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Eggshell quality is associated with hatchability.
Major influences on the quality or structure of the
eggshell during the reproductive life of the hen are
genetic constitution, diet, climate, housing, and age
(Simons, 1971). Accurate assessments of eggshell qual-
ity may, therefore, allow the producer to vary one or
more of these factors that influence eggshell quality in
order to improve hatchability.

Traditionally, eggshell quality has been defined in
terms of the ability of an eggshell to resist breakage.
Consequently, the physical measurement of eggshell
strength in commercial table eggs has been used to
determine the shell quality of hatching eggs. While
growth rates in broilers have increased through breed-
ing, the hatchability of the broiler hatching egg has
simultaneously declined. Attempts to improve hatcha-
bility by increasing shell thickness or strength often
have proven unsuccessful, and conflicting reports indi-
cate that no single physical estimate of the relationship
of shell quality to hatchability exists. 

Because the structure of the eggshell influences its
function as an embryonic respiratory component, it is
necessary to examine eggshell quality as it relates to

hatchability in the broiler breeder through a measure-
ment that describes the shell’s dynamic respiratory
quality. This physiological function of the shell has
been best described by its water vapor conductance.
Various physical or structural properties of the shell
interact to determine porosity, which predisposes the
ease with which gases diffuse across the shell; how-
ever, water vapor conductance incorporates the
interactions of these physical properties and gases, and
can be an accurate means of comparing the porosities
of eggshells under different environmental conditions.

This bulletin is offered to the poultry husbandman
and scientist as a guide to eggshell structure and its
relationship to hatchability. It also offers the commer-
cial and academic communities methods by which to
monitor the quality of broiler hatching eggshells and
the relevance of each method to the functional proper-
ties of the shell that control embryonic development
and viability. Because water vapor conductance is the
most accurate measure of a shell’s physiological qual-
ity, its relationship to other structural measures of
eggshell quality and its means of determination are
included in this bulletin.

INTRODUCTION

A Practical Manual for Understanding
the Shell Structure of Broiler Hatching
Eggs and Measurements of Their Quality
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The eggshell has been described as a respiratory
organ for the developing embryo by regulating water
vapor and vital gas exchange. The basic physiological
structure of the eggshell includes various components
that are potential barriers to the exchange of vital gases
and the diffusion of water from the egg (Stewart, 1935;
Simons, 1971; Freeman and Vince, 1974; Parsons,
1982). A thin inner film is the most interior barrier of the
eggshell, and it is overlayed by the proteinaceous inner
and outer shell membranes. The arrangement of the film
and inner and outer shell membranes in the eggshell are
depicted in Figures 1 and 2. The thin inner film extends
over the outermost surface of the vascularized chorioal-
lantois; whereas the much thicker outer shell membrane
layer possesses mammillary cores, which serve as epi-
tactic centers for calcite crystal formation in the
overlaying shell proper (Creger et al., 1976; Stemberger
et al., 1977) (Figure 1). The thin inner film and inner
shell membrane together impede oxygen diffusion to the
same extent as does the shell proper; whereas, the shell
proper is almost totally responsible as the barrier to both
carbon dioxide and water vapor diffusion (Rahn et al.,
1979).

Calcified mammillary knobs form on the cores, and
crystals grow upwards from the knobs and join with
adjacent crystals, creating the cones of the mammillary
region and crystal columns of the overlaying palisade or
spongy layer. Pores in the eggshell proper are formed
where the edges of cones or columns fail to meet evenly
(Figure 1). Therefore, mammillary core formation and
distribution are related to the mechanical strength and
respiratory quality of the eggshell (Robinson and King,
1970; Koga et al., 1982). The form and distribution of
pores may also vary considerably among avian species
(Board et al., 1977; Tullett, 1984).

Covering the outer surface of the eggshell is an
uneven organic layer termed the “cuticle” (Figures 1
and 2). The cuticle is composed largely of protein with
some polysaccharide and lipid material (Baker and
Balch, 1962; Simkiss, 1968; Simons, 1971). The cuticle
may either bridge the outer pore openings or extend
down into the pore canals, plugging them (Cooke and
Balch, 1970; Board, 1982). The cuticle may also link the
lumina of pore canals to the egg’s exterior and, thereby,
serve as a pathway for gas diffusion (Board and Scott,
1980).

