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1.

'NOTES ON THE ‘MEASUREMENT OF EGG SPECIFIC
GRAVITY TO ESTIMATE SHELL QUALITY

Peter W. Voisey, R.M.G. Hamilton,
Engineering Research Service Animal Research Institute

Research: Branch, .

- Agriculture Canada,
- Ottawa, Ontario, K1A 0C6.

SUMMARY
Specific gravityv(S.G.) of. any material is temperature dependent."

The hydrometers used to measure the S.G. of the saline solutions for

'estimating eggshell quality, by the specific gravity method, are normaily

calibrated ét.a reference temperature of 60°F (15.560C); However, it is
not usual to control the temperéture of the saline Solutions. Experiments
were conducted to determine the effect of saline solution temperature and
other factors on the accuracy in deferhining égg S.G.

The theoretical change in solution and, therefore, eggiS.G. readings

‘with temperature was calculated to be 0.00045/0C. The observed change in

egg S.G.-wés_O.OOOSZ/OC. Although.not in close agreement, the expeyimental
value confirms that egg S.G. readings are temperature dependent. A

maximum difference of 0.0015 was found between the mean egg'S;G. readings
from uncontrolled t69;5 - 72.20F) andvcontrolled (6OQF) temperature
facilities. This cloéely agreed with a calculated difference (0.0022)
based on the experimentally determined value bf the temperature induced
changes (O.OOOSS/OC)Aand the maximum temperature difference (6.8°C) between

the two sets of solutions. This would not have a serious effect on egg

'S.G. results providing the solution femperaturés did not deviate further

from the calibrated standard.
A maximum of 0.0018 was observed between the S.G. of saline

solutions measured gravimetrically and with a hydrometer. Hairline cracks



in the shells of eggs.were found to have a small (0.001) effect on mean
group S.G. but could affect some eggs as much as 0.004. A maXimum
difference of 0.006 wés found between a 'reference' hydrometer and-
hydrometersAwhich spanned different S.G. ranges. Under rouﬁine cdnditions,
hydrometers éannot be read to much better than *0.001 because the meniscus
is not viewed horizontally. When approximatély 900 eggs which had been
stored at 55°C overnight, were passed through saline solutions ranging
in S.G. from 1.062 to 1.102, in increments of Q.004, a temperature change
of -2.9°C was observed in the 1.062 solutioﬁ and only a change of +0.056°C
in solutions with an S.G. > 1.094. A practical method to reduce this
temperature change,'in particular, of the first saline solution would
be to pass the eggs through several (3 - 4) containers of water at room
temperature prior to the first saline solution.

In general, all the errars were small but it appears that egg S.G.
readings can only be considered realiable to within i0.064 or *1 increment
 when using a 0.004 incremental difference between solutions. A number of

methods of alleviating this situation are recommended.




INTRODUCTION

'The'meaSurement of specific‘gravity (S.G;) of the.whole egg is
a technique used'to‘predict shell quality (Mussehi and‘Haibersleben,
1923; Hays and Sumbardo, 1926; Harrossowitz, 1934). The S.G. of an
egg provides an estimate of the amount of shell (Olsson, 1934), and as
this 1ncreases, the larger amount of shell tends to increase shell
strength. It has been found significantly correlated with shell strength
by a number of workers. Egg S.G. is'obviously affected by variation. of
density‘in the shell and the egg contents. Carterv(1968) reported that
shell density was homogeneous among strains,whereasithat.of the contents
was significantly different. Egg speCific grarity is also affected by
© time of ov1posit10n (Roland and Harms, 1974, Ch1pera 1976) . The size of the air
pocket in the egg affects the S G. measurement hecause it changes with
t1me after laying. Eggs must be tested either at a constant preselected
time after laying, or after.sufficient time has elapsed for the air size
-to stabilize. The effect of cracked shells on egg S.G. is not documented,
hut is assumed to occur so cracked shells are‘not normally tested. Thus,
it is readilf apparent that a number of factors affect egg S.G. which
must influence the precision‘with which it can predict shell strength.

~ The floatation technique,is a simple method of measuring S;G. and
.is used:by many workers (e.g. Olssons 1936; Munro, 1940, 1942; Marks and
kinney, 1964;-Gaisford; 1965; Hunt and Chancey, 1970). A series of plastic
garbage pails filled with saline solutions in ascending_concentrations,
can he used to ascertain the S.G. of eggs. The degree of resolution_is
limited only by the number of pails used and the accuracy with which the
S.G. of the solutions can be measured and controlled.' It is quite practi-
cal to use S.G. increments of 0.0Q2 (e.g. Hunt and Voisey, 1966; Voisey

et al., 1969). However, to reduce the labour required most workers use

larger increments, generally 0.005 (e.g. Voisey, 1975). ' Current practice

at our laboratories'is to use increments of 0.004.
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The floatation metﬁod has the advantage that groups of eggs can be tested
simultancously by placing a layer of cggs in a wire basket and immersing
the basket in each solution in turn removing those which justvfloat at
each stage. Thefe is the disadvantage that the éggs must be washed and
dried after testing. However, this is a widely aécepted.method of
evaluating'shell‘strength. It is less labour c0nsuming-than other
non-destructive techniques, such as shell deformation measurements, where each
egg must be teéted individually. Another method of determining S.G; is
a modification of the Archimedes method using a special hydrometer to
determine the weight of fhe egg in water (Asmundson and Béker,51940j
Richards -and Swénson, 1965). The S.G. is then calculated from

weight in air’
weight in air - weight in water

S.G. =

Carter (1975) has developed techhiques and equations to extend this method
for quickly determining flock mean shellvthickness. Special calculators
have been made to sdivé the above equation when determining the S.G. of
potatoes (Young et al., 1964). .Similar units could be designed for eggs.
As a predictor of shell strength, that is the resistance of the
shell to fracture by an externally applied force, S.G:. measurements do not
achieve a high degree of précision. For example, the correlatidn_coef-
ficient_with quasi static compressioﬁ fractﬁre force at the equator
is typically 0.75 and 0.45 at the poles (Hunt and Voisey, 1966), or 0.73
at the equator (Voisey et al., 1967) and 0.49 (Voisey, 1975). Under impact
conditions the correlation coefficient was 0.61 (Voisey and Hunt, 1976).
Thus, it appeafs that S.G. readings can only account for less than 50% of
the variation in shell strength. There is also the fact that within a
group of eggs the variation of‘Swa is much less than the variéﬁion:of
fractu#e,forcefi»In.a“typicgl.experiment,.Voisey and;Hunt»(1976))reported

a mean S.G. for 1013 eggs of 1.083 with
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a.coefficient of variation ofv0.7%-whereas the mean impacf fracture force
was 5}16‘kg with a coefficient of Variationvof 18.4%. The same kind of
results ére obtained with quasi static compressién tésts (é.g. 0.69%
compared fo 18.8%;.Voisey et al. 19695, fhis points out that S.G. feadings
are not sénsitivelindicators of'éheli stréhgth andvthafFS.G.véhould bé
measured as precisely ag.poséible'to optimize ihe prediction; The

use of S.G. to predicf shell strength can be iikened to looking at a
scene through a pinvhole camera in the wrbng direction.

The accuracy of S.G. determinétiohs arevaffected.by a number
of factors spch as: a) as will be shown later, the temperature of the
saline solutions; b)vthe accuracy of the hydrometer'used to‘test the
solutions; c) cracks in the sheil; d) operator techniques, etc. The
purpoSé'bf the work reported here was to examiﬁe some of these effects and
determine the order of measurement'éccuracy that can:be expected under
preseﬁt}f applied methods!l A number of these.effects are wéll know but
have no£ been examined éystemafically. An added objective was to determine
if changes in procedure could be used to impfove the accuracy of S.G.
measurements .- It was considered that even though S.G. is an imprecise
predictor'of shell strength, if S.G. is measured for this purpose, then

it would be best to make the accuracy of the readings the best possible.
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3. ANALYSIS OF THE EFFECT OF TEMPERATURE ON THE SPECIFIC GRAVITY OF
SALINE SOLUTIONS

Specific gravity (S.G.) of a substance is the weight of a certain
volume of that substance relative to the wgight of an equal volume_of water
whose temperature is 4°C. (Harris and Hemmerling, 1955). The hoc.temperature
was originélly choseh because this is the temperature at which water reaches
its maximum density of 1.000 g/cc (Kell, 1967) (Fig. 1). Thus fhe S.G. of
any substance is conveniently the ratio of its density at a specific
temperature to unity. Thus to properly specify the properties of the
substance both S.G. ahd its temperature must be cited. In industrial
practice it. is cémmon to use a reference temperature of 60°F (15.56°C)
, becaﬁse this is a more convenient temperature at which to make measurements
(Considine, 1957). -Thus the S.G. of the substance is based on the density
of water at this temperature i.e. l.OOO98792Ig/cc, a value interpolated
from the values given at 15 and 16°C by Kell (1967). |

A multitude of different S.G. scéles have ‘been developed for -
specific industrial applications such as the Balling fof Brewing; thé APT
for petroleum products, etc. (Considine, 1957). However! the hydrometers
geherally used for testing the saline solutions.for egg S.G. measurements
are calibféted in specifié gravity-units based on ratiq of solution wéight
£o:weight'of an equal vélume of water at 60°F (15.5600). The designation
given is 60/60°F. Thus to be used accurately the solutions should be
tested at 60°F. However this requires that the temperature of the
solutions be controlled which is generally{noﬁ attempted. Thus for example
it is possible for tﬁe solﬁtion temperature ‘to #ary in Ottawa from about
22 to 34°C. | |

Generally for testing eggs, saline solutions ranging from about 1.06 to




“1.10 S.G. unité in increments.of ;004 or .005" are utilized.‘ This

requlres sodlum chlorlde (NaCl) concentratlons ranglng from abOut 9 to
% (Table 1) The obJectlve is to prov1de a range of S.G. solutlons

~ differing by fixed equal increments. To accompllsh thlS at a constant

temperature of 60°F is a simple matter. Howemer if the,temperature is

uncontrolled the procedure becomes cumbersome as follows‘ |

.1.‘ With the solution at some temperature T measure the S.G. with a
hygrometer.

