumes of 10% NaCl in 0.05N NaOH 

solution, homogenized, pH adjusted to 4.0, and then centrifuged. The 

supernatant was collected, and desalted and concentrated using 

ultrafiltration. The resulting supernatant mainly containing phosivin was 

heat-treated at 70 
o
C for 30 min, and centrifuged. And then the supernatant 

was freeze-dried. The supernatant collected at the first step (S1) was 

diluted with 3 volumes of cold water again and centrifuged. The resulting 

supernatant was concentrated using ultrafiltration (cut-off size of 50 kDa) 

and IgY was precipitated using 20% ammonium sulfate + 15% sodium 

chloride combination. After centrifugation, the pellet containing IgY was 
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dissolved with water, salts removed by ultrafiltration, and then freeze 

dried. Lastly, the water-insoluble fraction (ppt) of the second dilution of 

egg yolk was added with 4 volumes of ethanol, homogenized, and 

centrifuged. The supernatant was collected after centrifugation, and 

phospholipids was recovered after removing ethanol using a rotary 

evaporator under vacuum. The precipitant of the ethanol extraction was 

added with 4 volumes of hexane, homogenized, and centrifuged. Neutral 

lipids was collected from the supernatant after removing hexane. The final 

solids after hexane extraction was dried and used as yolk protein fraction. 

The protocol successfully separated multiple value-added components 

from egg yolk in sequence and the purity and yield of the components 

were >85%.  

The overall process is simple, efficient to separate value-added 

components, cost effective, and continuous separation system for multiple 

components from egg yolk. Also, the products can be used for various 

food and non-food purposes because no toxic compounds or harmful 

solvents were used for the process. With this sequential separation method 

of egg yolk components, natural resources can be maximally utilized with 

minimal wastes and costs. In addition, the protocol can be easily scaled-up 

for commercial production of many components, which will increase the 

use of egg and contribute to the sustainability of egg industry. 
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Figure 1. Schematic diagram for the overall sequential separation 

method of value-added components from egg yolk 



66 

 

REFERENCES 

 

Abe, Y., T. Itoh, and S. Adachi. 1982. Fractionation and characterization of 

hen’s egg yolk phosvitin. J. Food Sci. 47:1903-1907. 

Akita, E. M., and S. Nakai. 1992. Immunoglobulins from egg yolks: 

isolation and purification. J. Food Sci. 57:629-634. 

Akita, E. M., and S. Nakai. 1993. Comparison of four purification methods 

for the production of immunoglobulins from eggs laid by hens 

immunizedwith an enterotoxigenic E. coli strain. J. Immunol. 

Methods. 160:207-214. 

Albright, K. J., D. T. Gordon, and O. J. Cotterill. 1984. Release of iron 

from phosvitin by heat and food additives. J. Food Sci. 49:78-81. 

Anton, M., and G. Gandemer. 1997. Composition, solubility and 

emulsifying properties of granules and plasma of hen egg yolk. J. 

Food Sci. 62:484-487. 

Anton, M. 1998. Structure and functional properties of hen egg yolk 

constituents. Recent Res. Devel. in Agri. and Food Chem. 2:839-

864. 

Belhomme, C., E. David-Briand, M. H. Ropers, C. guérin-Dubiard, and M. 

Anton. 2007. Interfacial characteristics of spread films of hen egg 

yolk phosvitin at the air-water interface: Interrelation with its 

charge and aggregation state.  Food Hydrocoll. 21:896-905. 

Bernardi G, W. H. Cook. 1960. Separation and characterization of the two 

high-density lipoproteins of egg yolk, R-and a-lipovitellin. 

Biochim. Biophys. Acta. 44:96-105. 



67 

 

Burley, R. W., W. H. Cook. 1961. Isolation and composition of avian egg 

yolk granules and their constituents [alpha] and [beta]-lipovitellins. 

Canadian J. Biochem Physiol. 39:1295-1307. 

Byrne, B. M., A. D. Van Het Schip., J. A. M. Van de Klundert., A. C. 

Arnberg., M. Gruber., A. B. Geert. 1984. Amino acid sequence of 

phosvitin derived from the nucleotide sequence of part of the 

chicken vitellogenin gene. Biochem. 23:4275-4279. 

Castellani, O., V. Martinet, E. David-Briand, C. guérin-Dubiard, and M. 

