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Abstract
The aim of this study was conducted to investigate a method to production purify IgY and compare the capacity
between Taiwan native Tsaiya ducks (layer type) and Leghorn laying hens. Ten Taiwan native Tsaiya ducks and
10 white Leghorn laying hens (20 wk-old) were injected with 250 μL of complete Freund’s adjuvant containing
bovine serum albumin (BSA, 200mg) during week 1 of the trial. The boost injection, during week 2 and 4 of the
trial was comprised 250 μL of incomplete Freund’s adjuvant containing BSA was conducted to promote IgY
production. Eggs were collected for IgY purification from the week 5 of the trial. Yolk protein was first extracted
using isopropanol or triton and followed by salting out with ammonium sulfate. After dialysis, gel filtration
chromatography and affinity chromatography were used to purify the IgY antibody. Yolk proteins extracted by
isopropanol or triton from duck eggs were 43% and 13%, and 61% and 16% from hen eggs, respectively. After
salting out, the duck IgY had a purity of 53−57% with a titer of 26.2−29.9 unit/mg protein, while the hen IgY
had a purity of 45−50% with 24−29.5 unit/mg protein. After purification by gel filtration chromatography, the
purity of the duck IgY was increased to 89−90% with 44.24−50.62 folds purification and 415−451 unit/mg
protein. The purity of the chicken hen IgY was increased to 85−87% with 29.85−30.38 folds purification and
240−277.6 unit/mg protein. After further purification by affinity chromatography, duck IgY purity was increased
to 91−92% with 45−56.26 folds purification and 459−461 unit/mg protein; chicken hen IgY purity was increased
up to 93−95% with 33.58−59.49 folds purification and 312−470 unit/mg protein. This procedure is promising for
purification and production of the IgY antibody from Taiwan native Tsaiya ducks and/or white Leghorn laying
hens, and both of them are good producer of IgY.
Keywords: IgY antibody, Tsaiya ducks, laying hens, protein purification
1. Introduction
Most commercial antibodies are produced from rabbits, rats or sheep. Generally, the procedure to produce
antibodies starts with antigen immunization, followed by blood collection to isolate the antibodies, and then
further purification. The blood collection process stresses the animals, and large amount of blood harvested also
adversely affects animal health. Thus, the life and productive of animals are reduced as blood collection
increases. In comparison, the advantages of using poultry for antibody production are as follows: (1) the number
of mammals used can be reduced as poultry can produce larger amounts of antibodies (100-150 mg/per egg) than
mammals; and (2) blood collection from mammals can be replaced by antibody extraction from egg yolk, thus,
use the non-invasive method animals are not stressed (Karlsson et al., 2004). One egg contains roughly 375 mg
of antibodies (Rose et al., 1974), and one head layer can lay 280 eggs per year. Therefore, it is a potent and
economical approach to use poultry for antibody production.
Mammalian blood contains 5 antibody types-IgA, IgM, IgE, IgD and IgG. The IgG antibody is the most
abundant. On the other hand, poultry eggs contain IgY, IgA and IgM, which are the same as those in mammals.
IgY (immunoglobin from yolk) is similar to mammalian IgG. The molecular weight of IgY is higher than that of
IgG (180 v.s 150 KDa) (Tini et al., 2002; Zhang, 2003). The IgY antibody is the antibody transferred from blood
IgG to the egg yolk, a process similar to the transfer of mammalian blood antibodies to an embryo; this is a
passive immune process. As IgY is more lipidphilic than IgG, it can reside in lipid-rich yolk. In addition, the pH
of iso-electric point of IgY is also lower than that of IgG (Davalos-Pautoja et al., 2000).
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Either avian IgY antibody or mammalian IgY can used for (1) experimental analysis (e.g. ELISA) or disease
diagnosis; (2) detoxification of toxic materials; and, (3) prevention and treatment of diseases (Reilly et al., 1997;
Yokoyama et al., 1992). Reilly et al. (1997) indicated that IgY can prevent and cure intestinal diseases such as
human or cattle rotavirus, enterotoxigenic, E. Coli, Salmonella ssp., and Helicobacter pylori infection (Yolken et
al., 1988; Ikemori et al., 1992; Karlsson et al., 2004). Therefore, IgY is a potential substitute for antibiotics. Our
previous study also indicated that the anti E. Coli and and Helicobacter pylori IgY can specific bind to the
bacterias (Liou et al., 2010; Siriya et al., 2013).
The Taiwan native Tsaiya duck, a breed that has a high egg production of eggs (280-300 eggs per year) and is
