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Double-yolk eggs
in commercial laying hens
and parent flocks

Abstract

Mature hens typically ovulate in precise daily cycles, adding albumen and shell within 24 hours and depositing the egg before the next

ovulation. As deviation from this precision production of eggs, two or more ovulations may happen within a few hours, and then two
or more yolks are found in one shell. Double-yolk (DY) eggs are mainly found and are easy to recognize in young flocks, because they
are much larger than single-yolk eggs of the same flock. Researchers have studied genetic differences and environmental effects on the
frequency of DY eggs. Genetic parameters indicate that an increase by selection would be possible, but may be at the expense of per-
sistency. Rapid increase in day length at the time of sexual maturity and transfer from rearing to laying facilities contributes to more DY
eggs in young flocks. Recent data suggest that the frequency of DY eggs in egg-type chickens has not increased since the early 1980s.
In broiler and layer breeder flocks, appropriate lighting programs and controlled feeding are used to optimize the age at sexual maturity
and to maximize the number of hatching eggs. To develop a niche market for DY eggs as a premium price specialty would require a pool
of different age flocks and promotion throughout the year.
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Introduction

During evolutionary times, the size and
composition of eggs in avian species must
have been optimized for efficient repro-
duction, and the eggs within a clutch are
similar in size. When humans started to

breed chickens for egg production, they

discovered that egg weight varies with
season, age of the hens and nutrition. Af-
ter Mendel's laws had been re-discovered,
geneticists took a closer look at the vari-
ation among laying hens in egg weight.
Egg weight seemed of special interest, be-
cause it varies a lot, consumers are willing

to pay a higher price for larger eggs, and
the egg weight distribution during a full
laying year can be changed by selection.

Pullet growers apply controlled lighting
and nutrition to optimize the age at sexual
maturity and early egg size; egg producers




use phase feeding to maximize egg in-
come over feed cost. Good management
practice should assure that the hens eat
enough, continue to gain weight and in-
crease early egg weight quickly, because
small eggs are difficult to sell at produc-
tion cost. Physiologists have analyzed and
described the process of egg formation
from maturing ova to ovulation and ovi-
position. As explained by Kaspers (2016),
follicles with different size develop with
the onset of sexual maturity, resulting in
a hierarchy of follicles. Normally only one
pre-ovulatory follicle develops per day,
but occasionally two ova are released al-
most at the same time, within a few hours,
resulting in eggs with two yolks. These
double-yolk (DY) eggs have attracted the

interest of researchers and egg producers.

Our interest in the subject goes back to the
late 1960s, when the senior author revie-
wed the literature and estimated genetic
parameters in commercial White Leghorn
lines (Flock, 1984). Renewed interest was
triggered by the recent publication “EggSi-
gnals” (Simons, 2017), which contains a lot
of information on DY eggs, but little about
genetic aspects. With courtesy of Rood-
bont Agricultural Publishers, two pictures
of DY eggs are shown in Fig. 1 and Fig. 2:

With reference to earlier publications, we
will discuss the following questions:
Are today’s commercial laying hens with
close to 100% peak production laying
more DY eggs than reported in previous
studies?
To what extent is the incidence of DY
eggs influenced by genetic disposition
and/or management?
Is the incidence of DY eggs a useful in-
dicator of good management practice?
How are commercial broiler breeders
and hatching egg producers controlling
erratic oviposition in parent flocks today?

Poultry researchers at the University of Ca-
lifornia started selection experiments with
chickens about a century ago to demons-
trate that Mendel's laws of inheritance also
applied to quantitative traits like egg pro-
duction. These experiments were a useful
tool to teach students the principles of ge-

netics. In 1964, a selection experiment was
started to find out whether the incidence
of DY eggs in White Leghorns would also
respond to selection. Abplanalp et al.
(1977) reviewed the literature on DY egg
production and documented the progress
in 10 generations, from about 2% to 30%
in two closed lines, while a control line re-

mained essentially unchanged (Fig. 3).
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Figure 3: Incidence of double-yolk eggs in two lines of White Leghorn hens selected for inci-
dence of double-yolk eggs (Abplanalp et al., 1977)