EGGSHELL STRUCTURE
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Figure 1. The physiological structure of the eggshell.
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It is important to be able to measure the quality of
broiler hatching eggshells in relation to their physio-
logical functions. Various methods have been
employed to determine eggshell quality. Incubational
egg weight loss, eggshell weight per unit of total
eggshell surface area, eggshell pore concentration, and
relative eggshell water vapor conductance have been
proven to most accurately describe the eggshell and its
associated membranes as external components of an
avian embryonic respiratory organ.

Incubational egg weight loss estimates egg shell
porosity and is determined by a much simpler proce-
dure than that for relative eggshell conductance, but it
is not suitable for comparing eggs in different geo-
graphical locations under different environmental
conditions (Peebles et al., 1998). Incubational egg
weight loss may be determined easily by hatchery per-
sonnel, and it may be used as a relative comparison of
the respiratory quality of eggshells for eggs set within a
particular incubational environment.

Eggshell weight per unit of surface area is easily
determined and is one of the most accurate measures of

shell thickness. Shell thickness without membranes or
pore length (described below) and shell weight per unit
of surface area are highly positively correlated, as shell
thickening leads to an increased shell weight per unit of
surface area.

Eggshell pore concentration may be somewhat
time-consuming to determine, but it serves as an indi-
cator of overall eggshell porosity. Eggshell pore
concentrations at the small end, equator, and large end
of eggs have been found to be highly positively corre-
lated with relative eggshell conductance (Peebles and
Brake, 1987), and significant reductions in average
pore concentrations among all three regions of the
eggshell have been found in eggs containing early, late,
and pipped embryonic mortalities (Peebles and Brake,
1985). Note the relationship between pore concentra-
tion on the small end of the egg and relative eggshell
conductance in broiler breeder hen eggs between 30
and 64 weeks of age (Figure 3).

Relative eggshell conductance is a measure of the
maximum rate of water loss from the egg and may be
used as a standard comparison of the respiratory qual-

MEASUREMENTS OF EGGSHELL QUALITY

Figure 2. Relative conductance (RG) measurements based on eggshell structural
dimensions and the flux of water vapor per unit of tension difference across the shell.
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ity of eggshells across geographical location (particu-
larly at different elevations). It is a relative measure
because it is adjusted on a constant 100-gram egg
weight basis. Its determination is more complex and
may be most appropriate for a laboratory setting. Both
egg weight and shell weight are known to change with
broiler breeder hen age (Figure 4). Also, note that water
vapor conductance across avian species is linearly
related to egg weight (water vapor conductance = 0.432
x [(egg weight) 0.78]; Figure 5; Ar et al., 1974) and to egg
weight x rate of embryonic development (slope = 1.0;
Figure 6; Rahn and Ar, 1980). Note the changes in rel-
ative eggshell conductance in relation to egg weight
with breeder hen age between 30 and 64 weeks (Figure
7). Figure 8 shows the percentage
hatchability of fertile eggs for an indi-
vidual flock between 31 and 63 weeks
of age, and Figure 9 shows their asso-
ciated relative eggshell conductance.
These two figures together illustrate
that changes in relative eggshell con-
ductance and hatchability with flock
age are closely associated.

Three additional methods of esti-
mating eggshell quality are included
in this bulletin because of the ease by
which they are determined, and
because they are related to the four
previously described methods. A
direct measure of eggshell thickness
may be made after the removal of the

eggshell membranes. This direct
measurement of eggshell thickness
allows for an approximation of the
length of the pores in the eggshell
proper. Although shell thickness is
generally negatively correlated with
relative eggshell conductance
(Peebles and Brake, 1987), relative
eggshell conductance is controlled by
various other factors such as pore con-
centration and morphology. The
relationship between shell thickness
and relative eggshell conductance
between 30 and 64 weeks of breeder
hen age is provided in Figure 10.
Furthermore, shell thickness can vary
appreciably between different regions
of the shell.

