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Abstract 
Antibodies transmitted from the mother to the offspring, contribute to the humoral immune system of 
the offspring early in life, though the protection contributed by the maternal antibodies differs among 
species. The diversity and concentration of the transmitted antibodies could be of influence on the 
disease resistance and the survival chances of offspring. Antibodies are also called immunoglobulins 
and immunoglobulin Y (IgY) is the avian and reptilian homologue of the mammalian IgG. Social animals 
living together establish dominance hierarchies. These dominance hierarchies could control e.g. sexual 
relations and access to resources within groups and dominance determines a part of this social order. 
The goal of this research is to determine whether there is a relation between female social dominance 
and yolk IgY antibody concentration in Japanese quails. We expected that female Japanese quails living 
in social groups become more stable in their dominance rank and that this may be reflected in the IgY 
concentrations of their eggs. In a previous experiment, eggs were collected and prepared for IgY 
analysis, during which also the dominance ranking of the mother was determined. For this study a 
protocol has been refined to measure IgY concentrations of egg yolk from Japanese quail via Enzyme-
Linked Immuno Sorbent Assay (ELISA). The results showed no overall correlation between mean body 
weight and mean IgY concentration of the females. On the other hand, an overall significant correlation 
was found between yolk mass and IgY concentration. Future research could look into the possible 
interactions between egg volume, social dominance, yolk steroid concentrations (testosterone, 
progesterone) and IgY concentrations.  
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Introduction 

Transfer of maternal antibodies and the immune response 
Mothers of both mammals and avian species transmit antibodies to their offspring. While the 
transmission of antibodies to offspring is widely examined in mammals, this process has not been 
comprehensively explored in avian species (Grindstaff, 2010; Grindstaff et al., 2003). 
 
Maternal antibody transmission by a female immunocompetent adult, can be described as the transfer 
of antibodies, to an immunologically naive neonate. Transmission of maternal antibodies can take 
place prenatally through the placenta or postnatally through colostrum and/or, milk. In oviparous 
species such as birds, fish and reptiles, the transmission of maternal antibodies occurs through the 
deposition of antibodies to their eggs (Grindstaff et al., 2003). 
 
Transmitted maternal antibodies are catabolized from circulation after birth or hatch (Brambell, 1970; 
Grindstaff et al., 2003). The duration of antibodies in offspring circulation depends on the species and 
the initial levels of maternal antibodies (Smith et al., 1994). Progeny with higher initial concentrations 
of maternal antibodies contain maternal antibodies in their circulation for a longer period of time. 
These offspring will benefit from a longer immune protection period. Contrary to progeny with lower 
initials concentration of maternal antibodies (Cáceres et al., 2000; Goddard et al., 1994; Grindstaff et 
al., 2005). Not only maternal antibodies are provided by maternal transfer, but also antimicrobial 
proteins and antioxidants. These are also important determinants of posthatching immune functions 
(Shawkey et al., 2008). After a period of time, the offspring starts to develop its own immune system. 
In the period between the maternal protection and their own protection, the offspring is susceptible 
to various diseases (Hasselquist and Nilsson, 2009). Furthermore, it is also presumed that maternal 
antibodies continue to effect phenotype, growth and development in offspring even after 
catabolization (Boulinier and Staszewski, 2008; Grindstaff et al., 2003; Hasselquist and Nilsson, 2009). 
 
The transmitted antibodies contribute to the humoral immune system of the offspring early in life, 
though the protection contributed by the maternal antibodies differs among species. The variety and 
concentration of antibodies are correlated between mothers and their offspring (Bollen and Hau, 1999; 
Gasparini et al., 2002; Graczyk et al., 1994; Grindstaff, 2008). The diversity and concentration of the 
transmitted antibodies could be of influence on the disease resistance and the survival chances of 
offspring (Al-Natour et al., 2004; Grindstaff, 2008; Heller et al., 1990; Keller and Van Noordwijk, 1993; 
Leitner et al., 1990; Sahin et al., 2003; Smith et al., 1994; Starck and Ricklefs, 1998). 
 

Antibodies can also be called immunoglobulins. Immunoglobulins are molecules secreted by plasma 
cells in response to antigen exposure and are molecules composed of two heavy (H) chains and two 
light (L) chains. The structure of the chains classifies the immunoglobins into isotypes of 
immunoglobulins such al IgG, IgM and IgA. Immunoglobulin Y (IgY) is also composed of two heavy 
chains and two light chains and is the avian and reptilian homologue of the mammalian IgG. IgY is an 
important antibody responsible for the development of the avian offspring immune system, while IgM 
is the predominant isotype responsible for the avian primary humoral response (Munhoz et al., 2014; 
Wakabayashi, 2010).  
 
Maternal antibodies levels in progeny differs between the individuals (Bumstead et al., 1993; Graczyk 
et al., 1994; Pardue et al., 1990). This could be explained by variation in antibody transmission to 
individual eggs or be due to variation in capacity of offspring to absorb IgG (Bumstead et al., 1993; 
Pardue et al., 1990). The capacity of offspring to absorb maternal antibodies depends on the length 
and metabolic rate of gestation period, receptor density on epithelial cells and receptor binding affinity 
for IgG (Linder et al., 2000; Muggli et al., 1984). The transport of IgY from serum to egg yolk is 
proportional to IgY concentration in the serum of the female (Munhoz et al., 2014). Thus, interaction 
between the maternal and offspring genome could be determine the levels of maternally derived 
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antibodies absorbed by offspring. The interaction between transmission of maternal antibodies and 
development of active immunity still needs more research for a better understanding (Grindstaff, 
2010).  
 
It was also discovered that differences in living circumstances of the females prior to reproduction 
influences the diversity and quantity of transmitted antibodies. Mainly the exposure to various 
pathogens is presumed to be a determining factor (Grindstaff, 2010, 2008; Grindstaff et al., 2003). But 
also, the social environment, food accessibility and disease expose can affect the immune status of a 
female and therefore the amount and types of antibodies transmitted (Chandra, 1975; Gasparini et al., 
2001; Grindstaff et al., 2005, 2003; Lemke and Lange, 1999; Lundin et al., 1999; Michalek et al., 1975; 
Roulin and Heeb, 1999; Saino et al., 2002).  

Social dominance  
In most avian species, it has been observed that complex social structures exists within groups. Social 
animals living together establish dominance hierarchies. Dominance hierarchies could control e.g. 
sexual relations and access to resources within groups and dominance determines a part of this social 
order. Dominance hierarchies can have a profound effect on the survival of many social birds (Ficken 
et al., 1990; Noble, 1939; Sheppard et al., 2013). In previous experiments, dominance hierarchies in 
Japanese quails have been studied. According to several researches, dominance hierarchies in 
Japanese quail are of the peck order type (Boag and Alway, 1981; Masure and Allee, 1934; Mills et al., 
1997; Nol et al., 1996; Edward, 2018). The priority of Japanese quail is gaining access to resources. 
According to Boag et al 1981, dominance hierarchies in Japanese quail have a genetic basis. Parents of 
high dominance rank were more likely to produce high dominance offspring than parents of low 
dominance rank (Boag and Alway, 1981). Thus, both genotype and phenotype has an effect on the 
dominance status of an individual (Nol et al., 1996).  