2. Determine the S.G. at 60°F using a correction table

3. Adjust the concentration untii the correct.S.G (60 F) is obta1ned

4. Durlng operatlon read the temperature of the solutions as it varies
from T1 to T2 and correct the readlngs a551gned to each egg to estabilsh
the S.G. of each egg at 60/60 F.

..While at any given uniformhtemperature‘T the S.G. readings of
vindiuidual éggs nfe compérébie, temperature,fluctuationa:ofhthe”saline
SOlﬁtiOHSQWill-' affectrthe comparisons. This is evident when the variation
~ of saiine solution density with temperature is'piotted from data given

'by.Perry et'al.v(1963) (Fig. Zj; From these data the variation of S.G.

, based on water at the same temperature can be calculated. Plots of these
data (Fig. 3 ano 4) show that the S.G. drops-with increasing temperature to
minimize at about SOOC and then increases with temperature. .The rate of
.change of 'S.G. W1th temperature for the solution- concentratlons used
‘(say 8 to 15%) over the range of temperature changes expected (22 to 34° c)

. ranged from 0. 000093 to O 000174 S G. unlts/ C. Or at most 0,0021'unit$
for the maximum expected change in solutlon temperature In the case of

the solutions glven (Table 1) about half an S. G 1ncrement error. In view



of the other errors possible in the measurement this is negligible.

The above calculations are based on the S.G. as a fatio of the
density of the'Saline solutions to the density of water at the same temper-
ature. A more realistic estimate of the error shoﬁld be provided by the
ratio.of the density of the saline solution at its temperature to the
density of water at 60°F. This can be calculated from the data of Perry
et al. (1963) and Kell (1967) and repfesents a measurement with one factor,
the density of water, standardized. These data for 3 saline solution
concentrations are given in Table 3. Plots of these data show that in the
range of expected solution temperatures (22 to 34OC) the rate of change of
solution S.G. with temperature that could be expected is in the range of
0.00045 S.G. units/OC. Thus a maximum error of 0.0054 S.G. units could be
expected in the worst case‘due to uncontrolled.solution temperature. This
represents onevS.G. incremént in the,exﬁerimental set-up used which must be
considered significant.

Additional ‘errors are introduced by.témperafure variation because
this affects the volume of the egg, the dénsity‘of the contents and shell
and the volume of the air sac which all affect the S.G. of the egg. Generally
eggs arercollectéd-and : " stored overnight in a codlef at
13°C (SSOF)[ S,G. testing comﬁences'the following morning upon removal of
the eggé from the cooler so that the first and last eggs tested are - likely to be
at different temperatures. Aléo, the cold eggs will cool the solutions by
differing amounts. The temperature of the first S.G. solution will decrease
the most because all.eggs pass thrdugh this sfep,Awhereas only a.small
percentage-ofvthe.eggs'are paésed through»thé fina1 increment at the

maximum S.G.



- Table 1. Approximate sodium'chloride (NaC1) concentrations required
' to provide a typical range of S.G. solutions for testing eggs.

S.G. g'ofANaCI/litre
1.062' | _‘ 94.3
1.066 : ~100.3
1.070 o 106.3
1.074 . 112.3
1.078 | 118.2
1.082 : 124.3
B 1.086 _ | 130.3
1.090 o ' 136.3
1.094 . 142.3
1098 . 148.4

1,102 154.5



Table 2 - Density of sodium chloride (NaCl) and S.G. based on the ratio of saline solution density and density of water at the same temperature 1/1°%C.

Concentration %

Temperature Density H,0* ' 4 . 8 12 16 20
°c g/cc p** S.G. . S.G. pr* S.G. pr* S.G. pr* 5.G.
g/cc ’ g/cc g/cc g/ce ~g/ce
0 0.999868 1.03038 1.03052 1.06121 1.06135 1:09244 1.09258 1.12419 1.124338 1.15663 1.156782
10 0.999728 , 1.02920 1.029335 1.05907 1.059209 1.089946 1.089603 1.12056 1.120707 1.15254 1.152692
25 0.997075 ’ A 1.02530 1.028307 1.05412 1.057212 1.08365 1.086828 1.11401 1.117278 1.14533 1.148689
40 . 0.992247 . 1.01977 1.027738 1.04798 1.0561683 1.07699 1.085405 1.10688 1.115528 1.13774 1.146629
60 0.983226 1.0103 1.027535 1.0381 1.05581 1.0667 1.084898 1.0962 . 1.114901 1.1268 1.146023
80 : 0.971819 » 0.9988 1.027763 1.0264. 1.056163 1.0549 1.08549 1.0842 1.115639 1.1146 1.14692
100 0.9583847 0.9855 1.028293 1.0134 1.657404 1.0420 1.087246 1.0713  1.117819 1.1017 1.149539

*.  From the data of Kell (1967)
** From the data of Perry et al. (1963)
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TableVS - S.G. of sodium chloride (NaCl)dbased on She.ratid-of the solution density at a givén temperature*
' and the density of water at 60 F** (T/60 F).

7

.‘Temperature Concentration % ' 8 v | 12 16
o e | o S.G. P S.G. e . S.G.
' ' g/cc g/cc _ g/cc

Qif ) | l - 1.06121 ' 1;060;6 | '1.09244 1.09136 1.12419 - - 1.12308
10 - B . 1;05907  1.05802 1.08946 1.08839 1.12056 1.11946
25 N o 1;05412 1.05308 1.08365 1.08258 .  1.11404 __' ' 1.11294
40 ' o S 1.04798 1.04695 1.07699 | 1.07593 1;16685 ~1.10579
A_50 | _. | 1.038i | 1.03708 . 1.0667 - 1.06565 '1;0962 o 1.09512
,Sd " ' _'v .  1.0264 ~ 1.02539 1.0549 : 1.05386 1.0842 1.083i3
i00"’ | . 1.0134 1.01240  1.0420 1.04097 1.0713 1.07024

*  Taken from Perry et al. 1963.
** EXtrapolated from data of Kell (1967) ‘as a ‘value of 1.00098792 g/cc.



) 0.99980+
0.99982
099984+
0.99986 4
099988+

0.99990+

DENSITY OF WATER g/cC

0.99992

0.99994

0.999964

0.99998+

10004

TEMPERATURE °C

Fig. 1 - Dens%ty:of water from 0 to 9°C showing maxima that occurs
at 4°C. Plotted from the data of Kell (1967).




- 13 -

1.1101

1100+

1.090+

1.080

1.070+

DENSITY OF Na ¢l SOLUTION g/cc

1060+
1.0501

1.0401

1.0201

" 1.0101

1.000

I + o 4

) o 2 30 4 50 60 70 8 90 100
TEMPERATURE °C
Fig. 2 - Variation of saline solution density with temperature.

Plotted from the data of Perry et al. (1963).




- 14 -

11601

1.150

I.I4OT
1130+
:.!20{- éle% ,
1110+
(8]
-]
[,
> oo+
z N
o .
'5 |.090'}\\‘\¥ ) ;|2°/° :
. | N
o .
w hd -o- .
© 1080
o
g ,
w
(o]
> 10704
=
>
54
14
(&)
8]
w
S
W 1050-
w

1,040+

4%
1.0301

Losoi.‘\\‘.\‘\ ﬁS% .
- _ - . e
r

1.020
1.0104
1000t - — + +— + + 4 !
o 10 20 30 40 50 60 70 80 9 100
TEMPERATURE °C
Fig. 3 - Plots of variation of S.G. of saline solutions of various

concentrations with temperature. Based on the data of

Kell (1967) and Perry et al. (1963). S.G. calculated from
the ratio of the density of the solugion and the density of
water at the same temperature. (T/TC)




- 15 -

1.150

-
1.1401
(&)
-]
-
~
Y30+
2
o
'_
- D
-
[@]
(2]
©
o 1|.120+
z o 6%
w
5 T~ 5
g : .
- _ :
S .
<
x
© a0+
o M
w
(&S]
w
o
wn
1100+
1090

1080 -H— ¢ : ! } t t t + 4 |
o . 10 20 30 40 SO 60 - 70. .80 90 100
TEMPERATURE °C

Fig. 4 - Plots of variation of S.G. of saline solutions of various
‘ concentrations with temperature. Based on the data of
Kell (1967) and Perry et al. (1963). S.G. calculated from
the ratio of the density of the solution and the density of
water at the same temperature. ‘(T/TOC)



- 16 -

1130
1120+
11107
uoo;
1090+
1.080

1070+

1050+

SPECIFIC GRAVITY OF Na Cl SOLUTION T/60°F

1040

1030+

. 10201

1.0101

1000+ — t —+ — + 4 } £ + |
o) 10 20 30 40 50 60 70 80 90 100
TEMPERATURE °C
Fig. 5 - Plots of variation of S.G. with temperature for 3 saline

solution concentrations where the S.G. is calculated as the
ratio of the sglution density at its temperature to' the density
of water at 60 F using the data of Perry et al. (1963) and

Kell (1967). T/60°F.