Anton. 2003. Egg yolk phosvitin preparation of metal free purifed 

protein by fast protein liquid chromatography using aqueous 

solvents.  J. Chromatogr. B Analyt. Technol. Biomed. Life Sci.  

791:273-284. 

Causeret, D., E. Matringe, and D. Lorient. 1991. Ionic strength and pH 

effects on composition and microstructure of yolk granules. J. 

Food Sci.  56:1532-1536. 

Chalghoumi, R., Y. Beckers, D. Portetelle, and A. Théwis. 2009. Hen egg 

yolk antibodies (IgY), production and use for passive 

immunization against bacterial enteric infections in chicken: a 

review. Biotechnol. Agron. Soc. Environ. 13: 295-308. 

Chang, C.M., W. D. Powrie., and O. Fennema. 1997. Microstructure of 

egg yolk. J. Food Sci. 42: 1193-1200. 

Chang, H. M., T. C. Lu, C. C. Chen, Y. Y. Tu, and J. Y. Hwang. 2000. 

Isolation of immunoglobulin from egg yolk by anionic 

polysaccharides. J. Agric. Food Chem. 48:995-999. 

Clark, R. C. 1985. The primary structure of avian phosvitins. 



68 

 

Contributions through the Edman degradation of 

methylmercaptovitins prepared from the constituent 

phosphoproteins. Inter J. Biochem 17:983-988. 

Connelly, C., and G. Taborsky. 1961. Chromatographic fractionation of 

phosvitin.  J. Biol. Chem.  236:1364-1368. 

Cook, W.H., and W. G. Martin. 1969. Egg lipoproteins. In: Tria E, Scanu 

AM (eds) Structural and functional aspects of lipoproteins in living 

systems. Academic Press, London New York, 579-615. 

Darmodaran S., and S. Xu. 1996. The role of electrostatic forces in 

anomalous adsorption behavior of phosvitin at the air/water 

interface. J. Colloid. Interface. Sci. 178:426-435. 

Dong, D., H. Liu, Q. Xiao, and R. Li. 2008. Affinity purification of egg 

yolk immunoglobulins (IgY) with a stable synthetic ligand. Journal 

of Chromatography B. 870:51-54. 

Dong, L., K. Watanabe, M. Itoh, C.R. Huan, X.P. Tong, T. Nakamura, M. 

Miki, H. Iwao, A. Na., T. Sakai, T. Kawanami, T. Sawaki, Y. 

Masaki, T. Fukushima, Y. Fujita, M. Tanaka, M. Yano, T. O. and H. 

Umehara, 2012. CD41 T-cell dysfunctions through the impaired 

lipid rafts ameliorate concanavalin A-induced hepatitis in 

sphingomyelin synthase 1-knockout mice. Int. Immunol. 24:327-

337. 

Fayer R., and M. C. Jenkins. 1992. Colostrum from cows immunized with 

Eimeria acervulina Antigens reduces parasite development in vivo 

and in vitro. Poultry Sci. 71:1637-1645. 

Grizzuti, K., and G. E. Perlmann. 1973. Binding of magnesium and 



69 

 

calcium-ions to phosphoglycoprotein phosvitin. Biochemistry, 

12:4399-4403.   

Gutierrez, M. A., H. Takahashi., L. R. Juneja. 1997. Nutritive evaluation 

of hen eggs. In: Yamamoto. T, Juneja, L.R., Hatta, H., Kim, M. 

(eds) Hen eggs, their basic and applied science. CRC Press. New 

York. 25-35 

Hansen, P., J. A. Scoble, B. Hanson, and N. J. Hoogenraad. 1998. Isolation 

and purification of immunoglobulins from chicken eggs using 

thiophilic interaction chromatography. J. Immunol. Methods 

215:1-7. 

Hatta, H., J. S. Sim, and S. Nakai. 1988. Separation of phospholipids from 

egg yolk and recovery of water-soluble proteins. J. Food Sci. 

53:425-427, 431. 

Hatta, H., K. Tsuda, K, S. Akachi, M. Kim, and T. Yamamoto. 1993. 

Productivity and some properties of egg yolk antibody (IgY) 

against human rotavirus compared with rabbit IgG. Biosci. 

Biotechnol. Biochem. 57: 450-454. 

Hatta, H., and M. Kim. 1990. A novel isolation method for hen egg yolk 

antibody, “IgY”. Agric. Biol. Chem. 54:2531-2535. 