Aim of the study  
The goal of this research is to determine whether there is a relation between female social dominance 
and yolk IgY antibody concentration in Japanese quails. We expect that female Japanese quails living 
in social groups become more stable in their dominance rank and that this may be reflected in the IgY 
concentrations of their eggs. During this research we also hope to get a better insight in the relation 
between female body weight - IgY concentrations and the relation between yolk mass - IgY 
concentrations. Further, we investigated the variation in IgY concentration within and between the 
females. Finally, we investigated if there would be a change in IgY concentration over the period of 
several months. 
 
The study therefore asks the following questions: 

• Is there a relation between IgY concentrations and the dominance rank of the females? And 
would there be a change in IgY concentrations over a period of time? 

• Is there be variation in IgY concentrations within and between the females? 

• Is there a correlation between IgY concentrations and body weight of females? 

• Is there a correlation between IgY concentrations and yolk mass? 
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Materials and methods: 

Japanese quail (Coturnix japonica) 
The Japanese quail, a terrestrial bird, belong to the order Galliformes and to the family of Phasianidae 
and is indigenous to China, Japan, Korea and Indochina (Ainsworth et al., 2010; Chang et al., 2009; 
Hubrecht and Kirkwood, 2010; Mills et al., 1997). Japanese quails originally bred as domestic songbirds, 
became popular for egg and meat production. Later around 1960, the Japanese quail became a 
common laboratory species, especially for hormonal, neurological and behavioural studies (Ainsworth 
et al., 2010; Hubrecht and Kirkwood, 2010; Mills et al., 1997; Shanaway, 1994). They are small in size, 
mature rapidly and are highly adaptive to a wide range of husbandry conditions, in comparison with 
other domesticated poultry. (Ainsworth et al., 2010; Mills et al., 1997). The species is sexually 
dimorphic, female Japanese quails are larger than male Japanese quails and they differ in plumage 
pattern. The plumage pattern is predominantly brown in both sexes, but differ in shades of brown and 
in some of the markings on the throat and breast (Cheng and Kimura, 1990; Mills et al., 1997; 
Shanaway, 1994).  

Ethical statement 
No animals were used for this experiment. Eggs were already collected in previous studies. The eggs 
were collected over several weeks and dominance rank of female Japanese quails was determined in 
a behavioural test. For this experiment eggs were collected and prepared for the analyses of IGG 
antibodies via Enzyme-Linked Immuno Sorbent Assay (ELISA). Non-invasive antibody and hormone 
assessments were performed to minimalize harm to the animals. 

Dominance experiment 
Japanese quail were housed at the experimental location (Central Animal Facility, Faculty of Veterinary 
Medicine at Utrecht University). After being part of a socialization experiment for one month, new 
social groups were formed and kept for two months. Each group consisted of one wildtype male, two 
wildtype females and one cream coloured female. Prior to the start of the dominance experiment, new 
groups were formed again. Directly afterwards, the first and second week of dominance testing 
started. To stabilize the groups, no experimental treatment had been carried out for three months. 
After the three months of stabilization, the experiment ended with the final two weeks of dominance 
testing (see figure 1). A set-up based on food competition was used to test for dominance between 
two females (Nol et al., 1996). One session took 10 minutes per group. At the end of one week all 
females were tested against each other. The dominance experiment was performed four times. The 
first two weeks were used to test for dominance in an unstable social environment and the last two 
weeks were used to test for dominance in a stable environment. Each female Japanese quail has been 
assigned to a dominance rank score based on the food competition test. The dominance ranks consist 
out of three categories: (1) most dominant, (2) intermediate and (3) subordinate (de Groot; van der 
Borgh; Smits, 2017). 
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Figure 1: timeline of the dominance experiment. The dominance experiment was performed four times; 
week one, two, three and four. The eggs collected in the first week of the trial was named batch 1, the 
eggs collected in the second week of the trial was named batch 2 and the eggs collected in week three 
and four was named batch 3 (de Groot, 2017). 

Japanese quail eggs 
In the wild, Japanese quails reproduce during spring and summer. In laboratory circumstances, 
Japanese quail can be maintained in reproduction through the year if there is a sufficient long 
daylength (Ainsworth et al., 2010; Chang et al., 2009; Hubrecht and Kirkwood, 2010; Mills et al., 1997). 
Quail eggs vary in shell colour, mottling pattern, shape and size between females, but are consistent 
for an individual female (Mills et al., 1997; Sezer and Tekelioglu, 2009). The colour varies from white 
to blue and pale to dark brown. Japanese quail eggs weight about 10 gram and are 30mm in length. 
Compared to chicken eggs, Japanese quail eggs are small (Ainsworth et al., 2010; Hubrecht and 
Kirkwood, 2010; Mills et al., 1997; Shanaway, 1994). The three components that formed the egg are 
the albumen, yolk and shell. With an average weight of 10 gram; the quail egg consist of 57% albumen, 
33% yolk and 10% shell (Panda and Singh, 1990). In addition, the age of the Japanese quail has influence 
on these physical characteristics of the egg (Yannakopoulos and Tserveni‐Gousi, 1986). 

Egg collecting and cross-linking to mother 
In the first groups, eggs were collected for two weeks, to establish which egg belong to which female. 
Each group would have multiple eggs with 3 specific egg profiles. During the dominance experiment 
period, eggs were collected again for each week after each session of the dominance experiment. It 
was possible to define mother specific egg profiles, through cross-linking between the egg profiles 
from the old and new groups. Egg characteristic such as pattern, (yolk)weight, length, width and 
volume were written down. The eggs were categorized in three batches. The eggs collected in the first 
week of the trial was named batch 1, the eggs collected in the second week of the trial was named 
batch 2 and the eggs collected in week three and four was named batch 3 (see figure 1). The eggs and 
yolk mix were temporarily frozen (-20°C) for later analysis (de Groot; van der Borgh; Smits, 2017). 

Protocol optimalisation 
The collected eggs were prepared for the analyses of IGY antibodies via ELISA. The ELISA protocol has 
been preliminary established based on a published protocol (Okuliarova et al., 2014). For the complete 
protocol see attachment 1. The protocol has been refined to measure IgY concentrations of egg yolk 
from Japanese quail. The protocol contains components for both preparation of the yolk mix from 
frozen egg samples as well as the ELISA itself. ELISA protocols in various studies were compared. The 
main differences were the antibodies used to coat the 96 wells plate, the sample dilution, addition of 
the conjugate and the addition of reaction stopper. Blocking, washing and reading of the plate is about 
the same in each of the ELISA protocols compared (Grindstaff, 2013, 2010, Grindstaff et al., 2006, 2005; 
Okuliarova et al., 2014; Wakabayashi, 2010).  
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First, practice ELISA’s were performed to test the protocol, to get experiences with pipetting, to 
produce a standard curve and to investigate intra- and inter assay variation. A standard curve is drawn, 
from graded results of various standard concentrations by using standard preparation and by plotting 
the standard concentration on the X-axis and the absorbance on the Y-axis. The absorbance of the 
sample dilutions of unknown concentration should fall within the range of the standard curve. Assay 
value is obtained by comparison of the sample dilution results with the standard curve. 
 