In the final generation, the yolk production
in single and double eggs were recorded
for a cross of the two selected lines from
to 32 weeks of age, and a replicate of this
cross was tested at the Spelderholt Institu-
te in The Netherlands to 55 weeks. Results
of this test are shown in Fig. 4:

Variation among laying
strains and seasonal ef-
fects in Florida tests

Christmas and Harms (1982) analyzed dif-
ferences between 16 commercial White
Leghorn strains, based on repeated entries

in seven trials at the Florida Strain Evaluati-
on Center. All birds were grown under na-
tural daylight conditions and subjected to
14-15 hours light in the laying house after
transfer at 150 days of age. The period from
150 days of age to age at 50% production
varied from 27 to 35 days. Each test lasted
400 days, and therefore the age at 50% in
subsequent trials also changed. The data
were analyzed as an incomplete block
design, to estimate the differences due to
strain and season as independent effects.

On average, these 16 strains reached 50%

production at an age of 163 + 3.6 days and
laid 1.77 + 0.62 % DY eggs. The differences
between strains were statistically signifi-
cant (range from 1.12 to 3.52 %). Seaso-
nal effects showed a consistently higher
frequency of DY eggs when test flocks
reached sexual maturity between March
and July (2.0-3.0% ), compared to flocks re-
aching sexual maturity between Septem-
ber and January (0.7-1.8 %). in eggs and
age at 50 % production during the first 27
to 35 days in the laying house.

Genetic parameters in
commercial White Leghorn
lines

After Abplanalp et al. (1977) had shown
in a long-term selection experiment that
the incidence of DY eggs responded to
single-trait selection in two experimental
White Leghorn lines, we verified these fin-
dings by estimating genetic parameters
in a large population of commercial White
Leghorns (LSL). A total of about 12,000 pe-
digree chicks of three pure lines and two
single crosses were hatched over a period
of 5 weeks (late March to early May 1982),
reared under floor conditions in window-
less houses and transferred to the test farm
within two weeks, when the oldest birds
were about 20 weeks of age and began to
lay. At transfer, the daily light hours were
increased from 8 to 12 hours, and the feed
was changed from developer to layer mash.

Under these conditions, we could estima-
te the combined effects of light stimula-
tion and change to layer feed as “age at
transfer” and estimate genetic parameters
with a mixed model. Across all genetic
groups, the percentage DY eggs increa-
sed from 1.64 to 2.49% during the first 8
weeks and from 0.77 to 1.10% during the
first 24 weeks of production in response to
10 days earlier transfer to the laying house.
Pullets from the first hatch were housed in
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The number of DY eggs to 44 weeks of age
had a higher heritability (0.26 + 0.04) than
the total number of eggs (0.12 + 0.02), and
the pooled genetic correlation was negati-
ve (rg = -0.18). Correlations between pure-
line and cross-line sire progeny groups were
higher for the number of DY eggs (0.54 to
0.61) than for the total number of eggs to
44 weeks of age (0.32 to 0.44).

The negative correlation between DY egg
production to 44 weeks of age and full
year production is confirmed by the re-
sults in table 2:

The top 10 DY layers had a significantly hig-
her ovulation rate during the first 16 weeks
of production, but then lost in terms of
cumulative egg mass due to inferior persis-

tency. These results suggested that section
Figure 4: Hen-day yolk production in an F1 cross of two White Leghorn lines selected for DY

) ) should focus on persistency of egg pro-
egg production over 10 generations (Abplanalp et al., 1977).

duction and shell quality rather than more
group cages and not used to estimate ge-

which had survived to 44 weeks of age. DY eggs during early production.

netic parameters (Flock, 1984). Mortality was negligible under these ma-
nagement conditions on the breeding farm.