Hatta, H., K. Tsuda., M. Ozeki., M. Kim., T. Yamamoto., S. Otake.,   M. 

Hirasawa., J. Katz., N. K. Childers., and S. M. Michalek. 1997.  

Passive immunization against dental plaque formation in humans: 

Effect of a mouth rinse containing egg yolk antibodies (IgY) 

specific to Streptococcus mutans. Caries. Res. 31: 268-274.   

Hegenauer, J., L. Ripley, and G. Nace. 1977. Staining acidic phos-



70 

 

phoproteins (phosvitin) in electrophoretic gels. Anal. Biochem. 

78:308-311. 

Hernandez-Campos, F. J., E. Brito-De la Fuente, and B. Torrestiana-

Sanchez. 2010. Purification of egg yolk immunoglobulin (IgY) by 

ultrafiltration: effect of pH, ionic strength, and membrane 

properties. J. Agric. Food Chem. 58:187-93. 

Ito Y, and T. Fujii. 1962. Chemical compositions of the egg yolk 

lipoproteins. J Biochem 52:221-222. 

Ishikawa, S., Y. Yano, K. Arihara, and M. Itoh. 2004. Egg yolk phosvitin 

inhibits hydroxyl radical formation from the Fenton reaction.  

Biosci. Biotechnol. Biochem. 68:1324-1331. 

Jensenius, J. C., I. Andersen, J. Hau, M. Crone, and C. Koch. 1981. Eggs: 

Conveniently packed antibodies. Methods for purification of yolk 

IgG. J. Immunol. Methods 46:63-68. 

Joubert, F. J., and W. H. Cook. 1958. Preparation and characterization of 

phosvitin from hen egg yolk.  Can. J. Biochem. Physiol. 36:399-

408. 

Juneja, L. R. 1997. Egg yolk lipids. In: Yamamoto, T., Juneja, L.R., Hatta, 

H., Kim, M. (eds) Hen eggs, their basic and applied science. CRC 

Press. New York. 73-98. 

Juneja, L. R., H. Sugino., M. Fujiki., M. Kim., and T. Yamamoto. 1994. 

Chapter 9. Enzymes in unfertilized hen eggs. pp. 139-148. In: Egg 

Uses and Processing Techniques - New Development. Sim, J. S. 

and S. Nakai. (eds). CAB International Wallingford. UK 

Khan, M. A. S., S. Nakamura., M. Ogawa., E. Akita., H. Azakami., and A. 



71 

 

Kato. 2000. Bactericidal action of egg yolk phosvitin against 

Escherichia coli under thermal stress. J. Agri. and Food Chem. 

48:1503-1506.   

Khan, M. S., E. E. Babiker., H. Azakami., and A. Kato. 1998. Effect of 

protease digestion and dephosphorylation on high emulsifying 

properties of hen egg yolk phosvitin. J. Agri. and Food Chem. 

46:4977-4981.   

Kim, H., and S. Nakai. 1998. Simple separation of immunoglobulin from 

egg yolk by ultrafiltration. J. Food Sci. 63:485-490. 

Ko, K. Y., and D. U. Ahn. 2007. Preparation of Immunoglobulin Y from 

Egg Yolk Using Ammonium Sulfate Precipitation and Ion 

Exchange Chromatography. Poult. Sci. 86:400-407. 

Ko, K. Y., K. C. Nam., C. Jo., E. J. Lee., and D. U. Ahn. 2011. A  simple 

and efficient method for preparing partially purified phosvitin from 

egg yolk using ethanol and salts. Poult. Sci. 90:1096-1104.   

Kovacs-Nolan J, and Y. Mine. 2004. Avian egg antibodies: Basic and 

potential applications. Avian Poult. Biol. Rev. 15:25-46.   

Kovacs-Nolan, J., M. Phillips., and Y. Mine. 2005. Advances in the value 

of eggs and egg components for human health. J. Agric Food 

Chem. 53:8421-8431 

Kuehl, R. O. 2000. Design of Experiments: Statistical Principles of 

Research Design and Analysis. 2nd ed. Duxbury Press, New York, 

NY. 

Kuksis, A. 1992. Yolk lipids. Biochim. Biophys. Acta. 1124:205-222. 

Marcet, I., A. Laca., B. Paredes., and M. Diaz. 2011. IgY isolation from a 



72 

 

watery by-product obtained from an egg yolk fractionation process. 

