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19.1 Introduction

Eggs play an important role in the human diet and nutri-
tion as an affordable nutrient-rich food commodity that
contains highly digestible proteins, lipids, minerals, and
vitamins (Fisinin et al., 2008). Over the past 35 years,
global egg production has grown 203.2%, due to a rapidly
increasing demand for proteins in the developing world
(Windhorst, 2007). In 1970, the US was the greatest egg
producer in the world, contributing over 20% of the global
egg production (Windhorst, 2007). However, the US egg
production has changed little since then, contributing 9%
in 2005. During the same period, China has increased egg
production over 20 times, contributing 41.1% of world-
wide egg production in 2005. The major egg-producing
countries are China, US, India, Japan, and Mexico. The
majority of egg consumption in China is in the form of
table eggs, as only about 1% of eggs are broken and further
processed into egg products. In the US, however, about
30% of eggs are processed into various egg products
(i.e. liquid, frozen, and dried egg products) for uses in
the food service industry or as ingredients in various food
applications. Examples of other egg products include
hard-cooked chopped eggs, precooked scrambled eggs
or omelets, quiches, precooked egg patties, scrambled
egg mixes, and crepes (Froning, 2008).
In addition to food uses, eggs also contain a range of

bioactive components that can be used for improving
human health and other non-food applications. Extrac-
tion and fractionation of bioactive egg components such
as lysozyme, avidin, ovotransferrin, ovomucin, antibody
(IgY), phospholipids and sialic acid, and development
of bioactive peptides from egg proteins represent great
opportunities in novel applications of egg components
in the future. The objectives of this chapter are to provide

an overview of egg formation, structure and chemistry,
and then to introduce shell egg and broken egg proces-
sing. Perspectives on value-added egg processing
for novel applications are also presented. For earlier refer-
ences on egg science and processing, the reader
should refer to Burley and Vadehra (1989), Stadelman
and Cotterill (1995), Yamamoto et al. (1997), and Bell
and Weaver (2002).

19.2 Shell egg formation

The most common breeds used for laying eggs in North
America are White Leghorn (lays white-shell eggs) and
Rhode Island Red (lays brown-shell eggs). Pullets (a pullet
is a young hen) are first housed in a pullet barn for
19 weeks and then are transferred to another barn where
they start to lay eggs for at least 12 months. While there
are two sets of reproductive organs, only the left one sur-
vives and reaches maturity to produce eggs. The repro-
ductive tract of a laying hen is composed of two parts:
the ovary and oviduct (Figure 19.1). The ovary is a cluster
of various sizes of developing follicles, each containing an
ovum (or a yolk). The follicle contains a highly developed
system of blood vessels that carry nourishment such as
proteins and lipids to the developing yolk. There are about
13,000–14,000 ova in a mature ovary but most of them
gradually degenerate, and only about 2000 accumulate
white yolk to grow to about 6 mm in diameter and reach
maturity to produce an egg. Each ovum (singular of ova)
starts out as a single cell surrounded by a vitelline
membrane. As the ovum develops, yolk is added for a
period of 7–12 days prior to ovulation (Burley & Vadehra,
1989). Ovulation is the release of the mature ovum
from the ovary into the second part of the female
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reproductive system, the oviduct. The matured follicle is
ovulated at intervals of about 24–27 h (Bell, 2002; Burley&
Vadehra, 1989).
The oviduct is an organ wherein the yolk passes and

the other portions of egg are secreted. In a fully developed
laying hen, the oviduct is 40–80 cm long, with an average
weight of 40 g, consisting of five parts: infundibulum,
magnum, isthmus, uterus, and vagina (see Figure 19.1).
With a funnel-shaped structure, the infundibulum is
the top portion of the oviduct and opens its ampulla
towards the ovary to receive the ovum after it is released
from the ovary; the ovum stays approximately 15–30 min
here and can become fertilized if sperm are present.
The magnum is the longest portion (34 cm long) of the
oviduct. The follicle is held there for about 174 min and
egg albumen is secreted there to cover the egg yolk.
The isthmus is about 11 cm long and is the place for
the formation of inner and outer shell membranes in
about 75 min. Although the uterus (or the shell gland)
is only 10 cm long, the egg is held for about 16–17 h for

the completion of calcification, followed by the deposition
of shell pigments and eggshell cuticle on the immobilized
egg during the last 1.5 h before oviposition (Nys et al.,
2004). The vagina is the last portion of the oviduct and
is about 9 cm long. Its function is to carry the egg from
the uterus to the cloaca. It takes about 5 min for the egg
to pass through this portion (Bell, 2002; Burley &
Vadehra, 1989; Stadelma, 1995).

19.3 Structure of eggs

Eggs are composed of three main parts: eggshell, includ-
ing the shell membranes between the albumen and the
inner shell surface, egg white and yolk, representing
9.5%, 63%, and 27.5%, respectively, of the whole egg
(Cotterill & Geiger, 1977; Li-Chan et al., 1995). The yolk
is located in the center of the egg, surrounded by an albu-
men layer, which in turn is covered by eggshell mem-
branes and finally a hard eggshell (Hincke et al., 2012;
USDA, 2000) (Figure 19.2). The eggshell provides protec-
tion against physical damage, microorganisms, and small
predators (Hincke et al., 2012).
An eggshell is composed of a thin film layer of cuticle,

a calcium carbonate layer, and two shell membranes.
There are 7000–17,000 funnel-shaped pore canals dis-
tributed unevenly on the shell surface for metabolic gases
and water exchange (Dennis et al., 1996). The cuticle is
the most external layer of eggs, about 10 μm thick, and
it covers the pore canals. It protects the egg from mois-
ture loss and invasion of microorganisms to a certain
extent (Board & Hall, 1973; Whittow, 2000). This layer,
as well as the outer portion of the calcified shell, contains
the eggshell pigments, which serve as camouflage, tem-
perature control, and possibly as factors in parental rec-
ognition (Sparks, 1994). The cuticle is a non-calcified
organic layer that is deposited on the mineral surface,
consisting mainly of proteins, small amount of carbohy-
drates, and lipids (Hincke et al., 2012). The cuticle layer
can be easily removed by soaking eggs in either weak
acid solutions or metal chelator-containing solutions or
by washing with water (Belyavin & Boorman, 1980).
Therefore, washing of eggs often leads to bacterial inva-
sion of the egg.
The calcium carbonate layer is composed of 95% inor-

