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ABSTRACT 

Egg is one of the major allergens with specific labeling requirements. α-livetin, which 

also called chicken serum albumin (CSA), is one of the major allergens in egg that needs to be 

detected in food matrix. A monoclonal antibody (mAb) specific to α-livetin was developed, but 

the property of this mAb is not clear. The relationship between matrix effect, extractability of α-

livetin and their thermostability during in vitro study need to be elaborated. Our research aims 

(1) to characterize this mAb that is specific to α-livetin; (2) to develop an improved extraction 

buffer for α-livetin (CSA) in egg yolk and chicken blood; (3) we hypothesis matrix-induced 

thermal instability of α-livetin (CSA) because of hydrophobic effect (hydrophobic effect) and 

chemical interaction (thiol-disulfide interchange) interaction. 

mAb was purified from the supernatant using immunoaffinity. Indirect non-competitive 

ELISA was performed to study the selectivity of mAb. Two-dimensional (2D) gel 

electrophoresis was performed to further investigate the isoelectric point (pI). Sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed to study the molecular 

integrity and solubility of the target protein with different pH conditions. BCA assay was 

performed to study the solubility of the protein under different heating conditions. Western blot 

(WB) was performed (1) to study the mAb selectivity; (2) to verify the target protein’s molecular 

weight; (3) to optimize the extractability of the extraction buffer; (4) to investigate 

immunoreactivity of the target protein under extraction buffer with different pH conditions; (5) 

to test the immunoreactivity of the target protein under different heat treatment conditions.  



 ix 

As the results of this study, the target protein of the mAb is α-livetin/CSA (70 kDa). Also 

after compared different buffers, we summarized that on one hand, detergent can increased the 

solubility of the target protein, on the other hand, based on the property of this mAb, the 

reducing reagent was required to cleave the disulfide bond of α-livetin to enhance the 

immunoreactivity intensity. Moreover, α-livetin remained its immunoreactivity under neutral pH 

after heat treatment in the improved extraction buffer, and its immunoreactivity remained after 

heat treatment. Finally, an improved extraction buffer (1 mM DTT with 0.1% SDS in PBS, pH 7) 

was developed. The target protein was successfully isolated. The target protein’s solubility and 

immunoreactivity in complex protein matrix decreased after heat treatment.
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CHAPTER 1 

INTRODUCTION 

1.1 Background introduction 

Poultry products are a plentifull and inexpensive source of high-quality protein because 

of their high protein content (1). Broiler production began in the 1920s (2), and now poultry meat 

is one of the major meat sources in the U.S., with chicken being the most abundant (3, 4). An 

overview of the U.S. slaughter industry in 2015 reported that the total amount of poultry product 

reached a record 46.3 billion pounds of ready-to-cook weight. The total value of production from 

broilers, eggs, turkeys, and the value of sales from chickens reached $48.4 billion in 2014, and 

$48.0 billion in 2015 (3, 4). Among these copious amounts of production, poultry blood is 

considered as the by-product that can be used as a food adulteration, an animal feed, or blood 

meal for plants due to its high protein concentration. However, the poultry products are also 

considered as allergenic allergens according to the US Department of Agriculture (USDA) 

website (5). According to the National Institutes of Health (NIH), allergies to poultry meat have 

cross-reactivity among chicken, turkey, and other poultry (6, 7). People with allergies to poultry 

products (especially chicken) may also have cross-reaction with hen's eggs or other types of eggs 

(such as duck and quail eggs) (8-10). Egg is one of the major allergens with specific labeling 

requirements (11); furthermore, one of the major allergens that exists in egg is α-livetin, which is 

identical to chicken serum albumin (CSA) in chicken blood (12, 13). CSA is a heat labile 

protein, meaning that it’s solubility and immunoreactivity are affected after heat treatment, 
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meanwhile the matrix-induced thermal instability needs to be investigated, too. In addition, as 

the major allergen in egg, it is necessary to characterize α-livetin in order to develop an efficient 

detection method. 

 

1.2 Hypotheses and specific aims 

We hypothesize that: (1) a monoclonal antibody (mAb) has a specific reaction with 

poultry blood and egg, the positive or negative reaction pattern against chicken meat, turkey 

meat and blood of other species, (2) this mAb has a specific reaction to CSA/α-livetin: the 

antibody binds to molecular weight antigenic proteins (in the range of 70 kDa) in chicken blood 

extracts, and corresponds to egg yolk, which contains the identical protein, α-livetin, (3) this 

mAb is a sensitive detection antibody. To test these hypotheses, indirect non-competitive ELISA 

(inELISA) was used to verify the selectivity of mAb. Two-Dimensional gel electrophoresis was 

used to identify the target protein. Reducing and non-reducing SDS-PAGE and Western blot 

(WB) were used to confirm the target protein and further used in characterization of the target 

protein. The extraction ability of different extraction buffers were compared, and the stability of 

the target analyte in several different matrixes with various treatments was studied to further 

understand the property of the protein.  

The overall goal of our study is to (1) perform the characterization of this mAb, (2) to 

isolate the target protein, (3) to compare the extraction ability between different extraction 
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buffers, and (4) further, to study the matrix-induced thermal instability, relative 

immunoreactivity of α-livetin, with different heat treatment conditions. 

 

1.3 Significance 

As an allergen, CSA/α-livetin needs to be characterized with the matrix-induced thermal 

instability effect in vitro. Our study is designed to compare the thermal stability and the relative 

immunoreactivity of this target analyte in different matrices to further characterize its property. 

Meanwhile, this hypothesis-target-protein exists in two different food matrices: blood and egg, 

which means the mAb has the potential to be used both in allergen detection and food additive 

detection.  
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Blood and blood plasma 

Edible whole blood is a good source of protein for the food industry and gardening (14); 

its prevalence has served a need of flavored food (15). Before the time that people realized blood 

is a good byproduct for food, they utilized the blood mostly in feed (16) and fertilization (17). 

However, since people operate it into a profitable channel, it brings much more profits for the 

market. After animal slaughter, blood is one of the vital byproducts which usually called `Liquid 

Protein' (18); it contains proteins (18%) (19), almost as much as lean meat (20%) (20). Usually, 

blood proteins have good functional properties, such as sufficient nutrients, or a thickening 

agent, making them suitable to use in processed food or edible decoration on food. The proteins 

from whole blood can be used for several purposes, such as emulsifiers, stabilizers, color 

additives, and as nutritional supplements (21).  

Blood plays an extremely important role in living creatures; it is the main bodily fluid 

and response in transfer nutrients, oxygen, and wastes products. It is made up of four separate 

components (22), with each performing a different function (23). As shown in Table 1, the 

components of blood have different functions (23). Animal blood contained abundant proteins 

and is considered as an edible byproduct, poultry blood presented the lowest (P < 0.05) protein 

(12%) (20) and the highest moisture (86%) content when compared to bovine blood (19% and 

80%) and porcine blood (19% and 80%), but it contains high isoleucine and lysine content, 
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which is considered a high quality protein (1) that can be be used in food industry (24). The 

edible whole poultry blood can be separated into two constituents: plasma (60% to 80%) and red 

cells (20% to 40%) on a large scale of processing (25). 

Among the blood, plasma is the bulk of the blood volume (26). The component of blood 

plasma is shown in Table 2 (27). Plasma has many properties: it contains over 100 different 

proteins, and it can binds water and fat easily (28). Poultry blood plasma can form a thick gel 

which appears to be similar to cooked egg whites (21). Because of its unique property, poultry 

blood plasma can be used for several purposes: it can be used to form an edible gel in food 

processing, and the gel concentration can be as high as 4.0–5.0% when blood plasma gel been 

formed. Besides, when the concentration of protein in gel increases, the strength of the gel 

increases. So usually the poultry blood plasma can be used in meat products as a gel (29). 

Poultry blood plasma also has an outstanding foaming capacity which can be used in bakery (30) 

and as a substitution of egg white (31). Some proteins in poultry blood have good emulsifying 

properties at their isoelectric point because of their low solubility (32). Poultry blood plasma also 

can be used in blood sausages, or blood pudding beside porcine blood and cow blood (33). It has 

the highest moisture content (95.11%) and lowest protein content (3.46%) compared to the 

plasma of bovine (90.96% and 7.21%) and porcine (91.50% and 6.65%) (1).  

The most abundant and important proteins found in plasma are serum albumin, 

fibrinogen and globulins. Serum albumin in the normal serum (plasma) is 3500-5000 mg/100 ml, 

(table) which has the most abundant amount of blood plasma. Almost all plasma proteins belong 
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to the glycoprotein, which has up to 30% carbohydrate, except serum albumin. Serum albumin is 

one of the plasma proteins that contain no oligosaccharides. The amount of fibrinogen is 200-450 

mg/100 ml, as the most important role of the coagulate system, fibrinogen is the most studied 

one, and it has three pairs of non-identical but homologous polypeptide chains that are cross-

linked by a series of disulfide bonds (α2, β2, γ2). Globulins are high molecular proteins that 

contain hundreds of serum proteins including carrier proteins, enzymes, complement, and 

immunoglobulins (26). The liver is the major organ that synthesizes the globulins while the 

plasma cell is the location of the immunoglobulins that are synthesized (34).  

Plasma components can be used for different purpose (21). However, when the byproduct 

of poultry meat is used for food, the allergenicity of the adding components is one of the major 

considerations besides culture and religion (35). Regulatory requirements are also important 

because many countries restrict the use of meat by-products for reasons of food safety and 

quality (20). 

 

2.1.1 Chicken blood plasma  

Chicken blood plasma is an important functional component in chicken blood, not only 

because its common function for the chicken itself, but also because the nutrition of the egg 

depends on the transition of blood (36). As early as 1936, as a hypothesis, Roepke supposed that 

chicken egg-yolk proteins might be derived in an existing form from the serum (36). The major 
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yolk constituents were identical with serum proteins was proved by Williams through peptide 

map (37). 