From the weekly results per line and cross
Y P Table 1: Frequency and average weight of DY eggs by age (modified from Flock, 1984)

Hen age AA BB AB BA Heterosis* (%)
weeks | %DY | EW | %DY EW %DY EW %DY EW %DY EW
21 1.8 1.6 67.1 32 2.4

we calculated the "heterosis” for the inci-
dence and weight of DY eggs, defined as
excess of the cross over the parent ave-
rage, as shown in Table 1:

64.3 72.9 X 72.9 64.7 11.0
22 1.5 68.4 1.8 69.7 34 75.6 2.2 75.9 69.7 9.7
The percentage of DY eggs (relative to the
! . 23 14 704 20 721 30 783 20 777 474 9.5
number of eggs laid per week) reached its
maximum before peak production’ while 24 1.6 73.5 2.0 74.1 3.0 79.5 1.7 79.4 30.6 7.7
the number of DY eggs continued to incre- 25 17 756 1.8 76.2 30 808 1.5 809 286 6.5
ase withincreasing rate of lay. The incidence 26 15 778 13 775 23 86 16 823 393 62
of DY eggs was significantly higher in the
. ) . 27 1.4 79.8 1.2 79.0 2.2 84.3 14 83.6 38.5 5.7
crosses than in the pure-lines, and the diffe-
rence between reciprocal crosses suggests 28 0.9 80.9 1.0 81.3 1.4 80.6 0.8 86.0 15.8 2.7
that maternal effects may be important. The 29 1.1 840 07 83.6 13 88.2 0.9 88.6 = 222 5.5
average weight of DY eggs increased with 30 07 870 07 858 14 877 08 872 571 12
0y
the age of the hens, from about 35 to 45% 31 06 874 09 88 13 9.1 08 894 400 36
above single yolk eggs.
32 0.4 88.9 0.6 86.7 1.4 90.0 0.9 91.0 30.0 3.1
21-32 1.1 78.2 1.3 78.2 2.2 82.6 1.4 829 40.9 59

Heritabilities and genetic correlations were

estimated only for hens in single cages

* excess of reciprocal crosses over parent lines
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Table 2: Full-year egg mass production per hen housed (HH) of the top 10 hens with the high- Recent results from com-
est number of DY eggs, compared to the average (modified from Flock, 1984)

mercial White Leghorns in

Average cross AB Top 10 DY laying hens Ja pan
Production Egg mass Production Ovulation Egg mass Since our studies in the 1970s and 1980s,
il L] Jo/H il L] genetic improvement of commercial lines
1 81.4 1.118 729 91.8 1.132 continued, while the structure of primary
2 92.1 139 82.9 109.6 1459 breeding companies changed and farms
5 . . . = e with pedigreed stock were located on dif-
ferent continents to assure continuous
4 93.2 1.558 83.6 96.8 1.507
supply of parent stock to customers around
5 92.1 1.573 86.8 918 1.525 the world. With progressing globalizati-
6 91.4 1.589 87.8 89.6 1.487 on of the egg industry, the H&N breeding
7 90.0 1592 81.7 81.7 1.446 program was relocated from the USA to
Germany, and brown-egg breeding has be-
8 86.8 1.561 769 769 1.380 . . .
come as important as white-egg breeding.
Y G 315 Sy 7Sl 13 For the present study, we can therefore re-
10 818 1.503 70.0 70.0 1.286 fer to recent data from white-egg layers in
1 79.6 1475 67.1 67.1 1.243 Japan and brown-egg layers in Spain.
12 75.0 1.400 63.2 63.2 1.180
Japan is perhaps the best country in the
Average 86.8 - 77.5 84.2 - . .
world to study egg marketing and to dis-
Total - 17.824 - - 16.454

cuss breeding goals with business part-
ners focused on efficient production of top
quality eggs. As a common management
tool, daily results are recorded and com-

Table 3: Production and egg quality of a recent“Julia Lite” parent flock in Japan

Week Female % H.D. Settable Undergrade Cracked Misshapen DY eggs per
of age Livability Prod. eggs % eggs % eggs % eggs % 10.000 hens