ganic substance, mainly calcium carbonate, 3.3% protein,
and 1.6% moisture (Parson, 1982). It consists of an outer
vertical crystal layer, a central palisade layer, and an
inner mammillary knob layer (see Figure 19.2). The ver-
tical layer consists of short, thin crystals running in a
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Figure 19.1 The reproductive tract of a layinghen is composedof
two parts: ovary (a) and oviduct (b). Courtesy of USDA (2000).
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vertical direction of the shell. The palisade layer, often
called the spongy layer, is the thickest layer of eggshell.
This layer is made up of groups of columns that are per-
pendicular to the eggshell surface and extend outward
from the mammillary cones, where its crystalline struc-
ture is constructed with collagen to form a spongy matrix
(Hincke et al., 2012). The mammillary knob layer is
composed of a regular array of cones or knobs that
are interconnected to the fibers of the outer shell mem-
brane to harden the shell (Parson, 1982). Within the
mammillary cone layer, microcrystals of calcite are

arranged with a spherulitic texture, which facilitates
the propagation of cracks during piping as well as the
mobilization of calcium to nourish the embryo by dis-
solution of highly reactive calcite microcrystals (Nye
et al., 2004).
The eggshell membrane is composed of inner and outer

membranes with a structure like entangled threads or
randomly knitted nets. This structure is important in
obstructing invading microorganisms by catching them
in the meshwork. The eggshell is critically important in
determining egg quality and forms the first line of defense
against pathogens.
The albumen or egg white is composed of four distinct

layers: an outer thin white next to the shell membrane,
an outer thick white layer, an inner thin white, and a
chalaziferous or inner thick layer, representing about
23.3%, 57.3%, 16.8%, and 2.7%, respectively, of the egg
white (Burley & Vadehra, 1995). The proportions of each
layer depend on breed, environmental conditions, size
of the egg, and rate of production (Li-Chan et al.,
1995). The thick white layer is sandwiched between
the outer and inner thin albumen. The viscosity of the
thick albumen is much higher than that of thin albumen,
mainly due to its high content of ovomucin. The chala-
ziferous layer is a fibrous layer that directly covers the
entire egg yolk. In the long axis of the egg, this layer
is twisted at both sides of the yolk membranes, forming
a thick rope-like structure named the chalazae cord.
This cord is twisted clockwise at the sharpened end of
the egg and counterclockwise at the opposite end (see
Figure 19.2). The chalazae cord stretches into the thick
albumen layer at both sides to suspend the yolk in the
center of the egg (Okubo et al., 1997).
The content of yolk, consisting mainly of yellow yolk

and less than 2% white yolk, is encircled by a vitelline
membrane. The vitelline membrane is composed of an
inner layer, a continuous membrane, and an outer layer,
with thicknesses of 1.0–3.5, 0.05–0.1, and 3–8.5 μm,
respectively. Both the inner and outer layers are three-
dimensional meshwork structures consisting of fibers
with diameters of 200–600 and 15 nm, respectively,
while the continuous membrane is a piled, sheet-like
structure consisting of granules with an estimated diam-
eter of 7 nm (Okubo et al., 1997). Yellow yolk consists of
deep yellow yolk and light yellow yolk, appearing alter-
natively and circularly (Romanoff & Romanoff, 1949).
The deep yellow yolk is formed in the daytime
while the light yellow yolk is formed at night when the
protein concentration in the bloodstream is lower than
in the daytime.
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Figure 19.2 Structures of hen’s eggs (a) and eggshell (b) (Hincke
et al., 2012). Courtesy of Dr M. Hincke, University of Ottawa.
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19.4 Chemical composition of eggs

Avian eggs are an excellent source of nutrients, particularly
high-quality proteins, lipids, minerals, and vitamins
(Herron & Fernandez, 2004; Kovacs-Nolan et al., 2005a;
Li-Chan & Kim, 2008). An egg is composed of approxi-
mately 75% water, 12% each proteins and lipids, ~1% car-
bohydrates and minerals (Burley & Vadehra, 1989;
Li-Chan et al., 1995). Most of the proteins are present in
the egg white and the egg yolk, amounting to 50% and
44%, respectively; eggshell contains the rest of the proteins.
Lipid presents exclusively in egg yolk while albumen has a
very low (0.03%, w/w) lipid content. Though not generally
part of the human diet, the eggshell forms a rich source of
inorganic salts, mainly calcium carbonate and traces of
magnesium carbonate and tricalcium phosphate (Li-Chan
et al., 1995;Mine, 2002). The presence of novelmatrix pro-
teins has been recently characterized (Hincke et al., 2012;
Li-Chan&Kim, 2008). The nutritional profile of egg in egg
yolk can be modified through diet, leading to “designer
eggs” such as “omega-3 eggs” and “vitamin-enriched eggs”
with additional health attributes (Fraeye et al., 2012;
Surai & Sparks, 2001). Designer eggs continue to grow
to meet the demands of health-conscious consumers.

19.4.1 Chemical composition of egg
albumen

The major constituents of albumen are water (92%) and
protein (~10%), followed by carbohydrates (0.4–0.9%) that
exist in free form, usually as glucose, or forming complexes
with proteins such as glycoproteins that contain mannose
and galactose units. The albumen is also composed of lipid
(0.03%) and ash (0.5–0.6%) (Sugino et al., 1997).
Egg albumen can also be considered as a protein

system that contains ovomucin fiber in an aqueous
solution of globular proteins (Li-Chan & Kim, 2008).
Ovoalbumin, a phosphoglycoprotein with a molecular
weight of 45 KDa and an isoelectric point (pI) of 4.5, is
the most abundant protein in egg white (54–58%)
(Huntington & Stein, 2001; Li-Chan et al., 1995; López-
Expósito et al., 2008). It is the only protein in albumen
that contains free sulfhydryl groups and is a major source
of amino acids for the embryo. Ovotransferrin, account-
ing for about 12% of egg white proteins, is a glycoprotein
with a molecular weight of 75 KDa and a pI of 6. It is a
disulfide-rich single-chain glycoprotein and belongs to
the transferrin family (Li-Chan et al., 1995; Williams
et al., 1982). As a member of the transferrin family, it is

able to bind iron, and is known for antimicrobial,
antifungal and antiviral activities (Wu & Acero, 2012).
Ovomucoid, representing 11% of total albumen proteins,
is a thermostable glycoprotein and the dominant egg
allergen. It belongs to the Kazal family of protease inhibi-
tors, with a molecular weight of 28 KDa and a pI of 4.1
(Kato et al., 1987). Ovomucin is a sulfated glycoprotein
that contributes to the gel-like structure of the thick
white layer, forming flexible fibers. It is composed of
two subunits: α-ovomucin, with a molecular weight
of 254 KDa, and β-ovomucin, with a molecular
weight of 400–610 KDa (Robinson & Monsey, 1971).
Ovomucin represents 2–4% of total egg albumen and
its pI is about 4.5–5.0. Lysozyme is an enzyme with a
molecular weight of 14.3 KDa and a pI of 5.5; it accounts
for 3.5% of total egg white and possesses bacteriostatic,
bacteriolytic and bacteriocidal activity (Cunningham
et al., 1991). Ovoglobulins consist of two proteins, G2
and G3, with molecular weights between 30 and
45 KDa and a pI of 4.0; these proteins are known for their
excellent foaming and beating properties. Ovoinhibitor
possesses a molecular weight of 49 KDa and a pI of 1.5;
it is capable of inhibiting trypsin and chymotrypsin as
well as fungal and bacterial proteases (Huopalahti et al.,
2007; Li-Chan & Kim, 2008; Li-Chan et al., 1995).
Other components, including avidin, cystatin, ovoinhi-

bitor, ovostatin, ovoglycoprotein, ovoflavoprotein, and
G2 and G3 globulin, are found in the egg white and con-
tain minor levels of carbohydrates, minerals, and lipids
(Li-Chan et al., 1995; Mine, 2002).

