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Selection for High and Low Yolk-Albumen Ratio in Chickens
V. Effects of Selection and Relaxation on Egg
Component Traits
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and Takatsugu Mitsumoro?
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For the primary objeclive of changing egg components, a divergent selection for
high and low yolk-albumen ratio was carried oul over i2 generations. The selection was
also relaxed for next 12 generations to confirm the establishment of the lines. This paper
examined the responses to selection for yolk-albumen ratioc as the changes of yolk weight
and albumen weight. A random-bred population of White Leghorn chickens used in
this experimeni was hatched in 1969, Egg traits were measured [rom 8 to 9 months of
age in every generation and then hens were selected for high and low yolk-albumen
ratio. Proportions of seleclion were 1/3~1/4 for females. The selection was relaxed
from the 12th generation by constraining selection differentials close to zero for yolk-
albumen ratio, yolk weight and albumen weight, provided that at least one female per
family was randomly chosen. About 16 males were mated to females sampled from the
same line with avoiding [ull-sibs and half-sibs matings, Amount of responses over 12
selected generalions compared wilh foundation population for yolk-albumen ratio was
estimated to increase 10 10.17% (0.94% per generation} in the high line and to decrease to
9.81% (0.80% per generation) in the low line. Realized heritabilities that were estimated
bi' regression on cumulative selection differentials were almost the same in both lines

" with the values of 0.226£0.019 and 0,230:0.021, respectively for the high and low lines,
and 0.228+0.006 for the estimation by the differences between lines. The differences
between lines for yolk weight increased to about 25g at the generation § and then -
stagnated. Those for albumen weight continucusly increased afler generation 2 {(0.818
g/generation). These changes suggested that selection responses for yolk-albumen
ratio depended on the changes in yolk weight and albumen weight in the early genera-
tions, and the increases of albumen weight in the lale generations. When selection was
relaxed, significant increases in yolk-albumen ratio (0.41% per generatlion) were observed
only in the low line. In the high line, the changes were in the range of 55~60%. The
changes in yolk weight and albumen weight were not significant in the high line. The
low line showed the increases in yolk weight and significant decreases in albumen weight
{0.26 per generation). The differences beiween lines for these iraits were significantly
decreased, indicating the phenomenon of regression to foundation populatioﬂ. Howev-
er, these changes were caused by the changes in the low line. These results suggested
that selection response has approached the limitation in increasing yolk-albumen ratio.
The reduction in yolk-albumen ratio would relate to a necessity that yolk weight could
not be decreased beyond the under biological limit.
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Introduction

The improvement of egg number and egg size is now still one of the important
problems in laying chickens. CLayTon (1968) discussed the efficiencies of selection for
egg production in the commercial laying strains. KINNEY ef al. (1974) also compared
cgg production cfficiencies by using various seleclion systems. Huwton (1984)
reviewed the plateaus of selection responses in egg production, and reported that
cfficiency of egg produétion in the commercial layers has been approached the physi-
ological limitation. SHeLpon {1980) quoted the review of Nornoskoa {1977} in genetic
statistics for animal breeding and pointed out that it is difficult to improve
dramatically egg production by the usual practical methods of artificial selection in the
commercial laying chickens.

On the other hand, even when hens lay the same amounl of eggs, the cgg
components e.g. yolk weight and albumen weight that mainly determine the size of an
egg are nol always the same. MivosH et al. (1975} and MivosH! and MirsumoTto (1994)
proposed that the different breeding goals on the egg components may be applied in
the commercial chickens because a large variation exists for egg component traits.
Moreover, Hussein ef al. (1893) pointed out that if the demand of broken-out eggs
increases, the egg components especially yolk-albumen ratio will become an important
factor. From this point, in the case of consideration to eggs for food or as raw
malerials for food processing, the development of chicken breeds suitable for vartious
purposes on egg components or egg quality has been desired (HiLL ef ¢f., 1966 ; SINGH,
1972 and ARaFa et al., 1982).

The primary objective of this experiment was to change the egg components.
Hence, a divergent selection for yolk-albumen ratio that has not received much
attention in the selection programs was implemented. Results of the first two gener-
ations showed a possibility for changing this trait (Mivosn and MiTsumoro, 1874). The
experiments were continuously extended for seven generations and reported by
Mivosnt and Mitsumoto (19802, b), However, the trends of hatchabilily over selected
generations showed a counteraction with physiclogical state from changing egg
components (Mivosnr and Mrtsumoro, 1981}, This paper presents the effects of selec-
tion and relaxation eachin 12 génerations gn the changes of yolk weight and albumen
weighl, and discusses the plateau of selection for egg component traits.

