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The route of egg white transfer into the yolk and the mechanisms underlying the digestion of egg proteins 
are unexplored in the fertilized egg of the duck, Anas platyrhynchos domestica. Here, we investigated the 
route(s) of egg white transfer and we determined the type of activated proteases during duck embryo 
development. Initially, we tested the electrophoretic patterns of egg proteins throughout development. 
Then, we used lysozyme as a reference protein to follow egg white transfer and we measured its activity. 
After that, we determined the type of activated proteases by employing different types of protease 
inhibitors. Several presumptive egg white protein bands appeared in different egg compartments. Also, 

be activated at hatch in the intestine and late in development in the yolk. Our results suggest that the main 
route of egg white transfer into the yolk is through the amniotic cavity and intestinal lumen. Also, the 
transferred egg white and endogenous yolk proteins are probably digested by the activated acidic pro-
teases in the intestine and yolk.
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INTRODUCTION

Birds are oviparous and produce large eggs containing all the essential nutrients 
required for the embryo development in an external environment. The egg white and 
yolk are the main sources of nutrients in the deposited egg. The egg white is made of 
nearly 88% water, 11% proteins and the rest (1%) of carbohydrate, ash and trace 
amounts of lipids [31]. Ovalbumin is the major egg white protein followed by 
ovotransferrin and ovomucoid. Among the other constituents of the egg white pro-
teins are ovomucin, lysozyme, ovoinhibitor, ovomacroglobulin, cystatin and avidin 
[12]. Lysozyme protects the developing embryo from the microbial invasion [12], 

N-acetylmuramic acid and N-acetylglucosamine of peptidoglycan in the bacterial cell 
walls [20]. This activity can be used to follow the transfer of lysozyme, as a reference 
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egg white protein, in different egg fractions during different developmental stages. 
The egg yolk is composed of approximately 50% water, 15–17% proteins, 31–35% 
lipids and 1% carbohydrates [31]. 

The egg white proteins generally reach the yolk before being consumed by the 

to describe the transfer of egg white in different egg compartments during embryo-
genesis. One possible route is the movement of egg white through the albumen sac 
into the extraembryonic cavity, and then through the amniotic sac into the amniotic 
cavity. Following that, the egg white passes orally to the intestinal lumen of the 
embryo which carries it to the egg yolk [3, 5, 22, 27, 32]. Another route is the direct 

Alternatively, the egg white can reach the entire body via blood vessels at the 
extraembryonic cavity [32].

The transferred egg white and endogenous yolk proteins undergo digestion before 
their absorption by the avian embryo. It appears that both the intestine and egg yolk 
participate in protein digestion. Inside the intestine, protein digestion can be carried 
out by the action of intestinal or pancreatic proteases. The activity of both types of 
enzymes was reported in the intestinal and pancreatic cells of chicken and pigeon. In 

-

aminopeptidase-N and pancreatic trypsinogen and chymotrypsinogen followed simi-

The activity of different types of proteases was determined in the egg yolk of 
various avian species. In chicken egg yolk, the activity of the acidic aspartic protease 
cathepsin D increased gradually at early stages until it reached the maximum value 
on day 7, and reduced thereafter [30]. In contrast, the activity of neutral proteases and 

[25]. This increase was shortly after the major transfer of egg white through the amni-

and afterwards [21], following the major transfer of egg white which began on day 
17 [22]. On the other hand, in quail egg yolk, the activity of the acidic aspartic pro-

transfer of egg white through the embryo into the yolk that occurred after day 12  
[32, 33]. 

Although the transfer of egg white during development is well studied in the 
chicken Gallus gallus Coturnix japonica [32] and the turkey, 
Meleagris gallopavo 
unexplored in the species that belong to the sister taxon, the Anseriformes
Therefore, in the present study, we used the duck, Anas platyrhynchos domestica, as 
a representative species of Anseriformes, and we examined the route of egg white 
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transfer through the extraembryonic and amniotic cavities into the intestinal lumen, 
and then to the yolk. Furthermore, the digestion of egg proteins during the develop-
ment of duck embryo is, to the best of our knowledge, still unknown. Therefore, we 
determined the type of activated proteases in the intestinal lumen of the embryo and 
egg yolk.