4.

1.

- 17 -

GENERAL EXPERIMENTAL TECHNIQUES
Source of Eggs Tested

Eggs used in this experiment were coilected from four flocks
of.White Leghorn hens. The flocks were selected so that the eggs used for
the tests had_a wide rgnge of shell quality because of'differenceé in .

age, diet and strains included in the flocks:

Flock A - Comprised of 110 birds,264 days old at the start of the

experiment and included 2 strains (07 Kentville control and Strain 10). The
flock was maintained on the -Ottawa Hatching Ration (1970) which contained

3.1% calcium.
Flock B - Comprised of 525 birds, 489 days old at the start of the

experiment and included 8 strains (3 commercial; 07 Kentville control
and four 2-way crosses). The birds were maintained on a 3.25% calcium

laying diet.

Flock C - Compfised of 475 birds 489 days 0old at the start of the

experiment and included the same strains as flock B. The flock was
maintained on a low calcium diet:

Age
0 to 144 days - 0.51%

145 to 327 days - 2.25%

328 to 504 days - 3.25%

Flock D —,Compfised of 550 birds 264 days old at the start of the
experimeht'and included the saﬁe strains‘asAflock A. This flock was
maintained on a basal diet of the Ottawa Hatching Ration (1970) with groups
of the birds receiving 3 different levels of aﬁmOnium sulphate.

The collection and testiﬁg of all'tﬁe eggs in this experi-

ment was completed in a period of 9 days.
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Specific Gravity Measurement Facilities
Eleven saline solutions were prepared to provide S.G.
increments of 0.004  (Table 1) and . a range of 1.062 to 1.102.

Two sets of 'solutions, designated X and Y were made up for the experi-

‘ment. The solutions were made up in quantities of 35 1 and each

stored in a 40 1 plastic garbage pail. When not -in use the 1lids were
installed on the pails.

The pails were kept in a large‘environmental chamber main-
tained at 60 * 1°F and 72 * 2% relative humidity for the duration of
the experiment. The solutions were made up 3 days prior to ¢ommencing
the experiment so that the temperature of the solutions was constant
at 60°F. Before taking any egg S.G. readings the temperature and S.G.
of each solution was measured at each phase of the different testslper—
forﬁed. This showed that the temperature and S.G. of each solution aid
not change measurably throughout the test.

Specific Gravity Standard for Solutions

The specific gravity of the sdlutions was measured with a
single hydrometer which had a range.of 1.060 to 1.130. This was
designated as hydrometer number 1 and arbitrarily adopted as the
standard of measurement for the experiments. The hydrometer was cali-
brated to read at 60/60°F. The National Bureau of Standards recom-
mendations for reading the hydrometers was followed. Namely the
reading was taken at é point wheré the liqﬁid'surface intersected the
graduated stem, not at the top of the meniscus.

Method of Measuring Specific Gravity

The method currently used by the Animal Research Institute

was adopted for all S.G. readings taken in the pails. About 30- eggs

were placed in a wire basket to form a layer on the bottom. The
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baskét was then slowly immersed into the pail contaiﬁing thé lowest
S.G. solution and gently rotated and faised up and down to eliminate
any air bubbles adhering fo the eggs. ‘The basket was then allowed to
rest at about two thirds of the solution depth where the diameter of
the baskef and the gradually taﬁering diémeter of the*pail‘were equal.
Sufficient time was éllowéd to elapse for thé solution to stabilize,

to observe and remove those eggs that floated and

broke the sufface of the liquid. This procedure waé_repeated at each
ascending increment of S.G. until the S.G. of all the eggs in the group
was determined. The eggs were carefully drained'between each determi-

nation to minimize the transfer of solution between pails.




- 20 -

DIFFERENCES IN READINGS BETWEEN HYDROMETERS

A possible source of exror is the calibration of the hydro-
meter used and how accurately it is read. The latter depends on the
skill of the operator and the range of the instrument since this affects
the resolutien.

The temperature of each solution in sets X and Y was checked
and the S.G. verified aé being correct at 60°F usingfthe sfaﬁdard hydro-
meter (No. 1). The S.G. of each solution in both sets was then read
using 9 other 60/60°F hydrometers having the same or different ranges
to the standard. The differencé between the standafd‘reading and each
reading was then ‘calculated. |

The results (Table 4) showed that the maximum difference
between thelhydrometers and the arbitrary standard was a 0.006 changé
in S.G. In general, the errors recorded were consistent within hydro-
meters and within the two solution sets. However, the errofs were
both positive and negative. Thus, within the group of hydrometers
tested the average differences ranged from +0.003 to -0.005 for a total
range of 0.008 specific gravity uniﬁs. This represents two increments
of S.G. used to test eggs .

o An observation made during this test was that depending on
the range of the hydrometer (i.e. resolution of its scale) it wasAdif—
ficult to estimate the reading to within i0}00025 . Judgement
was required because the solution surface was beléw the rim of the pail
and it was difficult to observe the intersection of the surface and
hydrometer gcale. Parallax introduced errors particularly with hydro-
meters having a large range. With the hydrométers normally used which
had a range of 1.060 to 1.130 it was considered that judgement intro-
duced a maximum error of 0.0005

Thus, it must be concluded that errors in egg S.G. readings

may arise from differences in the hydrometers used to test the solutions.
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Table 4. Summary of differences observed between readings from different hydrometers in measuring the specific
gravity of two sets of salt-solutions using one hydrometer (No.
hydrometers are calibrated at 60/60 F and all measurements were made at -60"F.

1) as the grbltrary standard. All

Hydrometer number ' 1*
Range. . Maximum ’ 1.130

Minimum . 1.060

Solution set
1.062
1;066
1.070
1.074
1.078
©1.082
1.086
i.090
1.094
13098
1.102

&
Mean error

*Thls is the hydrometer used as the arbitrary standard for the experlment

3

++

2 4 - 5 6 7 8 9, 10’
1.220 1.220 1.070 1.100 1.600 1.070  1.200 v’1.130 C1.130
1.000 1.000 1,000 1.050  1.000 “1.000  1.000  1.060  1.060

Difference** |
X Y X Y XY X_ Y X Y X Y X_ Y X Y ‘X_ Y
42 42 42 42 0 0 -2 0 -3 - 4 41 -5 -3 BT T
42 42 42 42 0 0 -1 0 -4 - 1 M -4 -4 0 -1. -1 -1
+3 44 +2 +2 0 0 -1 0 -5°- 1 0 -2 -2 0 -1 -1j a1
+2 +4 42 42 - - 1 4 6 - - - -1 <1 01 a1 a1
42 44 42742 - - -2 44 5 - - - 2 2 0 -1 -1 -1
+2 42 42 42 - - -2 +4 5 - - - 3.1 -1 -1 -1 -1
42 +2 42 +2 - - 2 -1 <4 - - - -4 21 -1 -1 -1 -1
+2 +2 +2 +2 - - 2 -1 -6 - - -. 5.0 -1 -1 -0 -1
42 42 42 42 - - 23 -1 - - - - 4 -1 -1 -1 -1 -1
42 44 42 - - o1 -1 = - - - -2 22 -1 -1 0 -1
¥2 42 42 42 - - 21 -1 - - - - -3 23 a1 a1 -1 -l
*2 43 42 42 0 0 -2 41 5 . 41 41 3 -2 -1 -1 -1 -1
and solutions. X and Y were adjusted so that

they were correct according to readings from this unit.

**Difference = Reading from No. 1 - Reading from test. hydrometer. Differences are given in 0.001 units of specific

gravity.

+Given .to the nearest 0.001 units of specific gravity.