Food and Biopro. process. 89:87-91. 

Miller, D. L. 2002. Health benefits of lecithin and choline. Cereal Food 

World 47:178-184. 

McBee, L. E., and O. J. Cotterill. 1979. Ion-exchange chromatography and 

electrophoresis of egg yolk proteins.  J. Food Sci. 44:656-667. 

Mecham, D. K., and H. S. Olcott. 1949. Phosvitin, the principal 

phosphoprotein.  J. Am. Chem. Soc. 71:3670-3679. 

Larsson, A., and J. Sjoquist. 1993. Chicken antibodies: taking advantages 

of evolution – a review.  Poult. Sci. 72:1807-1812.  

Lei, B. and J. Wu. 2012. Purification of egg yolk phosvitin by anion 

exchange chromatography. J. Chro. A, 1223:41-46. 

Li, Z., C. W. Wells., P. E. North., S. Kumar., C. B. Duris., J. A. McIntyre, 

and M. Zhao. 2011. Phosphatidylethanolamine at the luminal 

endothelial surface-implications for hemostasis and thrombotic 

autoimmunity.  Clin. Appl. Thromb. Hemost. 17:158-163. 

Liu, J., J. Yang, H. Xu., J. Lu., and Z. Cui. 2010. A new membrane based 

process to isolate immunoglobulin from chicken egg yolk. Food 

chemistry 122:747-752. 

Liu, J., J. Yang., H. Xu., H. Zhu., J. Qu., J. Lu., and Z. Cui. 2011. Isolation 

of Immunoglobulin from Chicken Egg Yolk using Single-Stage 

Ultrafiltration with 100-kDa Regenerated Cellulose Membranes. 

Int. J. Food. Eng. 7:1556-3758. 

Losso, J. N., and S. A. Nakai. 1994. A simple procedure for the isolation of 

phosvitin from chicken egg yolk. in Egg Uses and Processing 



73 

 

Technologies—New Developments. J. S. Sim and S. Nakai, ed. 

CAB International, Wallingford, UK. 150-157. 

Ntakarutimana, V., P. Demedts, M. Van Sande, and S. Scharpe. 1992. A 

simple and economical strategy for downstreamprocessing of 

specific antibodies to human transferin from egg yolk. J. Immunol. 

Methods 153:133-140. 

Otani, H., K. Matsumoto, A. Saeki, and A. Hosono. 1991. Comparative 

studies on properties of  hen egg yolk IgY and rabbit serum IgG 

antibodies. Lebensm Wiss Technol Food Sci. Technol. London, 

Academic Press 24:153-158. 

Pauly D., P. A. Chacana., E. G. Calzado., B. B. Brembs., and R. Schade. 

2011. IgY Technology: Extraction of Chicken Antibodies from Egg 

Yolk by Polyethylene Glycol (PEG) Precipitation. J. Vis. Exp. 

51:3791-3084. 

Podbielska, M., H. Krotkiewski, and E.L. Hogan, 2012. Signaling and 

regulatory functions of bioactive sphingolipidscas therapeutic 

targets in multiple sclerosis. Neurochem Res. 37:1154-69. 

Polson, A., T. J. Coetzer, J. Kruger, E. Maltzahn, and K. J. vander von 

Merwe. 1985. Improvements in the isolation of IgY from the yolks 

of eggs laid by immunized hens. Immunol. Invest. 14:323-327. 

Powrie, W. D. and S. Nakaï. 1986. The chemistry of eggs and egg 

products. In: Stadelman WJ, Cotterill OJ (eds) Egg science and 

technology. Avi Publishing, Westport, CT, 97-139. 

Privett, O. S., M. L. Bland., and J. A. Schmidt. 1962. Studeis on the 

composition of egg lipid. J. Food Sci. 27:463-468. 



74 

 

Radomsky, M. W. and W. H. Cook. 1964. Chromatographic separation of 

phosvitin, a- and b-lipovitellin of egg yolk granules on TEAE-

cellulose. J. Biochem. 42:1203-1215. 

Reilly, M. R., R. Domingo, and J. Sandhu. 1997. Oral delivery of 

antibodies: future pharmacokinetic trends. Clin. Pharmacokin. 

32:313-323. 

Richards, M.P. 1997. Trace mineral metabolism in the avian embryo. Poult. 

Sci. 76:512-164. 

Shimizu, M., H. Nagashima., K. Sano., K. Hashimoto., M. Ozeki., K. 