One of the studies in 1980 has illustrated that it specifically studied the chicken blood 

plasma instead of other studies which focus on bovine or porcine blood. They did not only 

compare the components between dialyzed and freeze-dried protein, but they also compared the 

amino acid composition of protein. Protein solubility was studied under different pH and sodium 

chloride concentration as well, and it turned out that the plasma protein was 100% soluble in 

both acid and alkaline solutions, although dialyzed plasma was slightly (5.0) higher that the 

undialyzed plasma (4.5). Meanwhile, the sodium chloride also contributes to the plasma’s 

solubility, especially among the range of 0.1-0.5M (38). The proteomic analysis of chicken blood 

plasma has been studied in 2004. This article has demonstrated the proteins exist in chicken 

blood plasma which pooled eight 18 day-old commercial broilers’ plasma and use SDS-PAGEA 

identified 84 chicken proteins. Based on the SDS-PAGE information, the highest abundance 

proteins in chicken blood plasma are serum albumin and immunoglobulins. There are also faint 

bands that are presented which indicate they have relatively low concentrations. The results may 

be because of apoptotic activities, synthesis and/or secretion, among others, from tissues 

throughout the body (39). Chicken blood plasma has a high nutrition value that is the byproduct 

of slaughtered chicken (38). Usually the porcine blood plasma is the more common adulteration 

in the food industry, but with the poultry production increasing each year, chicken blood plasma 

is beginning to be utilized for several purposes (40). Chicken blood plasma can be used in many 
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rendering processes; the chicken blood plasma is characterized by its high content of good 

quality protein and energy. Cakes having higher proteins and less fat could be produced by 

utilization of chicken blood plasma. The bread used dialyzed plasma instead of the 5% of flour 

increased from 10.8% in control to 14.8% in the bread (41). 

 

2.2 Serum albumin 

Over the years, serum albumin is one of the most important functional protein in blood 

plasma that have been studied. Serum albumin’s reorganization of principal components date 

back to 1839 (42), it was first named albumin after Latin “albus”, which means white (43). It 

belongs to globular protein that have common properties such as water soluble, and marginally 

stabile. Each molecular can binds seven fatty acid and transferred them over body. The 

milestone, “The plasma protein” introduces that serum albumin is one of the “paramount part”, 

not only for its dominant concentration, but also its binding capacity, and function of 

transportation. It’s property of high charge and electrophoretic mobility can help people to 

observe the changes of serum albumin’s concentration as a diagnosis for many diseases (26). 

This protein also plays an important role in pH maintenance, different isomeric forms of serum 

albumin exist depending on the pH value of solution (44). Besides, serum albumin exists in 

poultry has a relatively high similarity to the human protein (61–63%) and moderate sequence 

identity (46–49%) (45). Due to the protein’s similarity, the structure study of all of these proteins 

is important as a reference for this study.  
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The structure component has significantly influence the property of serum albumin, 

which it has unusual ligand-binding properties (44). Usually the structure of protein contains 

several domains (46), the larger molecular size is, the more domains it has. Most commonly 

protein contains four domains, meanwhile serum albumin contains three domains (47, 48), which 

lead to its property of flexibility, 6 helices consist each domain and form a hydrophobic channel 

and hydrophobic amino acid residues attached at the ends, large-small-large loops can form a 

triplet and made up each domain. Serum albumin is α-helical protein with several disulfide 

bridges that stabilize the structure, the α-helix content of human serum albumin is as high as 55-

75%, the high percentage of this structure contribute to be clustered within the long loops and in 

the sections connecting the domains (43). On the other hand, the long loops are non-helical.  

Serum albumin usually has 9 loops that it can form colloids in water, it is a thermal labile 

protein which can form water-insoluble aggregates (45). It is highly negative charge under 

neutral pH, so that is could be highly dissolved in solutions, as its role as the major protein in 

blood (44). The PI value of serum albumin is 4.6-4.8 (49), the environment make the molecule 

bind the positive ion effectively. At this point, proteins adopt compact structures that do not 

permit folding and adsorption at the interface (50). 

On the other hand, serum albumin which exists in animal blood is also considered as an 

unusual allergen. Especially the serum albumin of some mammalian and avian can be 

allergenicity to sensitive human body, which have high sequence identity and similarity between 

serum albumin in human body (45). 
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2.2.1 Serum albumin extraction 

Because serum albumin functional properties, this protein usually been extracted from 

blood plasma for further study (51). There are many factors, including fatty acids, dyes, metals, 

and amino acids, could affect the matrix properties and affect the extracted amount of protein. 

Extraction ability can be affected by many variables. Also, extraction ability is one of the other 

most important factor that could directly influence the further study of the target protein and 

ELISA assay’s effect to do antigen detection (52). 

Based on several conditions, the extraction buffer can be chosen to increase the extraction 

ability: First, the ionic environment of the cell which the target protein from. Second, the 

stability of protein stability should be maintained during every stage of the procedure (53). 

Because serum albumin belongs to globular protein, the highly water-soluble property makes it 

easier to extract out by water. The extraction buffer which is commonly used for serum albumin 

of chicken and bovine are list in Table 3. PBS (neutral pH) is commonly used as the extraction 

buffer or solute buffer of serum albumin. In the 2001, one article from Spain illustrate the 

property of chicken serum albumin, and use IgE pool from recruited patients who suffered from 

egg allergic to. The sample was prepared with separated egg yolk and acetone was used to 

remove fat (54). 

Since the structure of chicken serum albumin protein has 17 disulfide bonds (44), which 

means it is difficult to be reduced without any reducing agent (55). The disulfide bond can be 

cleaved by a reducing agent (55). Dithiothreitol (DTT), as an excellent reagent for maintaining 
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SH groups in reduced state and quantitatively reduces disulfides, can reduce protein disulfide 

bonds effectively and further use the protein for SDS-PAGE and ELISA. 

 

2.2.2 Thermal and pH characteristic of serum albumin 

The thermal characteristic of chicken serum albumin is rarely studied, however bovine 

serum albumin is considered to be the more commonly used protein (56), so it is more studied 

compare to chicken serum albumin. bovine serum albumin can be consulted as a reference to be 

use in this study.  

As mentioned by Borzova in 2016, albumin protected by fatty acids is more stable and at 

constant conditions the endothermic peak connected with its unfolding is very well reproducible. 

The studies were carried out at different temperatures (60 °C, 65°C, 70°C and 80°C) in 0.1 M 

phosphate under pH of 7. The result showed that at 65 °C the stage of protein unfolding and 

begun to aggregate. At 60 °C the rates of unfolding and aggregation are commensurate, at 70 °C 

the rates of formation of the primary and secondary aggregates are equal, and registration of the 

initial stages of aggregation is complicated by formation of large-sized aggregates under 80 °C. 

They further used DSC to monitor the kinetics of thermal denaturation of BSA. The thermal 

characteristics of albumin are pH-dependent (57). Another publication has indicated that at pH 6-

7 of non-defatted bovine albumin is soluble in high concentrations of ammonium sulfate (2.1 M) 

or ethanol (40% v/v, at -5 ºC), but can be precipitated by acidifying to pH 5. They investigated 
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the thermal denaturation of non-defatted bovine serum albumin, the molecular weight would thus 

be 66,948. This change would reduce the nitrogen content to 16.30% (58).  

 

2.2.3 Chicken serum albumin 

The same as other species of blood plasma, the most abundant protein in chicken blood is 

chicken serum albumin (59). Chicken serum albumin molecule is made up of three homologous 

domains (I, II, III), 17 disulfide bonds help divided them into nine loops (L1-L9). The amino 

acid sequence is presented in Table 4 (59) Based on similarity with other serum albumins, the –

SH groups are be linked in 17 disulfide bridges and the serum albumin was dimerized (60). 

Quirce notes that Chicken serum albumin is a heat-labile protein (6). Positive skin tests 

and serum IgE against egg yolk, chicken serum, chicken meat, bird feathers, and chicken 

albumin were observed from the eight patients. After consumption of egg yolk or homemade 

mayonnaise, all the patients experienced itching and burning in mouth. However, seven out of 

eight patients showed negative effect towards main egg white allergens: ovalbumin, ovomucoid, 

ovotransferrin and lysozyme. The same as the structure of other species serum albumin, chicken 

serum albumin contains three major domains, which is unstable. As Quice mentioned in 2006, 

chicken serum albumin reduced IgE reactivity by almost 90% after heat treatment under 90°C for 

30 min. Tests performed in the homes of allergic individuals confirmed the presence of airborne 

chicken serum albumin. But the isolated/purified chicken serum albumin is barely characterized. 
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Table 4 demonstrated the comparison of chicken serum albumin (CSA) between different 

species. 

 

2.2.4 Turkey serum albumin 

Turkey is another prevalent poultry product in US. It is more consumed as the special 

dishes for Thanksgiving, turkey meat allergy also has been reported when chicken meat allergy 

presented (61). One of the studies in 1996 indicates that the cooking temperature of turkey ham 

affects turkey serum albumin, the study used a polyclonal antibody to do cross-reactivity and 

further compared unheated turkey ham and cooked ham in 66.8 ºC, 68.3 ºC, 69.7 ºC, 71.1 ºC, 

72.2 ºC, 73.7 ºC, respectively. The result of indirect competitive ELISA showed that the 

antibody react to turkey serum albumin has a cross-reaction towards to chicken serum albumin as 

well, though the decrease of absorbance did not decrease as much as turkey serum albumin (62).  

 

2.3 Hen egg 

Hen egg are the most nutritious food commodity that could provide the essential amino 

acids and bioactive compounds to the human body (63), it also contains important bioactivities 

such as antioxidant, antihypertensive and anti-inflammatory (64-66). It is considered as the most 

comprehensive and cheap protein source all over the world. Because of its protein’s property, it 

is widely used as an ingredient in cooking and baking. Egg contains comprehensive proteins and 

numerous nutrition values like choline, lutein and zeaxanthin, which all have benefit to age 



 14 

related diseases. It contains other dietary components that may protect individuals from obesity 

or oxidative stress.  

3 major components build up egg: eggshell (9–12%), which contribute as a physical 

barrier to protect the components inside, most of the component is egg white (60%) and the 

function of it is to supply nutrients to the fetus, and yolk (30–33%) as the fetus (65). Proteins 

present in egg are distributed among the egg white and yolk, whereas lipids are mainly 

concentrated in the yolk. The major component of egg white and egg yolk are presented in Table 

5. Major proteins present in egg white and egg yolk are listed in Table 6. Yolk also contains 1% 

carotinoides so that the color is yellow (63). 

 

2.3.1 Livetins fraction 

As listed in table, livetins are known to be composed of three different fractions, α-, β- 

and γ-livetin (67). The whole livetin fractions has been firstly demonstrated with ammonium 

sulphate at 37% saturation by Williams (37), proteins were shown clearly with different 

molecular weight (Table 7). Alpha livetin is one of the major protein in egg yolk, which identical 

to chicken serum albumin, this linkage between egg and chicken has been proved. Many yolk 

constituents are essentially blood serum proteins which have been transferred to the ovary and 

incorporated into the egg cell by receptor-mediated endocytosis, and this has been reported for α-

livetin, which derives from serum albumin. Meanwhile, γ-livetin, that is derives from serum IgY 

(68), which is similar to IgG exists in mammalian animals.  
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Williams first identified β-livetin also called α-glycoprotein it has the similar molecular 

weight with ovalbumin (37), but not the same protein. He identified γ-livetin also called γ-

globulin, and it is the immunoglobulins exists in egg yolk. moreover, since it has been identified 

as the antibody, it has potential to use as therapeutic or immunochemical assay (69).  