Percentage shell is another method for the indirect
estimation of shell thickness. Shell thickness markedly
affects percentage shell (Asmundson and Baker, 1940),
and it is dependent upon egg weight (Wilhelm, 1940).
Schoorl and Boersma (1962) reported that percentage
shell increases as the shell becomes thicker. However,
like shell thickness, percentage shell is only one of var-
ious other factors that influence relative eggshell
conductance and hatchability.

One of the more traditional and widely used meth-
ods of determining eggshell quality in table eggs is egg
specific gravity. Specific gravity has commonly been
used as a measure of shell thickness (Hamilton, 1982:
Thompson et al., 1985) and as an indirect measure of

Figure 3. Small end pore concentration (number / 0.25 cm2) and conduc-
tance adjusted to egg weight (RG) between 30 and 64  weeks of breeder
hen age.

Figure 4. Egg weight and eggshell weight between 30 and 64  weeks of
breeder hen age.
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percentage shell in bird eggs (Olsson, 1934). It has
been found to be significantly correlated with shell
strength. Hamilton (1982) reported that as specific
gravity increases, shell thickness concomitantly
increases. Two methods used for determining egg spe-
cific gravity are included in this bulletin because
specific gravity is easy to measure, estimates shell
thickness, and may provide some indication as to the
relative hatching success of eggs held for the same
length of time after being collected from common
breeders of the same age. In general, a specific gravity
of 1.080 is considered the cutoff point between poor or
low shell quality and good or high shell quality. Broiler
hatching eggs with a specific gravity less than 1.080
have poor fertility, poor hatchability, and increased
embryo mortality as compared with eggs with a spe-
cific gravity greater than 1.080 (McDaniel et al., 1981;
Bennett, 1992). Approximately 85% of all eggs to be
set should have a specific gravity of 1.085 or better for
maximum hatchability. 

However, specific gravity has not been consistently
reported as a reliable indicator of incubational egg
weight loss (Brunson and Godfrey, 1953) or hatchabil-
ity (McDaniel et al., 1979). The specific gravity of an
egg is influenced by the evaporation of water through
the shell and its replacement by air in the large end of

the egg. Consequently, specific gravity can be largely
influenced by air cell size. However, as specific gravity
is a measure of total egg density relative to that of a
solution in which it is placed, changes in the densities
of other egg components including the yolk and albu-
men can also influence its value. This would be
particularly true the closer to lay specific gravity is
measured. Similarly, the longer an egg is held after lay,
the greater a role the eggshell plays in determining air
cell size and subsequently in determining specific grav-
ity. Hen age can affect the relationship between specific
gravity and hatchability. Peebles and Brake (1987)
found that changes in the specific gravity of eggs with
breeder age (Figure 11) have no consistent relationship
to their hatchability (Figure 8) or relative eggshell con-
ductance (Figure 9). Therefore, specific gravity may
not be a consistent indicator of the hatching success of
broiler breeder eggs laid throughout a complete laying
cycle. Hamilton (1978) concluded that shell weight per
unit of surface area might be a more sensitive indicator
of shell quality than specific gravity. A summary of the
relationships [positive (+) or negative (-)] among all
seven of the eggshell quality parameters described in
this bulletin is provided in Figure 12. Those relation-
ships that, to the knowledge of the authors, have not
been ascertained are indicated by a question mark.

Figure 5. Relationship between water vapor conductance
(G ) of eggs and egg weight [Redrawn from: Rahn and Ar
(1974)].

Figure 6. Relationship between water vapor conductance
(G ) of eggs and egg weight x rate of embryonic develop-
ment [Redrawn from: Rahn and Ar (1980)].
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Figure 7. Egg weight and conductance
adjusted to egg weight (RG) between
30 and 64  weeks of breeder hen age.

Figure 8. Hatchability of fertile eggs (HF)
between 31 and 63  weeks of breeder hen age
[Polynomial regression curve is included to
demonstrate the time trend].

Figure 9. Conductance
adjusted to egg weight
(RG) between 31 and 63
weeks of breeder age
(Polynomial regression
curve is included to
demonstrate the time
trend).
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Figure 10. Shell thickness without
the membrane (STWOM) and con-
ductance adjusted to egg weight
(RG) between 30 and 64  weeks of
breeder hen age.