In the previous experiment of de Groot and van der Borgh, 2017, were the collected eggs prepared 
until storage of yolkmix according to the ELISA protocol. To test if the yolkmix samples were not 
degraded, practice eggs and yolkmix of practice eggs have been prepared according to the yolkmix 
sample preparation and IgY isolation steps in the ELISA protocol. After it was established that the 
yolkmix samples were suitable for analysis, the yolk mix samples were used in several practice ELISA’s. 
Various aspects of the protocol have been tested. First, different sample dilutions have been used in 
the practice ELISA’s. Sample dilutions 1:50 and 1:500 were not suitable for use, because the ELISA 
values did not give good standard curves. Second, sodium hydroxide is added to stop the colour 
reaction and according to the protocol the reaction should be stopped at 19 min. However, the ELISA 
plate seemed already saturated at 19 min. At the next ELISAs, the colour reaction was stopped at 10 
min. and 15 min. At 10 min. the ELISA values did not give a good standard curve, but at 15 min. the 
ELISA values did give a good standard curve. Third, different serially diluted standards were tested for 
the calibration line, but the dilutions according to the protocol gave the best outcome. Subsequently, 
ELISA’s were performed with different amount of coating (30µl instead of 15µl) and with a refreezed 
and rethawed chicken IgY standard aliquots (TA.x). In both cases, no remarkable results were observed. 
Thus, the two major adjustments made in protocol are the adjustment of the sample dilution of 1:50 
to 1:30, in which the 1:30 dilution proved to be most within the limits of the linear part of the standard 
curve and the adjustment of the stop of the colour reaction of 19 min. to 15 min.  

Assay quality control 
The 96 wells plates were placed into the ELISA reader and measured at 405nm and 650nm with the 
programme SoftMax pro 5.4. The optical densities (ODs) of the 96 wells plates were analysed by 
calculating averages, standard deviations and coefficients of variation (CVs). The CV is used to define 
the level of variability within a data set and to express the precision of the immunoassay results.  The 
CV is divided in the intra-assay CV and inter-assay CV. The variance between sample replicates within 
the same plate, represents the intra-assay CV. The intra-assay variation was calculated by the standard 
deviation (STD) of the ODs multiplied by 100 and divided by the means of the ODs. Wells with an intra-
CV value >10% were excluded from the analysis. The variance between sample replicates on different 
plates, represents the inter-assay CV and that can be used to estimate plate-to-plate consistency. The 
inter-assay variation was calculated by dividing the STD of the ODs means of each plate by the mean 
ODs of the plates and multiplying by 100. Wells should have inter-CV values <15% (de Groot, 2017; 
Conrad, 2018). 
 
GraphPad Prism was used to constitute standard curves and get measured concentrations of each 
plate. The standard curves of the ELISAs were made by plotting the standard concentration on X-axis 
and the absorbance on Y-axis. Before analysis with GraphPad Prism concentrations of the standard 
dilutions were transformed to logarithmic values (de Groot; Conrad, 2018). 

Protocol IGY ELISA  
For the ELISA experiment 280 yolkmix samples had to be prepared. The yolkmix samples named egg 
IDs 1-162 and egg IDs N001-N123 were prepared according to the IgY isolation step in the ELISA 
protocol. After IgY isolation, the supernatants of the egg IDs were frozen (-20°C) in duplicate.  
 
A distribution set-up was made for 10 ELISA’s with the 280 yolkmix samples. For the complete set-up 
see attachment 2. Each ELISA plate had to meet the following requirements. Each individual ELISA plate 
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had to include all the eggs of one female Japanese quail, the three categories of the dominance ranks 
and the three categories of batches. And the amount of each of the three categories of dominance 
ranks, needed to be equally divided among the ELISA plates. Furthermore, each ELISA plates had to 
include blanks (blnk) to control for background, zero standards (B0) for negative control, total activities 
(TA) for positive control and IgY samples (quail ID 90) with known concentration for control between 
plates. The set-up of the distribution table is shown in table 1.  
 
Ten 96-wells plates were coated with 100 μl anti-chicken IgY (Sigma-Aldrich, Cat. No. C6409) added to 
each well of the plates. 150µl undiluted anti-chicken IgY dissolved in 120 ml carbonate buffer (pH=9.6) 
was needed for 10 plates and to dilute 1:800. The plates were incubated overnight at 4 °C. Next day, 
incubated plates were washed three times with PBS / 0,05% Tween-20 (PBS-T) using a squirt bottle 
and 100 μl PBS / 2,5% milk-powder (PBS-M (2,5%)) blocking solution was added to each well on the 
plates. Then the plates were incubated for 2 h at 37 °C. The yolkmix supernatants were thawed during 
incubation and diluted 1:25.000 in PBS / 0,2% milk-powder (PBS-M (0,2%)). These dilutions were then 
diluted again in two steps. Step one: 2 μl yolkmix supernatant was transferred to 998µl PBS-M (0,2%) 
to dilute 1:500. Step two: 10 μl yolkmix supernatant was transferred to 290 μl PBS-M (0,2%) to dilute 
1:30. For the IgY samples with known concentration 50µl yolkmix supernatant was transferred to 1450 
µl PBS-M (0,2%) %) to dilute 1:30. For the standard dilution preparation, chicken IgY standard 
(Promega, Cat. No. G1161) was serially diluted in 8 steps from 400 pg/ml to 3.125 pg/ml. 60 µl chicken 
IgY standard (TA.x) diluted in 5940 µl PBS was needed for 10 plates. Prepared dilutions were stored at 
4°C. Incubated plates were washed again one time with PBS-T using a squirt bottle and 100 μl of the 
standards dilution and sample dilutions was added to the each well on the plates. To the blank and B0 
wells 100 μl PBS was added, to control for background and to control for effect of the buffer. To the 
TA wells 100 µl 40 μg/ml chicken IgY standard was added to control for 100% total activity. The TA 
wells should produce the highest possible colour reaction, because of the oversaturating of the anti 
IgY coating with IgY and the following maximum possible binding of the conjugate. The plates were 
incubated again at 37 °C for 1h. After incubation, the plates were washed again one time with PBS-T 
using a squirt bottle and 100 μl of the alkaline phosphatase conjugated anti-chicken IgY (Sigma-Aldrich, 
Cat. No. A9171) was added to each well of the plates except for the blank wells. To the blank wells 100 
μl PBS was added. 120µl conjugated antibody dissolved in 120 ml TBS / 0,2% milk-powder (TBS-M 
(0,2%)) was needed for 10 plates and to dilute 1:1.000. The plates were incubated again at 37 °C for 
1h. The incubated plates were washed for three times with TBS / 0,05% Tween-20 (TBS-T) using a squirt 
bottle and 200 μl p-nitrophenyl in substrate buffer (p-NPP) was added to each well on the plates. 5 ml 
50x p-Nitrophenyl phosphate (Calbiochem, Cat. No. 487663) dissolved in 50 ml p-Nitrophenyl 
phosphate substrate buffer (Calbiochem, Cat. No. 487664) and 195 ml miliQ was needed for 10 plates. 
The plates were incubated in the dark for 15 min. at room temperature, because of the sensitivity of 
the colour reaction to light. To stop the reaction, 100 μl sodium hydroxide (1 M) was added to each 
well on the plates and absorbance (ODs) was measured by the ELISA reader at 405 nm and 650 nm. 
405 nm was used to measure the OD and 650nm to control for background absorbance. 
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Table 1: standard distribution table for the ELISA with explanation of abbreviations.  
 

