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STELLINGEN 

I 
De gangbare methodieken ter bepaling van de sterkte van de eischaal zijn niet 
bevredigend; het verdient derhalve aanbeveling meettechnieken te ontwikkelen, die 
beter te interpreteren informatie verschaffen. 

Dit proefschrift. 

II 
Het is opmerkelijk, dat Balch en Cooke op grond van de aanwezigheid van 
hydroxyproline in de schaalvliezen niet concluderen, dat collageen of elastine in de 
schaalvliezen voorkomt. 

Balch, D. A. & R. A. Cooke, 1968. Symposium on the physiology of egg 
shell and albumen formation, Grignon, Frankrijk. 
Dit proefschrift. 

Ill 
De veronderstelling van Simkiss en Tyler dat aan de afzetting van anorganische 
stof in de schaal een afzetting van organische stof voorafgaat, is juist gebleken. 

Simkiss, K. & C. Tyler, 1958. Q. Jl microsc. Sci. 99 : 5-13. 
Dit proefschrift. 

IV 
De organische matrix in de schaal speelt gedurende het laatste deel van de broed-
periode een rol bij het transport van calcium uit de schaal naar het zich ontwikke-
lende embryo. 

Dit proefschrift. 

V 
Uit de vorige eeuw zijn vele waardevolle literatuurgegevens over de eischaal 
beschikbaar. Hiervan is door vele onderzoekers te weinig gebruik gemaakt. 

Dit proefschrift. 



VI 
Het wassen van consumptieeieren dient, onder bepaalde voorwaarden, te worden 
toegestaan. 

Haines, R. B. & T. Moran, 1940. J. Hyg., Camb. 40 : 453-461. 

VII 
Het percentage eieren dat op batterijbodems wordt beschadigd, kan worden ver-
laagd door een betere constructie van deze bodems. 

Carter, T.C., 1970. Wld's Poult. Sci. J., 26 : 549-561. 

VIII 
Verdere verbetering van landbouwhuisdieren vraagt meer aandacht voor de 
fysiologische processen die met de produktie samenhangen. 

IX 
Naar analogie van het onderwijs aan de praktijkscholen voor de pluimveeteelt en 
de varkenshouderij is vakonderwijs op de overige gebieden binnen de landbouw 
gewenst. 

X 
Meer onderzoek naar de bruikbaarheid van kippemest als voederbestanddeel voor 
herkauwers is van belang. 

XI 
In ontwikkelingslanden kan de pluimveehouderij meer bijdragen tot de voorziening 
in dierlijk eiwit. 

XII 
Het is onbevredigend dat pluimveevlees niet als vlees wordt aangemerkt in de 
vleeskeuringswet, noch in de warenwet. 

Vleeskeuringswet: algemene bepalingen 
Warenwet : vlees- en vleeswarenbesluit. 

Proefschrift van P. C. M. Simons 
Wageningen, 28 juni 1971. 
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Samenvatting 

De structuur van de eischaal en de schaalvliezen die in Fig. 1 schematisch is 
weergegeven, werd bestudeerd met behulp van een lichtmicroscoop, een transmissie-
elektronenmicroscoop en een raster-elektronenmicroscoop. Het onderzoek betrof 
voornamelijk eischalen en schaalvliezen van kippeeieren, afkomstig van lichte 
legrassen en premature kippeeieren. Incidenteel werden eischalen en schaalvliezen 
van bebroede kippeeieren en eieren van enige andere vogelsoorten bestudeerd. 
Aan de hand van de hiervan verkregen resultaten kon een nader inzicht worden 
verkregen in: de variabiliteit van de dikte van de schaalvliezen, de structuur-
factoren in de schaal die de schaalsterkte beinvloeden, de vorming van de schaal 
en de schaalvliezen, de ontkalking van de schaal tijdens het broedproces en de 
factoren die de structuur van de oppervlakte van de organische cuticula be
invloeden. 