19.4.2 Chemical composition of egg yolk

Egg yolk represents 36% of the total egg weight. It is com-
posed mainly of 51% water, 16% proteins, 32.6% lipids,
1.7% minerals, and 0.6% carbohydrates. In dry matter,
egg yolk is composed of 68% low-density lipoprotein
(LDL), 16% high-density liporprotein (HDL), 10% glob-
ular proteins (livetins), 4% phosphoprotein (phosvitin),
and 2% minor proteins (Huopalahti et al., 2007); lipids
represent about 65% and the lipid to protein ratio is about
2 to 1. The egg yolk protein consists of apovitellenin,
phosvitin, α- and β-lipovitellin apoproteins, α-livetin
(serum albumin), β-livetin (α2-glycoprotein), γ-livetin
(γ-globulin), and traces of biotin-binding protein
(Li-Chan et al., 1995; Mine, 2002). Lipids are found
in the form of lipoproteins and usually are composed of
62% triglycerides, 33% phospholipids and less than 5%
cholesterol (Anton, 2007). Phospholipids in egg yolk
are very rich in phosphatidylcholine (PC) (76%), which
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has been recognized as an important nutrient for brain
development, liver function, and cancer prevention
(Zeisel, 1992). Other phospholipids found are phosphati-
dylethanolamine (PE) (22%), phosphatidylinositol (PI),
phosphatidylserine (PS), sphingomyelin (SM), cardioli-
pins (CL), lysoPC, and lysoPE, which are present at very
low amounts (Sugino et al., 1997). The yellowish color of
egg yolk is due to the presence of carotenoids, represent-
ing about 1% of the lipids, mainly carotene and xantho-
phylls (lutein, cryptoxanthin, and zeaxanthin) (Anton,
2007). There has been increased awareness of the role
of xanthophylls in human health, in particular the roles
of lutein and zeaxanthin in the prevention of age-related
macular degeneration (Lesson & Caston, 2004).
The presence of cholesterol in egg yolk leads to contro-

versial public perceptions about egg, which is cholesterol
enriched and possibly contributes to the risk of coronary
heart diseases (Jones, 2009; Lee & Griffin, 2006; Spence
et al., 2012). However, many current studies do not sup-
port this hypothesis since the cholesterol metabolism is
complicated in the human system and diet is not the sole
factor that decides the level of cholesterol in blood. In the
largest epidemiological study conducted to date on the
relationship between egg consumption and coronary
heart disease, consumption of up to one egg per day
did not have a substantial overall impact on the risk of
coronary heart disease and stroke (Hu et al., 1999,
2001; Qureshi et al., 2006). Although there is a potential
to reduce egg yolk cholesterol by genetic selection, the
extent of reduction of egg cholesterol by genetic selection
is fairly small (9–10 mg), not significant if an average daily
intake of cholesterol is about 250 mg (Elkin, 2006; Hargis,
1988; Naber, 1990). If the reduced cholesterol level cannot
meet the embryo requirement, the laying hen will simply
cease egg production. The discovery of new antioxidants
and antihypertensive peptides in eggs might provide
new evidence on egg and health (Majumder et al., 2013;
Nimalaratne et al., 2011).

19.5 Shell egg processing

Although recognized as the most nutritious food com-
modity on earth, eggs are well-known source of Salmo-
nella that may be present on both the outer surface and
in the contents of the egg (Arvanitoyannis et al., 2009;
Braden, 2006). The outbreak of more than 1900 illnesses
in 11 states in 2010, which led to a voluntary market recall
of over 500 million shell eggs nationwide, suggests that
S. enteritidis is still an important cause of human illness

in the United States (CDC, 2010). Salmonella enteritidis
(SE) was identified as the cause of infection in 62.5% cases
and S. typhimurium in 12.9% while other serotypes are
responsible for <2% of human infections (EFSA, 2007).
Eggs can be contaminated by penetration through the
eggshell from the colonized gut or from contaminated
faeces during or after oviposition (horizontal transmis-
sion), or by direct contamination of the yolk, albumen,
eggshell membranes or eggshells before oviposition,
originating from the infection of reproductive organs with
SE, although it is not yet clear which route is most impor-
tant for SE to contaminate the egg contents (Gantois
et al., 2009).
Salmonella enteritidis can survive in the albumen, but

it is effectively inhibited from growing for an extended
period of time due to an increased pH from 7.2 to over
9.0 during the initial days after laying, and the presence
of a viscous ovomucin also hampers the movement of
invading bacteria from egg albumen to egg yolk, as well
as several antimicrobial proteins such as ovotransferrin
(binding of iron and making iron unavailable for bacte-
ria), avidin (binding of biotin), and lysozyme (disruption
of bacterial membranes) (Humphrey, 1994). However,
storage of eggs at ambient temperature (above 7.2 �C)
for extended periods of time could promote growth and
multiplication of SE; therefore, the Food and Drug
Administration (FDA) published a final rule in the Fed-
eral Register (65 FR 76092), which states that a proposed
maximum ambient temperature of 7.2 �C (45 �F), during
storage and transportation, would extend the effectiveness
of the egg’s natural defense against SE and slow the
growth rate of this food-borne pathogen (FDA, 2009).
However, EU Commission Regulation 589/2008 specifies
that “egg should be stored and transported at a constant
temperature, and should in general not be refrigerated
before sale to the final consumers” (EU, 2008), duemainly
to the perception that eggs kept in cold storage are no
longer regarded as “fresh.” Although this is under debate,
all eggs in the US have to be washed, cleaned, sanitized,
oiled, dried, refrigerated, stored and transported, before
marketing as table eggs or further processing (USDA,
2000, 2006, 2011).
The United States Department of Health and Human

Services (HHS) and Department of Agriculture (USDA)
and its related agencies have historically led the federal
government’s efforts to ensure the safety of shell eggs.
The HHS, through its authority under the Federal Food,
Drug and Cosmetic Act (FFDCA) and the Public Health
Service Act (PHSA), has provided oversight of shell egg
safety at egg-laying barns (USDA, 2011).
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19.5.1 Egg washing