 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 1 IgY 1 IgY 9 IgY 9 IgY 17 IgY 17 IgY 25 IgY 25 IgY B0 S1 

B Blnk S2 2 IgY 2 IgY 10 IgY 10 IgY 18 IgY 18 IgY 26 IgY 26 IgY B0 S2 

C B0 S3 3 IgY 3 IgY 11 IgY 11 IgY 19 IgY 19 IgY 27 IgY 27 IgY B0 S3 

D B0 S4 4 IgY 4 IgY 12 IgY 12 IgY 20 IgY 20 IgY 28 IgY 28 IgY B0 S4 

E TA S5 5 IgY 5 IgY 13 IgY 13 IgY 21 IgY 21 IgY 29 IgY 29 IgY IgY S5 

F TA S6 6 IgY 6 IgY 14 IgY 14 IgY 22 IgY 22 IgY 30 IgY 30 IgY IgY S6 

G Blnk S7 7 IgY 7 IgY 15 IgY 15 IgY 23 IgY 23 IgY 31 IgY 31 IgY IgY S7 

H Blnk S8 8 IgY 8 IgY 16 IgY 16 IgY 24 IgY 24 IgY IgY IgY IgY S8 

 

Abbreviation Definition Description Reason 

Blnk Blank 100 μl PBS (1x) Control for background 

A Total activity 

Add 100 μl 40 μg/ml TA solution 
instead of sample for maximum 
activity Positive control 

B0 Zero standard 

Add 100 μl PBS (1x) instead of 
sample to control for no supposed 
activity Negative control 

S1-S8 
Standard 
dilutions 

Add 100 μl 1=400pg/ml, 2=200, 
3=100, 4=50, 5=25, 6=12.5, 
7=6.25, 8=3.125 Standard curve 

Egg ID IgY IgY sample 100 μl sample Sample of interest 

IgY IgY sample 100 μl sample 

Sample with known 
concentration  control 
between plates 

 

Statistical analysis 
For statistical analysis IBM SPSS statistics 24 was used. Before any statistical test has been carried out, 
the data was visually tested for normal distribution by histograms and normal probability plots. The 
data was also tested for normal distribution by tests of normality (Kolmogorov-Smirnov). For some of 
the results no statistical analysis have been performed.  
 
To test if there is a relation between IgY concentration in yolk and the different dominance ranks, a 
variance analysis was performed. Parametric ANOVA test could be applied because the data was 
normally distributed and the group variances of the population were similar to each other (Test of 
Homogeneity of Variances). Before the ANOVA was performed, an average dominance rank for each 
female quail was calculated based on the individual dominance ranks, scored during the dominance 
experiment. Also, an average IgY concentrations were calculated based on the individual IgY 
concentration of the eggs of each female. The dependent variable of the One-Way ANOVA was the 
mean IgY concentration and the mean dominance rank was the independent variable. 
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To include the different batches, the One-Way ANOVA has been carried out three times, once for each 
batch. Before the ANOVA was preformed, an average IgY concentration per batch was calculated for 
each female based on the IgY concentrations corresponding to the three categories of batches. Data 
was selected on the corresponding batch. The dependent variable of the One-Way ANOVA was the 
mean IgY concentration per female per batch and the mean dominance rank was the independent 
variable. 
 
Both mean quail weight and yolk mass have been analysed. First, correlation analysis has been 
performed for mean quail weight against mean IgY concentration and yolk mass against IgY 
concentration. Before the correlation was performed, an average body weight for each female was 
calculated based on the individual body weights of each female, recorded during the dominance 
experiment. The variables of the first correlation were the mean quail weight and the mean IgY 
concentration. The variables of the second correlation were the yolk mass and IgY concentration. 
Depending on whether the data was normally distributed, a parametric Pearson or a nonparametric 
Spearman correlation was performed.  
 
After the correlations were carried out, another set of correlations were performed, to explore if there 
is a relation between IgY concentration and quail weight, in combination with the different batches 
and the different dominance ranks. So, three kinds of data were used; 1) the mean overall batches and 
ranks, 2) the mean per rank, but overall batches and 3) the mean per rank within batches. Correlations 
were performed, as described below, one for each batch. Before the correlations were performed, an 
average IgY concentration per batch was calculated for each female based on the IgY concentrations 
corresponding to the three categories of batches. And the body weight was also calculated for each 
female based on the body weight corresponding to the three categories of batches. Data was selected 
on the corresponding batch of dominance rank. The variables of the set of correlations were the mean 
quail weight per female per batch and the mean IgY concentration per female per batch. The same set 
of correlations have been carried out as described above, one for each dominance rank.  
 
The last set of correlations were performed, to explore if there is a relation between IgY concentration 
and yolk mass, in combination with the different batches and the different dominance ranks. 
Correlations were performed, as described below, one for each batch. Data was selected on the 
corresponding batch of dominance rank. The variables of the set of correlations was the yolk mass and 
the IgY concentration. The same set of correlations have been carried out as described above, one for 
each dominance rank.  
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Results 

Social dominance 
To test if there is a relation between IgY concentration in yolk and the different dominance ranks, a 
variance analysis was performed, averaging IgY concentration per female over all eggs from all batches. 
There was no statistically significant difference between groups as determined by one-way ANOVA. 
Thus, there was no statistically significant difference between the mean IgY concentrations and the 
different dominance ranks of the females (F2,29=1.22, P=0.31).  
 
Females in the intermediate rank showed the largest spread in mean IgY concentrations. Female in the 
subordinate rank also showed a large spread in mean IgY concentrations. For both the intermediate 
and subordinate rank, the data is negatively skewed. The mean IgY concentrations of the dominant 
females are normally distributed. This is shown in figure 2. 
 
 

 
 
Figure 2: Boxplot of the three categories of the dominance rank against the mean IgY concentration 
mg/g per female per batch.  
 
There was also no statistically significant difference between the mean IgY concentrations and the 
different dominance ranks of the females with the separate ANOVA analyses for the different batches. 
ANOVAbatch1; (F2,26=0.57, P=0.57), ANOVAbatch2; (F2,27=0.63, P=0.54) and ANOVAbatch3; (F2,26=1.87, 
P=0.18).  
 
 

  



Transmission of maternal antibodies in Japanese quail (Coturnix japonica) eggs 
  12 

Changes in IgY concentrations over time 
Females in batch 1, 2 and 3 showed spread in mean IgY concentration. In comparison to batch 1 and 
2, batch 3 showed the largest spread in mean IgY concentration. The females in batch 2 presented 
mean IgY concentrations by values for the mean that are higher than the median, thus the data in 
batch 2 is positively skewed.  The mean IgY concentrations in batch 1 and 3 are approximately normally 
distributed. This is shown in figure 3. 
 