One publication of Ulrichs use FTIR to study the heat-induced changes in the protein 

secondary structure of reconstituted livetins in 2015 (70). The temperature of the livetin fractions 

change from 25 °C to 95 °C within 20 min, every 5 °C the spectra were recorded. The 

comparison between chicken serum albumin and α-livetin are summarized in Table 8. 

 

2.4 Allergies 

2.4.1 Chicken meat allergy 

Due to information from United States Department of Agriculture (USDA) website, red 

meat and poultry could also cause allergic reaction (5). Though it is extremely rare in the general 

population (35), there are still cases reported that poultry meat could cause allergenicity. 

National institutes of health reports that poultry meat allergy is a distinct disorder with cross-

reactivity among chicken, turkey and other poultry. Two patients showed positive skin prick test 

result towards chicken, turkey and duck meat with allergy symptoms towards poultry 

contamination, Cahen used these two patients IgE to do immunoblotting and showed a result 

with inhibition experiment that the allergenic proteins present in poultry meat have distinct bands 

with molecular weight of 21, 23 and 50 kDa, and faint bands with molecular weight of 13, 27 
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and 33kDa. Turkey has an additional band at 91kDa. He also observed that these two patients’ 

IgE do not react with alpha livetin (71). Meanwhile three cases have been reported that the 

patients are allergic to chicken meat in the absence of egg allergy regard to a case report by 

Michael C. Zacharisen (61). A 41 years old male developed severe chest tightness and abdominal 

cramping after ingestion of chicken meat. He showed positive reaction towards chicken meat, 

with negative signal towards hen egg. As reported by Zacharisen, the chicken meat allergy could 

induce severe clinical symptoms which begin as an adult, and lead to further sever allergy. While 

after expand sample size, people who are sensitive to eggs may also show positive skin testing to 

chicken meat, but the allergy reaction are rare or mild towards chicken meat (72). On the other 

hand, a case has been reported that chicken meat could cause anaphylaxis syndrome with no 

allergies to eggs or feathers (73). 

 

2.4.2 Bird-egg syndrome 

The particular sensitization to bird serum antigens induce the allergy to egg yolk is called 

“bird-egg syndrome” (74). There must be one protein that is presented in both eggs and poultry 

that can cause allergies to both foods (9). Chicken serum albumin/ α-livetin (59) is one of the 

reason cause bird egg syndrome when consuming chicken meat (7). Chicken serum albumin can 

cause allergenicity both as an inhalant and a food allergen (6), especially this so called ‘bird-egg 

syndrome’, which may cause both respiratory and food-allergy symptoms. The allergic towards 

egg and poultry feather is very common.  
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2.4.3 Hen egg allergy 

As one of the cheapest and comprehensive protein source, the multiple use of hen egg as 

an ingredient in cooking and baking area lead to another important issue: egg allergy (75). Hen 

egg is one of eight major foods that cause 90% allergies with specific labeling requirements 

under Food Allergen Labeling and Consumer Protection Act (FALCPA) of 2004 (11), FALCPA 

requires packaged food products sold in the U.S. containing egg as an ingredient should be 

specific label out by manufacturers, including the percentage of egg. Egg allergy is found has 

positive oral food challenges among 2/3 of children and there is a tendency of increase in egg 

allergic-children with the risk of asthma among 107 children with atopic dermatitis (76). 

Children who have never eat egg may cause respiration reaction, the reaction can be ranged from 

mild reactions to anaphylaxis (77). Eggs are introduced into diet around 10-12 months of age, so 

it is most commonly occurs onset of egg allergy at this period (78), most reactions occur on fist 

exposition to egg. However, further studies are needed to clarify their role in egg hypersensitivity 

The major allergens exist in egg white are ovalbumin (OA), ovomucoid (OVM), 

ovotransferrin (OTf), and lysozyme (Lyz) (79). As list in Table 9, these proteins are major 

proteins lead to allergic. The protein α-livetin (Gal d 5), which identical to chicken serum 

albumin in chicken blood, is the fifth major protein, which exists in egg yolk, cause egg allergy 

(13). Vitellenin (apovitellenin I), apoprotein B (apovitellenin VI) and yolk glycoprotein have 

been identified as additional egg yolk allergens but still their properties are not clear (80, 81). 

Egg allergy are mainly caused by these five major allergenic proteins and they are responsible 
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for immunoglobulin E (IgE) mediated reactions. It can cause anaphylaxis symptom, especially 

among children group, based on data from FDA, milk and egg allergy is prevalence among 1-2% 

for young children and 0.2-0.4% in the general population. 

Because of its oral ingestion, egg allergy is defined as an adverse immune response. The 

only way to prevent egg allergy is to follow an egg-free diet. Thermal processing often not only 

influences the allergenicity of food allergens’ structure, but also by modify chemical due to 

reaction between allergens and other food components, (e.g. sugar, polyphenols, oxidized lipids). 

Besides, the heating condition can also affect the tolerogenicity (the ability to induce tolerance) 

(75).  

 

2.4.3.1 Gal d 1 Ovomucoid (OVM)  

OVM is the dominant allergenic components in egg white, and it is the most crucial 

allergen in the majority of egg allergic patients (79). OVM occupied 11.0% (w/w) of the total 

proteins in egg white. It has a molecular weight of 28 kDa, comprising 185 amino acids (82). 

OVM is heat stable, and it is the only stable allergen after heat treatment. Because it has three 

structurally independent tandem domains (I, II and III), and cross-linked by three intra-domain 

disulfide bonds, this structure contributes to the stability of this molecule against heat 

denaturation. An early study discussed that this protein structure of OVM is unfolded by heating 

20 min under 90 °C, however this denaturation is reversible, which means the protein refolds 

back after cooling back to normal temperature. It retains IgE reactivity after heat process 
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(100 °C, 30 min), in a double blind, placebo-controlled food challenge test, 16 out of 17 patients 

who have OVM allergy patients still have positive response towards to egg white with 60 min 

heat treatment under 90 °C (83).  

 

2.4.3.2 Gal d 2 Ovalbumin (OVA)  

Ovalbumin is known to be the storage protein with molecular mass of 45 kDa (59), which 

serve as biological reserves of amino acids and ions of metal for body organisms. Even its 

component is as high as 60-65% in egg white (84), it is the second major protein which can 

cause severe allergy. It is a heat labile allergen which begins to denature at 78 °C, and 

completely unfold at 80°C (85). OVA could be refolding after cooling back, but with presence of 

salt the denaturation become irreversible. The allergenicity of some heat labile protein will lost 

after heat treatment because of the conformation epitope or sequential epitope for IgE antibodies 

has lost. OVA could not be completely reduced by short time heating, a study in 2013 (86) has 

discussed that OVA reduced in whole egg boiled at 100°C for 30 min, but not with 10 min of 

heating under 100°C. 

 

2.4.3.3 Gal d 3 Ovotransferrin (OVT) 

Ovotransferrin, which also called conalbumin, is a 60 kDa allergen exists in egg. It 

comprises 12% (w/w) of egg white protein with 686 amino acids and its major function is to bind 

ferric ion (87). It has the same amino acid sequence as the transferrin in human serum and 
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contains 15 disulfide bonds (88). Valenti (89) proved that OVT has the ability of 

suppressing bacteria (Pseudomonas sp., Escherichia coli, Streptococcusmutans), which can be 

used in food safety.  

 

2.4.3.4 Gal d 4 Lysozyme (LYZ) 

LYZ compromise 3.5% (w/w) based on total protein in egg white, though it is not the 

major protein in egg white, it is the fourth allergen exist in egg, it is a 14.3 kDa glycoprotein with 

129 amino acid residues, with four disulfide bonds and no free –SH groups (90). It is one of the 

special protein that can help to be used in pharmaceutical products because of its anti-bacterial 

property (91). This property helps against bacteria in egg, and the protein involves in the 

mechanism of catalytic degradation of cell wall peptidoglycan and subsequent bacterial lysis. 

LYZ is considered as a heat labile protein, a study demonstrated that in neutral pH, after 1- 2 

minutes of 100 °C heating the protein is still stable, however after. Highly acidic conditions, 

such as in stomach cause LYZ degradation. 

 

2.4.3.5 Gal d 5 α-livetin 

α-livetin is the first allergen which been detected in egg yolk (37); In 1995, Szépfalusi 

firstly confirmed this protein is an cross-active allergen in bird egg syndrome (7). He pooled sera 

from different groups with either positive or negative reaction towards egg yolk, egg white and 

bird feather for different groups and use 0.125 M ammonium hydrogen carbonate, 0.015 sodium 
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azide with ration of 1:10 under pH 8.3 for 20 hours, the extract methods followed the method of 

Ipsen in 1983 (92). Most of the articles which use egg as the source of α-livetin would separate 

the fraction and dispersed with acetone first (54) and further use PBS as the solution to dissolve 

the protein (6).   

According to the temperature and time, the egg usually has several heating process: Raw 

(Room temperature), soft boiled (3 min, 100 °C), hard boiled (20 min, ≤100 °C) (93), baked 

(>100 °C, 30 min) (94, 95). There are cases reported that children who can tolerate cooked egg 

has anaphylactic reaction to raw egg (95, 96). Even in 2017, Yanagida clarified that cooked egg 

yolk could be consumed by children who have egg yolk allergy so their life quality could 

improve (97), there are still many cases reported that people with egg yolk allergy should avoid 

consuming cooked egg (72).  
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CHAPTER 3  

MATERIALS AND METHODS 

3.1 Materials 

Commercial chicken serum albumin was purchased from Equitech-Bio Inc. (Kerrville, 

TX, USA). Bromophenol blue was purchased from Allied Chemical Corporation (Morristown, 

NJ). 40% Acrylamide/bis solution (0254) was purchased from Bio-Rad Laboratories, Inc. 