Figure 11. Egg specific gravity
(SG) between 31 and 63
weeks of breeder hen age.

Figure 12.
Interrelationships among
measurements of
eggshell quality.



Equipment needed
(1) A tabletop scale that will weigh up to 15 kilograms

with a sensitivity to 0.1 gram for individual and
group egg weighing.

Procedure
(1) Determine pre-set egg weight (grams). Then sub-

tract final egg weight from initial egg weight for a
specific time period during incubation. It is recom-
mended that incubational egg weight loss be
determined during the first, second, and third
weeks of incubation, as well as over the entire incu-
bation period before pipping. Incubational egg
weight loss can be determined for individual eggs
or groups of eggs.

(2) Divide the change in egg weight over the specified
time period by pre-set egg weight, and then multi-
ply that value by 100. This equals percentage egg
weight loss for the period. Normal total percentage
incubational egg weight loss for individual eggs
from set up until pipping should approximate 12-
15%.

(3) Average daily incubational egg weight loss can fur-
ther be determined by dividing percentage
incubational egg weight loss by the number of days
in the incubational period examined.

8 Understanding the Shell Structure of Broiler Hatching Eggs and Measurements of Their Quality

Incubational Egg Weight Loss

Equipment needed
(1) A tabletop scale that will weigh up to 15 kilograms

with a sensitivity to 0.1 gram for group egg weigh-
ing.

(2) A small tabletop scale with a sensitivity to 0.01
gram for individual egg or individual and small
group eggshell weighing.

Procedure
Eggshell weight per unit of surface area can be cal-

culated by simply knowing fresh egg weight (grams)
and dry eggshell weight (milligrams) (Hamilton, 1978).
It is important to use a rinsed and dried eggshell weight
as this removes variations in weight due solely to
residues, and eggshell membrane and eggshell proper
water content.
(1) Obtain a fresh weight of the egg.
(2) Total eggshell surface area (square centimeters)

can be calculated using the following equation by
Carter (1975): 3.9782 x [(fresh egg weight)0.7056].

(3) Crack, open, and isolate the entire eggshell after
emptying the egg’s contents, making sure to retain
any shell fragments or pieces. Fragments belonging

to a common shell should be kept together and/or
labeled. All eggshell pieces should be rinsed free of
external debris or internal egg contents. The exter-
nal cuticle and internal shell membranes should be
retained.

(4) Eggshells should be dried at 80°C for 2 hours and
cooled to room temperature before weighing
(Brake et al., 1984). Be sure to allow all internal
surfaces of the shell to be exposed during the dry-
ing process. Excess water may be blotted from
eggshells with an absorbent cloth before drying.
Obtain a weight (milligrams) for the eggshell.

(5) Shell weight per unit of surface area (milligrams
per square centimeter) is then calculated by divid-
ing shell weight by surface area. Example: Shell
weight per unit of surface area = eggshell weight /
total eggshell surface area.

(6) If shell weight per unit of surface area is deter-
mined on a group of eggs together, then divide total
egg weight by egg number before surface area cal-
culation, and divide total eggshell weight by
number of eggshells before shell weight per unit of
surface area calculation. Eggshell weight per egg
must be in milligrams before shell weight per unit
of surface area calculation.

Shell Weight Per Unit of Total Shell Surface Area

EGGSHELL QUALITY DETERMINATION
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Equipment needed
(1) Small surgical scissors for cutting nickle-sized hole

in large end of egg.
(2) Oven that will heat up to 50°C for rinsed eggshell

drying.
(3) 0.5 gram of 89% methylene blue crystals dissolved

in 1 liter of 70% ethanol for production of dye.
(4) Cheesecloth to filter used dye for reuse and plastic

egg flat to hold eggshells.
(5) One liter-sized bottle attached to calibrated dis-

pensing buret for dye delivery and Pasteur pipet to
siphon dye from inside of eggshell.