 
 
Figure 3: Boxplot of the three different batches against the mean IgY concentration mg/g per female 
per batch.  
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The line chart in figure 4A shows the changes in mean IgY concentration of the female Japanese quails 
across the three batches, thus a period of four months. In each dominant rank the individual females 
show changes in IgY concentrations over time. Some quail seem to decrease in IgY concentrations over 
a period of time, while other seem to increase in IgY concentrations over a period of time. And figure 
4B shows that there is individual variation in IgY concentration in the eggs of the females and that the 
variation in IgY concentration between the females is bigger than the variation in IgY within the 
females.  

Figure 4: A) Line chart of the three different batches against the mean IgY concentration mg/g per 
female per batch categorized by quail ID’s. Divided into dominance rank. Some of the ‘ID quail’ lines 
stop because several female quails change in dominance rank during the dominance experiment. B) IgY 
concentrations mg/g yolk plotted against ID quail categorized by batch.  
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Correlations of IgY 
Irrespective of rank and batch, we found no significant correlation between mean quail weight and IgY 
concentrations, r= -0.22, N=30, p= 0.91. But we found a negative correlation between yolk mass and 
IgY concentration, again irrespective of rank and batch, which was statistically significant, r= -0.25, 
N=271, p< 0.01. Thus, with increasing yolk mass, IgY concentrations decrease slightly. 
 
To learn more about possible correlations between mean quail weight and yolk mass against (mean) 
IgY concentrations, the different batches have also been included into the analysis. Thus, a second 
correlation analysis has been performed for mean quail weight per batch against mean IgY 
concentration per batch, once for each batch. Batch 1 showed a negative correlation between mean 
quail weight and mean IgY concentration, which was statistically significant, rs= -0.27, p= 0.01. Thus, 
with increasing mean quail weight, mean IgY concentrations decrease slightly. There was no significant 
correlation between mean quail weight and mean IgY concentrations for batch 2 and 3, rs= -0.13 and 
0.10, p= 0.29 and 0.28. Figure 5 summarizes the results.  
 

 
Figure 5: A) Mean quail weight (g) /batch plotted against mean IgY concentration mg/g yolk/female/batch 
categorized by dominance rank. B) Mean quail weight (g) /batch plotted against mean IgY concentration 
mg/g yolk/female/batch for batch 1 categorized by dominance rank. C) Mean quail weight (g) /batch 
plotted against mean IgY concentration mg/g yolk/female/batch for batch 2 categorized by dominance 
rank. D) Mean quail weight (g) /batch plotted against mean IgY concentration mg/g yolk/female/batch 
for batch 3 categorized by dominance rank. 
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Third, correlation analysis has been performed for yolk mass against IgY concentration, once for each 
batch. There was no significant correlation between yolk mass and IgY concentrations for batch 1 and 
2, r= -0.17 and -0.20, N= 84 and 73, p= 0.13 and 0.08. There was a negative correlation between yolk 
mass and IgY concentration for batch 3, which was statistically significant, rs= -0.27, p= 0.03. Thus, with 
increasing yolk mass, IgY concentrations decrease slightly. Figure 6 summarizes the results. 
 

 
Figure 6: A) Yolk mass (g) plotted against IgY concentrations mg/g yolk categorized by dominance rank. B) 
Yolk mass (g) plotted against IgY concentrations mg/g yolk for batch 1 categorized by dominance rank. C) 
Yolk mass (g) plotted against IgY concentrations mg/g yolk for batch 2 categorized by dominance rank. D) 
Yolk mass (g) plotted against IgY concentrations mg/g yolk for batch 3 categorized by dominance rank. 

 
The different dominance ranks of the female Japanese quail have also been included into the 
analysis. Correlation analysis has been performed for mean quail weight per batch against mean IgY 
concentration per batch, once for each dominance rank. There was no significant correlation 
between mean quail weight and mean IgY concentrations for dominance rank 1 and 2, rs= 0.14 and -
0.13, p= 0.19 and 0.23. There was a negative correlation between mean quail weight and mean IgY 
concentration for dominance rank 3, which was statistically significant, rs= -0.30, p= 0.04. Thus, with 
increasing mean quail weight, mean IgY concentrations decrease slightly. 
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Last, correlation analysis has been performed for yolk mass against IgY concentration, also once for 
each dominance rank. There was no significant correlation between yolk mass and IgY concentrations 
for dominance rank 1, r= 0.21, N= 95, p= 0.84. The female Japanese quails with dominance rank score 
1, appear to be relatively stable in IgY concentration in relation to yolk mass. There was a negative 
correlation between yolk mass and IgY concentration for dominance ranks 2 and 3, which was 
statistically significant, r= -0.46 and -0.29, N= 86 and 90, p= 0.00 and 0.01. For both dominance rank 2 
and 3; with increasing yolk mass, IgY concentrations decrease slightly.  
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Discussion 

IGY ELISA optimalisation  
The protocol to quantify yolk IgY by ELISA was tested and refined by performing different test ELISA’s. 
The two major adjustments made in the protocol were adjusting sample dilution of 1:50 to 1:30 and 
adjusting the stop of the colour reaction of 19 min. to 15 min. The test ELISA’s proved that the protocol 
could be used to measure IgY concentrations in the eggs of the female Japanese quails reliably, as the 
CV’s were below 15%, constituting a low degree of between sample variation.  
 
Regarding the sample preparations, it is important to keep in mind that it takes time to thaw and dilute 
the yolkmix supernatants. On the day of the ELISA experiment 280 sample dilutions had to be prepared 
and these preparations took more time than expected. It is possible that this could have an influence 
on the results because of how long the preparations took and the possible decrease in accuracy over 
time. It would have been easier if the sample dilutions could be prepared in advance, but other 
research pointed out that thermal denaturation of standards already occurs when kept overnight at 4 
°C instead of -20 °C (de Groot, 2017). This probably also applies to sample dilutions, so it is preferred 
to prepare the dilutions on the day of the experiment, but this could be tested in future experiments.  
 
One point of concern was that the yolkmix samples were stored over a longer period of time. The yolk 
mix samples are almost one year old and according to chapter eight of the research of Shanaway 
(1994), the yolk and albumen of the eggs retain the same quality for only 60 days and remained 
acceptable for 78 days, if stored at 5 °C. Good oil-coated quail eggs could be retained for 120 days, if 
stored in a refrigerator. To test if the yolkmix samples can still be used, practice eggs and yolkmix of 
practice eggs were prepared according to the yolkmix sample preparation and IgY isolation steps in 
the ELISA protocol. It was established that the yolkmix samples are suitable for analysis. It could still 
be possible that the storage period of the yolkmix samples has an influence on the results of this study 
and this factor should be taken into consideration in further research.  