Materials and Methods

In 1964 a base population was obtained from White Leghorn chickens of five
poultry farms, then random mating in four times resulted in the foundation population
([F0) of this experiment in 1969. Only in the generation 0, the hens were classified into
four groups according to the egg weights (S, MS, ML and L). In each group, two lines
were selected for large and small yolk weights, corresponding to high and low yolk-
albumen ratio. In the followed generations, divergent selection for high and low
volk-albumen ratio was carried out, Consequently, a total of eight lines were contin-
uously maintained (8§, SL, MSS, MSL, MLS, MLL, LS and LL). However, because the
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Table 1. Number of tested females per generalion in the high {H) and low (L}
volk-albumen lines.

Selecled Relaxed
Generalion H-line L-line Generation H-line L-line
] 3533 353 12 163 173
1 174 171 13 151 236
2 205 161 ’ 14 116 120
3 195 214 15 113 118
4 2056 207 16 44 61
] 201 194 17 84 8l
6 171 157 18 62 88
7 197 201 19 77 106
8 186 186 20 ) 66 101
9 201 206 21 89 91
10 234 204 22 94 100
11 187 192 23 131 119
12 163 173 24 81 88

inbreéding was increased owing to the size of population, at the generation 9 the
crosses within selection direction were performed (SSXMSS and SLXMSL in the
smaller egg size group, and MLS X LS and MLL XLL in the larger egg size group). The
crosses of (SSXMSS) X (MLS X LS} and (SL X MSL}X{MLL X LL) were carried out at the
generation 14 to establish the two present lines of high and low yolk-albumen ratios,
respectively. Total numbers of hens in each generation used in this experiment are
presented in Table 1. The proportions of selection in each generation were from 1/3 to
1/4 for females, while 4~16 males per line were randomly mated to selected females to
produce next generation with avoiding the matings between full-sibs and half-sibs as
much as possible (Mivoshl and MitsumoTo, 1980a). From the 12th generation the
selection was relaxed by constraining selection differentials close to zero not only for
yolk-albumen ratic as a trait of direct selection criterion but also for yolk weight and
albumen weight. Furthermore, to avoid the decrease of the number of female families,
at least one female per family was randomly chosen. Throughout this experiment,
mating and hatching were carried out from June to July in every year. Feeding and
management were uniform for all the generations as far as possible. Egg component
traits were measured in spring when hens reached to 8~% months of age in every year.
Five consecutively laid eggs per hen were collected, weights of an egg, yolk and
albumen were measured. Yolk-albumen ratio for each egg was calculated as percent-
age of yolk weight over albumen weight. Mean of five eggs was calculated for each
trait as a value of each hen (Mivosm and MiTsumoto, 1980 a).

Results and Discussion

Effects of the selection : ' .
Throughout the 12 generations, direct response trends for yolk-albumen ratio
cvaluated as population mean were observed to increase in the high line (10.17%) and
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to decrease in the low line {9.81%) in comparison with foundation populalion.
Amounts of changes per generation estimated by regression of populaiion means on
generation numbers were 0.94% and 0.80% for the high and low lines, respectively.
The changes of population means for yolk-albumen ratio by the cumulative selection
differentials are shown in Figure 1. Cumulative selection differential in the high line
over 12 generations was about 10% larger than that in the low line, though realized
selection differentials of the high line in each generation slightly differ from those of
the low lines. Regressions of population means on the cumulative selection differen-
tials were significant (p<0.01) for both lines. The regression coefficients were almost
the same for the high and low lines (0226 £0.019% for the high line and 0.230+0.021%
for the low line). Hence, the changes of population means for yolk-albumen ratio in
the two lines showed a symmetrical trend over 12 generations. However, the changes
were observed to increase in the early generations of the high line and to decrease in
the late generations of the low line (F‘ig. 1).