(Hercules, CA). Coomassie Brilliant Blue R-250 (BP101-50), 0.5 M Tris-HCl buffer (pH 6.8, 

161-0799), 1.5 M Tris-HCl buffer (pH 8.8, 161-0798), 7 cm pH 3 to 10 immobilized pH gradient 

(IPG) strips (163-2007), Precision Protein StrepTactin-HRP conjugate (161-0380), Precision 

Plus Protein All Blue Prestained Protein Standards (161-0373), Precision Plus Protein Unstained 

Standards (161- 0363), Precision Plus Protein WesternC Standards (161-0376), Protein A 

MAPSII binding (151- 6161) and elution buffer solids (153-6162), rehydration/sample buffer 

(161-2306), ReadyPrep 2-D Starter Kit Equilibration Buffer I (163-2107) and II (163-2108), 

SDS-PAGE Molecular Weight Standards, Broad Range (161-0317), supported nitrocellulose 

membrane (162-0115), 10 × Tris/Glycine buffer (161-0734), 10 × Tris/Glycine/SDS 

electrophoresis buffer (161-0732) were purchased from Bio-Rad Laboratories, Inc. (Hercules, 

CA). Luminol (21864) was purchased from Chem-Impex International (Wood Dale, IL). Acetic 

acid (AX0073-9), ammonium persulfate (APS, BP179-100), bovine serum albumin (BP1605-

100), citric acid (A110-3), dimethyl sulfoxide (DMSO, BP231-1), dithiothreitol (DTT, BP172), 

hydrochloric acid (A508), Pierce BCA Protein Assay Kit (23225), sodium bicarbonate 
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(NaHCO3, BP233-500), sodium carbonate (Na2CO3, S495-500), sodium chloride (NaCl, S271-

3), sodium citrate dehydrate (S279), sodium dodecyl sulfate (SDS, BP166-500), sodium 

phosphate dibasic anhydrous (Na2HPO4, S374-500), sodium phosphate monobasic anhydrous 

(NaH2PO4, S397- 500), Tris base (BP152-500), Tween 20 (BP337-500), β-mercaptoethanol 

(BP176-100) were purchased from Fisher Scientific (Fair Lawn, NJ). 2,2’-azino-bis (3-

ethylbenzothiazoline-6- sulfonic acid) diammonium salt (ABTS, A1888), ethanolamine 

(411000), goat anti-mouse IgG (H+L) horseradish peroxidase conjugate (Fc specific, A2554, 

anti-IgG-HRP), goat anti-rabbit IgG (whole molecule)-HRP (A0545), hydrogen peroxide 

solution (30%, g/g, H1009), hen egg yolk (E0625), N, N, N’, N’-tetra-methylethylenediamine 

(TEMED, T9281), p-Courmaric (C9008), and Ponceau S (P3504) were purchased from Sigma-

Aldrich Co. (St. Louis, MO). Transferrin antibody (MAI-19013) was purchased from Thermo 

Scientific (Waltham, MA). Acetone (BDH1101) and methanol (BDH1135) was purchased from 

VWR International (West Chester, PA). All chemicals and reagents were of analytical grade. All 

solutions were prepared using pure deionized water from the NANOpure Diamond ultrapure 

water system (Barnstead International, Inc., Dubuque, IA). All buffer ingredients are 

summarized in Table 10,  

Whole blood from goat and sheep were purchased from Lampire Biological Laboratories, 

Inc. (Pipersville, PA, USA). Whole blood from bovine, horse, rabbit and turkey were purchased 

from the Hemostat Laboratories Inc. (Dixon, CA, USA). While whole blood from pig and 

chicken were freshly collected from local farms (Tallahassee, FL, USA). 50 mL of 3.8% (g/mL) 
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sodium citrate (anticoagulant) was added for every 450-mL blood during collection. Four lean 

meats (beef shoulder steak, chicken fillet, pork loin, and turkey breast) and the hen egg were 

purchased from local markets (Tallahassee, FL, USA).  

 

3.2 Methods 

3.2.1 Sample preparation 

Chicken blood plasma was collected after centrifugation at 3,000 g for 15 min at 4 °C. 

The precipitates contained chicken blood cell was collected. Hen egg yolk was separated 

carefully from egg white using towel paper, egg yolk and egg white were collected, respectively. 

Egg yolk, egg white, chicken whole blood, chicken blood plasma and chicken blood cell were 

stored at -80 °C for two hours and further be lyophilized using a freeze dryer (Laconco Co., 

Kansas City, MO, USA) under -148 °C. All blood samples were stored at -20 °C until use. All 

meats were ground twice using a meat grinder and stored at -80 °C before use.  

To study the selectivity of the mAb and the extraction ability of different extraction 

buffers to the target protein, Rao and Hsieh (98) were referenced for different blood and meat 

samples preparation with modifications. Unless otherwise specified, all sample extractions were 

performed at 4 °C; sonication was performed at 50 % amplitude for 10 s three times using a 

Q125 Sonicator (Qsonica, LLC., Newtown, CT, USA); all samples were homogenized twice, 1 

min each at 11,000 rpm of speed using a ULTRA-TURRAX T-25 basic homogenizer (IKA 

Worlks, Inc., Wilmington, NC, USA) and rotated 1 hour at room temperature, followed by 
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centrifugation at 20,000 g for 15 min at 4 °C. The samples were heated at 100 °C/ 600 rpm for 

15 min using a thermomixer (Eppendorf, Hamburg, Germany). 

Blood was defrosted at 4 °C for 12 hours prior to experiment, meat samples were 

defrosted at room temperature (RT) until fully defrosted for 1 hour. In order to prepare heated 

samples, raw meat and blood were weighted 4 grams (fish meat samples were mashed 

thoroughly manually using pestle), respectively. After heat treatment, cooked samples were 

mixed with the same weight of the extraction buffer. To prepare raw samples, 4 grams of raw 

meat of different species was weighted. Raw meat samples were mixed with the same weight of 

extraction buffer. Raw blood samples was diluted by extraction buffer (dillution factor 1:100). 

Homogenization and sonication were applied to all samples. Centrifugation was performed twice 

after end-over-end rotation to all cooked and raw samples. Precipitates were removed after first 

time centrifugation, supernatant was collected after filtered through filter paper (Waltman, 

Piscataway, NJ, USA) .  

Powder samples (80 mg, each) were rehydrated by 4 ml of 1 mM DTT-0.1% SDS-

phosphate buffered saline (PBS, pH 7.3). After 2 hr rehydration at room temperature (RT), 

samples were applied with 30 sec of vortexing followed by centrifugation (20,000 g, 4°C, 15 

min) twice. For the cooked samples, after heat treatment, centrifugation was performed twice 

after rotation. The supernatant was collected. 

 In order to study the extraction ability of different buffers, 2 groups were prepared: egg 

yolk and chicken blood plasma, also further devide into two groups: heated sample and raw 
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sample. Fistly,1 gram of egg yolk powder was weighted and dissolved in chloroform (10 ml) for 

4 hours to get the defatted egg yolk powder. After aspiration filtration through 0.22µm 

nitrocellulose membrane (Millipore). The residuals were evaporated overnight. Particles were 

collected after evaporation. For each group, 4 mg of defated egg yolk powder and chicken blood 

plasma were dissolved in 1 ml of phosphate-buffered saline (PBS, pH 7.3), 0.1% sodium dodecyl 

sulfate (SDS)-PBS, 1 mM dithiothreitol (DTT)-PBS, and 1 mM DTT-0.1% SDS-PBS (99). After 

1 hr rehydration at room temperature (RT), samples were applied with 30 sec of vortexing. 1 

tube of each buffer was further used for heat treatment, the other one was used as raw group. 

Chicken blood plasma (powder) and egg yolk powder (defatted) were heated at 100 °C/ 600 rpm 

for 15 min using a thermomixer (Eppendorf, Hamburg, Germany). Centrifugation was performed 

once after rotation. The supernatant was collected for future experiments. 

 

3.2.2 Antibody characterization 

The selected mAb was purified using a Bio-Scale Mini Affi-Prep Protein A Resin 

Cartridge (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Antibodies was purified according 

to the method from Ey, Prowse, and Jenkin (1978) (100) with modifications. The Protein A 

MAPS II binding buffer salts (Bio-Rad) was added to antibody supernatant. After rotation, until 

fully dissolved, the supernatant was filtered through a 0.45 µm syringe filter (Millipore, Billerica, 

MA) and centrifuged at 3000 g under 4 °C for 15 min using a 5810 R centrifuge (Eppendorf, 

Hamburg, Germany). The supernatant was further degassed for 15 min.  
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The Econo-Pac Protein A cartridge (Bio-Rad) was connected to Bio-Rad Econo System. 

After equilibration with binding buffer, the supernatant was loaded at a flow rate of 0.5 mL/min. 

Model EM-1 Econo UV Monitor (Bio-Rad) was used to monitor the binding signal of the 

supernatant at 280 nm. The peaks showed up once proteins reach the UV light. The effluent was 

collected and reloaded another three times to the column at the same speed. The column was 

washed by binding buffer with the same flow rate until the peak is back to the baseline. The 

antibody was eluted with elution buffer at 1 mL/min and collected by a fraction collector. 325 µL 

of 1 M Tris- HCl (pH 8.8) was added in each fraction in advance to neutralize the eluate.  The 

absorbance of each fraction was read at 280 nm using a SmartSpec 3000 spectrometer (Bio-Rad) 

and the fractions which contain IgG was concentrated at 4 °C with a Centricon centrifugal filter 

device (MWCO: 10 kDa, Millipore, Darmstadt, Germany) at 3000 g using a 5810R Centrifuge 

(Eppendorf). The IgG was dialyzed against 10 mM PBS at 4 °C with four changes of buffer and 

was filtered through a 0.22 µm syringe filter (Millipore). The IgG concentration was determined 

using a BioTek Take3 Micro-Volume Plate at 280 nm (BioTek, Winooski, VT). The extinction 

coefficient at 280 nm was 1.4 for a 1 mg/mL IgG solution SDS-PAGE (12% separating gel and 

4% stacking gel) was used to check the purity of IgG. All reagents in IgG purification was 

degassed for 15 min before using. Indirect non-competitive ELISA and WB was used to 

characterize this mAb, and further use this purified antibody to characterize the target protein. 
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3.2.3 Two-dimensional (2D) gel electrophoresis 

In order to confirm the target protein, 2D gel was performed to see. After being 

centrifuged at 4 °C, 16,000 g for 15 min, the supernatant of chicken blood cooked in 0.1% SDS 

in PBS was taken into another clean tube, and water was used as the dilution buffer (1:1), BCA 

assay was applied to determine the protein concentration. IPG strip with the pH range required 

for optimum separation of the proteins (3-10) was rehydrated by putting the gel into the tray, 

which loaded with 125 µL rehydration buffer and 8µg of the sample, then the strip was 

transferred to the corresponding channel in the focusing tray 2 ml mineral oil was covered on the 

top (plastic side), the focusing tray was then placed in the PROTEAN® IEF System (Bio-Rad) 

and active rehydration through focusing was performed overnight at 20 °C (Rehydration for 12 

hours, afterward use 0-250 V for 15 min, 250-4000 V for 2 hours, 4000 V for 5 hours, then hold 

at 500 V). At the end of focusing, the mineral oil was removed off by gently blotting by dry filter 

for the plastic side of strip and wet filter for the gel side, orderly. 