Drie methoden voor het meten van de schaalvliesdikte van kippeeieren werden 
kritisch vergeleken. Schaalvliezen die van de schaal losgemaakt en gedroogd waren, 
bleken duidelijk dunner te zijn dan schaalvliezen in radiale ontkalkte preparaten 
en slijpplaatjes. Dit komt waarschijnlijk omdat het onmogelijk was de schaalvliezen 
volledig van de schaal te verwijderen. Daarom mag gesteld worden dat de feitelijke 
dikte van de droge schaalvliezen slechts gemeten kan worden in radiale door-
sneden. 

De structuurfactoren in de schaal die de schaalsterkte beinvloeden zijn be
studeerd bij eischalen van kippen en parelhoenders. Parelhoeneischalen zijn 
onderzocht omdat deze duidelijk sterker zijn dan die van kippeeieren, zelfs als 
rekening wordt gehouden met de verschillende schaaldikte. Uit dit onderzoek is 
naar voren gekomen dat de schaalsterkte zou kunnen worden beinvloed door: 
de schaalvliezen, de verdeling van de mammillen over de schaal, de gemiddelde 
diameter van deze mammillen, de gemiddelde diameter van de kolommen, de 
verdeling van de organische matrix, de grootte van de blaasvormige gaatjes in de 
matrix, het aantal gaatjes per oppervlakteeenheid, de kristallijne structuur in de 
kolommen en de aanwezigheid van de organische cuticula. Breuken in de schaal 
vertonen in de kegellaag een strikt radiaal verloop maar plaatselijk kunnen ze 
in de palissadelaag afbuigen naar het tangentiale vlak. In beide gevallen volgen 
de breuken meestal laagjes organische stof. 

Premature eieren werden ongeveer 20y2 uur voor de geschatte legtijd uit de 
isthmus (vliesvormend gedeelte van de eileider, voorafgaande aan de uterus) 
gehaald. De schaalvliezen van deze eieren werden vergeleken met schaalvliezen 



van normaal gelegde eieren om een beter inzicht te krijgen in de vorming. Zowel 
het binnenste als het buitenste schaalvlies bij eieren uit de isthmus was dunner 
dan bij normaal gelegde eieren. Het binnenste schaalvlies werd volledig afgezet 
in de isthmus en niet later geheel of ten dele uit de eiinhoud gevormd. De kernen 
van de vliesvezels werden eerder afgezet dan de mantelsubstantie. Eischaalvliezen 
van 12, 8 en 4 uur prematuur gelegde eieren leken gelijk aan die van normaal 
gelegde eieren. Het is dan ook erg waarschijnlijk dat tijdens het 'plumping'-proces 
(de eerste vijf uren van de schaalvorming, wanneer een waterige oplossing aan het 
wit van het ei wordt toegevoegd) de vezels meer uit elkaar werden getrokken door 
het groter worden van het ei. Hierdoor konden meer en grotere mazen in de vliezen 
ontstaan. De vele verbindingen (vliezen en draden) die aanwezig zijn tussen de 
verschillende schaalvliesvezels van de eieren uit de isthmus zouden gedurende dit 
proces kunnen worden verbroken. De diameter van de vezels onderging daarbij 
geen verandering. 

De wijze waarop de verschillende lagen van de schaal werden afgezet (respec-
tievelijk van binnen naar buiten: de kegellaag met de mammillen, de palissade-
laag, de oppervlaktekristallaag, de organische cuticula en de bij sommige vogel-
soorten voorkomende deklaag) is beschreven. Tussen de kristallieten in de schaal 
waren hogere concentraties organische stof aanwezig dan binnen de kristallieten 
en ook aan de buitenkant van premature eieren kwam steeds een dun homogeen 
Iaagje van deze organische stof op de schaal voor. Dit houdt verband met de rol 
die de organische stof speelt bij de verkalking van de schaal. De afzetting van de 
organische stof ging vooraf aan die van de anorganische. Een deel van de afgezette 
organische stof nam tijdens de schaalvorming anorganisch materiaal op terwijl een 
ander deel waarschijnlijk voor de kristallieten uitgeduwd werd, waardoor tenslotte 
een Iaagje organische stof tussen twee tegen elkaar groeiende kristallieten terecht 
kwam. 