highly disease resistant, may be a good producer of IgY. Thus, this study used the Taiwan native Tsaiya ducks
and Leghorn laying hens to develop a method for producing highly purity (> 90%) IgY, and compare the
capacity of IgY production between this two fowls.
2. Material and Methods
2.1 Immunization
This study used 10 Tsaiya ducks and 10 white Leghorn laying hens (each roughly 20 wks-old). The birds were
fed with a commercial diet and follow the guide of feeding program. During experimental week 1, the ducks and
hens were injected with 250 µL complete Freund’ s adjuvant with bovine serum albumin (BSA, 200mg) i.p. and
then again, after 2 and 4 weeks, with 250 µL of incomplete Freund’ s adjuvant of BSA to boost the antibodies
production. Blood samples were harvested during week 5 to determine the serum IgG level with an ELISA kit
(Life Science Inc, Wuhan, China). Elevated serum IgG level indicated that egg collection should start (Cook et
al., 2001).
2.2 Yolk Protein Extraction
Method 1: The procedure described by Bade and Stegemann (1984) was followed. Briefly, yolk was separated
from egg white, collected and mixed with an equal of PBS buffer, isopropanol (100 mL) was added to the
mixture, put in 4 °C for 4 h and then, centrifuged at 2665 g (Beckman, GS-15R, USA) for 15 min to separate
yolk fat. This procedure was repeated 3 times. The PBS with 0.01% NaN3 was added to the precipitate, which
was allowed to stand at room temperature for 1 h, then centrifuged at 8497 g, 25 °C for 30 mins, and filtered
using No.1 filter paper.
Method 2: The procedure reported by Stalberg and Larsson (2001) was followed. Briefly, yolk was separated
from egg white, collected and mixed with an equal of PBS buffer. Then, triton X-100 (about 1/10 of the sample
solution volume) was added and stirred for 1 h. Centrifugation at 1499 g for 25 mins was used to separate fat and
protein layers. The protein layer was obtained to which 12% polyethylene glycol (PEG) was added, and
centrifuged again at 8497 g for 25 mins. The pellet was taken and added PBS again before filtering.
2.3 Salting out to Separate IgY
Ammonium sulfate was slowly added to the collected egg protein solution. The protein solution was then
centrifuged at 8497 g for 15 mins, the pellet was obtained and phosphate buffer (pH 7.8) was added for protein
suspension. The protein solution was centrifuged at 2041 g for15 mins. The protein fraction at the bottom of tube
was added PBS for suspension. Dialysis of the protein solution with a membrane (Spectra/Por Cellulose Ester
membrane MWCO:100000) was performed to remove the remaining salt (Hansen et al., 1998; Cook et al.,
2001).
2.4 Purification of IgY by Gel Filtration and Affinity Chromatography
Gel filtration chromatography: The Column was prepared with sephacyl G-100, column elution for 20 mins with
elution buffer (phosphate buffer; pH 7.8). Sample solution (1 mL) was infused into the column and the different
fractions were collected with a fraction collector and monitored with an OD280 until no peaks appeared. All
samples was tested the titer, and those high titer samples were pooled (Cook et al., 2001; Hansen et al., 1998).
Affinity chromatography: Specific ligand (protein A affinity resin) pack in an affinity column (Econo-Pac Blue
Cartridges) was used to bind IgY, 1 mL of the sample was infused into the column, then eluted with buffer
(sodium citrate, pH 5.5) to extract IgY, and neutralized with Tris-HCl (pH 8.5) immediately.
2.5 Protein Quantification, Purity Determination of IgY and Titer Determination of IgY
The protein content in the sample was determined using either the Biuret method or Lowry method (Lowry et al.,
1951). The IgY purity was determined by SDS-PAGE and a commercial IgY (Sigma) was used as the standard.
The concentration of bands was examined using a densitometer (Helena, Model Bjf 00105, USA). The IgY titers
were measured with the ELISA method, and commercial IgY was used as the standard (Leslie & Frank, 1989).
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3. Results and Discussion
Table 1 shows the serum IgG concentration in Leghorn chickens and Tsaiya ducks at the start of the trial and
after the third immunization. After 3 immunizations (week 7 of the experiment), the serum IgG level in Leghorn
layer hens and Tsaiya ducks were increased significantly, this outcome consistent experimental results obtained
by Sunwoo et al. (2002), who also indicated that the antibody titer peaks after 3 immunizations.
Table 1. The serum total IgG concentration in white Leghorn chicken and Taiwan native Tsaiya duck before
immunization and after the third immunization
Items

