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Relationship between weight, volume and specific gravity

of goose eggs before incubation

ABSTRACT

In this study, the relationships between the weight, volume and specific gravity of eggs
are revealed by calculating egg's volume and specific gravity depending on the weight
of the egg, breadth and length, which are only three variables, with mathematical
equations. Eggs to three goose genotypes, Grey China, Linda and Native geese from
Aksaray region taken from six breeders were used. Eggs (n=481) were weighed and
Length, Breadth measurements made with a precision of 0.01 mm. Average weights in
genotypes from large to small in Linda, Native and Chinese geese were detected as;
165.9, 137.2 and 131.1 g, respectively, and the average egg volume was found as; 152.0,
126.0 and 120.3 cm?, respectively. Specific gravity from large to small in Linda, China
and Native has occurred as; 1.092, 1.091 and 1.089 g/cm?®. Egg volume was calculated
with mathematical equations and results were close to real, and accordingly the
calculated Specific gravity was also detected to be realistic. These results were obtained
easily by only three variables, egg weight, and Length and Breadth values. This method
can pave the way to obtain a lot of information about the egg with Specific gravity.
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NTRODUCTION

Breeding process of geese in an incubator involves extra

procedures compared to other types of poultry. At the end of this

difficult procedure followed, the desired level of incubation

efficiency cannot be achieved (Golz, 1991; Tilki and inal, 2004a;
Karabulut et al., 2017). Hatching efficiency has a high variation in geese,
about 50-90%, and this variation is difficult to explain (Tilki and inal,
2004a; Ramos et al., 1989; Toth, 1991; Ozbey, 1998; Arslan and Saatci,
2003; Onk and Kirmizibayrak, 2019).

Offspring rate is the most important reason that reduces hatching
efficiency, which can be understood by the incubation of the egg. With an
appropriate flock management, the fertility rate can be increased and the
decline in hatchery yield can be prevented. The handicap of goose
breeders is that they try to use all of the goose eggs in incubation because
they are few and valuable. This causes exceeding the external quality
standards in the hatching eggs, and therefore reduces the hatching
efficiency (Karabulut et al., 2017; Onk and Kirmizibayrak, 2019).
Incorrect storage of eggs is an important factor that reduces hatchability.
After the egg is laid, there is a decrease in its weight as it constantly loses
water, and this decrease occurs rapidly if the appropriate humidity and
heat environment is not provided.
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This loss of weight causes a series of reactions
that cause the egg to spoil and the efficiency of
the hatch is reduced (Rahn, 1977; Carey, 1994;
Erensayin, 2000).

The presence of weight loss depending on the
time of the egg refers to the variability of the egg
over time. In other words, when talking about
egg weight, weighing at a certain time should
come to mind.

The average weight of goose eggs has a wide
variation between approximately 123 and 185 g
(Paganelli et al., 1974; Saatci et al., 2002; Saatci
et al., 2005; Rabsztyn et al., 2010; Nedomova
and Buchar, 2014; Hamadani et al., 2016;
Kumbar et al., 2016; Ahmad et al., 2017). These
differences may result from genetic factors such
as race and age, as well as environmental factors
such as care, feeding, breeding system and
region differences. Arroyo (1990) used goose
eggs of Africa, China, Toulouse and Embden in
his study and reported that the egg weight was
170, 173, 168 and 183 g, respectively. Tilki and
Inal (2004b) found that the average egg weight
was 154.9 g in their study on France White geese
and increased significantly after 2 years of age.
Hamadani (2016) found the average egg weight
as 136.65 g in Kashmir Weight geese; Razmaité
(2013) found the average egg weight as 123.40 g
in the first spawning season and 186.69 g in the
second season.

Due to the variability of egg weight, it alone
is not enough to evaluate the egg. But it can gain
a powerful meaning with specific gravity.
Because, when looking at the specific gravity
formula, it suggests that there is a positive
correlation between weight and specific gravity.
Normally the specific gravity corresponds to an
approximately constant value, but as the weight
decreases, the specific gravity is expected to
decrease as well.