Vele putvormige gaatjes met kleine kristallen erin zijn waargenomen in de 
kegel- en de palissadelaag. De samenstelling van deze kristallen en de oorzaak 
van hun ontstaan zijn nog niet bekend. 

Het kalium- en magnesiumgehalte in de schaal nam van binnen naar buiten toe. 
Het is niet duidelijk hoeveel van deze mineralen in de oppervlaktekristallaag 
voorkomt. 

Gedurende de broedperiode onttrekt het ontwikkelende embryo calcium aan de 
schaal voor de beenvorming. Er ontstaat dan in iedere mammil van de schaal een 
grote holte, die waarschijnlijk zijn oorsprong vindt in het kristallisatiecentrum. 
Een breuk in de schaal evenwijdig aan het oppervlak treedt tegen het einde van de 
broedperiode op door deze grote holten en de beschreven ringen van Sajner. De 
wijze van ontkalking en de daarmee gepaard gaande structurele veranderingen in 
de schaal tijdens de bebroeding zijn uiteengezet. Het was duidelijk dat de ont
kalking van de schaal langs ophopingen van organisch materiaal tussen de kristal-
individuen en de kristallieten plaats vond. Het verloop van de ontkalking werd 
beinvloed door de structuur van de organische matrix in de mammil. 



Het oppervlak van een vers kippeei vertoonde normaliter de vesiculaire bouw 
van de organische cuticula met veel stervormige barstenstelsels. De grootste 
hiervan lagen in het oppervlak van de porieproppen. De oppervlakte werd bij het 
ouder worden van het ei vlakker en compacter tengevolge van het krimpen van 
de blaasjes van de organische cuticula; de barsten in de porieproppen werden 
daarbij groter. 

Water met een temperatuur beneden 40° C loste de organische cuticula niet op. 
Water boven 40° C veranderde de oppervlaktestructuur van het ei. Wassen met 
water waaraan een wasmiddel (Nusan) was toegevoegd, veranderde de oppervlakte
structuur van het ei duidelijk en loste waarschijnlijk een deel van de organische 
cuticula op. Deze bleek veel resistenter te zijn dan algemeen werd aangenomen; 
zelfs vijf minuten koken in 10 % KOH loste deze laag niet geheel op. 

Het optreden van streepjes op het ei, die zijn ontstaan tengevolge van be-
schadiging van de organische cuticula kort na het leggen van het ei, is beschreven. 
Deze streepjes kwamen veel vaker voor bij eieren die op batterijen gelegd zijn dan 
bij nesteieren. 
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1 Introduction 

Egg production per hen has shown a marked increase since World War II, but 
breeding for shell quality has not kept pace with this development. Over the years 
egg breakages with consequent financial loss have increased on poultry farms, 
at the wholesale, retail and consumer level. The use of improved packaging 
materials and machines has reduced this breakage but not solved the problem. 

In recent years there has been no extensive research into the breakage of eggs 
on commercial poultry farms in the Netherlands. Conditions in the Netherlands 
and other countries differ but it is estimated under present conditions that about 
10 % of all the eggs break or are damaged on the way from the producer to the 
consumer, and about half this percentage on the poultry farms. 

The total loss is difficult to calculate, since not all damaged eggs are useless 
but then some may soil other eggs. In 1968 there were 15,550,000 laying hens 
in the Netherlands which laid 3,969 million eggs. Using the losses in other 
countries as a guide, the annual loss in the Netherlands due to eggshell damage 
is estimated at least 15 million guilders. This is calculated on a loss of about 
4 % °f t n e eggs. In the future when production is stepped up a greater number 
of eggs of poor shell quality is expected so the percentage loss will be higher still. 