MATERIALS AND METHODS

Egg incubation and embryo staging

Fertilized duck eggs were collected immediately after laying and were kept in a bird 

viable eggs that reached the stages of interest were 105 (four to three eggs per stage). 
The eggs were subjected to an automatic see-saw motion every 2 h. The developmen-
tal stages of the embryos were measured from day 0 to day 28, the day of hatch. The 
study was approved by the Institutional Review Board (IRB) at The Hashemite 
University, and animal care, use, and all experimental protocols were carried out in 
accordance with the approved guidelines. 

Formation, collection and preparation of different egg fractions

in the fertilized duck egg (Fig. 1) were collected once they appeared until they disap-

gathered on day 0 until day 25. After that, the egg white disappeared as it completely 

form the thin yolk which was collected at this period. The thin yolk (also known as 

extraembryonic tissues by the blood system [2]. The underlying thick portion of yolk 
-

tions were formed in the egg as development progressed. One fraction is the amni-

transudates from the blood vessels of area pellucida [18]. It was collected during the 
-

from embryonic kidney and at later stages contains or is mainly composed of waste 
solid material [2], appeared between days 8 and 27. It was initially collected from the  
allantois, and then from the cavity surrounded by the chorio-allantoic membranes. Its 
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rpm for 30 sec and the supernatant was collected. The thin and thick yolk portions 

1 mM ethylenediaminetetraacetic acid-disodium, dihydrate (Na2 2O). Then, 

 

volumes of distilled water. The diluted samples were homogenized, centrifuged at 

Denaturing polyacrylamide gel electrophoresis

The different proteins in different egg compartments were separated by sodium dode-
cyl sulfate (SDS) polyacrylamide gel electrophoresis based on the protocol in 

-

M citric acid–0.2 M dibasic sodium phosphate buffer at different pH (3–7), and then 

Fig. 1. Schematic representation of different compartments in the fertilized duck egg. (1) The egg white 

shell is deposited around the egg shell membranes
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-

diluted (1:1) with 0.1 M citric acid–0.2 M dibasic sodium phosphate buffer (pH 3) 

trypsin inhibitor (Sigma-Aldrich, Saint Louis, Missouri, USA), aprotinin (Bioworld, 
Dublin, Ohio, USA), dithiothreitol (DTT; Bioworld, Dublin, Ohio, USA), N-[N-(L-

USA), ethylene glycol tetraacetic acid (EGTA; Bio Basic, Markham, Ontario, 
Canada), Na2 2O (Bio Basic, Markham, Ontario, Canada) and pepstatin A 
(Bioworld, Dublin, Ohio, USA). Chicken egg white ovalbumin and lysozyme were 
used as standard proteins in the denaturing gels, and broad-range marker proteins 

standard proteins and for the construction of a standard protein curve to estimate the 
molecular weights of different protein bands. The gels were stained in Coomassie 
Brilliant Blue solution.

Lysozyme activity assay

The lytic activity of lysozyme was measured using Micrococcus lysodeikticus 

substrate following the protocol in Shugar [23]. Chicken egg white lysozyme (0.001 

change in absorbance per min. The activity was estimated from the maximum linear 
line of absorbance that is plotted as a function of time, using a minimum of four 
absorbance points.

Statistical analysis

Data were analyzed using IBM SPSS statistics version 21 (SPSS INC., Chicago, 
Illinois, USA). Levene’s test of homogeneity of variances was used to determine 
whether or not the variances around the means of lysozyme activity in certain egg 
fraction during different developmental stages are statistically different from each 
other. One-way analysis of variance (ANOVA) was used to assess if there were any 

-
ment of the enzymatic activity. The F value in the ANOVA test was calculated accord-
ing to the following formula: F(dfbetween, dfwithin) = MSb w, where dfbetween: the 
degree of freedom between groups, dfwithin: the degree of freedom within groups, 
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MSb: mean square between groups, MSw: mean square within groups. The level of 

RESULTS

Electrophoretic patterns of different egg fractions during different 
developmental stages

Different electrophoretic protein bands could be observed in the egg white samples 

The two bands marked with white and black arrowheads, and have approximate 

-

and preparation of different egg fractions”).