It is the safest method to calculate specific
gravity according to Archimedes principle.
Saatci et al. (2002) calculated the specific gravity
of domestic goose eggs as 1.113 in Kars region,
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Arroyo (1990) calculated it as 1.079, 1.08, 1.08
and 1.079 in Africa, China, Toulouse and
Embden races respectively, Hamadani et al.
(2016) detected it as 1.09/cm? g in Kashmir Anz
geese in Kashmir Valley, India. It is seen that
specific gravity values differ in studies
conducted on some poultry animals other than
geese. Cetingiil and Inal (2009) detected the
specific gravity in Nick Brown breed chickens as
approximately 1.082 g/cm3. Nemati (2020)
found the specific gravity as 1.07 g/cm® in
Japanese quails.

Volume is a variable used in the calculation
of specific gravity, and the volume of the egg
does not differ over time. In other words, while
the specific gravity and egg weight show an
alternation, the volume is constant. Calculating
the volume according to Archimedes' principle is
the safest. The average volume of goose eggs has
a wide variation between approximately 125 and
175 cm?® (Paganelli et al., 1974; Saatci et al.,
2002; Nedomova and Buchar, 2014; Kumbar et
al., 2016). There is a positive correlation
between volume and weight. Paganelli et al.
(1974) calculated the volume of Embden Geese
as 158.74 cm® depending on the egg weight.

When examining specific gravity, calculating
volume or specific gravity according to
Archimedes principle is both difficult and time
consuming. It requires a series of difficult
operations performed by immersion in water
(Hamilton, 1982). Instead, it will be more
accurate to use mathematical formulas that
calculate the volume with a little error. Since the
volume of the egg does not change, it will be
appropriate to examine the weight and specific
gravity of the eggs together with the volume.

Recently, photographic imaging techniques
have been used frequently to obtain information
about egg morphology (Lawrence et al., 2006;
Sunardi, 2017; Adegbenjo et al., 2020). Length
and breadth are frequently used variables in these
techniques (Nedomovd and Buchar, 2014;
Narushin, 2005). Depending on these two
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variables or egg weight, many other variables of
the egg can be predicted (Copur-Akpinar et al.,
2017; Alasahan et al., 2019; Karabulut, in press).

The aim of this study is to obtain information
about the weight and specific gravity of eggs
with unknown storage history by easily
calculating the volume and specific gravity of
eggs depending on the three variables of length,
breadth and egg weight. For this purpose,
mathematical equations will be used instead of
Archimedes principle.

MATERIAL and METHOD
Materials

Aksaray is a province in the South east of Tuz
Golii, which has a latitude of 38° N and longitude
of 34° E, and an altitude of 980 m. Although this
region has a continental climate, the air
temperature from January to June, which is the
laying season of geese, varies between -19 - 40
°C and relative humidity between 40% and 85%
(Yayvan, 2008; 2014; Eskin, 2017; CSB, 2021).
Breeders brought the eggs to the hatchery in
plastic containers or cardboard boxes,
supplemented with straw, hay or fodder. They
stated that they kept the eggs in the barn until
they were brought to the hatchery. In the study,
eggs of three goose genotypes; Grey China,
Linda and Native geese of Aksaray region, taken
from six breeders in Aksaray region were
evaluated. China and Linda breeds have been
found pure and most of the Native geese of
Aksaray region are gray and piebald colored
geese, but very few of them have blood from
China goose and other breeds. The study was
conducted on a total of 481 eggs and the result as
follows; Egg distributions from 1st breeder to 6th
breeders are 100, 6, 287, 52, 13 and 23,
respectively, and the distribution of these eggs
by genotypes is 113, 32 and 336 in Grey China,

Linda and Native geese of Aksaray region,
respectively.