It is assumed that a chicken egg is at its highest quality at
the timeof laying (Stadelman, 1995a).Therefore, it is critical
to properly handle eggs to maintain their highest quality.
Since it is not possible to produce entirely clean eggs, in

the US eggs are washed and cleaned to remove stains, dirt,
and other surface contaminants to reduce bacterial con-
tamination and prevent the penetration of bacteria into
the egg contents, as well as to enhance the appearance to
the consumer. In off-line production sites, eggs are trans-
ported from farms to a central facility for processing. These
center facilities have shell-egg storage rooms to hold eggs
for a few days between 10 �C and 16 �C, or below 7.2 �C if
over 1 week. The storage room should be adjacent to the
empty case storage and transfer rooms for easy transferring
of eggs to the washers. In the 1990s, farms with millions of
birds made in-line production system more economical
and efficient. In the in-line system, eggs are processed the
same day that they are laid (Stadelman, 1995b; Zeidler,
2002a). In the Code of Federal Regulations (CFR) Title 7,
section 56.76, minimum facility and operating require-
ments for shell egg grading and packing plants, as well as
shell egg cleaning operations, are specified.
During washing, eggs should not be allowed to soak in

water to avoid the possibility of bacterial penetration of the
shells. Modern egg washers are designed to spray the eggs
with water containing a sanitizer along with a detergent
(USDA, 2000). Washing water temperature should be
maintained at 32.2 �C (90 �F) or higher, and needs to be
at least 11 �C (20 �F) warmer than the internal temperature
of eggs to prevent the wash water from being drawn into
the eggs. As shown in Figure 19.3a, egg loading is sepa-
rated from egg washing and incoming eggs are conveyed
to the washer machine, which is equipped with a series of
spray jets and brushes (Figure 19.3b). Rotating of eggs dur-
ing washing using oscillating brushes provides the scrub-
bing action. The washing operation must be continuous
and fresh water should alsomaintain continuous overflow.
For safety reasons, the wash water has to be changed
approximately every 4 h or more often if needed, in order
to maintain sanitary conditions, and is mandatory at the
end of each shift (Galiş et al., 2013). It is mandatory to
use only potable water with an iron content of less than
2 ppm for washing as water high in iron can support bac-
terial spoilage. The detergents chosen must be listed as
approved for use on eggs in the current Lists of Proprietary
and New Food Compounds (USDA FSIS, Miscellaneous
Publication Number 1419); alkaline detergents at amounts
sufficient to maintain a pH of 11 are most effective. Water

pH should range between 10 and 11 since Salmonella
sensitivity to heat increases as pH increases above 10
(Zeidler, 2002a).
Following washing, eggs are then rinsed with water at a

temperature at least equal to or warmer than the wash
water to remove any adhering dirt and chemicals; the rin-
sing waster contains a sanitizer, usually chlorine-based
compounds such as sodium hypochlorite (not less than
50 ppm or more than 200 ppm of available chlorine or
its equivalent) (USDA, 2000).
The main disadvantage of egg washing is the removal

of the cuticle layer, the first defense against bacterial con-
tamination (Board & Halls, 1973). To prevent the poten-
tial of microbial penetration into the eggs, shell eggs must
be sufficiently dried directly after rinsing. Eggs are air
dried using electric fans and transported in the conveyors
for the oiling process, where they are sprayed with min-
eral oil, which should be tasteless and colorless. An oiling
process is introduced to seal the shell pores to prevent
weight loss by evaporation and the escape of carbon diox-
ide, which slows down the increase in pH and air cell size,
preserving egg quality (Stadelman, 1995b; Zeidler, 2002a).
Plant personnel segregate broken and dirty eggs after the
washing cycle and prior to the candling operation (USDA,
2000). Egg washing, sanitizing, and oiling should be
conducted according to the procedures outlined in the
current Regulations Governing the Voluntary Grading
of Shell Eggs (7 CFR Part 56). All equipment and proces-
sing rooms should be thoroughly cleaned at the end of
each processing day and should remain reasonably clean
throughout the processing shift.
In-shell pasteurized eggs are gaining popularity due to

recent incidences of SE contamination. The technology
was developed in the late 1980s and commercialized
by National Pasteurized Eggs, Inc. (http://www.safeeggs.
com/). The key to the technology is to pasteurize eggs
without cooking them. Eggs are locked in place in transfer
baskets, dipped in two warm water baths with tempera-
tures of 130 �F and 140 �F (54.4 �C and 60 �C ) for about
5 h and in a 45 �F (7.2 �C) cold-water bath for about an
hour. At the end of the pasteurization process, eggs are
dried, coated with food-grade wax to prevent moisture
and microbial penetration, and moved to the candling
booth for grading and packaging (Zeidler, 2002a). Other
methods, such as electrolyzed water, ozone, irradiation,
microwave technology, ultraviolet light technology,
pulsed light technology, gas plasma technology, ultra-
sounds, etc. are under development to decontaminate
shell eggs (Galiş et al., 2013). The FDA approved irradi-
ation of shell eggs with doses up to 3 kGy (FSIS, 2000).
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Figure 19.3 Overview of egg washing machine. Incoming eggs are conveyed to the egg washer (a), eggs are sprayed with washing
water and rotated using oscillating brushes to remove dirt without damaging eggshell (b), and egg candling (c). Images (a) and (b),
courtesy of Dr Vincent Guyonnet of Burnbrae Farm Ltd., Canada. Image (c), courtesy of Sanovo Technology Group.
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19.5.2 Candling and grading

After oiling, eggs are conveyed to the candling area where
defective eggs are removed (Vaclavik & Christian, 2008).
Candling is a technique that allows the shell and inside
of eggs to be viewed without breaking the shell; candling
was once used to check incoming eggs for freshness by
viewing their internal contents by candlelight, where
egg contents could be seen when held up to a candle
while being rapidly rotated. Today, commercial eggs
may be scanned en masse, with bright lights under
trays of eggs (Mountney & Parkhurst, 1995; Vaclavik &
Christian, 2008) (see Figure 19.3c). During candling, a
wand-type pointer electronically marks eggs that are
dirty or cracked, or that contain blood spots. New equip-
ment is capable of automatically removing these eggs with
minimal oversight. Modern egg washers are able to per-
form automatic loading, washing, drying, oiling, candling,
weighing, and packaging (see Figure 19.3).
After candling, eggs are weighed and then segregated by

weight classes and conveyed to the applicable size packing
line. In the US there are six weight classes for eggs, differ-
ing by 3.0 oz per dozen intervals. Peewee is the smallest
category, weighing 15 oz and less per dozen, while jumbo
represents the largest category, weighing 30 oz ormore per
dozen. Each category has a minimum weight for individ-
ual cartons as well as for individual eggs in the carton.
All peewees, small eggs and many medium eggs are direc-
ted to breaking operations, leaving mainly medium, large,
extra large, and jumbo categories on the market.
Grading generally involves the sorting of products

according to quality, size, weight, and other factors that
determine the relative value of the product. Egg grading
is the grouping of eggs into lots having similar quality
and weight characteristics (USDA, 2000). US standards
for quality of individual eggs have been developed on
the basis of such interior quality factors as condition of
the white and yolk, size of the air cell, and exterior quality
factors of cleanliness and soundness of the shell as shown
in Table 19.1 (USDA, 2000). Eggs that achieve the quality
standards are conveyed to the weighing scales and packed
according to their weight in automatic packaging units
and then stored in cool rooms before shipping.