The resistance of the eggshell to breakage during transit is indicated by shell 
strength. The main influences in the life of a hen on shell strength are the genetic 
constitution, diet, climate, housing and age. To measure strength many laboratory 
techniques which have their disadvantages have been developed. One of the most 
widely used routine methods of determining shell quality favoured by breeders 
of laying stock is to measure the specific gravity of the whole egg (van Tijen, 
1963). Specific gravity is influenced by the evaporation of water through the shell 
during storage. Shell thickness is also often used as a parameter of shell strength. 
Besides shell thickness, egg size, curvature of the shell and shell structure all 
contribute to the strength. However the influence of the membrane thickness 
has not been proved (Bokx, 1962). 

Little is known of the effect that structural factors in the shell have on the 
resistance of the egg against breakage, or strength. Pieces of eggshells with the 
same thickness and curvature may still differ in strength, which probably can be 
attributed to the differences in shell structure. 

Our investigation on the variations in shell structure and its relation to shell 
strength was started by studying radial and tangential sections of the shells of 
hen eggs using a light microscope. With the aid of polarized light a relation 



between the crystalline structure of the eggshell and its strength was established. 
The work with the light microscope indicated that the structure of the organic 
matrix intermingled with the calcareous shell might be related to the strength 
of the shell. 

Progress was restricted by the limit of resolution in the light microscope so 
decalcified ultrathin sections of the complete shell together with its membranes 
were examined with a transmission electronmicrocope. Special attention was paid 
to the compactness and the distribution of the organic matrix. Efforts to examine 
the surface of fractures through the calcified part of the shell by the replica 
technique with the transmission electron microscope were not completely successful 
because of difficulties in removing the replicas untorn from large areas of the 
fractured surface. Fortunately we had the opportunity to do some research with a 
scanning electron microscope. With this apparatus the surface structure of rather 
bulky specimens can be studied at a wide range of magnifications, with a large 
depth of focus and a relatively high resolution, without much preliminary 
preparation. 

It seemed to be possible to obtain some information about the infuence of 
some minerals in the shell on the strength using ground sections of the shell and 
an electron probe X-ray microanalyser. 

During these structural studies many interesting physiological questions came 
up, which could be easily studied with the help of the various microscopes. From 
a comparative examination of preparations of normal and premature eggshell 
membranes an impression was formed about the change of the membrane fibres 
during shell deposition. Many photographs were taken of the contact between 
shell and membranes and how the first calcified layer was deposited, is discussed. 
Also the formation of the other calcified layers of the shell will be described 
from photographs of normal and premature egg shell preparations. 

The most important source of calcium for the embryo is the eggshell. There is 
still controversy about the way shell calcium dissolves during incubation (Simkiss, 
1967). Previously little examination of the structure of the shell and membranes 
of incubated eggs has been made using a light microscope and electron micro-
scopists have not studied at all the decalcification during the incubation period. 
Therefore work in this field seemed justified. The relation between the shell 
structure, its decalcification, and the separation of shell membranes with some 
calcified material from the rest of the shell during incubation will be discussed. 

The organic outer layer of the shell protects the egg contents against penetration 
of micro-organisms by closing the pores leading through the calcareous shell 
(Romanoff & Romanoff, 1949). Cleaning techniques such as washing possibly 
remove part of this organic cuticular layer and might cause further spoilage. 
As no agreement has yet been reached about the stability of the outer organic 
layer and its resistance against cleaning it was decided to study the influence of 
various factors on egg surface. 

Most of the research was done in close co-operation with the Laboratory of 



Animal Physiology of the Agricultural University. The Electron Microscopy Section 
of the Technical and Physical Engineering Research Service at Wageningen gave 
technical guidance and produced many of the electron micrographs. 



2 Materials and methods 

This study may be broadly divided into light microscopy and electron micro
scopy, depending on the techniques employed. Some examination of minerals in 
the eggshell was carried out by X-ray microanalysis. Material obtained by means 
of chemical and mechanical treatments was further histological treated or 
compared with preparations obtained by other means. 