To measure weight, the eggs were weighed on
a scale with 1 g sensitivity. For the calculation of
egg volume, the distance between the two tip
points of the long axis of the egg was taken as
Length and the distance at the widest part of the
short axis as Breadth Measurements were carried
out with a digital caliper capable of measuring
200 mm distance with a precision of 0.01 mm.

Methods

Egg specific gravity was calculated with its
known formula.

Specific gravity=—sg et

Egg volume

Actual measurement values were used as egg
weight. Egg volume was calculated based on the
ellipse shape of the egg (Preston, 1974).

Egg volume= KvLB? Here; Kv=0.507, L:
Length, B: Breadth

The coefficient (Kv) for the egg volume in the
formula is the coefficient corresponding to the
egg of Anser fabalis, which weighs 142.6 g,
reported by Hoyt (1979) from Schonwetter.

Statistics

Comparison of genotype and breeders for each
trait was made by OneWay ANOVA, and
differences were made by Duncan Test.
Correlations between variables were determined
with Pearson Correlation. Analyzes were made
in SPSS package program (IBM, 2013).

RESULTS

The differences between the genotypes of the
characteristics related to the weight, volume and
specific gravity of the egg have been given in
Table 1.
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Table 1. Differences in Egg weight, Egg volume and Specific gravity by genotypes

Variables ~ Genotypes N _ X - Sx Min - Max  CV |

Native 336 137.2° 0.793 101 191 10.60

Egg weight () China 113 131.1¢ 1.110 98 164  8.99 ***
Linda 32 165.92 2.492 141 190 8.50
Total 481 137.7 0.730 98 191  11.63
Native 336 126.0° 0.762 94.3 175.7 11.09

Egg volume (cmd) China 113 120.3¢ 1.054 93.1 1534 9.32 ***
Linda 32 152.08 2.229 128.9 1751 8.30
Total 481 126.4 0.689 93.1 175.7 11.95
» ) Native 336 1.089 0.001 0.890 1.150 1.89

Spe‘?f;‘ér%;’“"ty China 113 1.091  0.002 0.950 1130 239 NS
: Linda 32 1.092 0.002 1.060 1.120 1.24
Total 481 1.090 0.001 0.890 1.150 1.98

***: p<0.001, NS: No significant, n: number of eggs, x : mean, Sx: standard error, CV: coefficient of variance, p:
significance
The difference between genotypes in terms of  order of the averages in genotypes was found to
egg weight and volume was found to be very be similar to the egg weight order. Its specific
significant (p<0.001). Among the genotypes, in  gravity was observed to be similar between
terms of egg weight averages, it was observed  genotypes (p>0.05).
that Linda was the highest and Chinese geese
were the lowest. Egg weights averages in
genotypes from large to small occurred as
follows; Linda, Native and Chinese,
respectively. Egg volume was calculated and the

The regressions where egg weight determines
egg volume and specific gravity according to
genotypes have been given in Figure 1.
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Fig 1. Regressions in which Egg weight determines Egg volume and Specific gravity according to genotypes.

In regression where egg weight determines Correlations between Egg weight, Egg
egg volume, determination coefficients have volume and Specific gravity according to
taken values close to 1. In regression where egg  genotypes have been given in Table 2.
weight determines the specific gravity in
genotypes, determination coefficients have taken
values far from 1.
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Table 2. Correlations between Egg weight, Egg volume and Specific gravity by genotypes.

Native (n=336) China (n=113) Linda (n=32)
Weight Volume Weight Volume Weight Volume
Volume 0.985 0.965 0.989
(p<0.001) (p<0.001) (p<0.001)
Syt v -0.157 -0.324 0.047 -0.215 0.229 0.085
P g (p<0.01)  (p<0.001)  (p>0.05)  (p<0.01)  (p>0.05)  (p>0.05)
A very high positive correlation was found The differences among the breeders of the

between egg weight and volume (p<0.001). variables related to the weight, volume

Considering the correlations of specific gravity
with egg weight and volume, significant negative
correlations were found with both variables in

Native geese and just volume in China goose
(p<0.01, p<0.001) but not seen either in Linda
(p>0.05).