19.5.3 Packaging and storage

Packaging and packing are normally carried out in con-
junction with the grading operation. After grading, eggs
are conveyed to the packaging machine, where they are
separated by weight and classified into different categories,

transported to the automatic packer and packed in car-
tons (6, 12 or 18 eggs) or filler flats (20 or 30 eggs), and
then placed in cardboard cases or wire baskets and moved
to the cold storage room for cooling prior to
shipment. Packages should be marked with the date of
packing, sell-by date codes and plant identification,
although some companies choose to ink-jet print the indi-
vidual eggs as well. Cartons are usually made from recycla-
ble corrugated fiberboard material, which is the most
common packing material. Other materials include rigid
plastic cases, polystyrene foam cartons, and molded clear
plastics; the design and material used are important
factors in reducing egg damage during storage and distri-
bution. It is mandatory in the US to keep shell eggs at or
below 45�F (7.2 �C) after processing (during storage, trans-
portation, and marketing) to effectively control SE inside
the egg (minimizing the risk of microbial multiplication
and reducing the heat resistance of SE) (USDA, 2000);
therefore rapid cooling techniques or extended cold storage
times are required to meet these refrigeration regulations.

19.6 Further processing of eggs and egg
products

Of the 76.2 billion eggs consumed in 2009, 30% were in
the form of egg products (eggs removed from their shells)
(USDA, 2011). Liquid, frozen, and dried egg products
are widely used by the food service industry such as
scrambled ormade into omelets, or as ingredients in other
foods, such as prepared mayonnaise, ice cream, salad
dressings, frozen desserts, cream puff, cakes, confections,

Table 19.1 Summary of US standards for quality of

shell eggs

Quality Remarks

AA Unbroken shell
Air cell less than 1/800 in depth and clear
Firm whites and yolk with no apparent defect

A Unbroken shell
Air cell 3/1600 in depth
Egg white clear and reasonably firm and yolk free
from apparent defects

B Slightly abnormal shell
Air cell should not exceed 3/800 in depth
Clear egg white but slightly weak
Yolk slightly flattened

Courtesy of USDA (2000), non-copyright material.
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etc. (FSIS, 2013; Yang & Baldwin, 1995). The term “egg
products” refers to eggs that are removed from their
shells for processing at facilities called “breaker plants.”
The processing of egg products includes breaking eggs,
filtering, mixing, stabilizing, blending, pasteurizing,
cooling, freezing or drying, and packaging. This is done
at USDA-inspected plants. The USDA’s Food Safety
and Inspection Service (FSIS), through its authority under
the Egg Products Inspection Act (EPIA), provides over-
sight of shell eggs after they have left the barn to either
be placed in cartons for consumers or sent to an egg
product processor (FSIS, 2011).
Shell eggs must be washed and completely dried prior

to breaking. Eggs with broken shell membrane are not
permitted for human consumption. The egg breaking
room should be separate from the egg washing room.
The development of highly automatic, computer-
controlled egg breaking and separating machines is a
key achievement in the production of egg products. The
basic egg breaking unit is composed of a cracker and a

yolk-albumen separator. The crack head cracks the shells
at the center and pulls the two shells apart. The yolk-
albumen separator has two cups positioned one above
the other. After cracking, the egg content falls into the
top cup to retain only yolk while the white slides to
the bottom cup (Figure 19.4). Many of these units are
attached to a round or oval rotating table which provides
great processing capacity, as many as 188,000 eggs per
hour in modern egg breaking machines. Breaking
machines are cleaned and sanitized after 4 h of operation,
and at the end of the final shift of operation. Holding
tanks and pipes are made of stainless steel and are cooled
by ice water running between the inner and outer walls,
keeping the liquid eggs as cold as possible. Strict sanita-
tion and temperature control are the key factors in main-
taining low microbial load. After breaking, the edible
liquid products are filtered, ingredients (salt, sugar, etc.)
are added, blended, standardized, and pasteurized prior
to packaging in a separate room or further frozen or dried.

19.7 Liquid egg products

Liquid egg white usually has a total solids content of
~12%. The solids content can be affected slightly (usually
within 1%) by loss of moisture and egg stocks (smaller
eggs have higher solids level while larger eggs from older
birds have lower solids level). The pH of liquid whites
ranges from 7.6 to 9.3, depending on the amount of car-
bon dioxide lost from the egg. Liquid egg whites obtained
from stored eggs usually have higher pH; as the eggs are
stored, the pH will increase due to carbon dioxide loss
through the shell during storage. The amount of carbon
dioxide loss is the only factor that can affect the pH of
liquid egg whites, which depends on the egg temperature,
the amount of carbon dioxide in the environment and the
degree of egg sealing or oiling (Cotterill & McBee, 1995).
The solids content of pure egg yolk from fresh eggs

is about 51.9 ± 0.1% and the pH of pure egg yolk is about
6.0. During storage, water migrating from the white is the
major factor affecting the initial egg yolk solids. The total
solids range from 44% to 48% from breaking facilities,
depending on the amount of egg white adhering to the
yolk and moisture migration. The presence of egg whites
in egg yolk will also increase the pH. Usually the solids
level is standardized to 43–44% solids level by addition
of egg white (Cunningham, 1972).
Liquid whole egg is a blend of egg white and egg yolk.

The solids level of a blend of egg whites and egg yolk in
natural proportions is about 23–25%. Under USDA

Figure 19.4 Eggs are first cracked and egg contents fall into
a yolk-albumen separator where the top cup retains only yolk
while whites slide to the bottom cup. Courtesy of Dr Vincent
Guyonnet of Burnbrae Farm Ltd., Canada.
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regulations, the solids level of blended liquid whole egg
is standardized to 24.2% (FDA, 2012a); this may require
the addition of more yolk than is present in natural
proportions in the liquid from shell eggs. The pH of liquid
whole egg can vary from 7.0 to 7.6, usually 7.2 (Cotterill &
McBee, 1995).