Before immunization (0 week)

Third immunization (7th week)

---------------------------(Unit/mg yolk protein)--------------------------Leghorn Chicken

112.3±8.4

1967.2±123

Tsaiya Duck

66.1±2.9

1590.9±113

*Immunization time: 0, 2, 4 week.
Means±SD (n=10).
After the second immunization booster, antibody production level exceeds that generated by the first
immunization, and the produced antibody is primarily IgG with great antigen affinity ability, that is, the memory
B cell has the immunoglobin membrane.
Tables 2 and 3 shows the titer and purity of IgY obtained from the egg yolk of chickens and ducks after
extraction and purification steps, respectively. Experimental results show that chicken egg yolk extracted by
isopropanol or triton were 61% and 16% isolated protein, while the duck egg yolk were 43% and 13% isolated
protein, respectively. When the yolk protein was salted out by ammonia sulfate, the resultant purity in the duck
group was 53−57% (Figure 1); the titer was 26.2−29.9 unit/mg protein. On the other hand, the chicken group had
a purity of 45−50% (Figure 1) and the titer was 24−29.5 unit/mg protein. After purification by gel filtration
chromatography, the resultant purity, relative purification fold and titer from the duck group were 89−90%
(Figure 2), 44.24−50.62 and 415−451U, respectively. The chicken group had 85−87% purity (Figure 2), relative
purification fold of 29.85−30.38 and 240−277.6U titer. Final purification by affinity chromatography had
generated 91−92% purity (Figure 2), 45−56.26 relative purification fold and 459−61U titer in the duck group,
while those of the chicken group were 93−95% purity (Figure 2), 33.58−59.49 relative purification fold, and
312−470U titer. Gel filtration and affinity chromatography indicated that purity can reach up to 90%; thus, it is a
good approach for extraction and purifying the IgY antibody.
Table 2. Titer and purity of IgY obtained from egg yolk of White Leghorn chicken after extraction and
purification steps
Protein (mg)

Methods

Titer b (U/mg protein)

Relative purity (fold)

Purification (%)

Recovery (%)

1

2

1

2

1

2

1

2

1

2

1782

469

7.9

9.3

1

1

-

-

100

100

Salting out (NH4)2SO4

52.62

39.51

24.0

29.5

3.04

3.29

45

50

8.97

26.72

Gel filtration chromatography

2.55

2.33

240

277.6

30.38

29.85

85

87

4.35

14.83

Affinity chromatography

1.25

1.75

470

312.3

59.49

33.58

93

95

4.17

12.53

Crude extract

a

Chicken egg contains protein amount of 2.93g/per yolk (15 mL).
* Used ten eggs in this analysis.
Method 1: isopropanol. Method 2: triton.
a