T

able 3. Differences in Egg weight, Egg volume and Specific gravity according to Breeders.

Variables Breeders n X Sx Min Max CV P

1.Breeder 100 131.8 1.210 98.0 164.0 9.18

and

specific gravity of the egg have been given in
Table 3. According to the breeders, a significant
difference was found in all variables (p<0.001).

2.Breeder 6 146.22 8.284 116.0 167.0 13.88

3.Breeder 287 138.8% 0.965 105.0 190.0 11.78 il

Egg weight (g)  4.Breeder 52 143.32 2.603 101.0 191.0 13.10

5.Breeder 13 1259 2098 1090 1350 6.1
6.Breeder 23  140.3® 2634 1190  160.0  9.00
Total 481 1377 0730 980 1910  11.63
1.Breeder 100 1212 1135 931 1534  9.36
2. Breeder 6 135.12 8.658 105.2 160.7 15.70
3.Breeder 287  1274® 0903  97.2 1751 1201  ***
Egg(g’rzi‘)‘me 4.Breeder 52 131.4° 2461 943 1757 1351
5. Breeder 13 112.9° 1798 966 1213 574
6.Breeder 23  1301% 2657  109.2 1492  9.79
Total 481 1264 0689 931 1757  11.95
1.Breeder 100  1.088° 0003 0950 1126  2.344
2.Breeder 6 1.085° 0010 1040 1106  2.342
3  3.Breeder 287  1.090° 0001 0890 1138 1905 %%
Spec('f;ggg;w'ty 4. Breeder 52 1.092° 0002 1056 1147  1.494
: 5. Breeder 13 11158 0004  1.089 1133  1.390
6. Breeder 23 1.079° 0003 1049 1106 1462

Total 481 1.090 0.001 0.890 1.147 1.985

***. p<0,001, NS: No significant, CV: Coefficient of variance

Breeder; 146.2 and 143.3 g, the lowest averages

In terms of egg weight average, the highest were 131.8 and 125.9 g in 1st Breeder and 5th
averages were in the 2nd Breeder and 4th  Breeder, and 3rd Breeder and 6th Breeder

were

placed in the middle with 138.8 and 140.3 g,

N




respectively. In terms of egg volume averages,
the highest averages were 135.1 and 131.4 cm?®
in the 2nd Breeder and 4th Breeder, respectively,
the lowest averages were 121.2 and 112.9 cm? in
1st Breeder and 5th Breeder, and with 127.4 and
130.1 cm®, 3rd Breeder and 6th Breeder were
placed in the middle. With these rates, it was
found to be similar to the difference in egg

150 150
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weight in terms of differences. The order in
specific gravities was different from the weight
and volume, and there was only a difference due
to the size of the specific gravity of the 5th
Breeder's eggs. The regressions where egg
weight determines egg volume and specific
gravity have given in Figure 2.
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Figure 2. Regressions where Egg weight determined Egg volume and Specific gravity according to Breeders.

In the regression where egg weight
determines the egg volume in Breeders, the
coefficients of determination were 0.9345,
0.9856, 0.9741, 0.9887,0.9477 and 0.9817, from
1st Breeder to 6th Breeder, respectively.
Determination coefficients have values close to
1 and a similar situation in genotypes has
emerged here as well. According to Breeders, the
coefficients of determination in regression,
where egg weight determines the specific
gravity, increased from 1st Breeder to 6th
Breeder, respectively, 0.0101, 0.5298, 0.0027,
0.041, 0.0795 and 0.2306. Correlations between
Egg weight, Egg volume and Specific gravity

according to Breeders have been given in Table
4. A very high positive correlation was found
between egg weight and volume, and it was
0.967, 0.993, 0.987, 0.994, 0.974 and 0.991,
respectively, from 1st Breeder to 6th Breeder
(p<0.001). A similar situation in genotypes was
seen in Breeders. A negative correlation (r=-
0.156) was observed only in Breeder 6 between
the egg weight and specific gravity variables in
Breeder (p<0.01). This difference suggests that
the 6th Breeder have kept eggs in a more humid
environment during egg storage compared to
other breeders.
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DISCUSSION