2.1 Eggs 

Shell and membranes were from normally laid and premature hen eggs, and 
occasionally incubated hen eggs, and eggs of guinea-fowl, duck, turkey, emu and 
ostrich. By premature eggs is meant either prematurely removed eggs taken from 
the oviduct post-mortem or prematurely laid eggs (Evers, 1967). Unless otherwise 
mentioned the species referred to in further discussion of eggshells and membranes 
will be the domestic fowl (Gallus gallus). Generally eggshells and membranes of 
laying breeds (White Leghorn and a cross of White Leghorn and Rhode Island Red) 
from the Institute at Beekbergen have been used. The membrane thickness was 
determined in 37 eggs laid by four pullets (White Leghorn hen no. 568 and 597; 
Rhode Island Red hen no. 253 and 502). 

Fragments were usually taken from the widest part of the egg, called here, in 
accordance with Professor Tyler of Reading, the waist, in contrast to the middle 
of the egg, which he calls the equator. There is some confusion about the meaning 
of these two terms. Webster's Third New International Dictionary (1961) gives 
the following definitions, among others: equator - a circle about a body at the 
place of its width, e.g. equator of an egg; waist - the middle or central part esp. 
when narrower or less thick than the ends. 

2.2 Light microscopy 

2.2.1 Ground sections 

Pieces of shell 1 x 1 cm were dried at 50° C for 24 h and embedded. The 
embedding mixture consisted of Vestopal H 85, monostyrene 15, cyclonox 0.5 and 
cobalt octoate 0.2 g, and was thoroughly mixed and cleared of bubbles before the 
pieces of shell were embedded in it. After embedding, the mixture was polymerized 
for 24 to 48 h at 22° C and 50 mm Hg pressure in a desiccator. They were 



hardened for a week at room temperature and suitable fragments about 4 mm 
thick were sawn out with a diamant saw. 

Then cross-sections were successively ground and polished with carborundum 
powders with grain-size of respectively 44 um, 25-30 um, 16-20 um, 13-16 um 
and 4 um. The carborundum powders were mixed with glycerine to a fine paste 
and placed on a cast-iron plate revolving at a speed of 100-200 revs/min. 
Polishing was then continued with AB metadi diamond paste which has a grain-
size of 3 ̂ m, on a nylon cloth wetted with an AB metadi fluid and placed on a 
bronze disc. Finally the preparations were polished with the diamond pastes AB 
alpha and AB gamma micropolish, having a grain-size of 0.3 um and 0.05 um 
respectively, on a silk cloth wetted with demineralised water and likewise 
clamped to a bronze disc. With the polished side downwards, the piece of 
shell was affixed to a clean, degreased slide in a mixture of Vestopal H 10 g, 
cobalt octoate 0.1 g and cyclonox 0.2 g. Care was taken to ensure that no 
air bubbles remained when the polished fragment was pressed firmly on to the 
slide. After 24 hours of hardening the other side was ground and polished in the 
same way. The preparation was ground with carborundum 240 (grain-size 44 urn) 
to a thickness of about 500 um, with carborundum 320 (grain-size 25-30 um) 
to a thickness of about 300 um, with carborundum 400 (grain-size 16-20 um) to a 
thickness of about 200 um, with carborundum 500 (grain-size 13-16 um) to a 
thickness of about 85 um, and with carborundum 1000 (grain-size 4 um) to a 
thickness of about 20 um. Polishing was then completed with AB metadi, AB alpha 
and AB gamma micropolish to a thickness of about 10 um as described previously. 
In this way radial and tangential cross-sections were obtained of normal shells 
of hen and guinea-fowl eggs. 

A number of shell pieces, some of which had been treated with sodium hydroxide 
and sodium sulphide as described below, were mounted in plastic, ground and 
polished to thin sections by the method described by Tyler (1964), except that 
diamond pastes were used instead of grinding powders. 

In most cases the resultant preparations were studied under a Leitz Ortholux 
light microscope with polarized and ordinary transmitted light. 