The protein content in the crude extract step of method 1 and 2 were 61 and 16% of the egg yolk, respectively.

b

The IgY titers were measured with the ELISA method, and commercial IgY was used as the standard.
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Table 3. Titer and purity of IgY obtained from egg yolk of Taiwan native Tsaiya duck after extraction and
purification steps
Protein (mg)

Methods

Titer b (U/mg protein)

Relative purity (fold)

Purification (%)

Recovery (%)

1

2

1

2

1

2

1

2

1

2

1654

501

8.2

10.2

1

1

-

-

100

100

Salting out (NH4)2SO4

59.61

38.92

29.9

26.2

2.43

2.57

53

57

13.14

19.94

Gel filtration chromatography

3.55

2.05

415.1

451.2

50.62

44.24

90

89

10.86

18.10

Affinity chromatography

2.63

1.55

461.3

459.0

56.26

45

91

92

8.95

13.92

Crude extract

a

Duck egg contains protein amount of 3.84g/per yolk (18 mL).
* Used ten eggs in this analysis.
Method 1: isopropanol. Method 2: triton.
a

The protein content in the crude extract step of method 1 and 2 were 43 and 13% of the egg yolk, respectively.

b

The IgY titers were measured with the ELISA method, and commercial IgY was used as the standard.
(A)
ID

ID

(B)

IC

std

IC

TD

TD

TC

std

TC

IgY

Figure 1. IgY SDS-PAGE image after salting out with ammonium sulphate (A) Isopropanol method (B) Triton
method. I: isopropanol, T: triton, C: chicken, D: duck, std: standard (IgY)
(A)
M
205KDa

Ta

Tg

(B)
Ia

Ig

std

M

Ta

Tg

Ia

Ig

std

205KDa

IgY

Figure 2. IgY SDS-PAGE image after gel filtration and affinity chromatography (A) White Leghorn chicken
(B)Tsaiya duck. I: isopropanol, T: triton, a: affinity, g: gel filtration, std: standard (IgY), M: protein molecular
weight marker
Fat and protein are the major components of egg yolk. Fat, which includes triglycerides, phospholipids and
cholesterol, account for about one-third of the yolk. Protein account for about 15-17% of the yolk (Powrie, 1976),
of which 30% are granules and 70% are plasma. The IgY is contained in plasma protein. Notably, IgY can be
109