19.8 Pasteurization

After breaking, the liquid eggs should be pasteurized as
soon as possible to reduce the possibility of food-borne
pathogen contamination or proliferation. The bacterial
quality of liquid products depends on the quality of
the eggs being broken, the sanitation conditions in the
plant, and handling practices. Under the EPIA, egg
products must be pasteurized to eliminate Salmonella
(FSIS, 2013); pasteurization of egg products in the US
has been mandatory since 1966 (Cunningham, 1995).
The pasteurization process involves a combination of
time and temperature in order to reduce the number
of viable pathogens, especially Salmonella. The USDA
now requires that liquid whole egg be heated to at least
60 �C (140 �F) and held for no less than 3.5 min, or at
least (134 �F) and held for no less than 3.5 min, or at least
55.6 �C (132 �F) but held for 6.5 min for egg white. Liquid
egg products, especially egg whites, are very susceptible to
heat treatment, resulting in protein damage and impaired
functionality. Adding additives, including carbohydrates
such as sucrose, glucose or fructose, or salt at 10% levels
can protect susceptible egg proteins from damage and
therefore allow higher temperatures, of approximately
3–6 �C before heat damage occurs (Cunningham, 1995).
The compositional differences of liquid egg products
such as solids level, fat content, and pH, affect the heat
resistance of salmonellae and account for the wide range
of pasteurization conditions recommended. A higher
temperature (60 �C or higher) is needed for pasteurization
of egg yolk, as salmonellae are more heat resistant in yolk
than in whole egg or egg white. The increased heat resist-
ance in egg yolk is due to the lower pH and higher solid
content of egg yolk.
Facilities for pasteurization of egg products must

be adequate and of approved construction so that all pro-
ducts are processed as approved. Pasteurization equip-
ment for liquid egg product must include a holding
tube, an automatic flow diversion valve, thermal controls,
and recording devices to determine compliance with
pasteurization standards as set forth by the USDA.
The temperature of the heated liquid egg product must

be continuously and automatically recorded during the
process (FDA, 2012b). The most widely adopted systems
for pasteurization in liquid egg products are plate-type or
tubular-type high-temperature, short-time (HTST) sys-
tems (Figure 19.5). HTST is a continuous method that
can process large volumes in a short time; it is composed
of a steel plate heat exchanger that heats and cools the
egg liquid in a short time. Table 19.2 lists current USDA
pasteurization requirements for various egg products.
The temperatures and holding times listed in Table 19.2
are minima; the product may be heated to higher tem-
peratures and held for longer periods of time. Pasteuriza-
tion procedures must insure complete pasteurization, and
holding, packaging, facilities, and operations shall be such
as to prevent contamination of the product.
After pasteurization, liquid products are cooled and

packaged, often shipped in bulk tankers to other plants
for various applications, or frozen. Over one-fourth of
the total liquid production is frozen (Stadelman &
Cotterill, 1995). Freezing causes only minor changes in
raw egg white while the formation of gelation upon freez-
ing and storing raw egg yolk below −6 �C is a well-known
phenomenon. The extent of gelation in whole egg is less

Figure 19.5 Liquid egg products are pasteurized using tubular-
type high-temperature-short-time (HTST) systems. Courtesy of
Dr Vincent Guyonnet of Burnbrae Farm Ltd., Canada.
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drastic than in yolk. The loss of fluidity makes the gelled
product hard to use and hard to mix with ingredients
and produces an undesirable appearance. Heating thawed
yolk at 45–55 �C for 1 h partially reverses this gelation
(Palmer et al., 1970). It is thought that LDL is the primary
egg yolk component altered by freezing (Wakamatu et al.,
1983). Gelation is easily controlled by adding 10% salt or
sugar to egg yolk.

19.8.1 Alternative methods of
pasteurization

Other methods of pasteurization may be approved when
they give equivalent effects to those specified above.

Ultra-heat treatment (UHT) requires the use of high
temperature for a short time. In the case of liquid eggs,
this type of pasteurization requires more attention,
as egg proteins are more susceptible to temperature dena-
turation; usually the liquid eggs are heated at tempera-
tures of 70 �C for 1.5 min and then packed in aseptic
packages, which increase the shelf life for up to 24 weeks,
although the final product still needs to be refrigerated
(Cunningham, 1995; Zeidler, 2002b).
Another alternative method is the lactic acid-

aluminum sulfate method, which allows pasteurization
at temperatures similar to whole egg (62 �C for 3.5–4
min). The maximum stability of most egg white proteins
occurs at near neutral pH, with the exception of ovotrans-
ferrin (Nakamura & Omori, 1979). To overcome this, alu-
minum salts such as aluminum sulfate solution are added
prior to treatment to stabilize the protein, by forming
complexes that aremore heat stable than the protein itself.
The addition of aluminum salt should be made slowly,
with rapid stirring of the whites, to avoid protein coagu-
lation by local high concentrations of acid and aluminum.
The pH of the egg white before pasteurization should be
6.6–7.0. This method produces low foaming products so a
foaming or whipping aid may be incorporated into the
stabilizing solution (Cunningham, 1995).
Another method used is the heat plus hydrogen

peroxide method that was developed by Armour and
Company. This process combines heat treatment and
hydroxide peroxide. Hydrogen peroxide is used as a bac-
tericidal agent, and the egg white can be pasteurized at its
normal pH (9.0) at lower temperatures. Egg white is first
heated to around 52–53 �C and held for 1.5 min to inac-
tivate natural catalase (thereby eliminating the problem of
excessive foam formation); hydrogen peroxide is then
added to a final concentration of 0.075–0.1%, and allowed
to react for 2 min at the elevated temperature. The egg
whites are cooled to 7 �C and catalase is added to remove
residual hydroxide peroxide. The advantage of this
method is that egg whites can be pasteurized at relatively
lower temperatures and therefore the foaming properties
of egg white are not affected (Cunningham, 1995). This
method is widely used for pasteurization of egg whites.
The heat plus vacuum process is another method used

for pasteurization. The use of a vacuum to remove air
from egg whites achieves the same microbiological
results at lower temperature. The system uses a typical
HTST plate pasteurizer equipped with a vacuum cham-
ber. Egg whites are first vacuumed for 17–20 min to
eliminate air, and then heated to 57 �C for 3.5 min
(Cunningham, 1995).