Effects of dominance  
The main aim of this study was to determine whether there is a relation between female social 
dominance and yolk IgY antibody concentration in Japanese quails. Second, we were interested if there 
would be a change in IgY concentration over a period of several months, because we expected that 
female Japanese quails living in social groups become more stable in their dominance rank and that 
this may be reflected in the IgY concentrations of their eggs.  
 
The results showed that there was no statistically significant difference between the mean IgY 
concentrations and the different dominance ranks of the females. The effect of the different batches 
on the yolk IgY concentrations of the females was also taken into consideration, but also here the 
results showed that there was no statistically significant difference between the mean IgY 
concentrations and between the different dominance ranks of the females. These results indicate that 
there is no relation between female social dominance and yolk IgY concentrations in Japanese quail.  
 
Other results showed that the females of the intermediate rank varied the most in mean IgY 
concentrations and the dominant rank varied the least. In addition, the females in batch 3 showed the 
largest spread in mean IgY concentrations and the females in batch 1 and 3 showed normally 
distributed IgY concentrations. In that case, the most dominant females are the most stable in IgY 
antibody concentrations in relation to the different batches, compared to the intermediate and 
subordinate females. Because variation in IgY concentrations is shown by the females in the different 
dominance ranks, it could be said that there is a possible link between dominance and IgY 
concentrations. 
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It is also possible that the results of IgY concentrations in relation to the dominance rank are not 
completely  accurate, because of the changes in dominance rank during the dominance experiment of 
some female quails and some of the dominance scores given to the female quails were based on 
(strong) presumption instead of certainty. According to van der Borgh (2017), there could be an 
indication that Japanese quail do have a continuing stable ranking in dominance and it could be 
possible that Japanese quail have other dominance hierarchies than the linear one, like a triangular 
structure, which makes it complicated to determine dominance ranking (Bayly et al., 2006). The 
abovementioned factors could all have an influence on the interpretation of the results.  

Effects over time 
The results showed that IgY concentration in the eggs of females changes over time and the changes 
in IgY concentrations of the individual females were present in each dominance rank. Some of the 
females seem to decrease in IgY concentrations over a period of time, while others seem to increase 
in IgY concentrations over a period of time.  
 
Previous studies have shown that living in unstable social environments increase the amount of stress 
in Japanese quail and it is thereby less profitable for animals to reproduce (Guibert et al., 2010). Other 
studies have shown that females living in unstable social environments lay eggs with higher antibody 
and testosterone concentrations than females living in stable social environments (Dixon et al., 2016). 
It was also shown that chicks of unstable females hatch later, developed more slowly and have higher 
emotional reactivity than chicks of stable females. The influence of females via yolk steroid content of 
their eggs could be a possible attempt to adapt the offspring to a stressful environment (Dixon et al., 
2016; Guibert et al., 2010). This is in contradiction with the results of this study, because the females 
in batch 1 and 2 who represented the unstable social environment did not evidently show higher 
antibody concentrations in their eggs in comparison to the females in batch 3 who represented the 
stable environment. This also could not explain why the females in the stable environment showed the 
largest spread in antibody concentrations. More research needs to be done to become aware of the 
effect of time and the possible link to IgY concentrations.  
 
Another aim of this study was to determine the variation in IgY concentration within and between the 
females. The results showed that there is individual variation in IgY concentration in the eggs of the 
females and that the variation in IgY concentration between the females is bigger than the variation in 
IgY within the females. This might be due to individual differences in the reproductive cycle of the 
females. In other researches yolk antibody concentrations also seemed to show high individual 
variability and it also differ between stages of the reproductive cycle (Coakley et al., 2014; Meer and 
Oers, 2015; Okuliarová et al., 2009) 

Correlations of IgY  
The last aim of this study was to determine whether there is a relation between IgY concentrations 
and the body weight of female Japanese quails and to determine whether there is a relation between 
IgY concentrations and the yolk mass. The results showed that there was no statistically significant 
correlation between mean body weight and IgY concentrations, but there was a statistically significant 
correlation between yolk mass and IgY concentration.  
 
Although, the results showed no overall correlation between mean body weight and mean IgY 
concentration of the females, a statistically significant correlation was found for the females in batch 
1. This indicates that the mean IgY concentrations of the females slightly decrease, with the increasing 
of mean body weight. This is in contrast with a previous study in which, positive correlations have been 
found between maternal body condition and IgY yolk levels, whereby the body condition of the 
females were established as the residual of a linear regression of body mass on tarsus length (Hargitai 
et al., 2006). On the other hand, an overall significant correlation was found between yolk mass and 
IgY concentration and besides that a significant correlation has been found between yolk mass and IgY 
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concentration for the females of batch 3. This indicates that the IgY concentrations of the females 
slightly decrease, with the increasing of yolk mass. The results could indicate that there is a stronger 
relation between IgY concentrations and yolk mass than between female body weight and IgY 
concentrations. 
 
The different dominance ranks of the female Japanese quail have also been included into the analysis. 
As been said, the results showed no overall correlation between mean body weight and mean IgY 
concentration of the females, but a statistically significant correlation has been found for the females 
of dominance rank 3. In previous studies a correlation has been found between body weight and 
dominance in mammals and some avian species, and it could possibly apply for Japanese quails as well 
(Agnvall et al., 2014; Weiß et al., 2011). According to van der Borgh (2017), the size of the female could 
possibly be of influence on the dominance rank and the development of offspring, because of the 
possibility that the intermediate and mostly the subordinate females were allowed less access to the 
food dispenser than the dominant females, and as a result remain smaller. Another explanation of the 
possible dominance rank effect could be that the dominant females are most able to obtain good 
nutrition and therefore have the best ability to invest in reproduction and therefore are most stable in 
IgY antibody concentrations in relation to body weight. The effect of maternal diet quality on both 
female mass and investment in reproduction e.g. number and size of eggs, has been found, but the 
proof of that the reduced protein intake has an effect on the maternal antibody transmission to the 
eggs, has not yet been found (Grindstaff et al., 2005).  It could possibly be that only the combination 
of dominance rank and body weight is of influence on the IgY concentration, and therefore no overall 
link between mean quail weight and mean IgY has been found.   
 
There was an overall statistically significant correlation between yolk mass and IgY concentration and 
a statistically significant correlation between yolk mass and IgY concentration for the females of 
dominance rank 2 and 3. For both the intermediate and subordinate females, it indicates that the IgY 
concentrations slightly decrease, with increasing yolk mass. It is possible that the intermediate and 
subordinate females adapt in IgY concentrations in relation to yolk mass.  In addition, in the study of 
de Groot, was found that the intermediate females produce more yolk mass in comparison with the 
most dominant and subordinate females, who produced about the same amount of yolk mass. In that 
case, intermediate females could possibly have more resources to devote to egg production in 
comparison with the subordinate females, because of the possibility of higher stress levels due to being 
lowest in hierarchy and the need to devote resources to defensive behaviour instead of egg 
production. The results could again indicate that there is a stronger relation between IgY 
concentrations and yolk mass than between female body weight and IgY concentrations and that there 
could be a possible link between dominance, yolk mass and IgY concentrations. Further research could 
look into this. 