www.ccsenet.org/jas

Journal of Agricultural Science

Vol. 6, No. 9; 2014

extracted using various methods. For instance, IgY can be extracted by extracentrifugation (McBee & Cotterilly,
1979), polyethylene glycol (Polson et al., 1985), polyacryl acid resins (Hamada et al., 1991), sodium dextran
sulfate (Jensenius et al., 1981), carrageenan and xanthan gum (Hatta et al., 1990). However, since yolk contains a
large proportion of fat, yolk protein extraction involves either removal of the fat or separation of the protein
fraction from fat. This study used the isopropanol-based method to remove the fat from the yolk. Isopropanol is a
solvent that can dissolves fat. This method can effectively extracts large amounts of protein. However, this
procedure can result in increased amounts of fat residue. The protein reaction with ammonia sulfate during
salting out can be affected; thus, salting out efficiency is poor. Extraction using triton and polyethylene glycol
(PEG) involves separation of the protein fraction from fat followed by protein isolation. The isolated yolk
protein via this method may be cleaner than that generated by the isopropanol-base method; thus, the amount of
IgY titer using the triton method was considerable; however, the amount of yolk protein produced was less than
that generated by the isopropanol-base method. Compared to the experimental results obtained by Kwan et al.
(1991), who used the water-soluble fraction method and obtained 60% of yolk protein, it is rapid and efficient
method (Nilsson et al., 2008). This extraction method was low efficiency.
The extracted yolk protein was then fractionated by salting out with ammonia sulfate slowly to precipitate the
soluble protein. The optimal amount of ammonium sulfate for precipitation of protein was 45−55%; the salting
out procedure was repeated 2-3 times.
After salting out using ammonia sulfate and dialysis, this study used gel filtration chromatography to purify IgY.
This approach separates protein by particle size (or molecular weight). Yolk contains α, β and γ proteins (livetin)
and IgY is present in γ-livetin. The purpose of this separation step is to increase purification efficiency, as the
next step used affinity chromatography, and the column for chromatography is expensive. Thus, if the sample
contains much impure compounds, affinity column utility can be adversely affected and may reduce the
purification efficiency. After gel filtration chromatography, the purity obtained was >85%. Neyestani et al. (2003)
also successfully used the gel filtration chromatography to separate whey proteins with different molecular
weights, and used advance ion exchange chromatography which, depending on different electron charges,
isolates whey proteins such as α-lactalbumin, β-lactoglobulin and bovine serum albumin.
The next IgY purification method employed was affinity chromatography. The ligand is protein A affinity resin.
Higgins et al. (1995), who used proteins A and G affinity resin to purify antibodies, indicated that protein A
ligand has good binding ability with duck IgY, and the amount of IgY produced in the protein A ligand was far
higher than that generated by the protein G ligand (49.30 mg vs. 1.03 mg). Thus, Higgins et al. (1995)
demonstrated that protein A affinity resin is a good ligand for purifying duck IgY. This study selected protein A
affinity resin as the affinity chromatography column ligand. However, Schade et al. (2000) indicated that protein
A is not a good binding ligand for chicken IgY, this experiment was used protein A after filtration
chromatography for purification of IgY, from the result also showed that not improved much of IgY purity. Other
ligands, such as sepharose 4B, which is used to purify lactoferrin (Tu et al., 2001), are also highly efficient at
purification.
Protein A resin, which originates from staphylococcus aureus and belongs to a cell wall protein, consists of A
and B subunits. The B subunit, which has an α-helix structure, can bind with the structure site of CH2 and CH3 of
IgY or IgG. Through the interaction of the amino acid residue from IgY or IgG and protein A, the eggs histidine
residues located at CH2, CH3 and CH4 can bind strongly with protein A ligand (Higgins et al., 1995).
After affinity chromatography, the IgY purity obtained was 93−95% and 91−92% in the chicken and duck
groups, respectively (Figure 2); these percentages (>90%) met this study goal.
Most studies have used chickens to produce IgY. This study, which compared IgY production from ducks with
that of chickens, shows that total IgY titers using methods 1 and 2 in ducks was 1213.2 and 711.45 U, while
587.5 and 546.5 in chickens. The purity obtained from duck yolk was slightly lower than that from chicken yolk.
In ducks two forms of low molecular weight of Ig's 7.8S (Fab) and 5.7S (delta Fc) have been described, may be
the efficient binding of the duck IgYs to protein A is high affinity binding, but cannot be binding to the Fc, since
the IgY (delta Fc) does not have an Fc region (Higgins et al., 1995). The duck group produced more IgY titers
than the chicken group; the egg producing ability of the Taiwan native Tsaiya duck is also not inferior to that of
white Leghorn laying hens. Thus, the Taiwan native Tsaiya duck is also a good avian species for producing the
IgY antibody.
4. Conclusion
The proposed procedure, including extraction of proteins containing IgY from Taiwan native Tsaiya ducks and
white Leghorn laying hens used isopropanol or triton-100. After salting out using ammonia sulfate and
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purification with gel filtration and affinity chromatography, an IgY purity exceeding 90% was achieved. This is a
promising approach for production of highly pure IgY, and both of Taiwan native Tsaiya ducks and white
Leghorn laying hens are good producer of IgY.
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