Tsuda., and H. Hatta. 1992. Molecular stability of chicken and 

rabbit immunoglobulin G. Biosci. Biotechnol. Biochem. 56:270-

274. 

Shimizu, M., H. Nagashima., K. Hashimoto., and T. Suzuki. 1994. Egg 

yolk antibody (IgY) stability in aqueous solution with high sugar 

concentrations. J. Food Sci. 59:763-772. 

Smith, D. J., W. F. King., and R. Godiska. 2001. Passive transfer of 

immunoglobulin Y antibody to Streptococcus mutans glucan 

binding protein B can confer protection against experimental 

dental caries.  Infect. Immun. 69:3135-3142.      

Stadelman, W. J., and O. J. Cotterill. eds. 1977. Egg Science and 

Technology. Binghamtom, NY:Haworth Press. 

Sugano, H. 1957. Studies on egg yolk proteins .3. Preparation and 

properties of 2 major lipoproteins of the egg yolk, alpha-

lipovitellin and beta-lipovitellin. Journal of Biochemistry, 45:393-

401. 



75 

 

Sugino, H., T. Nitoda., and L. R. Juneja. 1997. General chemical 

composition of hen eggs. In:Yamamoto T, L.R. Juneja, H. Hatta, M. 

Kim, eds. Hen Eggs: Their Basic and Applied Science. New York: 

CRC Press; 13-24. 

Sundararajan, T. A., K. S. V. Sampth Kumar, and P. S. A. Sarma. 1960. A 

simplified procedure for the preparation of phosvitin and vitellin.  

Biochim. Biophys. Acta. 38:360-362. 

Sun, S., W. Mo., Y. Ji., and S. Liu. 2001. Preparation and mass 

spectrometric study of egg yolk antibody (IgY) against rabies virus.  

Rapid Commun. Mass Spectrom. 15:708-712. 

Svendsen, L., A. Croeley, L. H. Ostergaard, G. Stodulski, and J. Hau. 1995. 

Development and comparison of purification strategies for chicken 

antibodies from egg yolk. Lab. Anim. Sci. 45:89-93, 169. 

Taborsky, G., and C. C. Mok. 1967. Phosvitin: Homogeneity and 

molecular weight. J. Biol. Chem. 242:1495-1501. 

Taborsky, G. 1980. Iron binding by phosvitin and its conformational 

consequences. J. Biol. Chem. 255:2976-2985. 

Taborsky, G. 1983. Phosvitin. Adv Inorg Biochem 5:235-279. 

Tan, S. H., A. Mohamedali., A. Kapur., L. Lukjanenko., and M. S. Maker. 

2012. A novel, cost-effective and efficient chicken egg IgY 

purification procedure. J. Immunol. Methods. 380:73-76.  

Ternes W. 1989. Characterization of water soluble egg yolk proteins with 

isoelectric focusing. J. Food Sci 54:764-765. 

Tsutsui, T., and T. Obara. 1982. Hydrophobic components in delipidated 

granule of egg yolk.  Agric. Biol. Chem.  46:2587-2589. 



76 

 

Ueland, P.M. 2011. Choline and betaine in health and disease. J. Inherit 

Metab. Dis. 34:3-15. 

Vega, C., M. Bok, P. Chacana, L. Saif, F. Fernandez, and V. Parreno. 2011. 

Egg yolk IgY: Protection against rotavirus induced diarrhea and 

modulatory effect on the systemic and mucosal antibody responses 

in newborn calves. Vet. Immunol. Immunopath. 142: 156-169. 

Warr, G.W., K. E. Magor., and D. A. Higgins. 1995. IgY clues to the 

origins of modern antibodies. Immunol. Today 16:392-398. 

Wen. J., S. Zhao., D. He., Y. Yang., Y. Li., and S. Zhu. 2012. Preparation 

and characterization of egg yolk immunoglobulin Y specific to 

influenza B virus. J. Anti Viral. 93:154-159. 

Yasui, S.C., P. Pancoska., R. K. Dukor., T. A. Keiderling., V. 

Renugopalakrishnan., M. J. Glimcher., and R. C. Clark. 1990. 

Conformational transitions in phosvitin with pH variation 

(vibrational circular dichroism study). J. Biol. Chem. 265:3780-

3788. 