20 99.9 40.4

21 99.8 70.8 0.0 95.2 0.2 0.2 15 103

22 99.8 87.8 0.0 95.0 0.2 0.2 1.8 157

23 99.8 93.5 0.0 95.0 0.2 0.3 2.1 200

24 99.7 95.0 0.0 95.6 0.1 0.3 17 166

25 99.6 95.8 56.8 38.9 0.2 1.5 15 142

26 99.6 96.1 80.7 16.4 0.1 0.6 12 119

27 99.5 97.2 84.6 12.8 0.1 0.5 1.0 101

28 99.4 97.1 90.8 6.7 0.2 0.7 0.8 75

29 99.4 96.9 93.1 43 0.1 1.0 0.6 62

30 99.3 97.4 94.5 3.2 0.3 0.8 0.5 45

31 99.2 97.3 95.4 23 0.1 1.0 0.5 45

32 99.2 96.5 95.1 14 0.1 2.2 0.5 46

20-32 1,295
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pared with previous flocks or standards
in management guides. Table 3 shows an
extract from a much larger document with
detailed results of a recent parent flock
(courtesy of Ghen Corporation):

No eggs were recorded before 20 weeks of
age, and all eggs were graded on size. Only
normal eggs between 52 to 72 g are used
as hatching eggs to assure uniform chick
quality. DY eggs are sorted out mechani-
cally by weight and/or by subjective ins-
pection of eggs from young flocks. Since
few DY eggs will be laid after 34 weeks of
age, this parent flock will average less than
0.14 DY eggs per hen housed.

The incidence of DY eggs varies more on
commercial farms than on parent farms
with top management. As an example,
the following Table 4 shows an unusually
high percentage of DY eggs in a flock of
6,326 "Julia Lite"which hatched in February
2016 and was reared under conditions of
open housing during a period of increa-
sing natural daylight. The flock lacked uni-
formity when it reached sexual maturity at
an average age of 145 days of age, started
with low average egg weight and reached
peak daily egg mass production close to
50 weeks of age.

Recent results from commer-
cial brown-egg lines in Spain
We are not aware of any published data on
the frequency of DY eggs in brown-egg li-
nes and the composition of DY eggs com-
pared to single yolk (SY) eggs. We have
therefore summarized daily records from
two pedigreed commercial brown-egg li-
nes currently on test in single and group
cages in Spain. The weekly incidence is
shown in table 5:

The pullets had been reared under environ-

ment-controlled conditions and were 27

Table 4: High incidence of DY eggs in a flock of “Julia Lite” White Leghorns, hatched 20-02-
2016 and reared with increasing natural day-light (Source of data: Farm Kitagawa yohkei;
courtesy of Ghen Corporation, Japan)

weeks % g/hen-day % \[}
19 99.9 4.3 42.0 1.8 4.09 78
20 99.8 2338 437 10.4 3.61 381
21 99.6 51.7 46.6 241 3.41 778
22 99.6 714 48.6 347 341 1072
23 99.5 80.4 50.8 40.9 2.75 974
24 99.3 86.8 52.1 45.2 2.45 935
25 98.9 87.2 52.5 45.8 1.62 619
26 98.8 92.4 53.6 49.5 1.27 517
27 98.6 88.3 543 48.0 1.14 441
28 98.5 92.2 553 51.0 1.14 458
29 98.4 89.7 56.2 50.4 0.92 360
30 98.3 923 56.9 525 0.89 357
31-35 97.8 93.7 58.9 54.9 0.57 1160
36-40 97.4 94.0 61.7 58.0 0.27 545
41-49 96.7 93.1 63.5 59.1 0.15 542

and 30 weeks of age when a sample of 120
DY and 120 SY eggs per line were broken
out to determine the composition of DY
eggs. The results are summarized in table 6:

