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ABSTRACT

The avian eggshell is composite structure of calcium carbonate in association withl
organic. components. Calcium, magnesium, and sodium are major inorganic
constituents of the avian eggshell. However, Ca distribution is not homogenoué
throughout the shell thickness, its relative concentration increases from inside td
outside. This phenomenon is more pronounced after hatching indicating the
consumption of the inner layer contents by the embryo during its development. O,ﬁ
the other hand Mg and Na concentrations in the internal layers of the eggshell
before hatching are higher than after hatching for the same reasoning. It has been
suggested that an increase in-magnesium content of the shell is directly related to an
increase in shell hardness. In the present work Laser Induced Breakdown
Spectroscopy (LIBS) technique has been used to study the avian eggshell elemental
composition before and after hatching. Depth profiling of the shell is also carried
out to 'follow-up different elements throughout the shell thickness using the same
laser spectroscopic technique. The evaluation of the LIBS spectra of the examined
samples provided us with qualitative information about the consumption- of
different elements during incubation. Scanning electron microscopy was also ulsed
to assess the relationship between layers of the eggshell before and after hatching.
The thicknesses of the mammillary, palisade, vertical crystal, and cuticle layers
relative to the total eggshell thickness were measured before and after hatching.
The percent contribution of the layers was different in the thinnest and thickest
eggshell after and before hatching respectively. To confirm the previous results
concerning the distribution of calcium through the shell thickness energy

Dispersive X-ray Spectroscopy (EDS) has been used. In addition preliminary
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prior incubation on the hatchability.

|
results have been obtained in a study of the effect of laser exposure of avian eggs |
f harnessing new |

The milestone of the present thesis is to explore the possibility o

poultry science. Of great interest is performing |

technological tools such as LIBS in

in situ studies in incubation centers for quality control and improvement of the

productivity. ' .
\ _ AQ&& {’\ébcbuk



ACKNOWLEDGMENT

All thanks, respect, love and appreciation are due to my supervisor Dr.
Mohamed Abdel Harith, professor of Laser physics, National Institute
of Laser Enhanced Sciences, Cairo University for suggesting the
problem, planning the study and close supervision. His helpful

suggestions and criticism throughout the study are highly appreciated.

I am grateful to Dr. Alaa Eldin Abdou, Assistant professor of poultry
breeding , faculty of agriculture, Cairo University for his close
supervision and continuous interest, as well as for his helpful suggestions

and criticism through the course of study.

I am also grateful to Dr. Mohamed El-Menawey, Assistant professor of
poultry breeding, faculty of agricuituré, Cairo University for being

helpful in the incubation center and in the collection of samples and data.

. Thanks are extended to Dr. Sameh Abdel- Salam, Assistant professor of
animal breeding, faculty of agriculture, Cairo University for his helpful

assistance in the statistical analysis.

Acknowledgment is extended to all my colleagues in the group of laser

atomic spectroscopy at NILES.

Deep thanks and love to my father, mother, brothers, and sister for their
encouragement and providing a good atmosphere during my work in this

thesis.



CONTENTS

I Introduction

1.1 THE €28 v envniririiiieeneniiaeinaneans U O PR
1.2.1 The egg FOTIIIALION. o+ veeeeeeeenereresnnereeeersrnnaeeseansnnens
1.2.2 The eggshell...co.oiviiiiiiiiii e
1.2.3 Eggshell structure...............c.....

1.2.4 Some of the elements in eggshell.........ccovviiiiienienn
1.2.4.1 Deposition of calcium on the shell.............ooommieere
1.2.4.2 Deposition of carbonate on the shell............oooevnnen
. 1.2.4.3 The dynamics of shell deposition..............coovveeerennee
1.3 Laser Induced Breakdown Spectroscopy (LIBS)...... ..........
1.4 Scanning Electron Microscopy (SEM) in studying of
egESNEll SEIUCTUTE. ...uveeveriiieniiiiriia e de e
1.5 Effect of light on €ggs.......ccovvvvviniiinanienne. e
1.6 Am OF the WOTK....veuiniieen i

IT Materials and Methods

R B L s 5 ) - T PP PP PP PP PP PP PETPREPLTERELEL
2.2, MEthOAS. . o vnneeeniireaeenraaen e iaaessaeratereseasresnenes
2.2.1. LIBS experimental SEMUP........ooovrireeriurmminnnresienee

2.2.2. Eggshell internal structure using the scanning electron

TOHCTOSCOPE +vveveeevvnnrrrnsnesnseesaanssassansstsaassna st serees

2.2.2.1 The scanning electron microscope (SEM)........oorinns
2222 The SEM SELUP «...vververeerseseerseeesenminssnsesseenes -



2.2.2.3 Eggshell preparation for 3] 207 FUUTURTUTUTOOURPPRPPPRSPPPRPPY
2.2.2 4 SEM measurements of the eggshell layers...........o.coeees
2.2.3 Eggshell thickness MEASUTEMENES .. oveeveinreareanimnnreoncane
2.2.4 Energy dispersive X-ray spectrometer (EDS)..ccvvvenennns '.
2.2.4.1 Operating PrinCiples. ... ....crrrirmmrmammrmmmmemmensesene
2.2.5 LASET EXPOSUIC. .. ovvennrensssrrssmsnmsmsssnmmenmenissmsessnnsses