The strip was equilibrated with 2 ml of equilibrant buffer I on the shaker for 10 min, and 

then was transferred into 2 ml equilibrant buffer II for 10 min on the shaker, the strip was dipped 

5 times before transfer to the top of gel used for SDS-PAGE. WB was performed to test the pI 

value of the target protein. 
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3.2.4 Extraction ability  

Reducing and non-reducing SDS-PAGE (Figure 12) were used to study the profile of 

CSA dissolved in PBS and CSA dissolved in 0.1% SDS 1mM DTT in PBS. SDS-PAGE was 

performed to study the molecular integrity of target analyte under different condition, WB was 

performed to study the immunoreactivity of different samples. Different samples were suspended 

in selected buffers; samples were mixed 1:1 (mL/mL) with SDS sample buffer (2× Laemmli 

Buffer). Commercial CSA (0.5 µg/13 µL) was used as the standard. 

 

3.2.5 CSA islolation 

CSA was isolated in two steps followed the procedure in Figure 1. Unless otherwise 

specified, all subsequent manipulations were performed at 4 °C; all centrifugations were 

performed at 15,000 g for 15 min. First, CSA was isolated from chicken plasma (5 g) by AMS 

precipitation. Chicken blood plasma was taken to 40%, 50%, and 60% AMS saturation by 

stepwise addition of solid AMS followed by vortex 10 sec, 2 hr incubation, and centrifugation at 

10,000 g for 15 min each. The remaining supernatant was further taken to 70% AMS saturation 

and was incubated overnight, the supernatant of 70% AMS saturation was collected after 

centrifugation at 10,000 g for 15 min. The precipitates of different AMS saturation were all 

suspended in 5 mL of the elution buffer (20 mM Tris-HCl containing 1 M NaCl, pH 9), 

respectively, and analyzed on a 12% SDS-PAGE. Acetone was added to the selected fractions’ 

solution four times the volume before incubation at -20 °C for 1 hr and followed with 
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centrifugation. The washing (2 times the volume) and centrifugation steps were performed two 

times more without incubation. The precipitate was incubated at room temperature (RT) for at 

least 1 hr to allow residual acetone to evaporate. The isolated CSA was suspended in 5 mL of the 

binding buffer (20 mM Tris-HCl, pH 9), with 1 hr rehydration at RT. The sample was then 

centrifuged and filtered through a 0.45µm syringe filter (Thermo Fisher Scientific Inc., Fair 

Lawn, NJ, USA).   

Second, the isolated CSA was purified by anion exchange chromatography using the 

Econo system (Bio-Rad Laboratories Inc. Hercules, CA, USA) at RT. The binding buffer and 

elution buffer were passed through a 0.22 µm GSWP filter (Millipore, Bedford, MA) and then 

dispensed into separate autoclavable and airtight glass vials (Fisher). A Bio-Scale Mini 

UNOsphere Q Cartridge (Bio-Rad) was regenerated with 1M NaOH and the system speed was 

calibrated. The protein solution was loaded onto the pre-equilibrated (binding buffer) column at a 

flow-rate of 0.5 mL/min for three times. The column was washed (1 mL/min) with the binding 

buffer until the signal is back to baseline. Elution of protein was carried out in elution buffer by 

17 mM stepwise increment of salt concentration. 70 fractions was collected by fraction collector 

with the elution rate of 1 mL/min. Bio-Rad SmartSpec 3000 Spectrophotometer was used to 

measure the absorbance of each fraction under 280 nm, and the binding buffer was used as the 

blank. A gradient change was generated with the stepwise increment of salt concentration, 

fractions was selected to analyze on SDS-PAGE according to the value of absorbance increment. 

Selected fractions was analyzed on reducing and non-reducing SDS-PAGE and WB to test the 
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immunoreactivity. Selected CSA fractions were pooled together and were further concentrated 

with Amicon Ultra-4 50 kD Centrifugal Filter Devices (Merck Millipore Ltd., Tullagreen, 

Carrigtwohill, Co. Cork, Ireland) at 3,000 g, 5-10 min each time. 

 

3.2.6 pH effect and thermostability of CSA 

To study the pH effect, commercial CSA was dissolved in PBS and 1mM DTT with 

0.1%SDS in PBS (SDS DTT PBS) (1 mg/mL) under different pH (3, 7, 10), respectively. After 

centrifugation, the supernatant were transferred and WB was used to check the stability of CSA, 

the pH of the buffer which has the highest solubility and stability was chosen to do further study. 

To study the matrix effect on the thermostability of CSA, two extraction buffers (PBS, SDS DTT 

PBS) were compared, three models were established for each extraction buffer (Figure 2). Model 

1 was the commercial CSA dissolved in the extraction buffers (2 mg/mL). Model 2 was chicken 

blood plasma’s protein extracts (2 mg/mL) and model 3 was freeze dried egg yolk (defatted) 

dissolved in extraction buffers (2 mg/mL). Unless otherwise specified, each sample was 

subjected to two heat treatments (RT, 60 °C and 100 °C). Each sample under different 

temperature would heat with different time (15 min and 30 min). The samples heated were 

prepared using a thermomixer (Eppendorf) at 600 rpm. If heat-induced precipitates were visible 

to the naked eye, the samples were centrifuged at 20,000 g for 15 min at 4 °C. All unheated and 

heated samples were analyzed using SDS-PAGE and WB. Reducing SDS-PAGE was used to 
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study the matrix effect on thermostability of CSA, WB was performed to investigate the 

immunoreactivity of the selected samples. 

The aggregation temperature of CSA was determined using a Zetasizer Nano ZS90

�Malvern Instruments, Ltd, UT). The kinetic thermal aggregation of the CSA solution (1.0 mL) 

was performed in the temperature range from 20 °C to 85 °C with 1 °C increase. The 

equilibration time between each temperatre was 240 s.  

 

3.2.7 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Western 

blot (WB) 

SDS-PAGE was performed to (1) check the purity of IgG and isolated chicken serum 

albumin; (2) study the effect of temperature and heating time on molecular integrity of the target 

protein. Western blot was performed to (1) study the selectivity of the mAb; (2) investigate the 

target analyte of antibody; (3) study the effect of pH, temperature, and heating time on the 

antigenicity of target protein.  

Briefly, different samples were separated by SDS-PAGE (4% stacking gel and 12% 

separating gel) using a Mini-PROTEAN Tetra Cell (Bio-Rad). First, raw and heated animal 

whole blood protein (bovine, chicken, goat, horse, porcine, sheep, and turkey), chicken 

plasma/cells protein, animal meat protein (bovine, chicken, porcine, and turkey), chicken serum 

albumin, and purified IgG were separated by SDS- PAGE (4% stacking gel and 12% separating 

gel) using a Mini-PROTEAN Tetra Electrophoresis Cell (Bio-Rad) (101). The running was 
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performed at 200 V for 50 min. One gel was stained with staining solution. After staining for 1 h, 

the gel was merged in disdaining solution I for 2 h with two changes of solution. Then it was 

immersed in disdaining solution II overnight (8 hours). The separated protein bands from another 

gel were transferred to nitrocellulose membrane (Bio-Rad) using the Trans-Blot Turbo Blotting 

System (Bio-Rad) according to the instruction manual. The running condition was 25 V for 30 

min.  

 The protein profile was visualized by Coomassie blue staining. And according to the 

manufacturer’s instructions, Trans-Blot Turbo Blotting System (Bio-Rad) was used to do the 

transformation of the separated protein bands with unstained gel to a 0.45 µm nitrocellulose 

membrane (Bio-Rad). After being transferred successfully, this membrane was visualized with 

Ponceau S Staining, and further blocked with antibody buffer. After incubation with the selected 

mAb which diluted in the antibody buffer for 1 hr at RT, the membrane was further incubated 

with anti-IgG-HRP and the Precision Protein strep Tactin-HRP conjugate (1: 50,000, µL/µL, 

Bio-Rad) dissolved in the antibody buffer. The blotted antigens were detected using the luminol 

chemiluminescence method, and the incubation time of each step was at least 1h at RT. Several 

times of washing with PBST was performed between each step. All images from SDS-PAGE 

and WB were captured by Azure C600 Imaging System. The image was analyzed using the 

AzureSpot software (version 14.2, Azure Biosystems Inc., Dublin, CA, USA). 
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3.2.8 Enzyme-Linked Immunosorbent Assay (ELISA) 

Indirect non-compatitive ELISA (inELISA) was performed to screen the selectivity of the 

developed mAbs. Unless otherwise specified, during each step of this assay, the added reagent 

volume was 100 µL/well; the incubation time was 1 h at 37°C; and three washes were performed 

after each step with washing buffer PBST (0.05% v/v Tween-20 in 10 mM phosphate buffered 

salin (PBS), pH 7.2) using a microplate washer (Bio-Rad). Depending on the experiment’s 

purpose, different properly diluted samples (whole blood, powder, and meat extracts, CSA) were 

dissolved in 50mM carbonate-bicarbonate buffer (CB, pH 9.6) and were coated onto a 96-well 

polystyrene high binding microplate (Corning Inc., Corning, NY, USA). After coating, the plate 

was blocked with 200 µL/well blocking solution (1% BSA (g/ mL) in PBS). After blocking, the 

purified antibody diluted in antibody buffer was added in the antibody screening test. After the 

primary antibody incubation, the secondary antibody (2.87 ppm goat anti-mouse IgG (Fc 

specific) horseradish peroxidase (HRP) conjugated (anti-IgG-HRP, Sigma-Aldrich) diluted in 

antibody buffer was added into each well. After incubation and five washes, substrate solution 

(0.4 mM ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salts, 

Sigma-Aldrich) was add to the plate with 1.5 µL of 30% hydrogen peroxide in 10 mL of 100 

mM phosphate-citrate buffer (pH 5.0) for color development at 37°C in the dark for 10-30 min. 

This step was stopped by adding 1% (g/mL) SDS solution at room temperature, and the optical 

density (OD) was measured at 415 nm by a microplate reader.
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Antibody purification 

The IgG in the monoclonal antibody supernatant was successfully purified by 

immunoaffinity chromotography. As shown in Figure 3, there are only two bands observed on 

the gel. Due to the disulfide bonds between the heavy chain and light chain that were destroyed 

using β-mercaptoethanol during heating (96 °C, 5 min), IgG was separated into the heavy chain 

(50 kDa) and light chain (25 kDa). The IgG concentration was 0.825 mg/mL.  