Table 5: Incidence of double-yolk eggs in
two commercial brown-egg lines

Age Total DY Eggs
weeks | Egg No. No. %
21 607 1.18

51,610
22 68,448 697 1.02
23 83,100 678 0.82
24 88,490 580 0.66
25 89,297 676 0.76
26 89,658 573 0.64
27 89,552 529 0.59
28 89,391 437 0.49
29 90,069 400 0.44
Total 739,615 5177 0.70

Weight and percentage of albumen can
be calculated as whole egg minus shell
and yolk. On average, DY eggs were 37.3
% heavier than single-yolk eggs from the
same group of hens, mainly due to almost
double yolk weight (+92.8%). DY eggs had
12.8% higher shell weight and 19.9% hig-
her albumen weight, but lower percen-
tage shell and percentage albumen than
single-yolk eggs.

Depending on the time laps between the
first and second ovulation, the egg white
in DY eggs may enclose each yolk or both
yolks, and more egg white may be seen
around the first yolk. Additional shell weight
suggests more than 24 hours from first ovu-
lation to oviposition, and a DY egg is often
followed by a day without oviposition.
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Table 6: Weight and composition of double-yolk vs. single-yolk eggs

Double-yolk eggs

B Mean 771 9.0 280 116

(27

wks)  STD 37 10 24 10
V(%) 47 110 84 90
Min 69.8 7. 234 92
Max 843 114 339 142

A Mean 823 95 285 115

30

wks)  STD 74 10 26 09
V(%) 90 106 90 8.1
Min 692 7.1 241 9.1
Max 99.8 123 350 141

Controlling the incidence
of DY eggs in meat-type
breeders

Jaap and Muir (1968) studied non-rhyth-
mic laying patterns in large-bodied broiler
lines during the first three month of lay
and found that between 9 to 20% of their
ovulations resulted in defective eggs: 5.0
to 12.5 % were double-yolked. 3.7 to 7.0%
soft-shelled or shell-less, and 1.6% to 6.4%
were laid as two eggs within 24 hours.

Early work on DY eggs of meat-type chi-
ckens is based on data with ad libitum

Table 7: Influence of the dwarf gene dw on
ovulation rate and production of normal
eggs in three experimental White Rock lines
(Source: van Middlekoop 1973)

Number of [ Number of
ovulations | normal eggs

Genotype Dw- dw- Dw- dw-

Line DY 1556 141.2 1239 1384
LineTE/D* 139.0 134.1 1166 1314
Line N 150.5 139.1 135.7 135.1
Average 148.4 138.1 1254 135.0

*Two eggs on one day

Single-yolk eggs

36.3 255
25 3.5 0.7 0.9 0.9 1.5

7.0 6.4 8.6 6.7 6.2 57

304 478 66 121 125 222
448 625 98 158 169 310
346 622 86 156 138 251

2.0 4.9 0.9 14 14 24

5.8 78 107 89 9.9 9.4
300 509 6.5 121109 19.0
399 785 118 193 171 320

feeding to 8 weeks, which used to be the
standard age at which broiler lines were
selected for rapid juvenile growth rate.
When the intensive selection with focus
on early growth rate started to show un-
desirable correlated effects on reproducti-
ve performance, specialized sire and dam
lines were selected on an index which
emphasized broiler growth rate and meat
quality, while index selection of female li-
nes was based on a combination of broiler
traits and reproductive performance.

Van Middelkoop (1973) reviewed the lite-
rature on effects of the dw gene on ovula-
tion rate and oviposition in egg-type and
meat-type chickens. At the Spelderholt
Institute for Poultry Research. he mated
females of three heavy White Rock lines to
heterozygous Dw/dw males and compa-
red the reproductive performance of nor-
mal sized (Dw) and dwarf (dw) daughters
of the same sires over a laying period of 32
weeks. As shown in the following table 5,
the heavy Dw- hens produced on average
10 more yolks than their smaller dw- sis-
ters, whereas the dwarf hens produced 10

more normal eggs.

In this experiment, the advantage of
the dw- gene was most pronounced in
the lines previously selected for DY eggs
or two eggs a day and during the first 8
weeks of production. Differences in early
egg weight were not discussed, but would
be of interest for commercial hatcheries
which set eggs only above a minimum
weight for good chick quality and early
growth rate.