++This hydrometer was accidently broken during test.
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CALIBRATION OF THE STANDARD HYDROMETER
An experiment was conducted to verify the calibration of the
arbitrary standard hydrometer by comparing its readings with gravi-
metric determinations of the S‘Gi of'the.solutions; Again the entire
experiment was conducted in the environmental chamber so that all
solutions and test equipment were at 60°F.
The temperature and S.G. of each solution in both sets X
and Y was verified. The S.G. of each solution was then. measured By
graviﬁetric methods using a pyknometer (or specific gravity bottle)
following the procedure outllned by Harrls and Hemmerllng (1955) The capac1ty
of the S.G. bottle '
used was 100 cc. All welghlngs were done on a 160 g capacity balance
reading to within 1 mg.
The detailed procedure was as follows:
1. Weigh the clean dry bottle (WB)’
2. Fill with double distilled Water and reweigh (Ww).
3. Fill and flush with salt solutionvto be tested twice and reweigh
" filled with solution (WSG).
For each measurement the exterior of the bottle was carefully
dried and it.was rinsed once with distilled water after each S.G.

solution was tested. Each solution of both the X and Y sets was tested

in this manner. Specific gravity was calculated from:
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A-coﬁparison of_the hydrometer readings and the graviﬁetrié
determinétiohs (Table,S) showed that the maximum error in the hydrometer
réadings was 0.0018 SAG;'units. and the minimum error was 0;0008. The
Ahydrometer gave readings tHat were consistently lower than the S.G.
aécording td.graViﬁetric determiﬁations-in both. sets of solutions. On
the average the error appeared slightly larger (0.0003 S.G. units) for
~ solution set Y compared fo set X. This could not be explained and is
probably insignificant;j The érrors did not appear to be related to
vthevS.G. reading sincé their magnitude varied at random with level of
the S.G. reading. Thus,>itvwou1d appear that a tfpical hydfdmeter may
 give readings in erfor‘by as much as about half the S.G. increment between

-the solutions.
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Table 5. Comparison of hydrometer readings (60/600F) with gravimetric
determinations of salt solution S.G.'s at 60 F for two sets
of solutions (X & Y). ‘

S.G. from Spécific gravity from gravimetric measurements
hydrometer
reading* . S.G. (X) Difference** S.G. (Y) Difference**
1.062 1.0634 -0.0014 1.0637 -0.0017
1.066 1.0670 -0.0010 1.0671  -0.0011
1.070 '1.0710 -0.0010 1.0708 -0.0008
1.074 ~1.0750 -0.0010 1.0752 -0.0012
1.078 1.0788 ~0.0008  1.0791 -0.0011
1.082 1.0828 -0.0008 1.0830 -0.0010
1.086 1.0873  -0.0013 1.0877 -0.0017
1.090 1.0910. -0.0010 1.0914 -0.0014
1.094 ~1.0955 -0.0015 1.0958 -0.0018
1.098 1.0995 -0.0015 1.0998 -0.0018
1.102 1.1032 -0.0012 1.1038 -0.0018
Mean - -0.0011 -0.0014

*Solutions adjusted to give the correct reading at 60° F u51ng
hydrometer No. 1, the arbitrary standard

**Difference = Hydrometer read1ng—grav1metr1c




_ 25 _

COMPARISON OF S.G. READINGS AT TWO LOCATIQNS; ONE WITHOUT TEMﬁERATURE CONTROL
A cbmparison:wasbmadeAbetween S.G. readings obtained in a
facility wused routinelybfor‘this purpose and the controlled temperature
test facility, : . The routinely used facility
was not equipped with teﬁperature controls for either the saline solutions
or the ambient temperature apart from the normal heating used in winter.
Eggs were celleéted from flocks A, B and C at the. following

times and in the quantities shown.

Flock - . . . Time - Egg numbers
A : ‘ 8:00 am  14-60
. 10:30 am . 1-13
B ' ‘ 8:15 am 145-160
10:30 am 101-144
C ' 8:15 am 244-260
10:30 am 201-243

The eggs were placed iﬁvstorage at 11:00 am at a temperature
of 55°F (13°C) wet bulb and stqred overﬁight | S | . . The
following morning the S.G.'of tﬁe.li solutiens was measured with the
hfdrometer normally ﬁsed in the routine facility and the arbitrary standard
hydrometer for the experiment. The temperature‘of the selutions was also
measured. The eggs were removed from storege at 9:20 am (i.e. 10.3 hr-
storage time) and candled. Any cracked shells were discarded. Their
S.G. was determined in the period between 9:45 and 10:30 am. The air
temperature during the teste was 76°F (24.5°C). .The temperature of the
solutions was then remeasured and the S.G. checked with the routinely |
used hydrometer. The eggs were rinsed with water and immediately trans-
ferred to the controlled environment chamber. Three hours were then

allowed for the temperature of the eggs to stabilize at 60°F. The eggs
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were candled Qnd any with cracked shells discarded. The S.G. of the
eggs was then determined on the two sets of solutiens (X and Y) during
the period 2:00 to 5:00 pm. The specific gravity of the solutions and
their temperature were measured before and after the tests.

The results for the S.G. and temperature.readings of the
solutions at the routine facility (Table 6) showed that a) the S.G.
readings were the same within 0.001 for the arbitrary standard and
‘routine hydrometers; the S.G. of the solutions were stable within 0.0005
during the 45 minute operation; the temperaturé of the solutions were
not changed by more than 0.5°F by testing the 179 eggs. vThus, it would
appear that for small quantities of eggs the cooling effect of the chil-
1ed.eggs on the solution temperatures was negligible. Similarly'in the
controlled temperature test facility thé temperature of the solutions was
stable throughout the measurements. The S.G. of these solutions showed
a maximum change of 0.001 after testing the 179 eggs. In the experiﬁental and
the routine facilities the observed S.G. changes oécurred randomly through-
out the S.G. range indicating that the source was quite likely errors in
reading the hydrometers.

A summary of the results (Table 7) showed that the differences
between the mean values of S.G. and the variatien within flocks and within
the experiment were insignificant. The maximum difference between any of
' the mean readings from the uncontrolled and controlled temperature facility
including the two sets of solutions (X and Y) was 0.0015 units of S.G.

This indicates that a temperature difference between the‘solutibns of about
11°F and between the air of about 16°F and the unknown temperature‘dif—
ferences between the eggs when tested at the two facilities did not seri-

ously affect the over-all result. However, it should be noted that the temperature

differences were less than those that can possibly occur.
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On an individual egg bésis there were differences observed -
between the readings obtainediin'fhe two measurement facilities. These
were all within one ihcreﬁenf (i.e. 0.004) of S.G. reading but were both
positive and ﬁegative (Téble‘8). About the samé:number of eggs"gave
different readingsAin soiﬁtion sets X and Y. For 53% of the eggs where
a difference was observed, the‘same difference occurred in both sets of
solptiOns X and Y. The remaining 47% showed a difference.in only one of
the solutions. Thus, it wou}d_appéar‘that thé differences in readings
‘must be attributed to two sources a) a real difference in reéding;_

b) differences introduced by judging the solution in which the egg floats.
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Table 6. Comparison of solution S.G.'s as indicated by two hydro-
meters and temperature changes during testing 179 eggs in
a facility without temperature controls

Hydrometer: Standard Routine Solution température °F
(No. 1)

Time of Before Before Aftef Before After Difference*

measurement: : :
1.0620 1.0620 1.0615 70.0 69.5 0.5
1.0657 1.0655 1.0660  70.0 70.0 0.0
1.0700 1.0695 1.0695  70.5  70.5 . 0.0
1.0740 1.0735 1.0735 70.8 70.8 0.0
1.0780 1.0780 1.0785 70.5 70.5 0.0
1.0820 1.0820 1.0820  70.5  70.5 0.0
1.0860 1.0860 1.0860 70.8  71.0 - -0.2
1.0900 1.0910 1.0905  71.0 71.0 i 0.0
1.0940 1.0940 . 1.0940 71.0  71.2 -0.2
1.0980 1.0980 1.0985  71.5 71.8 -0.3
1.1020 1.1025 1.1025 72.0 72.2 -0.2

Mean 70.8 70.8

*Difference = Before - After
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Table 7. Summary of resu1fs comparing egg S.G. readings obtained in a facility without
temperature control used routinely to testoeggs and’ the experimental facility
where the temperature was controlled at 60°F.

Location at which - - Routine facility o ,
measurements were < without temperature EXper%mental‘facility controlled
taken : : control - ‘ at 60 F
Flock® No. of Trait : o .. Solution set X Solution set Y
A .60  Mean S.G. 1.0846 1.0836 1.0831
‘ S.D. 0.0056 . 0.0056 0.0055
C.V. % 0.51 0.52 0.50
B 60  Mean S.G. 1.0811 1.0798 1.0795
S.D. -0.0056 ‘ : 0.0062 0.0060
C.V. % 0.52 ' 0.57 0.56
C 59  Mean S.G. 1.0807 1.0798 1.0794
‘ : S.D. 0.0069 - 0.0073 0.0072
C.V. % 0.64 0.68 0.66
A,B and . Mean S.G. 1.0821 1.0811 1.0807
C pooled S.D. 0.0074 0.0077 0.0076

.0
<
o
(]

.68 o 0.72 0,71
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Table 8. Number of eggs for which the difference in S.G. indicated by the tests in

the uncontrolled and controlled temperature measurement facilities was
0.004 S.G. units.

Solutdon set

Flock> No. of'eggs , X Y
A ' | , 66 15 22
B o 60 | 20 24
C 59 14 21
Pooled 179 49 - 67
Sign of differences _ | All Positive

positive and negative
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SELECTION OF EGGS FOR TWO EXPERIMENTS
| - To obtain a wide range of eggshell quality with a uniform
disfribution of egg S.G. for two ekperiments, the following procedure
wé; used. | 4  |
Eggs were éollected from flocks A, B, C and D that were laid

between 1:00 am and 1:30 pm in the following quantities.