(6) Pencil, stiff card with square 0.25-square-centime-
ter cutout, and illuminated stereo microscope with
low power setting

Procedure
Pore concentration at the large and small ends and

at the equatorial region of the eggshell may be deter-
mined as previously described by Peebles and Brake
(1985).
(1) Cut a small hole in the center of the large end of the

eggshell and empty its contents. Gently remove the
chorioallantois and rinse out yolk and albumen
residues with warm water. The eggshell mem-
branes should be left intact. Blot the eggshell dry
on a paper towel and allow it to dry completely
overnight at room temperature or for 3 hours in a

50°C oven. Eggshells may be placed in paper flats
covered with aluminum foil.

(2) Fill the eggshell with dye solution up to the open-
ing at the large end after the eggshell membranes
have dried. The dye solution is made by dissolving
0.5 gram of 89% methylene blue crystals in one
liter of 70% ethanol. 

(3) Allow the dye to remain in the eggshell for 30 min-
utes and then siphon out the dye into a dispenser for
repeated use. The dye may be filtered with cheese-
cloth. The external surface of the eggshell and
holder (plastic egg flat cut for suspension of the
egg) must have minimal contact and both must be
dry in order to prevent smudging. Allow the dye to
dry thoroughly.

(4) Draw four equally spaced squares around the cir-
cumference of the egg at the large end, equator, and
small end before counting. These areas marked for
pore counting should be larger than 0.25 square
centimeter.

(5) Count pores within the marked areas by using a
card with a cut out area measuring 0.25 square cen-
timeter, and a stereomicroscope with low power or
a large elevated magnifying lens.

(6) Average the four counts to one decimal place within
each region and record. Do not count dye smudges
and drops or incomplete pores. An average pore
count per 0.25-square centimeter-area in each
eggshell region is recorded for each individual egg.

Pore Concentration

Equipment needed
(1) A small tabletop scale with a sensitivity to 0.0001

gram for individual egg weighing.
(2) Pencil for egg labeling.
(3) Data sheet (Figure 13) — For set up, see the proce-

dure below for determination of relative eggshell
conductance.

(4) Dry desiccant (indicating silica gel or DrieriteTM) to
fill bottom of desiccator to porcelain base plate.

(5) Large glass desiccator with lid (no sleeve valve),
holed porcelain plate, flange grease, and small
plastic egg flat (trimmed for minimal shell contact)
for egg containment in the desiccator.

(6) Instrument for daily stirring of desiccant.

(7) Barometer (millimeter Hg increments), centigrade
thermometer, and large oven for drying (recharg-
ing) desiccant (spread thinly on a baking sheet)
overnight at 80.0°C and for holding egg-filled des-
iccator at a constant 25°C for the 24-hour
calibration and 96-hour postcalibration weight loss
period.

Procedure
(1) Make a data sheet (Figure 13) with the following

column headings: egg ID #, date of collection,
fresh egg weight (precalibration), postcalibration
egg weights (24 and 96 hours), average weight
loss, water vapor conductance, and relative
eggshell conductance. At the top of the data sheet,
be sure to record the date, temperature, barometric
pressure, and time of measurement for the fresh
(precalibration), and postcalibration egg weight

Relative Eggshell Conductance
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measurements. Also,
record the date, tempera-
ture, barometric pressure,
and time at 48 and 72
hours.

(2) Label and obtain the fresh
weight (grams) of each
egg before placement in a
desiccator (0 hour). Make
sure an adequate supply
of dried desiccant is
placed in the bottom of
the desiccator. Desiccant
may be dried (recharged)
overnight in a hot oven.
Then, allow eggs to sit for
24 hours in the desiccator
to calibrate before deter-
mining weight loss. This
allows the removal of any
external moisture on the
shell’s surface before the
measurement of internal
moisture loss.

(3) Weigh eggs to a 0.0001-
gram accuracy at 24 and
96 hours. Make all
recordings as specified
above at 24, 48, 72, and
96 hours, but do not weigh eggs at 48 and 72 hours.
Desiccant should be stirred at 48 and 72 hours to
expose dry desiccant.

(4) To calculate relative eggshell conductance for each
egg, begin by taking the difference in egg weight
between 24 and 96 hours and then divide this value
by three to get an average daily egg weight loss
over the 3-day interval. Average weight loss will be
in milligrams per day.