Several broiler breeding companies have
introduced the dw- gene in a line used as
maternal grandsire of dwarf parents to re-
duce the feed cost per hatching egg. Ma-
ted to heavy males, they produce normal
sized broilers. With sex-separate feeding
and spiking the flock with young males,
adequate fertility can be achieved. The ar-
gument of fewer DY eggs has never been
a commercial issue in promoting dwarf
breeders. Light control and modern tech-
nology to control feed intake in breeder
flocks helps to reduce erratic ovulation
and the incidence of non-settable eggs.
Broiler breeder field data indicate that
double yolk incidence is normally bet-
ween 1-2%. This is within the range obser-
ved in pedigree flocks which has stayed
unchanged for the last 20 years. In com-
mercial PS flocks, incidence above 2% are
related to flock management issues, typi-
cally poor uniformity through rear resul-
ting in variable response to light stimulati-
on and a consequent increase in incidence
of double yolks (Avendano. 2017).

Discussion and Conclusions
Most of today’s commercial layers will pro-
duce one normal shell egg per day and
follow the diurnal pattern recently descri-
bed by Kaspers (2016), provided they are
properly managed during rearing and es-
pecially during the critical time of transfer
to the laying house. Personal information
from colleagues who are in close contact
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with the egg market suggests that DY
eggs are found in every young white-
egg and brown-egg flock, with variable
frequency, and that egg producers never
complain about too many. About 2% DY
eggs are common at the time when pul-
lets reach sexual maturity, and there is no
evidence that the rate has changed signi-
ficantly in recent years. A higher incidence
is most likely due to overstimulation, when
the pullets are exposed to an abrupt incre-
ase of day length and/or light intensity at
the time of transfer to the laying house,
which should be avoided with good ma-
nagement practice.

In our earlier data (Flock, 1984), we could
not test whether laying of DY eggs invol-
ves an increased risk of mortality due to
prolapse or vent picking, because the hens
were kept in single cages, with essentially
no mortality. In case of significant mortali-
ty due to vent picking, it is recommended
to take a closer look at the conditions du-
ring rearing and laying: the pullets should
not be fat when they lay their first egg,
and their cloaca should be out of sight for
other hens while laying an egg. Mucous
membranes of the uterus are everted
when an egg is laid, and it may take longer
to retract them after laying a DY egg. These
membranes attract the attention of other
hens, and this may initiate vent picking
and cannibalism in the flock, especially if
the light intensity is too high.

While egg producers are unlikely to comp-
lain about“too many”DY eggs, the negative
correlation between DY egg production at
onset of lay and persistency of production
should discourage producers from over-
stimulating pullets at the time of transfer
from rearing to laying facilities. Systematic
feed formulation to support high early egg
weight is a better solution to meet the de-
mand for larger eggs in young flocks.

The incidence of DY eggs in chickens is
much lower than twinning in humans,
and it is to some extent heritable. The in-
cidence in today’s commercial white-egg
and brown-egg layers is apparently not
higher and perhaps even lower than a few
decades ago, when peak production was
much lower.

If primary breeders wanted to develop a
line with higher incidence of DY eggs for
a special niche market, they could focus
on early production instead of persistency
and credit these eggs with their true sales
value instead of counting them only as
“saleable” eggs at an age when eggs are
small. Selection intensity would be high as
long as the frequency of DY eggs is low.

Unfortunately, DY eggs often end up in
processing plants, where their added va-
lue is not recognized; or they are sold on
open markets as a seasonal specialty but
are no longer available if customers ask
for them again. Developing an attractive
niche market for DY eggs would require
coordination between enough egg pro-
ducers to assure continuous supply from
young flocks, to collect these eggs careful-
ly on special flats to minimize shell dama-
ge, and - last not least - a smart marketing
approach with quality assurance for con-
sumers who are prepared to pay for the
added value of these eggs.
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