2.2.2 Decalcified sections 

Some of the preparations were embedded in low-viscosity nitrocellulose after 
being dried, fixed and washed in absolute alcohol. Subsequently the shell was 
decalcified in a 5 % ethylenediaminetetra-acetic acid (EDTA) solution containing 
6 % formaldehyde at a pH of 7.2 (Simkiss & Tyler, 1957). In many cases the 
trisodium salt of EDTA was used instead of the disodium salt When the disodium 
salt was used it was adjusted to pH 7.2 with sodiumhydroxide. After decalcification 
the preparations were dehydrated and embedded as follows: 
1. 30 min rinsing in 50 % alcohol 
2.. 30 min rinsing in 70 % alcohol 



3. 30 min rinsing in 95% alcohol 
4. 2 x 30 min rinsing in absolute alcohol 
5. 30 min rinsing in a mixture of 50 parts of absolute alcohol and 50 parts of 
benzol 
6. 2 x 30 min rinsing in benzol 
7. 40 min impregnation with benzol paraffin at 70° C 
8. 3 x 40 min impregnation with benzol paraffin at 70° C. 
(When the preparation was mounted in nitrocellulose, butyl or isobutyl alcohol 
was used.) 

After cooling, sections were cut (thickness: 100 um) from the resultant blocks 
on a freezing-microtome. In most cases these sections were stained for 5 min 
with Masson's trichrome stain. Some sections were stained for one minute with a 
0.1 % thionine solution. After dehydration and clearance first with alcohol and 
then xylol, the sections were then mounted in Canada balsam. 

This method produced sections of normal eggshells with which it was possible 
to study shell-membrane thickness and factors affecting shell strength. 

Several preparations, including those treated with sodium hydroxide and sodium 
sulphide were not embedded in low-viscosity nitrocellulose, but directly in paraffin 
wax and sectioned on the rotary microtome. 

2.2.3 Measurements of thickness of shell membranes 

Pieces of shell with the shell membranes still attached were placed in a 30 % 
acetic acid solution for five minutes at 20° C. The membranes were then removed 
with tweezers. The inside of the shell was examined with a microscope to check 
complete separation. The isolated membranes were first washed in distilled 
water, then acetic acid and finally distilled water again in order to remove residual 
calcium carbonate. After drying for an hour the thickness was measured with the 
deformation apparatus without a weight at the cap (Schoorl & Boersma, 1962). 
A comparison was made between the membrane thicknesses thus obtained and 
the thickness in ground and decalcified sections. 

2.2.4 Treatment of the shell with sodium hydroxide and sodium sulphide 

Pieces of shell 15 x 5 mm from the waist with their longest side in line with 
the egg's axis were placed for different times in 10 % NaOH or 30 % Na2S.9H.)0 
at about 95 ° C. Ten pieces of shell taken from each of 20 eggs laid by 4 birds 
were subjected to the following treatments after the membranes had been removed 
mechanically: 
1. control 
2. 9 h in water at 95° C 
3. 1 h in 10% NaOH at 95° C 



4. 2hinlO%NaOHat95°C 
5. 3hinl0%NaOHat95°C 
6. 9hinlO%NaOHat95°C 
7. 1 h in 30 % Na2S.9H20 at 95° C 
8. 2 h in 30 % Na2S.9H20 at 95° C 
9. 3 h in 30 % Na2S.9H20 at 95° C 

10. 9 h in 30 % Na2S.9H20 at 95° C. 
Decalcified sections and plastic embedded ground sections were made of these 

pieces of shell as described above, and the shell thicknesses also measured. The 
strips were snapped inwards on the apparatus described by Tyler & Coundon 
(1965) using the method of Tyler & Thomas (1966). This research was carried out 
in Reading under Professor Tyler (Simons et al., 1966). 