-

protein bands including those of presumptive ovalbumin and lysozyme were reminis-
cent of those in the egg white (Fig. 2A–C), suggesting the transfer of egg white pro-

and remained until day 27 (Fig. 2D). On day 28 (the day of hatching), all the bands 
disappeared except the one of presumptive lysozyme. In the thin yolk, faint protein 

several protein bands beside ovalbumin and lysozyme appeared at all stages (Fig. 2F). 
The intensity of bands was almost the same from day 0 until day 17; however, it 
started to increase on day 18 and continued until day 27. One band with approximate 
weight of 73.8 kDa disappeared after day 18 (Fig. 2F, black star). On the day of hatch, 
the intensity of all bands was highly reduced except that of the presumptive lysozyme 
band. 

Lysozyme activity in different egg fractions during different 
developmental stages

The electrophoretic band that had a molecular weight of 15 kDa was suggested to be 

compartments, lysozyme activity assay was performed. In the egg white, lysozyme 
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Fig. 2.

sample was loaded in the gel. Developmental stages (days) are shown on top of each gel. CO and CL 
stand for chicken ovalbumin and lysozyme, respectively. M represents the marker proteins with molecu-
lar weights (kDa) shown to the right. White and black arrowheads represent the presumptive ovalbumin 
and lysozyme bands, respectively, while black star marks the absence of 73.8 kDa band from the thick 

yolk after day 18
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activity started on day 0 and continued throughout development until day 25  
(Fig. 3A). The activity gradually increased from day 0 to day 5. Then, the activity 

Fig. 3.
-

ity is represented as a gray bar and the standard error of mean is represented as a black line. P values of Levene’s 

yolk, respectively. Three to four independent samples were used at each developmental stage, and each sample was 
-

matic activity
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-

reached the maximum value on day 25, but then it drastically decreased and reached 

intensity of electrophoretic bands increased on day 18 (Fig. 2F), the activity of 

27, but substantially decreased thereafter. The maximum lysozyme activity was dra-
matically higher than that on other stages except on day 25.

Late in development, the reduction in the intensity of electrophoretic bands or their 

activity in both egg compartments. To determine the type of activated protease(s) in 
the intestine, the optimal pH range for protease activity was initially tested for sam-
ples loaded in denaturing SDS polyacrylamide gel. The samples were diluted (1:1) 
with 0.1 M citric acid–0.2 M dibasic sodium phosphate buffer solution at a pH range 
from 3 to 7. After loading in the gel, one electrophoretic protein band with approxi-

-

diluted with a buffer solution at pH 3 that includes one of several different types of 

aspartic proteases, completely prevented the protease activity as marked by the full 
-

trast, the other inhibitors did not abolish the enzymatic activity, as marked by the 
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Na2 2
Similarly, the yolk samples were diluted with a buffer solution at a pH range from 

-

Fig. 4. Effect of pH and protease inhibitors on the electrophoretic patterns of intestinal and egg yolk 

 
B and D: Samples were diluted with a buffer at pH 3 including no inhibitor (lane 1), PMSF (lane 2), 

2 2O 

marks the appearance of the 73.8 kDa protein band, while black arrowhead marks the appearance of the 
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-
tion.

DISCUSSION

In the present study, it has been shown the appearance of presumptive egg white 
protein bands in different egg compartments during different developmental stages. 

were ovalbumin and lysozyme, respectively. This assumption depended on a previous 
work which showed the presence of ovalbumin and lysozyme bands with similar 
molecular weights in the duck egg white [15]. Moreover, the two bands have similar 

bands such as ovalbumin and the detection of lysozyme activity in different egg com-
partments were chronological as they were evident on day 15 in the extraembryonic 

electrophoretic bands in the thick yolk started to increase on day 18, the activity of 

very low concentration of the enzyme on day 18 that was not detected by the 

egg white transfer in the fertilized duck egg is the albumen sac – extraembryonic 
cavity – amniotic cavity – intestinal lumen – egg yolk (Fig. 1). Our results are consist-
ent with previous results which showed that the egg white transfer followed a similar 