Although a small difference between lines in selection differentials in each gener-
ation was applied, the changes in populalion mean in each generation for yolk-
albumen ratio showed differences between the high and low lines. Moreover, the
fluctuation of population means for yolk-albumen ratio in some generations was
similar for both lines. Therefore, selection responses were also’evaluated as the
difference between lines in population means of the high and low lines, Figure 2
showed the changes of differences between lines in yolk-albumen ratio by differences
between lines in cumulative selection differential, The regression was significant
with a coefficient of 0,228--0.006. This suggested the existence of additive genetic
variance for yolk-albumen ratio in the foundation pepulation, and that there is no
plateau in genetic responses after 12 selected generations. The value also refer to
realized heritability for yolk-albumen ratic. However, it was smaller than in the high

High-line
¥=47.84+0.226X**
(0.019)

[=2]
(3]
1
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Low-line
Y=47.26—0,230X**
(0.021)

Yolk-albumen ratio (%)

35 1 1 1 1 a1 .
0 10 20 30 40 50 60
Cumulative selection differential (%)

Fig. 1. Changes in mean of yolk-albumen ratio by cumulalive
selection differentials over 12 selected generations.
** . Significant differences from 0 at p<0.01 for the
regression ceefficients.
The numbers in the parentheses are standard errors,
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line of 0.36 with a range of 0.16~0.50 and larger than in the low line of 0.05 with a range
of 0.01~0.15 reported by Mivosni and MitsuMoTo (1980 a) for the data over 7 generations,
and was also smaller than the values estimated by analysis of variance of 0.41~0.45
{SmvGH et al., 1972), and 0.15~0.50 with average of 0.33 (Mivosut and MrrsumoTo, 1980 a),
The differences between the two lines in selection responses evaluated the changes

in yolk weight and albumen weight that were used as basis for calculation of volk-
albumen ratio. Thus yolk-albumen ratio may be a kind of simple selection index for
yolk weight and albumen weight. Hence, when the actual selection intensity is
applied for either yolk weight or albumen weight or both of them, the antagonistic
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" responses to selection for these traits can be E-)_c_b-éc_ted_. Genetic correlations éméﬁg_fl_l-e' o

egg weight, albumen weight and yolk weight were known lo be mutuaily positive
(HiLL ef al., 1966 ; Kumar and Kapry, 1968 and Tanasg, 1971), On the other hand, because
the foundation population of this experiment had a relatively small egg weight, its
proportion of yolk weight and albumen weight was smaller than that of other popula-
tions {(MivosH et al., 1975). These facts suggested that it is a possible difficuity to
decrease the yolk weight and albumen weight.

Figure 3 showed the changes in mean of yolk weight, albumen weight and their
differences between lines by generations. Means of yolk weight in the high line
increased to the F7, except for a decrease at the F2 and then stagnated. The decreases
in yolk weight after the F7 were observed in the low line. The changes in means of
albumen weight followed the selection direction as expected in each line. Moreover,
changes in egg components also accompanied changes in egg weight with a similar
pattern of changing in albumen weight in both lines.

The differences between lines in yolk and albumen weights were significantly
increased (0.185g/gencration and 0.818g/generation, respectively). However, a

25¢
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o = 151
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£
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=
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Difference between lines in cumulative
selection differential (%)

Fig. 2. Changes of differences between lines in yolk-albumen
ralio by differences between lines in cumulalive selection
differentials over 12 selected generations.

** : Significant differences from 0 at p<0.0l for the regres-
sion coefficients.
The numbers in the parentheses is standard error.
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Fig.3. Changes in mean of yolk weighl and albumen weight and their differences
between lines (DBL, in dot lines) over 12 selected generations.
** : Significant differences from 0 at p<0.0]1 for the regression coeflicients.
The numbers in Lhe parentheses are standard errors.

stagnation for differences between lines in yolk weight was observed after generation
8, while albumen weight showed continuous increases after generation 2. These facts
suggested that genetic responses evaluated as differences between lines for volk-
albumen ratio were caused by the changes in yolk and albumen weights over first 8
generations, the responses in followed generations were depended on the changes only
in albumen weight. ScuHEINGBERG et al. (1953) reported that the correlated response for
albumen weight was more than that for yolk weight when selection for egg weight.
MivosHl ef al. (1975, 1993) also st_udied Lthe egg components in the commercial chickens
using the method of analysis of correlation matrices among egg components by
varimax rotation of principal composites and showed that yolk weight possibly did nol
belong to the closely associated group of egg weight and albumen weight. In general,
the above facts maybe related to the difficulties of decrease in yolk weight and
remarkable increase in albumen weight in this selection experiment. Because it is
expected that the selection responses for yolk-albumen ratio has achieved a physiclog-
ical constant for egg components.