Flock ) Eggs collected : Cracked eggs'discarded
A | . | 78 | 2
B ' . 289 15
C 190 | 7

Total . 912 27

The eggs were éandlgd and thdse with cracked éhells discarded. The
remaining 885 were‘placed in_the controlled environment chamber at 4:30 pm
and stored for 63;5 hr."it was assumed that this period allowed the air
sacs in the.eggs to stabilize so that the egg S.G.'s also stabilized.
The specific gravity of all the eggs was then determined for each flock
(Table 9) in the period from 10:00 am to 3:00 pm.

Eggs were then selectéd according to specific gfavity so that
as far as was possible equal’numbefs from each flock and each increment
of S.G. were collected to provide a composite sample of-115 eégs (Table 9).
Theée eggé were used to examine the effect of saline solution temperature
on egg specific gravity readings (see paragfaph 10) .

A similar procedure was used to select 116 eggs (Table 9) to
‘examine the effect of cracked shells on egg specific gravity readings

(see paragraph 9).
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The results of these S.G. readings showed that the distribution

of egg S.G.'s within flocks was different (Fig. 6). A

frequency diagram for all the eggs (Fig. 7) shows that it was possible

to select almost equal numbers of eggs from each S.G. level for the two
experiments. Exceptions were the two highest increments (1.098 and 1.102)
where insufficient egg§ were obtained. However, ' a wide spread of egg

S.G. of almost uniform distribution was achieved for both expeirments.
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Table 9. Eggs selected for two experiments showing total number of eggs of each S.G. collected by flocks, and the
number of eggs selected from each flock at each S.G. to provide eggs for the experiments. '

Specific gravity  1.062  1.066 '1.070  1.074  1.078 -1.082  1.086  1.090  1.094  1.098  1.102 Total

.1
Flock A 1 1 0 ‘ 8 20 21 16 8 1 0 0 76
Flock B 19 - 14 28 68 70 - 47 19 -8 -0 0 . 1 274
Flock C 12 7 29 - 37 50 27 - - 17 4 0 0 -0 183
Flock D 2 5 -8 .67 59 111 68 19 12 1 0 352
Total 34 27 65 180 . 199 _206. 120 .39 13 1 1 885

Eggs selected to examine the effect of saline solution temperature on egg S.G.
Flock A 1 1 o - 4 '3 3 3 3 1 0 0 19
Flock B 4 4 4 o3 4 '3 .3 3 0 0 1 29
Flock C 4 4 4 -4 4 3 .3 , 3 0 0 0 29
Flock D 2. 4 4 4 4 3 3 3 10 1 0 38
Total 11 - 13 12 - 15 15 12 12 12 11 1 1 - 115
Eggs selected to examine the effect of cracks in the shell on the egg S.G.

Flock A 0 0 1 4 4 4 4 5 0 0 0 22
Flock B 5 5 4 4 4 "4 -4 ) 0 -0 0 35
Flock C 5 3 4 " 4 4. 4 4 3 0 0 0 31
Flock D 0 2 4 4 4 4 4 4 2 0 0 28
Total . 10 10 13 16 - 16 16 16 17 2 0 0

116
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THE EFFECT OF CRACKED SHELLS ON EGG SPECIFIC GRAVITY READING(

It is customary fo discard any eggs with cracked shells before
taking . shell quality measurements. Alsq, when measuring S.G. by‘
floatation eggs are occasionly cracked as they are moved from solution
to solution in the wire basket. An experiment was, therefore, conducted
to examine the effect of shell cracks on egg S.G. Obviously, it would ber
an advantage, experimentally, to measure the S.G. of cracked aévwell as

unbroken shells since cracked shells in all probability are 'the weak shells

'within a given group.

The 116 eggs selected as shown in paragraph 8 were utilized.
Testing commenced 90.5 hr after the eggs were first stored in the control-
led temperature chambher and the tests completed in a period of 4.5 hr.

The S.G. of the eggs was measﬁred in one set of the solutions

(X). A compression machine pfeviously<moved into the chamber to reach

‘the test temperature (6OOF) was used to crack the shells under controlled

conditions. Each egg was placed between ground stainless-steel flat,
parallel surfaces and compressed at 5 cm m:'m—1 at the equator. Immediately
the shell cracked compression was stopped. Cracking was detected by the-sound.

This procedure produced a single hairline crack in the shell originating

at one of the points of contact with the compression surfaces. The S.G.

of the eggs was then again determined.

The results showed that the S.G. of 23% of the eggs after
cracking decreased by one increment (0.004) (Table 10). However, the mean
S.G. for the group of eggs was only.reducéd by an insignificant amount
(0.001) and the variation within the group was unchanged. Thus, it would
appear that the changes introduced by hairline cracks are small and ﬁos—
sibly depended as much on the judgement exercised in selecting the eggs
that floated in eéch solution és on the effect of the crack. It was con-

cluded that it was reasonable to test cracked eggs and expect accurate S.G.

readings.
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However, it should be noted that the immersion times in the solutions during
the experiment were short (e.g. compared with the procedures used in the
routine facility). It would be reasonable to expect reading errors to increase

with immersion time.




Table 10. .
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Effect of shell cracks on egg.specific_gravity based on

‘readings for 116 eggs before and after cracking.
S.G.
Before cracking After cracking

Mean 1.077 ' 1.076
S.D. 0:0095 - 0.0095
C.V. % 0.88 0.88
Maximum difference* 0.004
Number of eggs that changed 27,

0.004 S.G. units after

cracking

*S.G. before - S.G. after, 24 eggs reduced in S.G. by.0.004 after cracking
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THE EFFECT OP‘SALINE SOLUTION TEMPERATURE ON EGG SPECIFIC GRAVITY READINGS
As discussed in paragraph 3 the temperature of the saline
solutions affecfs the specific:gravity reading. This was inyestigated
using the 115 eggs selected as outlined in paragraph 8. The test was
started 110.5 hours after‘the eggs‘werebfirst stored in thé controlled

environment chamber. The entire test procedure was completed within a

period of 57 hr.

It was'not'practical to change tﬁé temperature of the saline
solutiéns in the ﬁails rapidly enough to execute the éxperiment SO an
alternative method was used. Eleven 600 éc beakers were immersed in a controlled
temperature water bath installed in the
controlled environment chamber. About 500 cc of each of the S.G. solutions
was placed in the set of beakers to provide

- ' e S a set of sobutions that could have their |
temperatures changed rapidly. The solutions uséd in the beakers were
taken from the pails making up solution set Y and:the ordinafy S.G.
determinations at 60°F were alsé taken in set Y. Thus, all measurements
were taken in solutinns from the same source; Plastic lids.were installed
on each beaker to prevent evaporation. To take readings in the beakers
a wire iopp'formed into a cradle was ﬁsed to lower and raise the egg in
the solution. To_minimize transfer of solution between beakers the egg
and wire cradle were wiped bétween determinations.

The S.G. and temperature of the sélutions in tﬁe pails was
verified and then the set’ of beakers filled. The water bath temperature

was set at 55°F and sufficient time allowed to elapse for the solutions

in the beakefs to stabilize at 55°F.
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The eggs were numbered ana their S.G. determined in solution
set Y and theée readings marked on each egg. The reading marked on the
egg was used to minimize thé transfer of solution between beakers and
reduce the number of immefsions required in both the pails and beakers.

The egg was placed in the Qire cradle and first immersed in the pail
corresponding to the‘préviously determined S.G. It was then verified

that the‘egg did not float in the pail of solution one increment belcw

this reading or, if necessary two or three inﬁrements less. A similar
procedure was followed with the beakers. Each egg was tested individually
first in the pails and immediafely after in.tﬁe;beakers. Thus, for practical
pﬁrposes the two readings were obtained simultaneously. When the 55°F

tést was complete, the solutions in the beakers were discarded and a

fresh set installed in the controlled temperature water bath. This entire
procedure was repeéted with the solutions in the beakers stabilized at

60, 65, 70, 75, 80 and 85°F. Finally the procedure>was repeated at 60°F.

The. temperature and S.G. of the solutions in the pails was |
verified at each increment of beéker solution temperature and adjusted if
necessary.

The eggs were removed from the chaﬁber and allowed 6 hours to
warm up to roon temperatufe. The sheli strength was then measured by
compressing the eggs at'the equator at 2 cm min-1 between ground stainless
steel parallel flat surfaces. The non-destructive deformation for a change
in applied force of 0.1 to 1.1 kg and the fracture force were recorded
electronically ﬁsing techniques described by Voisey and Hunt (1973, 1974),
Voisey (1975) and Voisey and Hamilton (1976). These measurements were

known to be precise within at least 1%. A piece of shell was them removed
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from the shell membranes at the poinf of contact where the fracture
initiated and its thickness measured within 0.00025 ﬁm with a dial guage
.comparitor (Voisey and Hunt 1973, 1974).
| A Summary of tﬁé S.G. readings (Table 11) showed that there
was no difference between the means and sféndard'deviations determined
in the pails and beakefs wheﬁ the solutions they contained were all at
60°F. This was observed at the stérf of the test and at fheAéompletion.
Thus, it is reasonable to assume that any differences between the readings
from the pails and beakers; when the beakers were at temperatures different
from 6OOF, could be attributed to a change of solution femperature, partiéularly
as the readings were effectively taken simultaneously.