We also detected the appearance of several protein bands including the presump-
tive ovalbumin in the thick yolk early in development, even before the growth of the 
embryo as shown on day 0. These bands may represent the presence of endogenous 

Therefore, another possible route is the direct transfer of egg white proteins in a small 
scale into the duck egg yolk. Our results are similar to those previously reported in 

into the yolk.
-

ally high and reached the maximum value on day 22. During the period between days 

As a consequence, the egg white volume decreased and the proteins probably became 
more concentrated including lysozyme that showed simultaneous increase in its activ-
ity. The egg white proteins including lysozyme apparently transferred into the amni-

reduction in lysozyme activity can be due to the reduction in enzyme concentration, 
presence of an inhibitor or absence of a cofactor. 
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in development on day 25 and day 27, respectively. Then, the activity was obviously 
reduced on the day of hatch. The reduction in lysozyme activity at hatch was concur-
rent to the drastic reduction in the intensity of several electrophoretic protein bands 
in the thick yolk and their disappearance in the intestine. These changes were prob-
ably due to the degradation of the bands by the activated proteases. Although the 

of other degradation products with the small size lysozyme band. 
The thin yolk did not show any lysozyme activity. The appearance of faint protein 

bands in the thin yolk might be due to the solubility of small amount of egg white 
proteins in the water that transferred into the yolk [22]. Another possibility is the 
slight contamination of the thin yolk by the underlying thick yolk [3]. In both cases, 
if lysozyme had transferred at a low concentration into the yolk, the activity of the 
enzyme could not have been detected. 

As mentioned above, the intensity of protein bands was highly reduced in the egg 
yolk at the day of hatch. Furthermore, one electrophoretic band with approximate 
weight of 73.8 kDa disappeared after incubation day 18. It is likely that proteases 
were activated late in development which probably caused the digestion of trans-
ferred egg white and endogenous yolk proteins. In order to determine the type of 
activated proteases, we employed different types of protease inhibitors. We found that 
the proteases were completely inhibited by addition of the wide range aspartic pro-
tease inhibitor pepstatin A, and thus they might belong to the acidic aspartic type.

Our results are similar to those obtained in turkey which showed the presence of 
high aspartic protease activity during the last stages of development in the egg yolk 
[21]. In contrast, neutral and serine proteases were activated late in development in 
the chicken egg yolk [27]. Although the same type of proteases were found to be 
activated in duck (present work) and quail [32, 33], the time of their activation dif-
fered. In duck, the activation of acidic aspartic proteases appeared to occur after the 
major transfer of egg white into the yolk, while in quail, the activation of cathepsin 
D aspartic protease was early in incubation before the major egg white transfer.

intestine toward hatching [7, 8, 17]. Therefore, it is reasonable to assume that the 
degradation of yolk proteins might be completed in the intestine. Indeed, we showed 
that several protein bands that were highly reduced in the yolk were completely dis-

egg yolk. It is possible that the activated proteases are transferred from the egg yolk 
along with other proteins into the intestine. Another possibility is the secretion of the 
acidic aspartic protease pepsinogen from the proventriculus [28], and its activation in 

trypsinogen and chymotrypsinogen and the brush border aminopeptidase are secreted 
-
-
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-
tion of the pancreatic proteases and aminopeptidase late in development and at hatch 

In conclusion, our results showed that the major route of egg white transfer is 
through the amniotic cavity and intestinal lumen into the yolk in the fertilized duck 

similar to those of different avian species that belong to the Galliformes order. Both 

investigate more species that belong to other derived and basal orders. This will assist 
in exploring whether the major transfer of egg white through the embryo evolved in 
the common ancestor of Neognathae, or whether it evolved independently in certain 
orders. Furthermore, we found that acidic aspartic proteases were activated in the 
intestinal lumen and egg yolk late in development, probably to digest the egg proteins 
before their consumption by the new hatchling. Future studies are needed to examine 
the mechanisms underlying the transport of proteins and their digestion products into 
the yolk sac and intestinal cells during the development of duck embryo and at hatch. 
This will largely help elucidate the role of egg proteins in the duck nutrition during 
embryogenesis.
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