2.3 Electron microscopy 

2.3.1 Decalcified sections 

After the contents of the egg had been removed the inside of the shell was 
carefully rinsed with water. This was not done for the first experiment. The shell 
was decalcified in a 4 % EDTA solution containing 6 % formaldehyde at a pH 
of 7.2 for about two days at room temperature. The pieces of shell with attached 
membranes were secured to a cotton thread to reduce damage during handling. 
Following Tyler (1965 a) cetyl pyridinium chloride was sometimes added to the 
decalcification fluid to prevent further solution of mucopolysaccharides, but with 
no visible result. After decalcification the preparations were usually fixed in a 
1 %-2 % osmium tetroxide solution for 1-2 h (Mercer & Birbeck, 1966). Some
times they were fixed for 2 h in a 1 % osmium tetroxide solution to which was 
added 500 ppm ruthenium red (Luft, 1966) in order to stain the acid mucopoly
saccharides present. Control preparations were placed in a 1 % osmium tetroxide 
solution for 2 h, and fixed in a solution of 1 % osmium tetroxide and 1 % 
Sorensen buffer. The preparations were then dehydrated with ethanol (Mercer & 
Birbeck, 1966). 

For the first experiments the preparations were embedded in a mixture of 
methyl- and butylmethacrylate (20 : 80) (Mercer & Birbeck, 1960). Subsequently 
epon was used instead (Luft, 1961), the specimens being passed twice through 
propylene oxide for 30 min and once for 30 min through a mixture of 50 parts of 
propylene oxide and 50 parts of the embedding mixture. Still later specimens 
were embedded in a mixture of styrene and butylmethacrylate (Kushida, 1961). 

A glass knife was used for cutting ultrathin sections on a Porter-Blum or an 
LKB microtome. Some of these sections were stained with potassium permanganate 
for one hour, and then put in dilute citric acid for one minute (Lawn, 1960). In 
some cases the preparations were stained afterwards with lead citrate (Reynolds, 
1963) and uranyl acetate (Mercer & Birbeck, 1966), or with lead citrate only. 



The materials treated by the method described were eggshells of normal hen 
eggs, eggshells of the same thickness but varying strength from hen eggs, eggshells 
of premature eggs, eggshells of hen eggs obtained at high environmental 
temperatures and high relative humidities from the experiment as described by 
El-Boushy (1966), and guinea-fowl eggshells. Eggshell membranes were extracted 
in 10 ml portions of water for respectively 10, 20, 40 and 60 h in an autoclave 
at a pressure of 1.76 kg/cm2 (Balch & Cooke, 1968). We obtained these membranes 
from Dr D. A. Balch in Reading already treated. Then they were dehydrated, 
embedded and stained as described above. 

The cross-sections obtained were viewed with a Philips EM 100, Siemens 
Elmiskop I or Philips EM 300 transmission electron microscope. 

2.3.2 Replicas 

Formvar replicas (Bradley, 1954) were made of the surface of the egg and of 
small pieces of radially fractured surfaces through the shell. It was possible to 
obtain larger surfaces of radially fractured surfaces by means of tylose replicas 
(Pohlmann & Volk, 1959). 

The effect of the various methods of washing, i.e. with a jet, by hand, with a 
cloth, and after addition of Nusan, was examined using the formvar replica 
technique. The effect of the temperature of the water was determined by placing 
the eggs for 5 min in water of temperatures of respectively 20°, 30°, 40°, 50°, 
60°. 70°. 80°, 90° and 100° C. The effect of boiling in 10 % potassium hydroxide 
for 5 minutes was also examined. 

The resultant preparations were studied with a Philips EM 100, Siemens 
Elmiskop I or Philips EM 300. 

2.3.3 Shell membranes 

The inner membrane was separated from the outer first by sawing off a slice 
of shell from the pointed end of the egg. Then the egg was emptied and the inside 
of the shell thoroughly rinsed several times. A hole was made through the shell 
and outer membrane at the blunt end of the egg. By blowing through this hole 
into the air space the inner membrane was detached. Two membranes representing 
the inner and outer part of the outer membrane were then removed by tweezers 
from the inside of the shell. After the remaining pieces of shell had been decalcified 
for 1-1 y2 h in the above-mentioned EDTA solution, a fourth membrane was 
removed from the shell. Preparations of each membrane were fixed for 2 h in a 
1 % osmium tetroxide solution to which was added 500 ppm of ruthenium red 
(Luft, 1966), the other control preparations remained for 2 h in a 1 % osmium 
tetroxide solution. These membranes were then placed on copper grids and studied 
with a Philips EM 300. 
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