The difference between the mean S.G. reading at 60°F and the
S.G., at other temperatures increased as the temperature difference between
the solutions increased (Table 12). The maximum differenée of 0.0037
S.G. units occurred at 80°F or almoét one increment in the set of solutions.
As the temperature of the saline solutions increaSed, the egg.S.G.
readings increased (Fig. 8A). From a plot of the data (Fig. 8A) it appeared
that the error was linearly related to temperature with a slope of 0.00019
S.G. units per F (i.e. 0.00033 units/OC). This is iﬁ reasonaﬁle agreement
with the rate of 0.00045 unifs/?C‘calculated'frOm'the theoretical énalysis
in paragraph 3. Thus, the experimental results confirmed the analysis
and support the contention that temperatﬁre of the saline solutions affeets
the egg S.G. readings. |

Variation of S.G. within the group of eggs‘was virtually constant

each time the S.G. was determined in either the pails or beakers and was

virtually the same for pail and beaker determinations (Table '11).
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The meaﬁ S.G. of the group of eggs increased dufing the experiﬁental
perioa (Table 12, Fig. 8B). This was verified by comparing readings made in
the pails at the start of the test and the final determination (Fig. 8).

Thus, the eggs changed with time. However, this did not affect the compari-

son of the S.G.'s at the different temperatures since these were made effectively

in zero time.
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Table 11. Comparison of specific gravityodetermined in garbage pails
with the saline solution at 60°F and in beakers at selected

temperatures. Means and standard deviations for 115 eggs.

Meaéuremeht S.G. determinedoih
' the pails at 60 F

Mgan, S.D. 
First determination*  1.0766 ~  0.0102
Varying Beaker témp.** 1.0765' 0.0103
1.0766 0.0102
1.0762 0.0103
1.0749 0.0100
1.0747 0.0101
1.0745 0.0101
- 1.0743 0.0101
Final determination 1.0735 0.0100

S.G. determined in beakers
at temperatures. specified

" Mean - S.D. Tempefature
o o
1.0764 0.0102 55
1.0766 0.0102 60
1.0771 0.0105 65
1.0767 0.0107 70
1.0774 0.0107 75
1.0782 0.0107 80
1.0787"0.0111 85
1.0735 0.0100 60

*First determination made to mark S.G. on eggs 110.5 hr after the eggs"

were placed in storage.

**Determinations made first in the palls at 60°F and then in the beakers

at the temperatures shown.

+Final determination made 167.5 hr after the eggs were placed in storage.
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Table 12. Changes in mean egg S.G, during the experiment and differences
between mean S.G. at 60 F in the pails and at temperatures
ranging from 55 to 85°F in the beakers for 115 eggs.

Beaker . | Difference in - Change in egg
temperature S.G. readings* S.G. at 60°F*
55 +0.0001 0.0000
60 0.0000 ©+0.0001
65 | | -0.0009  -0.0003
70 : -0.0018 | -0.0016
75 ~0.0027 -0.0018
80 _ -0.0037 -0.0020
85 -0.0034 -0.0022
60 ' 0.0000 ' -0.0020

*Difference = S.G. at 60°F in pail - S.G. at temperature in beaker.

**Difference = S.G. at 60°F in pail (first determination) - S.G. at
60 F in pail (determinations made at time of beaker
readings at temperature selected).
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10.1. Comparison of S.G., Deformation, Shell Thickness and Fracture Force
A summary of the readings for the first and final S.G. readings

(in the pails at 60°F) shell deformation, fracture force and shell thickness
(Table 13) indicated that the variation of S.G. within the experimental
group of eggs was higher than normal (C.V. 0.92 and 0.94% c.f. 0.6%
observed in previdus experiments). Thus, the method of egg selection
provided a wider than normal range of shell quality. Even so the vari-
ation and range of S.G. readings was insignificant compared to the vari-
ation of fracture force (C.V. = 23%). On the other hand the variation

29%) was higher than that of fracture force.

of deformation readings (C.V.
Variation of shell thickness (C.V. = 13%) was, however; at a lower level.
These characteristics were also réflected in the ranges of the readingé
énd agree with previous results.

Correlation among the traits were significaﬁt (P ¢ 0.0lj and were
generally higher than observed in previous_experimentsl(Table 14). Based
on these statistics the precision with which fracture force is predicted
by S.G. (Fig. 9), shell deformation (Fig. 10) and shell thickness (Fig. 11)
can be compared. Based on the correlation coefficients and scatter diagrams
(Figs. 9, 10 & 11) it appears that shéll deformation (r = -0.847) had
the strongest relationship with fractuee force. The relationship is
curvilinear (Fig. 10)'and it is known from previous work that the cor-
relation is‘imbroved when a quadratic relationship is assumed. Thus, it
appeared that up to 72% of the variation in shell strength could be
explained by the deformation readings as opposed to 63% by the S.G. values.
It can be argued that such an increase in prediction accuracy (14%); from
a non-destructive test,-may justify the higher labour requirements to per—
form deformation measurements compared to S.G. determinations. Obviously,
if prediction accuracy is improved, the over-all efficiency of eiperimental
operations is increased. This may more than offset the increased cost caused

by deformation measurements.
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.Table 13. Summary of data for 113 eggs showing mean, S.D. and coefficient
' of variation of specific gravity at the start and finish of the
test, non-destructive deformation, fracture force and shell thickness

Trait : Mean S.D. C.V. (%) Maximum Minimum Range %

S.G. first determination* 1.0764 0.0102  0.94  '1.098  1.062 3.34

S.G. final determination** 1.0738 0.0098 . 0.92 1.098  1.062 3.35
| : 75" 29

Deformation mm _ 0.0682 0.0075 29 0.1527  0.0377  168.62

Fracture force g 4 3478 786 23 5455 1510  113.43

Shell thickness mm 0.3329 0.0438 13 0.4248  0.2333  57.53

“*Measured 110.5 hours after theoeggs were placed in the 60°F controlled environ-
ment chamber using pails at 60°F.

**Measured 57 hours later at end of expetiment using pails at 60°F .

maximum - minimum
. mean

+
Range

Note 2 eggs were damaged and the data discarded.
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Table 14. Correlation coefficients among S.G., non-destructive deformation,

fracture force and shell thickness

for 113 eggs,

Trait
1st S.G.
Final S.G.

Deformation

Fracture force

1st S.G.

Final S.G.

0.941

Fracture  Shell

Deformation force . thickness
-0.841 - 0.79%4 0.849
-0.796 _ 0.782 0.818

-0.847 -0.839

0.798
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CHANGES IN SALINE SOLUTION TEMPERATURE DURING ROUTINE S.G. DETERMINATIONS
To determine the order of temperature change that occurred)the

temperatures of the saline solutions were monitored during normal operation

in the facility used routinely (previously used to compare readings
obfained in the temperature controlled facility’paragraph 7). The routine
procedure was to.store the eggs overnight in a cooler at SSOF, remove them
the following ﬁorning and immediately start determining the S.G. of the
eggs. The same 11 increments (each of 0.004 S.G. units) were used as in
fhe experiments réported above. The plastic garbage pails containing the
solutions had a capacity of g7 litres and contained approximately twice
the amount of solution containe& by the pails used in the controlled
temperature facility.
The sequence of events used in testing the eggs was as follows:
1. Fill a wire basket with about 60 eggs
2. Immerse it in the first increment of the solutions (1.062).
3. Allow time for the eggs to stabilize in the solution.
4. Fill a second basket. |
5. Remove eggs that float in the first solution incremént and transfer
the first basket to the seéond increment.
6. Install the second baéket in the first incremeht.
7. Continue loading and transferring baskets until all the eggs are tested.
Using this procedure it is estimated that up to 5000 eggs can
be tested per 8 hr day. However, it is obvious that the eggs spend
considerable time immersed in the solutions. During this period heat was
transferred between the egg and solutions efficiently (c.f. the egg

immersed in ‘air). Thus, the eggs were heated by the solutions
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and the solutions cooled by the eggé. .Thus, both fhe egg and solution

temperatures were changingiduring the test. Since all thé eggs had to
pass throﬁgh the'first,incrgmeﬁt, this solufion shoﬁld éhange the'gfeatest
aﬁount.‘ Few eggé passédiphrbugh the ele&enth-incremeht (1.102) éo its
temperature should be uﬁaffecfed particﬁlarly Siﬁce the eggs had by then
been heated by.the solutions for the longest time. There is thus the
COmbihed effect on egg S.G. of solution and egg temperature changes.