2.2.5.1Setupp Of 1aSer EXPOSUIE. .. uunvwrmmersresenemerrrmsrseeres
I1I Results and Discussion

3.1 Elemental analysis of the eggshell using LIBS

TECHIIGUE. c.veveerevssersanrsnessseisnsarmssssssiamsssns s
3.1.1 Concentration of Magnesium.......ocuveeirrmeacermaremrres
3.1.2 Concentration of SOdiUm. ...ooinnenirinisinne: erereenrareiaes
3.1.3 Concentration of calcium................. T Eaaatr
3.2 Depth PLOFINE. . vvvvvirereesninnrre e
3.3. SEM mMeEasurements ... ..oocoeeeruararrrrannaresieneee e

3.4, EDS 8NALYSIS ..ocvvrrereeneramminmmnnrensrnsramminees

3.5. Self absorption Effect ........oooovieerirmmmmmmeerummmmereeseee
3.6 Effect of laser exposure on hatchability........ccooorrevererenee
CONCIUSION. 1uenv v eeeeenenriarermerra e e
RELETEIICES . oo e e v enernesanenesomsnnaisenssnarusssnssassn s sysnsreeses

ALaDIC SUMMEAIY ... .eevensieiensrriessrumnsrnnssssssnnsessrssimmesees

33
36
36
36
36
38
38

40
40
47
51
56
62
66
70
73
75

77



Figure 1

Figure 2
Figure 3a
Figure 3b
Figure 4 |

Figure 5

Figure 6
Figure 7

Figure 8

Figure 9
Figure 10a

Figure 10b

Figure 11

Figure 13

LIST OF FIGURES

Page

The structure of anegg ... 2

Reproductive tract anatomy of the hen..............ceee 3

Not fertile e@g.....covviriiiiiiiii 6

Fertile @EE. v vt e 6

Cross-sectional scalming electron micrograph through

the eggshell of a broiler breeder............ccconmvncns 10

Diagrammatic cross-sectional representation of the

tissues comprising the reproductive tract of hen......... 15

Calcium deposition steps and soUrces..................... 16

Block diagram of the experimental setup of LIBS

416101 G R CLALLE 28

Schematic diagram showing' the electron / specimen

interactions inthe SEM...........oi 3"4

Setup for exposing eggs to laser light ..................... 39

Emission spectrum of the eggshell from 260 to

FE 1011 1s s TR PPPRIPIRP P 43

Emission spectrum of the eggshell from 425 to

L1174 1 TP PPRPPPPPPPPS 43

Emission spectrum of the eggshéll showing the Mg

lines intensity before & after hatching .................... 44
Figure 12-—Emission spectrum of the-eggshell-showing the Mg

spectral line at 285.21 nm used in our calculations..... 44

Calibration curve of Mg.... s 45
Figure 14 Magnesium content of eggshell in ppm before and after |

hatching. .. ocoeeiii 45



Figure 15

Figure 16
Figure 17

Figure 18a

Figure 18b

Figure 18c

Figure 19a

Figure 19b

Figure 20

Figure 21a

Figure 21b

Figure 21c

Figure 22

Figure23a

Figure 23b

LIBS spectrum of the eggshell showing the Na
intensity before and after hatching ........... SO,
Calibration curve 0f Na .....cooiviiiiieiiiiniiiinnes
Sodium content of eggShell in ppm before and after
RatChing. .. .c.nvvviiniien e
LIBS spectrum of Ca in the eggshell from 370 to 405

LIBS spectrum of Ca in the eggshell from 425 to 455
111 TOUUTUT TP SUPSPPPOTPPRPP PSSP e
LIBS spectrum of Ca in the eggshell from 610 to 660

scanning electron microscopy (SEM) micrographs of

the craters produced by 20 laser shots. (35%)...........

Scanning electron microscopy (SEM) micrographs of -

the craters produced by 20 laser shots. (100x)..........

Panoramic 3-D spectra demonstrating the depth profile
of the eggshell........oooviiiiiiiiiiies
3-D spectra demonstrating the depth profile of the

eggshell from 370 to 400nm............c..nee. e
3-D spectra demonstrating the depth profile of the

- eggshell from 405 t0 4350M....oeiiniiiiiiieniiinins

3-D Spectra demonstrating the depth profile of the
eggshell from 520 t0 620 NML........covriniieaniioneenne
Histogram of the depth profiling of eggshell at three

different Calcium wavelengths............c.oocoiiiinne

Cross-sectional scanning electron micrograph through

the eggshell of a broiler breeder before hatching.........

Cross-sectional scanning electron micrograph through

48
49

49
53
5
54
58
58
59

59

60

60



Figure 24

Figure 25a
Figure 25b
Figure 26

the eggshell of a broiler breeder after hatching........... 64
The average physical thickness of 98 samples before

and after hatching............cccceeiivvveriiiini e e 65;
EDS spectrum of the eggshell before hatching............ 68;
EDS spectrum of the eggshell after hatching.............. 69
Typical self absorbed prdﬁles of the strong Ca II !

72

doublet at 393.3and 396.8 nm.......cccoviiiiiiiiiiia.