(5) Average the local temperature and barometric pres-
sure readings at 24, 48, 72, and 96 hours. Record
the water vapor pressure of the internal egg
(assume egg contents to be water saturated) at the
average local temperature from a standard water
vapor pressure table (Figure 14). For example,
25°C corresponds to 23.756 millimeters Hg (Torr).
Because vapor pressure values are provided in
increments of 0.2°C between 10°C and 34°C on the
table, temperature averages should be rounded to
the nearest 0.2°C to obtain a vapor pressure value.
Divide 760 Torr (barometric pressure at sea level)

by the average local barometric pressure to derive
a correction factor (ratio). For example, 760 / 744
Torr = 1.02. Multiply the barometric pressure cor-
rection factor (1.02) with the recorded internal egg
water vapor pressure (at calculated average tem-
perature). For example, 1.02 x 23.756 Torr =
24.231 Torr. Assume that the water vapor pressure
outside of the egg in the desiccator is 0 Torr (Figure
2). Because the water vapor pressure gradient is the
difference in water vapor pressure between the
inside (water saturated) and outside (desiccated) of
the egg, the water vapor pressure gradient is repre-
sented by the water vapor pressure (adjusted for
barometric pressure) of the internal egg.

(6) The water vapor conductance for each egg is now
calculated by dividing average daily water loss
(milligrams per day) by the water vapor pressure
gradient (Torr) between the inside and outside of
the egg (Figure 2). For example, if average daily
water loss = 213.3 mg, then water vapor conduc-
tance = 213.3 mg daily water loss / 24.231 Torr =
8.80 mg H2O / d / Torr.

Figure 13. Relative eggshell conductance record sheet.
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(7) To remove the influence of egg weight and other
subsequent changes in the shell (i.e., shell weight)
on water vapor conductance, relative water vapor
conductance for each egg may be calculated by
dividing water vapor conductance by fresh egg
weight, and then multiplying by 100. This is done
to remove the effects of egg weight on water vapor
conductance and to standardize water vapor con-
ductance to a 100-gram egg weight basis. The unit
for relative eggshell conductance is mg H2O / d /
Torr / 100 g. If water vapor conductance = 8.80 mg
H2O / d / Torr and egg weight = 60.38 g, then rela-
tive eggshell conductance = 14.6 mg H2O / d / Torr
/ 100 g. Relative water vapor conductance may also
be expressed as a function of the eggshell’s struc-
tural dimensions (Figure 2). Through a
modification of Fick’s First Law of Diffusion, rela-
tive eggshell conductance can be expressed as:
23.42 x [(total functional pore area (square cen-
timeters)) / (shell thickness or pore length
(centimeters) x egg weight (grams))], where 23.42
is a conversion constant (Wagensteen et al., 1970 /
71; Ar et al., 1974; Paganelli et al., 1975, 1978;
Tullett and Board, 1977).

Figure 14. Pressure of aqueous vapor over water in mm
of Hg (Torr) for temperatures from 10 to 34°C at sea level
(760 mm Hg).

Equipment needed
(1) Sodium hydroxide pellets, distilled water, and 1-

liter flask.
(2) Thickness measurer (Ames Co., Waltham, Mass.)

with 0.01-millimeter accuracy.
(3) Pencil for labeling shell.
(4) Fume hood, hot plate, and large beaker.

Procedure
(1) Combine 50 grams of solid NaOH (sodium hydrox-

ide pellets) in a 1-liter flask with 1 liter of distilled
water. Dissolution may require 30 minutes with
constant stirring. This will make a 5% NaOH solu-
tion for membrane removal. The flask may
naturally become warm due to the dissolution
process.

(2) After removing the chorioallantois from the shell
and leaving the membranes intact, rinse the shell

and allow it to dry completely. Four small pieces of
eggshell with intact membranes should be removed
from equally spaced areas at the equatorial region.

(3) Eggshell thickness with membranes may be meas-
ured with a 0.01-millimeter accuracy using a
thickness measurer (Ames Co., Waltham, Mass.).
Average the four measurements at the equator to
the second decimal place and record.