Statistical analysis 
Variance analysis were performed to test if there is a relation between IgY concentration in yolk and 
the different dominance ranks and several correlation analysis were performed to test for correlations 
between mean quail weight and mean IgY concentrations and between yolk mass and IgY 
concentrations. To include the different batches and different dominance ranks, analysis have been 
carried out multiple times, once for each batch and once for each dominance rank. For further 
analyses, linear mixed models could be used to include more factors into the analysis. A disadvantage 
of this is that the female quails differ in number of eggs laid and not all females have eggs representing 
the three different batches. This could complicate the execution of the linear mixed models. Next to 
the other recommendations, several factors should also be analyzed, such as the possible interactions 
between egg volume, social dominance, yolk steroid concentrations (testosterone, progesterone) and 
IgY concentrations. 
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Conclusion  
No significant relation was found between female social dominance and yolk IgY antibody 
concentration in Japanese quail, but it could be said that there is a possible link between dominance 
and IgY concentrations, because of the variation in IgY concentrations shown by the females in the 
different dominance ranks. Besides that, the individual females showed changes in IgY concentrations 
over time in each dominance rank. More research is necessary to gain knowledge about the effect of 
dominance and the effect of time and group stability and the possible link to IgY concentrations. 
Furthermore, individual variation in IgY concentration was found in the eggs of the females. There was 
no correlation found between mean body weight and IgY concentrations, but there was a statistically 
significant correlation found between yolk mass and IgY concentration. It could be possible that only 
the combination of dominance rank and body weight is of influence on the IgY concentration and that 
there is a stronger relation between IgY concentrations and yolk mass than between female body 
weight and IgY concentrations. Future research could look into the possible interactions between egg 
volume, social dominance, testosterone, progesterone and IgY concentrations.  
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Attachments  

1. Protocol Quail Yolk IgY ELISA 
 
Yolkmix sample preparation 

• Take eggs out of the freezer and let them thaw for ~10 min. 

• Record the weight (0,01 g), length and width of the eggs in the meantime 

• Label 2x 1,5 ml Eppendorf tubes: one with egg ID and “emb” and one with egg ID and “emb+”. 

• Store at -20 °C for later possible DNA analysis 

• Crack open egg in petri dish using tweezers  

• If fertilized, remove the embryo using clean tweezers and place it in an Eppendorf tube labeled 
“egg ID emb” and prepare “egg ID emb+” by adding a small segment of the embryo to the 
miliQ 

• Wait 10 min. to thaw the egg enough that the albumen is soft and the yolk still frozen.  

• Take out the yolk and clean off the rests of the albumen by rolling the yolk on a paper towel  

• Place the egg yolk in a 50 ml falcon tube and record the weight of the yolk 

• Let the yolk thaw completely, then add the appropriate amount of PBS (1x) 
o Egg yolk 2-3 g  4 ml PBS 
o Egg yolk 3-4 g  6 ml PBS 
o Egg yolk 4-5 g  8 ml PBS 
o Egg yolk 5-6 g  10 ml PBS 

• Add 6 glass beads to each falcon tube 

• Shake manually for 1 min. and then multivortex repeatedly until the egg yolk is well mixed 

• Multivortex setting 8, ~20 min. 

• When the yolk is homogenized, pipette 1,5 ml yolkmix to two 2 ml Eppendorf tubes labeled 
“egg ID.1” and “egg ID.2” 

• Freeze the two 2 ml Eppendorf tubes at -20 °C 
 

IgY Isolation 

• Take one 2 ml Eppendorf tube containing yolkmix sample out of the freezer and let it thaw 

• Vortex before transferring 400 µl prepared yolkmix sample to a new 2 ml Eppendorf tube 

• Add 200 μl PBS to the “egg ID + mix” samples to reconstitute the ratio of PBS to yolk from 1:1 
to 2:1 

• Vortex 30 sec. 

• Add 600 μl chloroform to the “egg ID + mix” samples 

• Vortex 30 sec. 

• Centrifuge at 3.000 xg (5700 rpm in the small centrifuge) for 15 min. at 4 °C 

• After centrifugation, transfer the upper water layer (containing proteins) to a new tube 2 ml 
tube 

• Store “egg ID sup” at -20 °C in a box labelled with sample range, date, name 
 

IgY ELISA 

• Coating of the 96-wells plate 
o Add 12 ml carbonate buffer to a 15 ml falcon tube 
o Let [IgY #] thaw (30-60min) and write it down in the lab journal 
o Transfer 15 μl undiluted anti-chicken IgY to the 15 ml falcon tube to dilute 1:800 
o Vortex 30 sec. 
o Use the multipipet to transfer 100 μl of the solution to each well on the 96-wells plate 
o Use PlateSeal to seal of the plate 
o Use the platevortex for 1 min. 



Transmission of maternal antibodies in Japanese quail (Coturnix japonica) eggs 
  22 

o Incubate overnight at 4 °C 

• Blocking of the plate 
o Wash the incubated plate 3x with PBS-T using a squirt bottle 
o Add 100 μl blocking solution (PBS-M (2,5%)) to each well 
o Put the seal back on platevortex 1 min. 
o Incubate 2 h. at 37 °C 

• Standard dilution preparation 
o Unfreeze (±30min) a TA.x Eppendorf tube (1:100 standard) 
o Dilute to 40 ng/ml by transferring 10 μl TA.x to a new 1,5 ml tube and adding 1 ml PBS 

(1x) 
o Label the new tube “S1” and vortex 30 sec. 
o Serial dilute the S1-S8 

▪ Transfer 500 μl S1 to new 1,5 ml labelled S2 together with 500 μl PBS (1x) and 
vortex 30 sec etc.  

o Store S1-S8 at 4 °C 

• Sample dilution 
o Unfreeze a 2 ml “egg ID sup” stock tube 
o Transfer 2 μl “egg ID sup” to a new 2 ml Eppendorf tube and add 998 µl PBS-M (0,2%) 

to dilute 1:500 and label new tubes “egg ID sup -1” and vortex 30 sec. 
o Transfer 10 μl “egg ID sup -1” to a new 2 ml Eppendorf tube and add 290 μl PBS-M 

(0,2%) to dilute 1:30 and label new tubes “egg ID IgY” and vortex 30 sec. 
o Store “egg ID IgY” until step 5.7 at 4 °C 

• Addition of the samples and standards 
o Wash the incubated plate 1x with PBS-T using a squirt bottle 
o Follow a premade sample distribution table 
o Put the seal back on and platevortex for 1 min 
o Incubate 1 h. at 37 °C 

• Addition of the conjugate 
o Wash the incubated plate 1x with PBS-T using a squirt bottle 
o Pour the 12 ml conjugated antibody diluted in TBS-M (0,2%) into a disposable reagent 

reservoir (25 ml) 
o Add 100 μl to each well (except the blnk  add 100 µl PBS (1x) to each blnk well) 
o Put the seal back on and platevortex for 1 min 
o Incubate 1 h. at 37 °C 

• Colour reaction 
o Wash the incubated plate 3x with TBS-T using a squirt bottle 
o Add 200 μl diluted p-NPP to each well 
o Put seal back on and platevortex in the dark for 1 min. 
o Incubate in the dark for 15 min. at room temperature 
o Add 100 μl sodium hydroxide (2 M) to each well after incubation to stop the reaction 
o Put the unsealed plate into the ELISA reader and measure absorbance at 405 nm and 