Average egg weights, from large to small in
genotypes, have emerged 165.9, 137.2 and 131.1
g in Linda, Native and Chinese geese,
respectively. These averages are within the range
reported in the literature. However, the average
found for Chinese Geese is much lower than the
173 g reported by Arroyo (1990). Similarly, it is
lower than 144.51 and 148.43 g reported by
Saatci et al. (2002) and Saatci et al. (2005) for
Native geese. These differences may be
originated from genetic factors such as race and
age, as well as environmental factors such as
care, feeding, breeding system and region
differences (Hamadani et al., 2016; Arroyo,
1990; Tilki and Inal, 2004a; Razmaité, 2013).
Storage time and shape may also have a
contribution to this difference.

The ranking of average egg volume in
genotypes is similar to that of egg weight and
was calculated as 152.0, 126.0 and 120.3 cm? in
Linda, Native and Chinese geese, respectively.
While the average of Linda and Native geese was
within the range reported in the literature, the
average of Chinese geese has been found to be
low (Paganelli et al., 1974; Saatci et al., 2002;
Hamadani et al., 2016; Kumbar et al., 2016).
These differences can be said for egg volume, as
there is a positive correlation between volume
and weight. However, storage does not affect the
egg volume.

Specific gravity is similar among genotypes
(p>0.05), and it has been found as 1.092, 1.091
and 1.089 g/cm?® in Linda, China and Native,
respectively, from large to small. The averages
have been found higher than those reported by
Saatci et al. (2002) for Native geese, similar to
those reported by Hamadani et al. (2016) for
Kashmir Anz geese and higher than those
reported by Arroyo (1990) for Africa, China,
Toulouse and Embden geese. It has also been
detected to be higher than those reported for
Japanese quail and chickens (Cetingiil and Inal,
2009; Nemati, 2020). In addition to this being

normal, the formula used in calculating the
volume can be regarded as an indicator that it
gives results close to reality. However, the
storage time and how it’s done may affect the
specific gravity.

Those determination coefficients have taken
values close to 1 in the regression between egg
weight and volume is an indication that an egg
volume that is close to the required (real-like)
value can be calculated for each egg whose
weight is known by using the regression formula.
In the regression between egg weight and
specific gravity in genotypes, the determination
coefficients have occurred 0.0242, 0.0022 and
0.05 in Native, China and Linda, respectively.
Even though the determination coefficients seem
far from 1, the importance of the correlation
between egg weight and specific gravity should
be checked because the importance of
correlation is directly related to the number of

eggs.

Regarding with correlations between the
variables, a high level of positive correlation
have been detected between the egg weight and
volume in Native, China and Linda, as 0.985,
0.965 and 0.989, respectively, which seems to
confirm the coefficient of determination. The
fact that genotypes have the same size order of
the egg weight and egg volume averages
supports the existence of this correlation.
Considering the correlations of specific gravity
with egg weight and volume, although the
negative correlation (r=-0.157) with egg weight
in Native geese does not seem normal, the
addition of a substance with a lower specific
gravity than the Specific gravity of the egg may
create a negative correlation (MEB, 2011). In
other words, the Specific gravity of an egg,
which is under the influence of a substance with
a low Specific gravity, falls but its weight,
increases. The first thing that comes to mind here
is that the egg has been exposed to excessive
moisture, and the density of water is lower than
that of the egg. That the correlation of Specific
gravity with volume has emerged at a higher
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level supports this view. Because the Specific
gravity decreased although the egg volume
remained constant, That Specific gravity has a
correlation with egg volume and a positive
correlation coefficient with egg weight indicates
that the egg is under the influence of the high
density substance. The emergence of
insignificant correlations in Linda geese may
indicate that they are well preserved.