Influences of the relaxation :

To examine the efficiencies of selection on the direct selection trait of volk-
albumen ratio and correlated traits of egg components, the selection was relaxed by
cons'training selection differentials to zero in each generation. The plots between
population means of yolk-albumen ratio and its differences between lines by genera-
tions are presented in Figure 4. Regression of the responses to relaxed selection in
population mean over 12 generations was estimated. The difference between lines
was significantly decreased (—0.528% +0.094 per generation). However, this change
may be contributed by the increases in the low line. Amounts of 2.85% decrease and
4.23% ircrease for the high and low lines, respectively, were observed in the relaxed
generations [rom the F12 to the F24. Change per generation eslimaled by regression
coeflicient for the high line was (.11% but was not significant,. The population means
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Fig. 4. Changes in mcan of yolk-albumen ratio and its differ-
ences between lines (DBL, in dot lines) over 12 relaxed
generalions.

** . Significant differences {rom 0 at p< 0.0l for the regres-
sion coefficients.

The numbers in-the parentheses are standard errors.

were in the range from 55% to 60%. In the low line, significant regression toefficient
{p<0.01) was estimated with the value of 0.41% as amount of changes per generation,
indicating that the selection responses in this line over 12 generations have not reached
to the limitation.

The changes of population means for yolk weight and albumen weight and their
differences between lines after the F12 are presented in Figure 5. Yolk weight in the
high line fAuctuated within the value of about 1g except for a clear decrease at the F16.
Yolk weight in the low line increased from the F15 to the F19 and closed to the value
of 15.18g in the F0. Moreover, the decreases at the F16 for other traits {e.g. egg weight
and shell weight) were possibly caused by the measurements which were carried out at
an earlier age because the incubation of this generation was delayed about one month
due to experiment facilities (FLETCHER et al., 1983 ; Mivostl el af., 1996). Albumen
weight in the high line oscillated within the value of 1.5g, and that in the low line was
significantly decreased (p<0.01} with amount of 0.26g per generation. Moreover,
significant decreases in differences between lines for yolk weight and albumen weight
were observed (yolk weight : 0.078 g/generation and albumen weight : 0.253 g/genera-

tion). However, the difference between lines for yolk weight was observed to have a’

trend of stagnation from the generation 15. Thus, the regressional phenomenon to
foundation population for yolk-albumen ratio was indicated by the dec‘reases in
difference between lines for yolk weight in Lhe early relaxed generations and albumen
weight in the late generations. Moreover, these changes possibly caused mainly by
the changes of these traits in the low line.

As mentioned above, since yolk weight and albumen weight had a positive genetic
correlation, simultaneously antagonistic changes in both traits under the divergent
selection for yolk-albumen ratio can be expected. The objective of selection was
attained over the 12 generations of selection in the high line as indicated by large volk
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Fig.5. Changes in mean of yolk weight and albumen weight and their differences
beiween lines (DBL, in dot lines) aver 12 relaxed generations.
** : Significant differences from 0 al p<0.01 for the regression coefficients.
The numbers in the parentheses are standard errors.

weight and small albumen weight, hence the line that produced the eggs with high
yvolk-albumen ratio was established. This line had 10~20% yolk-albumen ratio
higher than the commercial lines repofted by Mivosni and MrTsumoTo (1994). However,
the changes of population means in the low line suggested that it is difficult to develop
a line that can produce the eggs with small yolk and large albumen as compared to
some commercial lines that had even lower yolk-albumen ratio than the low line in
this study (Mivosmr and MirsumoTo, 1994). Moreover, because egg has biological
homeostasis, especially yolk weight can not be decreased beyond the under Himit. The
increases of egg weight and albumen weight often accompany the decreases in
hatchability as reported by Mivosut and Mitsumoro (1981). Therefore, the considera-
tion should be paid for the relation between egg components and development of
embryo (MUrRAMATSU ef ai., 1990), body composition of chicks (MivosHt and MiTSUMOTO,
1995) and factors of egg formation (MivosHr et al., 1996).
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