Zhang, X., N. Qiu., F. Geng., and M. Ma. 2011. Simply and effectively 

preparing high-purity phosvitin using polyethylene glycol and 

anion-exchange chromatography.  J. Sep. Sci. 34:3295-3301. 

Zhang, J., J. Sun., Y. Liu., J. Li., Y. Su., W. Xia. and Y. Yang. 2012. 

Separation and purification of phosvitin phosphopeptides using 

immobilized metal affinity nanoparticles. J. Chromatogr. B. 893-

894:121-126. 

 

 



77 

 

SUMMARY IN KOREAN 

 

       난황에 있는 많은 요소들은 식품과 인간에게 있어서 중요

한 기능성 역할을 하고 있다. 난황으로부터 몇몇의 요소들이 분

리되고 상품화 되어왔지만, 분리방법들은 한 가지 요소만 분리하

고 나머지는 버리기 때문에 상당히 제한적인 단점을 가지고 있다. 

이는 중요한 자연 원천의 손실 및 경제적인 손실을 초래한다. 또

한 많은 분리방법들이 실험실 스케일 수준에서만 개발되었고, 대

량생산하여 산업화하기에는 부적합하다. 

 

      본 연구의 목적은 현재 사용되고 있는 난황의 유효물질 분

리방법들을 비교하고, 면역글로불린 Y, 포스비틴, 인지질 및 중성

지질들을 연속하여 분리정제하는 방법을 개발하는 것이다. 그리

고 각각의 난황에서 분리된 유효물질들이 실용화 되어 쓰일 수 

있도록 효율적인 대량생산화 할 수 있는 방법을 개발하는데 그 

목적을 두었다. 또한, 모든 분리된 요소들은 사람을 대상으로 사

용될 것이므로 본 연구에서는 유독한 시약 및 용매를 최소화 하

거나 사용하지 않는 방법을 개발하고자 하였다. 

 

      본 연구에서 쓰인 주요 방법으로는 물을 이용한 희석, pH 

조절, 원심분리, 한외여과거르기, 그리고 염침전법 등이 있다. 첫 
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단계에서 난황 볼륨의 2배의 물을 이용한 희석 및 원심분리를 통

해 포스비틴을 함유한 과립이 난황으로부터 분리되었다. 포스비

틴은 10%의 염화나트륨을 0.05N 농도의 수산화나트륨 용매에 녹

인 용액을 이용하여 추출되었고, pH를 조절하여 불순물을 제거하

였다. 원심분리 후, 포스비틴을 함유하고 있는 상층액은 한외여

과거르기를 통하여 염 제거 및 농축이 되었다. 그 상층액을 다시 

열처리를 하여 나머지 불순물을 제거한 후 원심분리하고 상층액

을 모아 동결건조 시켰다. 2배의 물을 이용한 희석을 거친 상층

액은 면역글로불린 Y와 지질들을 분리하기 위해 이용되었다. 상

층액을 다시 그 볼륨의 3배만큼의 물을 이용하여 희석하였고, 이 

단계에서 지질단백질을 함유하고 있는 고체부분이 침전이 되었다. 

인지질 및 중성지방은 이 고체부분으로부터 분리가 되었다. 인지

질과 중성지방은 에탄올과 핵산을 처리하여 각각 추출하였고, 회

전증발기를 이용하여 처리한 에탄올 및 핵산을 제거하여 각 물질

들을 분리하였다. 두 번째 물 희석을 거친 액상 부분은 한외여과

거르기를 통하여 농축이 되었고 20%의 포화 황산암모늄과 15%의 

염화나트륨 혼합염을 이용하여 면역글로불린 Y를 침전시켰다. 침

전된 면역글로불린 Y를 다시 물에 녹여 한외여과거르기를 통하

여 염을 제거하고 동결건조시켰다. 전기영동 및 웨스턴블롯 분석

을 통해 분리된 포스비틴의 순도가 90% 이상, 수율이 98% 이상

이고, 면역글로불린 Y의 순도가 90% 이상, 수율이 80% 이상임을 

확인하였다. 
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       본 연구로부터 개발된 방법은 대량생산에 바로 적용될 수 

있도록 고안되었다. 그리고 분리된 난황으로부터의 유효물질들은 

그 분리 공정에 있어서 유기 용매나 유독한 화학물질들을 사용하

지 않았으므로, 사람을 대상으로 하여 식품 및 제약산업에 이용

가능할 것으로 기대된다. 
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