 

4.2 Screening test of the monoclonal antibody 

InELISA was performed to study the selectivity of this monoclonal antibody, and poultry 

blood has the strongest signal towards to this antibody. From the result (Figure 4), poultry blood 

showed the selectivity to both raw and cooked poultry blood (chicken and turkey). No positive 

interaction was observed for both raw and cooked meat samples. Meanwhile, raw porcine blood 

also showed positive interaction (A415 nm > 0.2). The results could be confirmed by cross-

reactivity with secondary antibody.  

In addition, we further confirmed which part of the poultry blood contains the target 

analyte. Chicken blood plasma and egg yolk, when compared to chicken blood cells, showed 

positive signal. Meanwhile, chicken blood plasma showed the strongest positive interaction (A415 

= 0.915). Because the major protein in chicken blood plasma is CSA, which accounts for more 
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than 80% of total blood plasma proteins. Therefore we hypothesis the target protein is CSA. 

To observe the molecular weight of target analyte, same samples were performed by 

SDS-PAGE and WB. From Figure 6 (A), SDS-PAGE showed that samples were separated 

successfully based on different molecular weight; raw samples contained more protein bands. 

Meanwhile, since WB showed this mAb can detects the target protein from raw and heated 

poultry blood, a band at 70 kDa was observed in these samples’ extracts. This pattern was also 

observed in both raw and heated chicken blood plasma. As shown in Figure 6 (B), this mAb 

reacted with chicken blood plasma; chicken serum albumin has a molecular weight of 70 kDa. 

Raw and cooked powder samples were compared by WB. On one hand the result shows same 

screening outcome as indirect noncompetitive ELISA. On the other hand, the result also 

demonstrates that after heat treatment, the target protein showed higher antigenicity by color 

intensity comparison. The band intensity of chicken blood plasma shows the highest 

immunoreactivity compared to others. These results are paralleled previous screening tests.  

 

4.3 Target analyte 

A two-dimensional gel was run to further examing the pI value of the target analyte 

(Figure 8). Two-dimensional gel electrophoresis was performed to separate proteins based on 

their different isoelectric points. The isoelectric point was 4.7, which ia the same as chicken 

serum albumin. WB was performed using commercial chicken serum albumin to verify the target 

protein’s confirmation. As shown in Figure 6 (B), a 70 kDa band was observed, indicating that 
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chicken serum albumin shows immunoreactivity to this mAb. Therefore, the target analyte of 

this mAb is chicken serum albumin. The cross-reaction to turkey blood is caused by 84.2% 

identity (59). 

From Figure 7, a 50 kDa band shows in porcine raw blood. This false positive is caused 

by the interaction of porcine blood IgG with secondary antibody (anti-IgG-HRP). Porcine plasma 

protein contains around 10% immunoglobulins while IgG takes up the most significant amount. 

Although the secondary antibody is mouse specific, the cross- reactivity happens by the common 

epitopes mouse IgG and porcine IgG sharing. This false positive was also confimed by inELISA 

(Figure 5).  

 

4.4 CSA isolation 

SDS-PAGE and WB were used to confirm the CSA content in different percentages of 

AMS saturation (Figure 9), SDS-PAGE showed that different soluble protein bands were 

observed under different AMS saturation. As shown in Figure 9, the molecular weight of major 

protein band in 70% AMS saturation was 70 kDa. The other AMS saturation showed more bands 

with different molecular weights. The supernatant showed the heavey band at 70 kDa, and a light 

band at 20 kDa.  

This result is crucial to this study since it confirms that most CSA in blood plasma can be 

isolated by AMS saturation effectively.The major protein (70 kDa) in 70% AMS saturation is 

CSA, while there are more interference soluble proteins in other AMS saturations. Based on the 
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result of SDS-PAGE (Figure 9), the pellet from 70% AMS saturation was selected in further 

steps. Furthermore, SDS-PAGE and WB of different fractions (Figure 10) were performed to 

check the antigenticity of collected fractions. With the increase of salt concentration, protein was 

eluted from the column. The results shown in Figure 10 (B), tubes 24-70 were chosen to be 

further concentrated. The final concentration is 1.5 mg/mL. Three batches were performed. 

 

4.5 Buffer selection 

Two methods, SDS-PAGE and WB, were used to compare the solubility, extraction 

ability, and antigenicity of the target analyte (antigen) in different buffers. The protein profiles of 

chicken blood plasma and defatted egg yolk samples (raw) dissolved in different buffers were 

generated by reducing SDS-PAGE and non-reducing SDS-PAGE (Figure 12 A and B). Reducing 

gel was used to compare the extraction ability, and solubility. Non-redcuing gel was performed 

to compare the immunoreactivity between buffers with DTT and without DTT. Two models 

were compared: Egg yolk powder (defatted) and chicken blood plasma powder. Information 

about these powders is demostrated in Table 11 and Table 12. As summarized in Table 13, 

different buffers’ properties were compared.  

First, according to Figure 12 (A), SDS PBS showed the highest extraction ability in both 

reducing gel and non reducing gel, which means the extraction buffer containing SDS shows 

hight extraction ability. As for antigenicity, the WB of chicken blood plasma transferred from 

non-reducing gel showed that samples without DTT do not show any antigenicity towards to this 
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antibody before heat treatment, even the gel information showed positive band at 70 kDa, but 

after heat treatment the bands show up in PBS and SDS PBS with less color intensity compare to 

samples with reducing reagent, which means the antigenicity towards to this mAb need reducing 

reagent to cleave the disulfide bond.  

Second, WB shows that the buffer contained SDS has higher extraction ability, and the 

immunoreactivity needs to be enhance by DTT. In Figure 13 (A), for the raw group, only egg 

yolk sample in SDS DTT PBS showed immunoreactivity towards mAb, and after heat treatment, 

egg yolk in SDS PBS and DTT PBS also showed signal at the molecular weight of 70 kDa. 

Based on their color intensity, a hierarchy for the immunoreactivity between mAb and different 

extract buffer for raw egg yolk powder of non-reducing samples was SDS DTT PBS> DTT 

PBS>SDS PBS>PBS. As a combination, SDS DTT PBS was chosen to perform further study. 

 

4.6 pH effect 

In order to further study the effect of pH on thermostability and antigenicity of target 

analyte, two buffers were selected for further study:  PBS was used as the control group and 

1mM DTT 0.1%SDS in PBS was used as the comparison extraction method. Solubility of two 

different buffers were compared by reducing and non-reducing SDS-PAGE, antigenicity was 

tested by WB. Commercial CSA was dissolved in the selected buffers at the same pH conditions 

(pH 3, pH 7 and pH 10) and studied by reducing gel and nonreducing gel, respectively. No 

precipitation was observed in all samples of PBS, meanwhile precipitates were observed in SDS 
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DTT PBS under acidic pH. The precipitates were removed by centrifugation at 20,000 g. From 

Figure 11 (A), SDS-PAGE shows beside sample in SDS DTT PBS under acidic pH, all the other 

samples show good solubility. The most intense band of CSA in PBS is under the alkaline pH, 

which means the solubility of CSA under alkaline pH was higher compare to neutral pH in PBS. 

For CSA in SDS DTT PBS under acidic pH, from SDS-PAGE, no protein was observed at 

70kDa, and no immunoreactivity was observed from WB. Beside CSA in SDS DTT PBS under 

acidic pH, all the samples were chosen to perform the further study to optimize the extraction 

buffer. 

Same amount of CSA was dissolved in same volume of selected buffer. From Figure 11 

(B), in PBS group we can observe that before heat treatment the antigenicity shows the strongest 

signal when pH was 10, after heat treatment, from SDS-PAGE the solubility decreased 

accompany with antigenicity decreased. And on the contrary, sample in SDS DTT PBS 

maintained its solubility and antigenicity at the neutral pH after heat treatment. This proved that 

even CSA has stronger solubility in PBS (pH=10), heat treatment will cause solubility decrease 

and further influence the antigenicity study. In conclusion, SDS DTT PBS (pH 7) is a more 

steady and robust extraction buffer for further thermostability study. 

 

4.7 Thermostability 

From the results of Zetasizer Nano ZS90, the aggregation point of CSA in PBS was 71 

˚C, the aggregation point of CSA in SDS DTT PBS was 72 ˚C. In order to study the matrix effect 
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on thermostability of proteins (solubility, molecular integrity, antigenicity), three models were 

compared: commercial CSA, chicken blood plasma and defatted egg yolk. In Figure 15 (A), 

protein bands in different buffers were observed in the unheated chicken blood plasma samle 

(modle 2), unheated egg yolk (modle 3),  while only one major band at 70 kDa was observed in 

CSA (model 1). This similar result was also observed in Figure 16 (A). The quantity of target 

analyte in modle 2 and modle 3 was unknow due to matrix complexity while it was known in 

modle 1. On the other hand, all models have a fixed protein content becase each heated sample 

was prepared from its unheated supernantant. This is crucial to this study because it is conducive 

to quantitative analysis of target analyte between different heating times within the model. 

 As summarized in Table 14, the solubility of the protein was tested by BCA assay. The 

solubility of target analyte decreased significantly after 15 min of 100˚C heating when using PBS 

as the extraction buffer. Samples in modle which dissolved in SDS DTT PBS decreased 

significantly after heating at 60 ˚C for 15 min, and keep decreased significantly when heating 

temperature was increased. However, the solubitily of the target analyte in model 1 which 

dissolved in PBS shows relatively constant. 

Meanwhile, the solubility of modle 2 and modle 3 in PBS decrease significantly after 

heating at 60 ˚C for 15 min, and keep decreased significantly with heating temperature was 

increased. These results indicate that heat-induced insoluble protein aggregates in model 2 and 

model 3, but not in model 1. On the other side,  the solubility of modle 2 and model 3 decreased 

significantly from 100 ˚C heating for 15 min in SDS DTT PBS, and keep decreased significantly 
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after heating temperature was increased. The results indicate that the solubility increased in 

model 2 and model 3 after heat treatment when using SDS DTT PBS as the extraction buffer, 

which means when using the improved buffer, the solubitily of target analyte in model 2 and 

model 3 increased because matrix effect has been decreased or eliminate.  

 From Figure 15 (B) and 16 (B), the antigenicity increased significantly in model 1 after 

heating at 100˚C for 15 min, in two different extraction buffers. But the percentage of the color 

intensity increase in SDS DTT PBS was 10 percent higher than in PBS. Meanwhile model 2 

showed the immunoreactivity decreased significantly after heating at 60˚C for 30 min in PBS, 

but decreased significantly after heating at 60 ˚C for 15 min in SDS DTT PBS. No significant 

change was observed in model 3 when the samples was dissolved in SDS DTT PBS. However, 

we observed significant increase of color intensity in PBS. All of the SDS-PAGE in this study 

was performed with reducing sample buffer.  