Table 19.2 Pasteurization requirements

Liquid egg product

Minimum
temperature
requirements
(�F)

Minimum
holding time
requirements
(minutes)

Albumen (without
use of chemicals)

134 3.5
132 6.2

Whole egg 140 3.5

Whole egg blends
(less than 2%
added non-egg
ingredients)

142 3.5
140 6.2

Fortified whole egg
and blends (24–38%
egg solids, 2–12%
added non-egg
ingredients)

144 3.5
142 6.2

Salt whole egg
(with 2% or more
salt added)

146 3.5
144 6.2

Sugar whole egg
(2–12% sugar added)

142 3.5
140 6.2

Plain yolk 142 3.5
140 6.2

Sugar yolk (2% or more
sugar added)

146 3.5
144 6.2

Salt yolk (2–12% salt
added)

146 3.5
144 6.2

Courtesy of USDA (2000), non-copyright material.
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Non-thermal preservation processes, such as irradia-
tion, high-pressure processing (HPP) and pulsed electric
field (PEF) processing, are claimed to result in better qual-
ity retention, energy efficiency, and/or longer shelf life,
compared to traditional heat processing (Cullen et al.,
2012). Proctor et al. (1953) used irradiation for the first
time in liquid whole egg and reported that the use of a
high voltage of cathode rays could reduce viable Salmo-
nella. Irradiation produces free radicals, which increase
the oxidation of polyunsaturated fatty acids and choles-
terol, change color, and destroy carotenoids in dehydrated
egg products (Du & Ahn, 2000). Irradiation has been used
in the treatment of liquid egg and can be used in frozen
egg products due to its penetration power. Consumer
acceptance of irradiated foods primarily dictates the
future use of this process in the pasteurization of egg
products (Min et al., 2005; Sheldon, 2005).
The PEF technique uses short, high-voltage pulses to

break the cell membranes of vegetative microorganisms
in liquid media by expanding existing pores (electro-
poration) or creating new ones (Cullen et al., 2012).
The membranes of PEF-treated cells become permeable
to small molecules; permeation causes swelling and
eventual rupture of the cell membrane. During proces-
sing, the product is subjected to the application of short,
high-intensity electric fields (in the order of 20–80 kV) by
passing through a chamber that consists of two electrodes
that deliver pulses for a few milliseconds. Fresh liquid
whole egg can have a shelf life of 28 day at 4–6 �C when
it has been treated with 10 pulses (2 microseconds per
pulse), but changes in viscosity and color were observed
(Qin et al., 1995). One of the main advantages of using
PEF is that the temperature is not higher than 55 �C
(Sheldon, 2005).
High-pressure processing (HPP) treatment generally

maintains better taste, appearance, and texture as well as
nutrition of the food product (Cruz-Romero et al.,
2004). The effect of HHP on eggs was first studied by
Bridgman (1914) who observed egg albumen coagulation
while pressurized at 600MPa. Other changes in egg
components have been reported, such as improvement
of the foaming capacity of egg white due to exposure of
SH groups that favors foaming stability (van der Plancken
et al., 2007; Yang et al., 2010). HPP reduced Salmonella
enteritidis when applied to liquid whole egg at 350MPa
and 50 �C at 2-min pulses for four cycles, which
indicates that it can be used as a pasteurization method
(Bari et al., 2008). Its potential in processing egg products
has been extensively reviewed (Juliano et al., 2012).
Coagulation of egg albumen can be avoided by adding

7–10% NaCl or sucrose even at pressures of 800MPa
(Iametti et al., 1999).

19.9 Desugarization

Demand for dried egg products for military use was high
at the outbreak ofWorldWar II. During the 1930s, the US
was unable to produce dried egg albumen with satisfac-
tory storage stability and functionality. It was known
that the Chinese process involved fermentation of the
albumen prior to drying (Sebring, 1995) and that removal
of glucose from egg liquids is essential to prevent the
Maillard reaction between glucose and protein in produ-
cing undesirable color and the glucose-cephalin reaction
(a reaction between a cephalin amino group and alde-
hydes of glucose), responsible for off-flavor development
(Sebring, 1995).
The traditional Chinese process uses spontaneous

microbial fermentation but is not acceptable due to the
health hazard resulting from the growth of pathogenic
bacteria. Therefore, controlled bacterial fermentation is
preferred to eliminate pathogens and also to reduce the
time required for fermentation. A number of strains,
including acid-producing organisms such as Lactobacillus
species, Streptococcus diacetilactis, Klebsiella pneumoniae,
etc., are used for removal of sugar. This method is
widely accepted for desugarization of egg whites. The
albumen is first pasteurized and then acidified to pH
7.0–7.5 with food-grade citric or lactic acid. The liquid
is then inoculated with the proper culture and held at
30–33 �C to prepare inocula. The culture is then frozen
for future use as inocula in the fermentation of large
batches of egg white. The level of inoculum is usually
10–15% of the total batch weight (Sebring, 1995). Yeast
fermentation is also used to desugar whole egg, egg white,
and egg yolk. The pH of the liquid egg is adjusted to the
range 6.0–7.0, by addition of dilute hydrochloric acid, and
controlled fermentation is maintained by adding food-
grade baker's yeast (Saccharomyces cerevisiae) (FDA,
2012a). Fermentation of whole egg with 0.2–0.4% by
weight of moist baker’s yeast at 22–23 �C depleted the
sugar within 2–4 h (Sebring, 1995).
The glucose oxidase-catalase enzyme system is used

exclusively for desugarization of whole egg, other yolk-
containing egg products, and egg white. The reaction
can be carried out at an elevated temperature of 30–33 �

C or at a low temperature of 10 �C. The lower temperature
requires a longer reaction time. The optimum pH for glu-
cose oxidase is 6.0; therefore adjustment of pH is not
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necessary in yolk while pH adjustment with citric or lactic
acid may be required for egg white or whole egg. The dose
of enzyme is determined by the rate of reaction desired,
temperature of egg, activity of enzyme, and the amount
of glucose to be removed. Considerable caution is
required in adding hydrogen peroxide to the egg because
of foaming from evolved oxygen (Stadelman & Cotter-
ill, 1995).

19.10 Dehydration

Dried egg products are used for the production of bakery
goods, mayonnaise, salad dressing, pasta, etc. Use of dried
eggs facilitates storage and transportation, as they are easy
to handle and to formulate. The drying process is mainly
performed by spray drying, pan drying, or belt drying.
Concentration of liquid egg products before drying is a
means of improving thermal efficiency, increasing the
capacity of a dryer, and changing product characteristics
such as lighter bulk density; liquid eggs can be concen-
trated using vacuum-type evaporation or ultrafiltration.
Spray drying is the most common method used. In this
method the liquid egg is atomized by high-pressure noz-
zles (500–6000 psi) into a stream of hot air for instant
removal of water. Flowability can be achieved by adding
a free-flowing agent such as sodium silicoaluminate or
silicon dioxide, at levels of 2% to 1%, respectively
(Bergquist, 1995). The finished dried product must con-
tain not less than 95% total egg solids by weight (FDA,
2012a). The air used for drying is filtered to remove unde-
sirable dust and other contaminants and then is heated to
an inlet temperature of 121–232 �C; the hot air is then
moved to the spray-drying chamber by an inlet fan.
The powder separates from the drying air in the drying
chamber and also in a separating device; the air is then
removed from the system by an exhaust fan. The dried
product removed from the dryer is sometimes cooled
and is usually sifted before packaging.
Pan driers are still used for making egg white. Drying