(4) Membrane removal can be accomplished by boil-
ing each piece of eggshell 10 to 15 minutes in a 5%
NaOH solution under a fume hood. Eggshells may
be labeled with a pencil. Rinse the eggshells and
allow them to dry on a paper towel for further
measurement. Eggshell thickness without mem-
branes may similarly be measured with a
0.01-millimeter accuracy using a thickness meas-
urer (Ames Co., Waltham, Mass.). Also, average
the four measurements at the equator to the second
decimal place and record.

Eggshell Thickness Without Membranes



12 Understanding the Shell Structure of Broiler Hatching Eggs and Measurements of Their Quality

Equipment needed
(1) A tabletop scale that will weigh up to 15 kilograms

with a sensitivity to 0.1 gram for individual and
group egg weighing.

(2) A small tabletop scale with a sensitivity to 0.01
gram for individual egg or individual and small
group eggshell weighing.

(3) Pencil for labeling shell.
(4) Oven that will heat up to 80°C for rinsed eggshell

drying.
Procedure

(1) Obtain a fresh weight (grams) of the egg.
(2) Crack, open, and isolate the entire eggshell after

emptying the egg’s contents, making sure to retain

any shell fragments or pieces. Fragments belonging
to a common shell should be kept together and/or
labeled. All eggshell pieces should be rinsed free of
external debris or internal egg contents. The exter-
nal cuticle and internal shell membranes should be
retained.

(3) Eggshells should be dried at 80°C for 2 hours and
cooled to room temperature before weighing
(Brake et al., 1984). Be sure to allow all internal
surfaces of the shell to be exposed during the dry-
ing process. Excess water may be blotted from
eggshells with an absorbent cloth before drying.
Obtain a weight (grams) for the eggshell.

(4) Percentage shell can be calculated using the fol-
lowing equation: Percentage shell = [eggshell
weight / fresh egg weight] x 100.

Percentage Shell

As suggested by Voisey and Hunt (1974), the specific
gravity of eggs should be recorded either at a constant
preselected time after lay or after sufficient time for air
cell size to stabilize. Eggs with cracked shells should not
be tested. Egg specific gravity can be determined through
a modification of Archimedes Principle using the weight
of an egg in air and in water (Asmundson and Baker,
1940; Richards and Swanson, 1965). 

Equipment needed
(1) A large container (bucket or trashcan).
(2) A balance that has the capacity to obtain a hanging

weight for the determination of wet weight.
(3) A basket that is nonbuoyant to obtain wet weight. 
(4) A string to suspend the basket in water.

Procedure
(1) Fill a bucket or trash can with water, and allow the

temperature of the water to equilibrate with room
temperature.

(2) Form a data table with columns labeled: sample ID
# [either individual eggs or groups of eggs (i.e.
replicate unit)]; dry weight; wet weight; dry weight
– wet weight; and specific gravity.

(3) Obtain dry weight (grams) of egg(s).
(4) Obtain the wet weight (grams) of egg(s) in the bas-

ket while suspended in a container of water. This
weight will be determined using a scale capable of
obtaining a hanging weight. For accurate results,
the basket must not be buoyant, and the basket and
eggs must be totally submerged. Be sure to tare the
scale with the basket submerged before obtaining
wet egg weight.

(5) Calculate and record dry weight – wet weight for
each egg or group of eggs.

(6) Calculate and record specific gravity for each egg
or group of eggs. The formula for specific gravity
is: [dry weight / (dry weight – wet weight)].

(7) It is very important that the water used for obtain-
ing wet weight is free of debris and at room
temperature, and that specific gravity determina-
tions be done shortly after collection (length of
holding time affects the accuracy of measurement).

Egg Specific Gravity by Archimedes Principle

EGG SPECIFIC GRAVITY
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As suggested by Voisey and Hunt (1974), the spe-
cific gravity of eggs should be recorded either at a
constant preselected time after lay or after sufficient
time for air cell size to stabilize. Eggs with cracked
shells should not be tested. Egg specific gravity may
also be determined by using gradational salt solutions
with predesignated densities. 