The solutions were | in a room where the témperature
was about 72°F. The tests were performed in the early spring when the
TOOM heating‘system was in operation so the temperatﬁre was relatively
stable. |

| The femperatﬁre of the solutions was measured before the S.G.
determinations commencéd“and then again‘wheﬁ the days.batch of eggs had
passed through the sblutions. This was déné'for S days duringbwhich an
éverage:of 906 eggs were tested per day. The S.G. determinations were
completed in aﬁ aver ge of about 1 hr.

The results (Table 15) showed that the temperature changes for
about the saﬁe number of eggé'varied from day to day. The maximum‘changeb
of 7.50F occurred at the first solution in_the series. In general the
temperature of thé solutions was decreased by passage of the-eggs.
Exceptions occurred only at the 1.094 and 1.098 increments on two days
where the temperature'increased 0.3 to O.SOF.V OnltheAaverage the decrease
in solution tempefature-decreaséd with ascending S;Gu increments dué to
the decreésing number of eggs tested atleach successive step. So fe@
eggs paésed through the final inc}ement that the-temperatﬁre of this
solutidn was unchanged. This is illustrated by a plot of the results

(Fig. 12).
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The results cléarly show that the first and last eggs.to pass
through the solutions are teéfed at différent solution temperatures and
the difference depends on the S.G. of the egg. Obviously, largef changes
in solution temperatures must be expeéted whenilargér numberS‘0f eggS are
tested.

The effect of the temperature changes on egg S.G. readings can
be calculated from the results given in paragraph 10 which showed that
the egg S.G. changed at 0.00019 S.G. units per °F. Consider the maximum
temperature change of 7;5°F that was observed.

0.00019 x 7.5

Change in egg S.G.

0.0014

Thus, errors up to a quarter of an S.G. increment were introduced. However,.
this does not include‘the unknown effect of egg temperature changes. Also,
the room temperature during this period was stable which cannot be guaranteed
‘throughout the year.

Thus, it was concluded that when eggs are stored in a cooler

and tested immediately upon removal, errors in S.G. readings are introduced.
These errors change from the beginning to the end of a batch of eggs and

increase as the number of eggs in the batch increases.
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Table 15. Observed temperature changes, in saline solutlons when batches of eggs were tested after removal
from a 55 F storage G1ven to nearest 0.1 °F. ‘

Temperature Change O x

No. of eggs S.G.: 1.062' 1.066 1.070 1.074 1.078 1.082 . 1.086 1.090 1.094 1.098 1.102
" tested ’ o g ' :

918 .35 3.0 -2.5 -1.5 -1.0  -1.0  -0.5  -0.3 0- 0o 0
898 ~-5.8 -2.3 2.3 -1.8  -1.3 0.8  -0.3 0 -0.3 -0.3 0
910 4.5 2.8 -2.0  -1.8  -1.0  -0.5  -0.5  -0.3 0. o0 0
885 - -7.5  -4.5  -3.3 2.5  -2.3 C1s -1.3  -0.5 -0.5" -0.3 . 0
920 -5.0  -2.8  -2.0 -13.  -1.0 0 0 0.3 +0.5 '_+o.25 o
Average 906 5.3 =31 2.4 1.8 o135 -0.8 -0.5  -0.2  -0.1 +0.1 0

*Temperature at start - Temperature at finish-
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TEMPERATURE CHANGE °F
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Figure 12. Observed temperature changes in S.G. solutions in testing an
average of 906 eggs. Each point represents the average of 5
runs.
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12. GENERAL OBSERVATIONS

in the éontfblled environment chgmber the temperature of the
solutions was observed to bé absolutely.stable eveﬁiduring a test involving
912 eggs. This was beéause the éhambéf and, tHerefore, solution

'tempgrature were controlled aﬁd the eggs wefe at the same temﬁerature as
the_Solutﬁoné! Speéific gra&ity of theISOIUtions waé chéﬁged slightly
by transfef of sélution between pails by the'eggé and basket. This was
corrected by frequent checks and adjustments when observable changes
(0.00025) were noted. When testing small numbers of eggs (e.g. 115),
measurable changes of S.G. wefe'notvobserved when the batch of eggs
passed through the solution once.

Temperature changes in tﬁe pails before testing wére extremely
slow. The mass of the watefkaampé ous femperaturé chaﬁgés and since the
pails are immérsed in air)heét transfer betweén the air and water is
inefficient. For exampie, whenimaking up the sblutions using tap water
at 43°F three days wére required in the 60°F chahber for the solution

v temberafufes‘to.staﬁilize at 60°F. Obviously as the temperature difference
betweeﬁ the solution and air decreases, the rate of heat transfer to the
solution decreases thus prolonging the stabilization time.

It wés_observed that in a number of cases additional S.G. incre-
ments (1.058 and 1.106) were needed to verify that certain eggs had S.G.'s
of 1.062 or 1.102. The frequency of this need was small aﬁa perhaps would
not justify the extra work for most experiments.’ V

The routine facility was an efficient operation since large numbers
of eggs were immersed simuitaneously in the pails and a number of baskets

progressively passed through the series of solutions. Thus, there was
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sufficient time fér the eggs to stabilize or float in the solutions. There
is the problem that the time of immersion increases the temperature.changes
of the golutions. Also, the mass of egg clustered together in the
solution may prevent eggs that should float from floating. As the S.G.
of the egg approaches that of thg solution)the bouyancy force acting
on the egg increases in opposition to the gravitational fqrce. The
technique used is fo collect only thosé eggs that float to the surface
in a particular solution, i.e. thgt have a positive bouyancy force>not
neutral)which would be the requirement to match the egg and solution S.G.
Even so atvthe stage where some of the eggs float they, in theory, have
a range of 0.004 S.G. units, e.g. > 1.062'< 1.066. Thus, the eggs with
S.G.'s at the highést end of the increment range will be subjected to a
larger bouyancy force than those at the lowest end. An egg at the lowest
end is thus easily trapped and prevented from floating by other eggs.
This phenomenonvis'easily observed by the various speeds at which different
eggs float to the surface. The behaviour of the eggs thus requires a
certain amount of judgement to pick off eggs ét the lowest end of the S.G.
incrementf It_is reasonable to assume that a percentage of the eggs are
assigned S.G. readings that are one increment Higher than the increment
' thét is closest to éhe egg S.G. The effect of judgement in this respect
can be reduced by using smaller increments (e.g. 0.002).

When testing small batches of eggs in the experimental facility
and attempting to achieve a high measurement aécuracy, the procedure
became quite tedious. It required time for the eggs to stabilize and
utilize judgement to examine (individually) borderline cases. The

efficiency compared to other techniques which test each egg individually,

\
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such as deformation measurements, was not as high as.might be expected.
This was because even though the eggs were tested in groups of say 30

the group had to be tested iﬁ effect 11 times. For.certain experiments

- the additioﬁal labour required for individqal egg tesfs may be justified
and by utilizing appropriate automatic electronic equipment the additional

test time-need not be excessive.
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DISCUSSION

The results show that there are a number of sources of error in

egg specific gravity determinations. These are summarized below. A fact

that is not known is if the errors combine or tend to cancel each other.

Evidence from the comparison between uncontrolled and controlled tempera-

ture conditions suggests that they dont' combine since the difference

in readings did not exceed plus or minus one S.G. increment (0.004).

Sources of Error

1.

Transfer of solutions between pails by the eggs and baskets. This

is not a serious problem providing the S.G. of the solutions is

checked and corrected regularly. The maximum observed error in this

work was 0.005 S.G. units.after testing 900 eggs. Obviously it is

important to monitor the first increments in the series more frequently

than the last. |

The temperature of the solutions affects their S.G. In theory this is
0.00045 S.G. units/oC. Under ‘ambient conditions at Ottawa, for

example, this could give rise to an- error of 0.0054 S.G. units.

Experimental results are in agreement (0.00033 S.G. units/OC). Testing

at an ﬁnControlled ambient (e.g. 706F) compared to a controlled

temﬁerature of 60°F for which the hydrometers are calibrated intro-

duces an inherent error in the reading of true egg S.G. of 0.0033 and

this increases as the ambient temperature increases.

There are differences in readings between hydrometers which)depending

on their range,span up to 0.008 S.G. unité. It is also difficult to

estimate the hydrometer reading to an accuracy better than 0.001

because it is not possible to view the meniscus horizontally.
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4. The accuracy of hydrometer§ is notrbetter thén 0.6018 S.G. units
depending on their fangé. | |

5. The judgement requiréd to aecide if an egg floats introduces an
error.of 0.004 S.G. uﬁifs particularly Qith bordérline eggs.

6. Craéked shells introduce small errors (0.001) which may fangevup to 0.004.
7. Eggs stored in a céoler before testing changed the solution temperature
up . to 7.5°F, théfeby introducing an S.G. error of 0.0014 and the.

error varies across the raﬁge of solutions.

8. When the eég and solution are at different temperatures, the tempera;'
ture of tﬁe'eggs ig changed an unknown amount which depends on the
number of immersion§ requireﬂ to reach the egg S.G. |

In general_ail the errors are small but it appears that the egg

S.G. readings canjonly be considered réliable within = 0.004 S.G. units

or. *+ 1 increment when using 0.004 increments. If smaller incremeﬁts'aré

uged (e.g. 0.002) then the uncertainty of the increment iﬁcreases (e.g.