650 nm 
o Save both the output (.pda) and export (.txt) 
o Use Prism to constitute a standard curve and get measured concentrations 

 
(Okuliarova et al., 2014; Okuliarová et al., 2010, 2009) 
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2. Distribution tables set-up for the ten ELISA’s  
 
 

 
 

 

ELISA 3             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 19 19 3062 3062 159 159 68 68 Bo S1 

B Blnk S2 44 44 3085 3085 3015 3015 96 96 Bo S2 

C B0 S3 67 67 3112 3112 3049 3049 130 130 Bo S3 

D B0 S4 94 94 29 29 3095 3095 153 153 Bo S4 

E TA S5 127 127 54 54 3121 3121 3039 3039 IgY S5 

F TA S6 152 152 78 78 4 4 3086 3086 IgY S6 

G Blnk S7 3001 3001 108 108 20 20 3113 3113 IgY S7 

H Blnk S8 3038 3038 137 137 46 46 IgY IgY IgY S8 
 
 

 
 
 
 

ELISA 1             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 3 3 28 28 3051 3051 105 105 Bo S1 

B Blnk S2 45 45 76 76 3070 3070 3017 3017 Bo S2 

C B0 S3 95 95 77 77 3097 3097 3018 3018 Bo S3 

D B0 S4 128 128 106 106 3122 3122 3050 3050 Bo S4 

E TA S5 129 129 107 107 10 10 3069 3069 IgY S5 

F TA S6 3005 3005 136 136 27 27 3096 3096 IgY S6 

G Blnk S7 3063 3063 158 158 53 53 3123 3123 IgY S7 

H Blnk S8 3088 3088 3016 3016 75 75 IgY IgY IgY S8 

ELISA 2             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 8 8 3093 3093 3033 3033 140 140 Bo S1 

B Blnk S2 25 25 3120 3120 3059 3059 161 161 Bo S2 

C B0 S3 51 51 14 14 3081 3081 3023 3023 Bo S3 

D B0 S4 73 73 37 37 32 32 3075 3075 Bo S4 

E TA S5 134 134 61 61 58 58 3101 3101 IgY S5 

F TA S6 156 156 86 86 81 81 3102 3102 IgY S6 

G Blnk S7 3014 3014 119 119 111 111   IgY S7 

H Blnk S8 3068 3068 145 145 112 112 IgY IgY IgY S8 

             

ELISA 4             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 34 34 3028 3028 125 125 123 123 Bo S1 

B Blnk S2 83 83 3054 3054 150 150 148 148 Bo S2 

C B0 S3 84 84 3077 3077 3037 3037   Bo S3 

D B0 S4 113 113 3104 3104 3084 3084   Bo S4 

E TA S5 114 114 17 17 3111 3111   IgY S5 

F TA S6 141 141 42 42 40 40   IgY S6 

G Blnk S7 3026 3026 65 65 63 63   IgY S7 

H Blnk S8 3027 3027 92 92 90 90 IgY IgY IgY S8 
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ELISA 6             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 12 12 3105 3105 3076 3076 146 146 Bo S1 

B Blnk S2 35 35 3106 3106 3103 3103 3035 3035 Bo S2 

C B0 S3 85 85 33 33 15 15 3058 3058 Bo S3 

D B0 S4 115 115 59 59 38 38 3080 3080 Bo S4 

E TA S5 142 142 82 82 62 62 3110 3110 IgY S5 

F TA S6 3029 3029 162 162 87 87   IgY S6 

G Blnk S7 3055 3055 3024 3024 120 120   IgY S7 

H Blnk S8 3078 3078 3025 3025 121 121 IgY IgY IgY S8 
 
 
 
ELISA 7             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 9 9 3013 3013 151 151 3082 3082 Bo S1 

B Blnk S2 26 26 3046 3046 3002 3002   Bo S2 

C B0 S3 52 52 3067 3067 3003 3003   Bo S3 

D B0 S4 74 74 3092 3092 3036 3036   Bo S4 

E TA S5 104 104 3118 3118 3061 3061   IgY S5 

F TA S6 135 135 66 66 3083 3083   IgY S6 

G Blnk S7 157 157 93 93 3034 3034   IgY S7 

H Blnk S8 3012 3012 126 126 3060 3060 IgY IgY IgY S8 
 
 
 

ELISA 8             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 22 22 3090 3090 3032 3032 3098 3098 Bo S1 

B Blnk S2 48 48 13 13 3056 3056   Bo S2 

C B0 S3 70 70 36 36 3107 3107   Bo S3 

D B0 S4 98 98 60 60 3108 3108   Bo S4 

E TA S5 154 154 116 116 56 56   IgY S5 

F TA S6 3009 3009 117 117 79 79   IgY S6 

G Blnk S7 3043 3043 143 143 3019 3019   IgY S7 

H Blnk S8 3065 3065 3031 3031 3071 3071 IgY IgY IgY S8 
 
 
 
 
 
 
 
 
 
 
 

ELISA 5             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 6 6 3044 3044 88 88 3079 3079 Bo S1 

B Blnk S2 23 23 3066 3066 89 89 3109 3109 Bo S2 

C B0 S3 49 49 3091 3091 122 122   Bo S3 

D B0 S4 71 71 3115 3115 147 147   Bo S4 

E TA S5 99 99 1 1 118 118   IgY S5 

F TA S6 100 100 2 2 144 144   IgY S6 

G Blnk S7 155 155 16 16 3030 3030   IgY S7 

H Blnk S8 3008 3008 39 39 3057 3057 IgY IgY IgY S8 
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ELISA 10             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 41 41 69 69 57 57 3052 3052 Bo S1 

B Blnk S2 64 64 97 97 80 80 3072 3072 Bo S2 

C B0 S3 91 91 131 131 110 110 3099 3099 Bo S3 

D B0 S4 124 124 3007 3007 139 139   Bo S4 

E TA S5 149 149 3040 3040 160 160   IgY S5 

F TA S6 5 5 3087 3087 3020 3020   IgY S6 

G Blnk S7 21 21 3114 3114 3021 3021   IgY S7 

H Blnk S8 47 47 31 31 3022 3022 IgY IgY IgY S8 
 

 

  

ELISA 9             

Well/number 1 2 3 4 5 6 7 8 9 10 11 12 

A Blnk S1 7 7 3089 3089 3048 3048 3053 3053 Bo S1 

B Blnk S2 24 24 3116 3116 3094 3094 3073 3073 Bo S2 

C B0 S3 50 50 102 102 3119 3119 3074 3074 Bo S3 

D B0 S4 72 72 103 103 11 11 3100 3100 Bo S4 

E TA S5 101 101 133 133 30 30   IgY S5 

F TA S6 132 132 3010 3010 55 55   IgY S6 

G Blnk S7 3042 3042 3011 3011 109 109   IgY S7 

H Blnk S8 3064 3064 3047 3047 138 138 IgY IgY IgY S8 
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