Equipment needed
(1) Nine 6-gallon (22-liter) plastic buckets with seal-

able lids.
(2) Fifty pounds (22.7 kilograms) of feed-grade salt.
(3) Hydrometer with specific gravity range of 1.050 to

1.100.
(4) Plastic 2-liter graduated cylinder.
(5) Plastic egg flats.

Procedure
(1) Prepare nine salt solutions as follows: 

Bucket #1 - 4 gallons (15.14 liters) of water + 3.07
pounds (1.39 kilograms) of salt = specific grav-
ity of 1.060.

Bucket #2 - 4 gallons of water + 3.31 pounds (1.50
kilograms) of salt = specific gravity of 1.065.

Bucket #3 - 4 gallons of water + 3.56 pounds (1.61
kilograms) of salt = specific gravity of 1.070.

Bucket #4 - 4 gallons of water + 3.80 pounds (1.72
kilograms) of salt = specific gravity of 1.075.

Bucket #5 - 4 gallons of water + 4.06 pounds (1.84
kilograms) of salt = specific gravity of 1.080.

Bucket #6 - 4 gallons of water + 4.33 pounds (1.97
kilograms) of salt = specific gravity of 1.085.

Bucket #7 - 4 gallons of water + 4.60 pounds (2.09
kilograms) of salt = specific gravity of 1.090.

Bucket #8 - 4 gallons of water + 4.87 pounds (2.21
kilograms) of salt = specific gravity of 1.095.

Bucket #9 - 4 gallons of water + 5.14 pounds (2.33
kilograms) of salt = specific gravity of 1.100.

(2) Adjust the exact specific gravity for each solution
using a hydrometer. The hydrometer will float on
mark of desired specific gravity. Increase the den-
sity of the solution by adding concentrated brine
solution. Conversely, decrease the density of the
solution by adding pure water. The density of the
solution is increased by brine rather than crystalline
salt because of the extra time required to dissolve
crystalline salt.

(3) Place approximately 1.5 dozen eggs from sample in
solution #1 (i.e., specific gravity of 1.060). Remove
eggs that float to a plastic flat marked 1.060.
Transfer eggs that sink or fail to break the surface
to the next solution of higher density (i.e., specific
gravity of 1.065).

(4) Continue this procedure until all eggs have been
either moved from the solution in which they float
to a correspondingly marked flat or passed to the
next higher density solution. Eggs that float by
breaking the surface of the solution in which they
are placed are given a specific gravity value equal
to that of the solution.

(5) Calculate the percentage of eggs that floated in
each solution. Those that passed through all solu-
tions have the best shell quality as measured by
specific gravity.

Egg Specific Gravity by Gradational Salt Solution Method



Accurate measurements of eggshell
quality, therefore, include assessments of
pore formation, shell thickness, and pas-
sage of gas and water vapors through the
eggshell. Determination of eggshell quality
can help poultry producers identify prob-
lems leading to poor hatchability and poor
chick performance. For example, it is well
recognized that small eggs hatch sooner
than larger eggs, and that vital gas
exchange in eggs and the metabolism of
embryos and chicks from young hens is
compromised. This imbalance in respira-
tory gas exchange may be due to low
relative eggshell conductance or porosity of
the shell in eggs from young parents
(Tullett and Noble, 1989). Note that the
percentage of carbon dioxide and oxygen in
the airspace of eggs from young and mature
(at peak egg production) flocks may vary
considerably throughout incubation
(Figures 15 and 16, respectively). After 15
days of incubation, the percentage of oxy-
gen is commonly greater and the
concentration of carbon dioxide is commonly lower in
the large end airspace of eggs from young flocks when
compared with those from mature flocks. Adjustments

in incubational conditions, such as relative humidity,
may be made to compensate for possible eggshell
porosity differences in eggs of a specific size and from
a specific age group of hens.

14 Understanding the Shell Structure of Broiler Hatching Eggs and Measurements of Their Quality

Figure 15. Carbon dioxide concentration in the large end airspace of
eggs from young and mature flocks throughout incubation [Redrawn
from: Tullett and Noble (1989)].

Figure 16. Oxygen concentration in
the large end airspace of eggs from
young and mature flocks throughout
incubation [Redrawn from: Tullett and
Noble (1989)].

SUMMARY
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