The results indicate that heat treatment could help the target epitope expose more towards 

to mAb in PBS. However, our improved buffer has already helped the target antigen exposed to 

the mAb without heating process. The WB showed when the target analyte was in a more 

complex protein matrix, the antigenicity of target analyte decreased significantly with heating 

temperature and heating time were increased (modle 2 in SDS DTT PBS) since the epitopes have 

already exposed. Meanwhile, the hypothesis needs to be further comfirmed experimentally.
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CHAPTER 5 

CONCLUSION AND LIMITATION 

5.1 Conclusions 

In summary, the molecular weight of this target analyte is 70 kDa with a pI around 4.8, 

after characterization, the target analyte of this mAb is α-livetin (CSA). Chicken serum albumin 

has been successfully isolated from chicken blood plasma using the chromatography. And the 

solubility and immunoreactivity of the target protein under different conditions were confirmed 

using SDS-PAGE and Western blot, respectively.  

An improved extraction buffer has been developed to enhance the extraction efficiency, 

SDS can enhance the solubility of protein, and DTT can cleave the disulfide bond to expose the 

target epitope to this mAb. In the pH selection study, the effect of pH on target analyte was 

studied in SDS DTT PBS: the strongest immunoreactivity was achieved at pH 7 while the 

weakest one was observed at pH 3. In PBS, samples under alkaline condition has the highest 

solubility,  but become insoluble after heat treatment. The thermostability of  target analyte was 

studied. Heat-induced water insoluble protein aggregates occurred in matrix samples when using 

PBS as the extraction buffer. After heat treatment, protein’s solubility decrease, but antigenicity 

increased in PBS. While in our improved extraction buffer group, the extraction ability of α-

livetin increased and the antigenicity maintained no significant difference after heating in 

chicken blood plasma, but decrease significantly in egg yolk matrix. In conclusion,  α-livetin 

remains its antigenicity stability at neutral pH after heat treatment in matrix.  
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5.2 Limitations 

This study is the foundation of assay development, the improved extraction buffer need to 

be further used into IcELISA. Further more, InELISA need to be performed to confirm the 

antigenicity of different heating time since SDS-PAGE involved another varialble: sample 

preparation with heating. This extraction buffer was specificly towards to this mAb. We make a 

conclusion that the epitope specific to this mAb was buried inside the disulfide bond, but the 

epitope information is still not clear. 
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APPENDIX A 

TABLES 

Table 1. Major components of blood and their functions (23). 
Name Percentage (%) Functions 
Blood cells 45  
   Red   Carry oxygen around the body and remove carbon 

dioxide. 
   White   Help the body to fight infection. 
Platelets 1 Tiny cells that trigger the process that causes the blood to 

clot (thicken). 
Plasma 55 Yellow fluid that transports blood cells and platelets 

around the body and contains several substances, 
including proteins. 

 
 
 
 
 
 
 
 
 
 
Table 2. Blood plasma major components (27). 
 
  

Composition Percentage (%) 
Water 90 
Electrolytes, Nutrients, Organic waste 1-3 
Proteins 7-9 
  Albumins   80 of total proteins 
  Globulins   16 of total proteins 
  Fibrinogen   4 of total proteins 
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Table 3. Commonly used extraction buffers for serum albumin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Comparison of chicken serum albumin (CSA) between different species (59). 

Species Molecular weight 
(Da) 

AA 
number 

Identity with CSA 
(%) 

Accession 
number 

Chicken 69,918 615 100.0  P19121 
Human 69,367 609 44.8 P02768 
 47,360    
 45,160    
Bovine 69,293 607  42.0 P02769 
Turkey 69,902 595 84.2 G1NCR2 
Porcine 69,692 607 40.7 P08835 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Name Buffer Purpose 
Chicken serum 
albumin 

Phosphate-buffered 
saline (PBS)  
Distilled water  
TBS with 1%  
SDS (g/mL) 

Structure change (70); Thermal 
stability (13); Selectivity of IgE (102) 
Cross-reactivity (7) 
Storage stability (103)  

Bovine serum 
albumin 

Water  
PBS  
0.9% NaCl  

Effect of pH (58)  
Thermal denaturation and aggregation 
(104) 
Effect of pH and temperature (105) 
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Table 5. Protein profile of egg white and egg yolk (63). 
Constituent %, (w/v) Major component relative %, (w/w) 
Egg white 63 Proteins (9.7−10.6):  
    ovalbumin (54) 
    ovotransferrin (12.0) 
    ovomucoid (11) 
    ovomucin (3.5) 
    lysozyme (3.4) 
    G2 globulin (4.0) 
    G3 globulin (4.0) 
    ovoinhibitor (1.5) 
    ovoglycoprotein (1.0) 
    ovoflavoprotein (0.8)  
    ovomacroglobulin (ovostatin) (0.5) 
    cystatin (0.05) 
    avidin (0.05) 
Egg yolk 27.5 Proteins (15.7−16.6) 
    spovitellenin (I−VI) (37.3) 
    lipovitellin apoproteins (40.0) 
      α -lipovitellin 
      β -lipovitellin  
    livetins (9.3) 
      α -livetin (serum albumin)    
      β -livetin (α2-glycoprotein)  
      γ-livetin (γ-globulin) 
    phosvitin (13.4) 
    biotin-binding protein (trace) 
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Table 6. Major protein component of egg white and egg yolk (65). 
Components  Content (%) 
 egg white egg yolk  
Water 88% 50% 
Protein 11% 15-17% 
Lipids 1% 31-35% 
Carbohydrates  1% 

 
 
 

Table 7. Profile of livetin fractions (37).  
Protein Molecular weight 

(kDa) 
Isoelectric point 

  α-livetin 70 4.6-4.8 (49) 
  β-livetin 45 4.3-5.7  
  γ-livetin 180 (106) 5.7-7.6 

 
 
 
 
Table 8. Property comparison of chicken serum albumin (CSA) and α-livetin. 
   
 
 
 
 
 
 
 
Table 9. Five major allergens exist in hen egg (59,79). 

 

Protein % in chicken blood 
plasma (w/w) 

% in egg 
yolk (w/w) 

Isoelectric 
point 

Denaturation 
point (°C) 

CSA 8 (107)  4.6-4.8 (49)  70 (70) 
α-livetin  0.6 (108) 4.6-4.8 (60) 70 (70) 

Allergen Common  
name 

Constitute 
(%) 

Molecular 
weight (Da)  

Heat 
treated 

Allergenic 
activity  

Gal d 1 Ovomucoid 11 22,591 Stable +++ 
Gal d 2 Ovalbumin  54 42,881 Unstable ++ 
Gal d 3 Ovotransferrin  12 77,777 Unstable + 
Gal d 4 Lysosome 3.4 14.3 (109) Unstable  ++ 
Gal d 5 α-livetin 0.6 69,918 Unstable ++ 
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Table 10. Buffer ingredients. 
Buffer Ingredients 
IgG purification  
Binding buffer�pH=9� 31.4% [g/mL] MAPS II binding buffer solids� 
Elution buffer (pH=3) 2.2% [g/mL] MAPS II elution buffer solids� 
1 M Tris-HCl, pH 8.8  1 M Tris base, pH adjusted to 8.8 using 12.1 M HCl  
10 mM Phosphate buffered saline, pH 7.2 (PBS) 76.8 mM Na2HPO4, 26.7 mM NAH2PO4 and 1.49 M NaCl 
ELISA  
50 mM Carbonate-bicarbonate buffer, pH 9.6 15 mM Na2CO3 and 35 mM NaHCO3� 
50 mM Phosphate-citrate buffer, pH 5.0 (PCB) 50 mM Na2HPO4 and 25 mM Citric acid� 
PBST, pH 7.2� 0.05% [mL/mL] Tween 20 in PBS 
Blocking buffer, pH 7.2 1% BSA [g/mL] in PBS 
Antibody buffer, pH 7.2� 1% BSA [g/mL] in PBST 
0.4 mM ABTS substrate� 0.4 mM ABTS and 1.5% [mL/mL] H2O2 
Stopping buffer 1% [g/mL] SDS 
SDS-PAGE and Western blot  
2 × Sample buffer (Reducing) 62.5 mM of 0.5 M Tris-HCl (pH 6.8), 25% (mL/mL) glycerol, 2% [g/mL] 

SDS, 0.01% [g/mL] Bromophenol Blue and 1/19 [mL/mL] β-
mercaptoethanol 

2 × Sample buffer (Non-reducing) 62.5 mM of 0.5 M Tris-HCl (pH 6.8), 25% (mL/mL) glycerol, 2% [g/mL] 
SDS, 0.01% [g/mL] Bromophenol Blue 

Running Buffer 25 mM Tris base, 192 mM glycine and 0.1% [w/v] SDS� 
Staining solution 0.025% [g/mL] Coomassie Brilliant Blue R250, 40% [mL/mL] Methanol 

and 7% [mL/mL] acetic acid 
Distaining solution 1 40% [mL/mL] Methanol and 7% [mL/mL] acetic acid 
Distaining solution 2 5% [mL/mL] Methanol and 7% [mL/mL] acetic acid 
Transfer Buffer 25 mM Tris and 192 mM glycine� 
Ponceau S staining solution 0.1% [g/mL] Ponceau S and 5% [mg/mL] acetic acid 
Blocking Buffer 1% BSA [g/mL] in PBST� 
Washing buffer PBST 
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Antibody Buffer 1% BSA [g/mL] in PBST� 
Chemiluminescent color development solution A 25 mM Luminol, 9 mM p-Coumaric acid and 100 mM of 1 M Tris-HCl 

(pH 8.8) 
Chemiluminescent color development solution B 0.06% [mL/mL] 30% H2O2 and 100 mM of 1 M Tris-HCl (pH 8.8) 
Two-dimensional gel electrophoresis  
Rehydration buffer 

 

6 M Urea, 2% [g/mL] SDS, 0.375 mM of 1.5 M Tris-HCl (pH 8.8), 20% 
[mL/mL] glycerol and 2% [g/mL] DTT� 

Equilibration buffer I 6 M Urea, 2% [g/mL] SDS, 0.375 mM of 1.5 M Tris-HCl (pH 8.8), 20% 
[mL/mL] glycerol and 2.5% [g/mL] iodoacetamide 

Equilibration buffer II  

CSA isolation 20 mM Tris-HCl, pH 9 
Binding buffer 1 mM NaCl in 20 mM Tris-HCl, pH 9 
Elution buffer  
Stability of CSA   1mM DTT-0.1% SDS-10mM PBS; PBS (pH 7) 
Extraction buffer  

 
 
 
 
 

 

Table 10 – continued  



 51 

Table 11. The water content of chicken blood. 
Sample  Before freeze dryinga (g) Weight loss (g) Water contentb (%) 