Breeders were ranked as 2th, 4nd, 6th, 3th, 1th
and 5th in terms of the size of average egg
weights from large to small, while their weight
averages were 146.2, 143.3, 140.3, 138.8, 131.8
and 125.9 g. Although these averages are within
the range reported in the literature, important
differences have been found among Breeders.
The reasons reported for the difference in egg
weight averages of genotypes can also be said for
Breeders.

The order of the average egg volume in the
breeders is the same as for the egg weight and it
has been calculated as 135.1, 131.4, 130.1,
127.4, 121.2 and 112.9 cm?, respectively. The
ordering relationship in the genotypes was also
seen in the breeder in terms of the weight and
volume of the eggs averages.

In Specific gravities, the order is different
from the weight and volume, and only a
difference has occurred due to the height of the
5th Breeder's average Specific gravity of 1.115
g/cmd. This average is close to the 1.113 g/cm?®
average reported only by Saatgi et al. (2002)
among the reviewed literature. Having the lowest
value in terms of coefficient of variance, it has
been detected that the most homogeneous eggs
in terms of specific gravity are in the 5th breeder.
Although the eggs have been preserved under the
same conditions, regression and correlation
should be considered in order to understand the
height in Specific gravity.

When the regressions in which egg weight
determines egg volume and specific gravity in
breeders have been examined, the coefficients of
determination in egg weight and egg volume
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have taken values close to 1, and egg weight and
specific gravity have taken values far from 1.
The importance of the correlation coefficients
should be checked in order to make a definite
decision about the determination coefficients.

When the correlations between the variables
in breeders have been examined, the correlation
coefficients in egg weight and egg volume have
been positive and close to 1 as in the genotypes.
Therefore, the determinations about the
correlations in genotypes are also valid for
Breeders. When the correlations of specific
gravity with egg weight and volume have been
examined, it has been found that it is
insignificant in 1st Breeder and 2nd Breeder
(p>0.05). It can be said that the eggs of these two
Breeders have not been affected by any
substance.

Correlations have been found significant and
negative between Specific gravity and volume in
3rd Breeder, 4th Breeder and 5th Breeder
(p<0.001, p<0.01). The negative correlation
coefficient between Specific gravity and egg
weight in 3rd Breeder and 4th Breeder suggests
that it has been under the influence of a substance
lower than egg Specific gravity. If this substance
is caused by water depending on the ambient
humidity, it should be evaluated together with
the ambient temperature because as the
temperature increases, the volume of the
substances expands and the specific gravity
decreases (Erensaym, 2000; MEB, 2011). In
other words, this suggests that moist eggs have
been weighed in a place with high ambient
temperature. For this reason, it can be said that
there is an insignificant increase in egg weight
but a significant decrease in specific mass. In 5th
Breeder, the positive correlation coefficient of
Specific gravity and egg weight may indicate the
inclusion of a substance with a higher specific
gravity than that of the egg or the output of a
substance with a low specific gravity. The first
thing that comes to mind here is the possibility
that the egg has lost water. In the 6th Breeder, the
correlation coefficients have been found to be
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significant and negative. Most likely the egg has
moistened.

CONCLUSION

In the study, egg volume was calculated with
mathematical equations and results were
obtained close to reality. Accordingly, the
calculated Specific gravity has also been found
to be realistic. These results have been obtained
easily by knowing only three variables, egg
weight and Length and Breadth values. These
results will be easier to obtain with photographic
imaging techniques. It is thought that this
method can pave the way for obtaining a lot of
information about the relation between egg and
specific gravity. For this, it is necessary to
measure and determine the changes that occur as
aresult of the controlled storage of eggs obtained
from controlled flocks and examine these data
together with the changes in specific gravity,
weight and volume.
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