+ 2). The effect of this on the statistical analysis of egg quality data

may belsighificant as the stepped S.G. determination is compared to con-

tiﬁuous readings of _ the other traits. This suggests that a technique
fpr'providing egg S.G. readings on a éontinuous scale might improve the

_ usefulness of this trait as.an index of shell strength. Cgrtainly smaller

S.G. increments between solutions would improve the present situation.

The observed errors represent up to * 6.7% of the measurement range.
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RECOMMENDATIONS

There are a number of Sources of error in determining the S.G.

readings of eggs. These can be eliminated by a number of changes in the

procedure and equipment used. A number of these can be instituted with

a minimum of effort while others require additional cost as follows:

1.

Use_lérgef pails (e.g. 4 times the volume) to reduce the. temperature
changes through immersion of cooled eggs. This would also minimize
the effect of solution being transferred between pails and changing the
solution S.G.

Allow the eggs to warm up to room temperature before taking readings.
This could be done in air or quicker by immersion in water at room
tempefature. For example, several pails of water could be placed
ahead of the saline solutions. The eggs could be immersed in say a
series of 4 water pails each for 5 minutes. Once the procedure was
started this would not introduce extra time and the total test time
would only be increased 20 minutes.

Use smaller increments (e.g. 0.002) so that the effect of the errors
could be in effect halved.

Install immersion heaters in the solution pails to maintain a constant
temperaturé slightly above ambient. In this way the measuring facility
would be in a constant condition during and between batches of eggs.
Determine S.G. of-the solutions by taking a sample in a glass cylinder
sovthat the intersection of the meniscus and hydrometer scale can be
viewed horizontally. |

The ideal situtation would be to control tﬁe temperature of the solutions

b

eggs and ambient at 60°F so that all readings obtained were comparable
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to the temperature used as a reference for the hydrometers. Unfortunately
‘this is an uncomfortable working environment particularly if a high

humidity is maintained. ~Personnel must wear heavy clothing.
Where operational requirements permit do not store the eggs overnight

in the cooler. Store them in the room where the S.G. measurements are

taken.
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CONCLUSIONS

It is concluded that there are a number of sources of error in
determining the S.G. of eggs using a practical experimental facility.
The results of the test indicate that egg readings can-only be considered
reliable within * 0.004 S.G. units (i.e. * one increment). This is parti-
cularly true from the viewpoint of long term experiments or interj
laboratory comparisons. However, the errors are probably smaller within
a single laboratory following a consistent procedure>using one hydrometer
as the only standard and a single well trained operator. Long térm
comparisons may not be importaﬁt as most of the comparisons in nutrition
énd genetic experiments are made at intervals and comparisons are made within
intervals not between. For example, eggs may be tested at intervals of
a flock's production where the measurement period spans 5 days. Because
of the experimental design it is not legitimate to compare the data from
one interval with another.

It is feasible to eliminate or reduce a number of sources of
error by simple changes of procedure and modest expenditures for equip-
ment that could be considered for impleméntation. An ideal egg S.G.

testing facility would probably increase costs, labour and be an uncomfor-

table work station. This would detract from the practicality and efficiency

of this simple shell quality determination method.




- 65 -

16 REFERENCES.
Anon. 1967. Haﬁdbook of Fundamentals. Amer. Soc;.Heating Refriger—
ating and Air Conditioning Eng. New York. pp. 225-229.

Asmundson, V.S., Baker, G.A. 1940. Peréentage Sﬂeli és é Functiénvof

Shell Thickness, Egg,Vo1ume, éna Egg Shépe{ Poul. Séi. 19,227,
t Carter, T.C. 1968.: Thé Hen's Egg: Density of Egg Shélliand Egg

© Contents. Br. Poul. Sci. 9, 265.

Carter, T.C. 1?75. ThejHen's Egg: .A Rapid Method for Routine
Estimatioﬁ;of Flock Mean Shell Thickness. Brit..Poul. Sci. 16:
131-143.

Considine, D.M. (ed.) 1957. Process Instruments and Controls Hand-

" book. McGraw-Hiil, New York. pp. 7-54-7-59.

vGaisford, M.J. v1965. Thé Appiication of Shell‘Strength4Meé§urements
in Eggshell Quality Determination. Br. Poul. Sci. 6, 193.

Harris, N.C. and Hemmeriing,‘E.M. 1955. Introductory Applied Physics.
McGraw-Hill, New York. pp. 77-80. S ! |

Harréssowitz; M.0. 1934. Studies on the Specific Gravity .of Hens'

Eggs. A New Method for Determining thé Pefcentage of Shell in
Hens{ Eggs. Foflagakteebolgets i Malno Boktrycheri CSweden), pp. 1.

Hayes; F.A. and Sﬁmbards, A.H. 1926. Physical Characters of Eggs in

RelatiOnbto Hatchability. Poul. Sci. 5. .. |

| Hunt, J.R. and Voisey, P.W. 1966. . Physical Properties of Egg Shells. 1.
RelationShip of Resistanée of CQmpre$sion'and Force at‘Failure of
Egg Shells. Pqul._Sci..45, 1398. |

Hunt, J.R.; Chancey, H.W.ﬁ. 1970.'.Inf1ﬁenc¢ of Dietary Phosphorus on
Shell Quélity. Br.'boul. Sci. 11, 259. |

Chipera, J.D.  1976. Effect of OvipOsitibh Time andetorage Conditions on

the Specific Gravities of Eggs. Poul. Sci. 55:1132-1134.




- 66 -

Jennings, B.H. (ed.) 1951. Réf?igération Fundamentals, 7th Ed.
Amer. Soc. Refrigerating Eng. New York. p. 215.

Kell, G.S. 1967. 'In Handbook of Chemistry and Physics, ed. Weast, R.C.
The Chemical Rubber Co., Cleveland, Oﬁio. p. F-5.

Marks, H.L., Kinney Jr., T.B. 1964. Measures of Egg Shell Quélity.
Poul. Sci. 43, 469. |

Munro, S.S. 1940. The Relation of Specific Gravity to Hatching Power
in Eggs of the Domestic ﬁowl. Sci. Agr. 21, 53.

Munro, S.S. 1942. Further Data on the Relation Between Shell Strength,
_Hatchability and Chick Viability in the Fowl. 'Sci. Agr. 22, 698.

Mussehl, F.E. and Halbersleben, D.L. 1923. Influence of Specific
Gravity of Hen's Eggs on Fertility, Hatching Pdﬁer and Growth of
Chicks. J. Agr. Res. 23.

Olsson, N. 1934. Studies on Specific Gravity of Hen's Eggs. A New
Method for Determining the Percentage of'Shell on Hen's Eggs.
Agric. School, Hammenhog, Sweden. Ed. Harfassowitz, 0. Leipzig,

p. 1. |

'Oisson, N. 1936. Studies on Some Physical and Physiological Characters
in Hens' Eggs. Proc. 6th World Poul. Cong., Berlin-Leipzig 1, 310.

_Perry, J.H., Chilton, C.H. and Kirkpatrick. (ed.) 1963. Chemical
Engineers Handbook. McGraﬁ—Hill, New York. p. 3-77.

Richards, J.F., Swanson, M.H. 1965. The Relationship of Egg Shape to

| Shell Strength. Poul. Sci. 44, 1555.

Roland, D.A. and Harms, R.H. 1974. Specific Gravity of Eggs in Relation
to Egg Weight and Time of Oviposition. Poult. Sci. 53: 1494-1498.

Voisey, P.W., Hunt, J.R. and James, P.E. 1969. A Comparison of the
Beta Backscatter and Quasi-Static Compression Methods of Measuring

Eggshell Strength. Can. J. Animal Sci. 49, 157.




17.

- 67 -

Voisey, P.W. and Hunt, J.R. 1973. Apparatus and Techniques for Measuring

Eggshell Strength and other quality factors. Eng. Spec. 6176.
Eng. Res. Service, Agriculture Canadé, Ottawa,

Voisey, P.W. and Hunt, J.R. 1974. Measurement of Eggshell Strength.
J. Texture Studies S, 135-182.

Voisey, P.W. 1975. Field Comparisén Qf Two Instruments for Measuriang
Shell Deformation to Estimate Egg Shell Strength. ‘Poul. Sci. 54,
190-194. |

Voisey, P.W. and Hamilfon, R.M.G. v1976. Factors Affecting the
Non-destructive and Destructive Methods of Measuring Eggshell
Strength by thé Quasi-Static Compression Test. Brit. J. Poul. Sci.

17, 103-124.

Voisey, P.W. and Hunt, J.R. 1976. Comparison of Several Eggshell

Characteristics with Impact Resistance. Can. J. Animal Sci.
(in press).
Young,‘D.A., Voisey, P.W. and Dixon, N. 1964. A Specific Gravity

Calculator for Pdtatoes. Amer. Potato J. 41, 401.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the contribution of
. \
D.C. MacDonald and A. Burnett of Engineering Research Service .
who conducted the experiments, and B.F. McCleary of the Animal

Research Institute who monitored the temperature of the saline

solution during a routine Egg Quality test.