Chicken whole  blood 1 11.50 9.95 86.52 
Chicken whole  blood 2 11.04 9.53 86.32 

Average   86.42 
Chicken blood plasma1 15.00 14.25 95.00 
Chicken blood plasma1 14.71 13.93 94.69 

Average   94.85 
Chicken blood cell 1 7.42 4.9 66.04 
Chicken blood cell 2 7.71 5.05 65.49 

Average   65.77 
a Denotes freeze-drying was performed at -44°C, 144 µBar. 
b Water content is calculated as the ratio of weight loss to weight before freeze drying. 
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Table 12. The water content of egg yolk 
Sample  Before freeze 

dryinga (g) 
Weight 
loss (g) 

Water 
contentb (%) 

Before 
defat (mg) 

Weight 
loss (mg) 

Fat 
content 

Egg yolk  33.80 16.40 48.52 1000 579.4 57.94% 
Egg white  96.73 84.28 87.13    

a Denotes freeze-drying was performed at -44°C, 144 µBar. 
b Water content is calculated as the ratio of weight loss to weight before freeze drying
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Table 13. Buffer selection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a : R: raw; H: heated (100 ˚C for 15 min); b: the solubility of 2 mg/mL of chicken serum albumin in extraction buffer.  × denotes that 
sample solution is crowded 
 
 

 
 
 
 
 
 

Buffer pH 1 mM 
DTT 

0.1% 
SDS 

Abbreviation Extractability Heat 
treatment a 

Solubility 
(2 mg/ mL)b 

10 mM 
phosphate 
buffered 

saline 
 (pH 7.2)  

3 - - PBS ** R  
- - - H × 
+ + SDS DTT PBS - R × 

7 - - PBS 
 

** R  
- - * H  
- + SDS PBS **** R  
- + **** H  
+ - DTT PBS * R  
+ - - H  
+ + SDS DTT PBS 

 
*** R  

+ + *** H  
10 - - PBS 

 
** R  

- - * H × 
+ 
+ 

+ 
+ 

SDS DTT PBS 
 

** R  
** H × 
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Table 14. Thermosability of CSA. 

Buffer Sample Temperature (˚C) Heating time (min) Solubility (%) Antigenicity (%) 
PBS CSA RT 0 100 100 
  60 15 98 94 
   30 97 101 
  100 15 84 c 109a 
   30 79 c 98 
 EY RT 0 100 100 
  60 15 90b 90 
   30 91 a 87a 
  100 15 76 b 76c 
   30 75 c 89 
 CBP RT 0 100 100 
  60 15 95b 115c 
   30 91b 111b 
  100 15 79b 117c 
   30 72c 113b 
DTT SDS PBS CSA RT 0 100 100 
  60 15 89a 111 
   30 81b 111 
  100 15 75c 119a 
   30 77c 107 
 EY RT 0 100 100 
  60 15 97 86c 
   30 96 84c 
  100 15 81b 70c 
   30 78b 55c 
 CBP RT 0 100 100 
  60 15 96 103 
   30 97 103 
  100 15 82b 92 
   30 88a 91 
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Table 14 – continued  

a : there is a significant difference 0.02< P < 0.05.  
b : there is a significant difference 0.001< P < 0.02. 
c : there is a significant difference 0.0001< P < 0.001
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APPENDIX B 

FIGURES 

 

Figure 1. Isolation of CSA from chicken blood. 
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Figure 2. Schema of sample preparation in three models.  
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Figure 3. SDS-PAGE of purified mAb. The loading mass was 0.5µg.  
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Figure 4. Screening test for mAb using indirect non-competitive ELISA.�The results were denoted as A415 ± SEM (n = 2). A415 > 
0.2 was considered as positive. (A) animal meat (B: bovine; C: chicken; T: turkey; P: porcine; Sa: salmon.); (B) animal whole blood 
(CSA: chicken serum albumin B: bovine; C: chicken; Cc: chicken blood cell Cp: chicken blood plasma G: goat; H: horse; P: porcine; 
R: rabbit; S: sheep; T: turkey); (C) chicken blood and egg in powder form (C: chicken blood; Cc: chicken blood cell; Cp: chicken 
blood plasma; EY: egg yolk; EYs: commercial egg yolk; EW: egg white) 

A B 

C 
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Figure 5. Secondary antibody cross-reactivity test for mAb using indirect non-competitive ELISA.� The results were denoted as A415 
± SEM (n = 2). A415 > 0.2 was considered as positive. CSA: chicken serum albumin; Cb: chicken blood; Cbp: chicken blood plasma; 
Cm: chicken meat P: porcine; T: turkey) 
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Figure 6. SDS-PAGE and Western blot to study the selectivity of the mAb.�(A) SDS-PAGE of raw and heated animal blood protein 
extracts (CSA: chicken serum albumin B: bovine; C: chicken; Cc: chicken blood cell Cp: chicken blood plasma G: goat; H: horse; P: 
porcine; R: rabbit; S: sheep; T: turkey); (B) Western blot of (A); (C) SDS-PAGE of raw and heated meat (B: bovine; C: chicken; T: 
turkey; P: porcine; Sa: salmon) and powder form (C: chicken blood; Cc: chicken blood cell; Cp: chicken blood plasma; EY: egg yolk; 
EYs: commercial egg yolk; EW: egg white) samples; (D) Western blot of (C).. The loading mass of each lane was 1.5 µg.  
 
 
 
 
 
 

A 

B 

C 

D 
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Figure 7. Western blot to study the selectivity of the mAb. The loading mass of each lane was 1.5 µg. 
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Figure 8. Two-dimensional gel electrophoresis of heated whole chicken blood.�Western blot. Heated chicken whole blood (100 ˚C, 
15 min), the loading mass for the first dimension was  6 µg.  
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Figure 9. SDS-PAGE of AMS saturation � 
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Figure 10. Chromatography purification, SDS-PAGE and WB. (A) A280 of different fractions during chromatography. (B) SDS-
PAGE of different fractions (12-62). (C) WB of different fractions (13-55) 
 

 

A 

B C 
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Figure 11. The effect of different buffer on molecular integrity and extraction ability of  protein in chicken serum albumin. (A) SDS-
PAGE; (B) Western blot of (A).
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Figure 12. The effect of different buffer on molecular integrity and extraction ability of  protein 
in chicken blood plasma.�(A) Non-reducing SDS-PAGE; (B) Western blot of (A). (C) Reducing 
SDS-PAGE; (D) Western blot of (C). The loading mass for each lane was 1.5 µg.I: PBS; II: SDS 
PBS; III: DTT PBS; IV: SDS DTT PBS. 
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Figure 13. The effect of different buffer on antigenicity of target protein in defatted egg 
yolk.� (A) Western blot of non-reducing gel; (B)Western blot of reducing gel. I: PBS; II: SDS 
PBS;  III: DTT PBS; IV: SDS DTT PBS 
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Figure 14. SDS-PAGE and Western blot to study the effect of pH and thermostability of chicken serum albumin.�(A) SDS-PAGE; 
(B) Western blot. The loading mass for each lane was 1.5 µg. (R: raw sample; H: heated sample)  
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Figure 15. SDS-PAGE and Western blot to study different temperature and heating time on thermostability in PBS. (A) SDS-PAGE; 
(B) Western blot. The loading mass for EY and CBP RT lane was 1.5 µg,   CSA was 0.5 ug, the rest load by same volume as RT. 
(CSA: chicken serum albumin; EY: egg yolk; CBP: chicken blood plasma)  
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Figure 16. SDS-PAGE and Western blot to study different temperature and heating time on thermostability in SDS DTT PBS. (A) 
SDS-PAGE; (B) Western blot. The loading mass for EY and CBP lane was 1.5 µg,   CSA was 0.5 ug, the rest load by same volume as 
RT. (CSA: chicken serum albumin; EY: egg yolk; CBP: chicken blood plasma)
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Bachelor of Science                  Food Science and Engineering, Nanjing University of  
 2012                                          Technology.  

Research Experience                                             

August 2015 - Present                     Graduate Research Assistance, Florida State University  

Advisor: Dr. Qinchun Rao               Projects: Characterized monoclonal antibody specific to  
                                                                         proteins in poultry product. 
                                                                         Measured effect of pH, thermal processing 
                                                                         effect on protein characteristics.  
                                                                         Developed monoclonal antibodies specific to 
                                                                         proteins in food matrix.  

June 2011 - June 2012                      Research Assistance, Nanjing University of Technology         
Advisor: Dr. Yelian Miao              Project: Germination and ultrasound’s effective on brown 
rice. 
                                                                       
January 2010 - March 2010              Project: Potential use of halophyte in food processing.   
                                                           
January 2007 - May 2008                 Project: Investigation on the physical method to prevent 
harmful  
                                                                       marine organisms’ attachment to sea chest.                                     
Publication 
Mi Z.; Miao YL.; Chen JY.; Dai FY.; Mu H. (2012). Enhancing the enzymatic hydrolysis 
of germinated brown rice. Journal of Chinese Institute of Food Science and Technology 11, 77- 
83 
 
Selected Poster Presentations  

Han Mu, Xingyi Jiang, Qinchun Rao, Yun-Hwa P. Hsieh. Characterization of a Monoclonal 
Antibody Specific to Alpha-livetin, a Hen Egg Allergen. 2017 Research & Creativity Day, College 
of Human Science Florida State University.  
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Work Experience 
2015 Jan - July                       Load Planner, Air China Limited 

• Utilized set system to ensure cargo, luggage, and individuals are 
balanced. 

• Cooperated with local staffs in over 38 countries to ensure safety 
flight plan for over 30 types of Air Bus and Boeing. 

2013 - 2014                             Assistant of Human Resources, Air China Limited 
• Associated with the team leader for department’s administration. 
• Modified the pay and benefits for employees. 
• Designed staffs’ training and development, performance appraisal. 

2012 - 2013                             Secretary of VIP Lounge, Air China Limited 
• Assisted site manager with daily operation including schedule 

departments and maximized employees’ performance.  
• Coordinated the department’s administration with airline food 

company supplement and supply chain. 

2011 - 2012                            Internship, Department of Training and Management of Siemens,  
• Traveling, include process visas for business training. 
• Managed training materials translation between English and 

Chinese.                  

Technical Skills 
• Enzyme-Linked ImmunoSorbent Assay (ELISA) 
• Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
• Western blot 
• Antibody/ Protein Purification  
• Ion exchange chromatography 
• Graphpad (data analyzing) 
• Image analyzing 
• Statistical Product and Service Solutions (SPSS)  
• Microsoft Excel, Word, PowerPoint 

Languages 
English, Chinese (Mandarin) 