on pans to a moisture level of 12–16% will produce a
flake-type product with dimensions of 1.5–12.5 mm;
material finer than this is sometimes called granular egg
white. Pan-dried egg white can also be milled to a fine
powder (Bergquist, 1995; Zeidler, 2002b). Belt drying is
used in China for making dried whole egg and yolk.
The liquid egg is spread as a thin film on a continuous alu-
minum belt moving through a hot air stream. Another
form of belt drying, called “fluff” or “foam” drying, is
when the product is whipped into a stable foam and

spread in a thin layer on a continuous moving belt passing
through heated air. Foam spray drying, a method used
for dairy products, has also been used for drying egg pro-
ducts. Egg products produced by this method have a
lower bulk density and different particle characteristics
than regular spray-dried products (Bergquist, 1995;
Zeidler, 2002b).
Heat treatment of dried whites is an approved method

for pasteurization (FDA, 2012d). The storage of dried egg
white at elevated temperatures has been shown to be an
effective means of pasteurization (Cunningham, 1995;
Zeidler, 2002b). Albumen is not damaged by storage at
54 �C for as long as 60 days. The moisture content of dried
egg white is important and should be around 6.5–8.0%
(Froning, 2008). The product should be held in the heat
treatment room in a closed container and must be spaced
to assure adequate heat penetration and air circulation
(FDA, 2012d). The minimum requirements for heat
treatment of spray- or pan-dried albumen are as follows:
• spray-dried albumen must be heated throughout to a
temperature not less than 130 �F and held continuously
at such temperature for not less than 7 days and until it
is salmonella negative
• pan-dried albumen must be heated throughout to a
temperature of not less than 125 �F and held continuously
at such temperature for not less than 5 days and until it
is salmonella negative. Mine (1995) reported that this
process improves whipping properties of egg white.

19.11 Egg further processing
(value-added processing)

The presence of many bioactive components in eggs
opens new windows for value-added processing of
eggs (Hatta et al., 2008; Huopalahti et al., 2007; Kovacs-
Nolan et al., 2005a; Mine, 2007; Seko et al., 1997; Zeisel,
1992). Lysozyme is produced at commercial scale using
cation exchange chromatography for various applica-
tions. Lysozyme is effective against gram-positive bacteria
such as Bacillus stearothermophilus, Clostridium tyrobu-
tyricum, and Clostridium thermosaccharolyticum (Losso
et al., 2000). It is estimated that over 100 tonnes of
lysozyme are used each year for these purposes (Scott
et al., 1987). Lysozyme is a generally recognized as
safe (GRAS) protein that has been approved for use
in cheese making to prevent the growth of Clostridium
tyrobutyricum, which causes off-odors and late “blowing”
(unwanted fermentation) in some cheeses (Cunningham
et al., 1991; Proctor & Cunningham, 1988), in wine and
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beer production to control lactic acid bacteria such as
Lactobacillus spp., which is a cause of spoilage
(Daeschel et al., 1999; Gerbaux et al., 1997), in meat pro-
ducts such as sausage, salami, pork, beef, or turkey
(Bolder, 1997; Hughey et al., 1989), and in oral health care
products such as toothpaste, mouthwash, and chewing
gum (Sava, 1996; Tenuovo, 2002).
Avidin can be easily recovered as a co-product in

lysozyme separation (Durance & Nakai, 1988). Avidin
is the best known for its high biotin-binding ability and
shows a bacteriostatic effect on bacteria that require biotin
(Charter & Lagarde, 2004; Korpela et al., 1984). Ovotrans-
ferrin acts as an antimicrobial agent toward bacteria
species such as Pseudomonas spp., Escherichia coli, and
Streptococcus mutans (Valenti et al., 1983). This activity
is largely bacteriostatic, being reversed by the addition
of ferric ions; if the protein is saturated with iron, the
bacteriostatic effect it has on gram-negative bacteria is
overcome (Florence & Rehault, 2007).
Egg yolk antibodies may find wide applications, as

previously reviewed (Kovaks-Nolan et al., 2004; Sunwoo
et al., 2006). Immunoglobulin Y (IgY), with a molecular
weight of 21–25 KDa, is a major antibody in birds.
Antibodies combat the infectivity and toxicity of patho-
genic antigens by recognizing and binding with the anti-
gen in a specific manner; therefore they are able to
enhance the immune system. IgY is transferred from
the hen to the embryo through a receptor localized on
the surface of the yolk membrane; egg yolk contains about
100 mg IgY/yolk (Hodek & Stiborova, 2003). IgY can be
extracted by diluting egg yolk 10 times with water, fol-
lowed by centrifugation, then sodium sulfate is added
to the supernatant and the resulting precipitate is purified
by ultrafiltration, alcohol precipitation or salt precipi-
tation. Further precipitation can be obtained by gel
filtration or anion exchange chromatography (Ko &
Ahn, 2007). IgY can be used in the following immu-
notherapeutic applications: inhibition and/or prevention
of E. coli, Salmonella spp., Streptoccocus mutans, Helico-
bacter pylori, and Crohn’s disease, among others
(Kovacs-Nolan et al., 2005b). Wen et al. (2012) studied
the preparation of IgY against specific influenza B virus
with positive results in trials with mice. In addition,
IgY can be used as a food ingredient in functional food
products such as yogurt or as a bactericidal agent, in sport
drinks, and in pharmaceutical products like acne medica-
tion (Li-Chan et al., 1995).
Egg proteins have shown great promise as a rich source

of various bioactive peptides that may improve human
health and prevent diseases. Peptides with antimicrobial,

antihypertensive, antioxidative, and immunomodulatory
activity have been reported (During et al., 1999; Ibrahim
et al., 2000; Lee et al., 2006; Majumder & Wu, 2010; Shen
et al., 2010). The identification of these peptides repre-
sents a great commercialization opportunity since they
have potential as health-promoting food ingredients in
different areas, such as prevention and treatment of
microbial infections of the gastrointestinal tract, control
of microbiological quality of foods and feeds, and exten-
sion of shelf life of foods (Korhonen & Rokka, 2011).

19.12 Sustainability

In the 1980s, the major challenge of the egg industry was
probably the public perception of the presence of choles-
terol in egg yolk and its controversially associated risk of
heart diseases. After four decades, the challenges facing
the industry are more complicated; debate on the issue
of cholesterol continues, and the increasing cost of
feed in competition with the use of renewable agriculture
products to replace increasingly expensive fossil-based
oils and chemicals, concerns about animal welfare using
the conventional cage system, globalization, etc. will affect
the sustainability of the egg industry. The EU banned the
conventional cage system in January 2012, mainly due to
animal welfare concerns, while this is the most common
commercial housing system for egg-laying hens in the US
and other parts of the world. Adoption of a non-cage sys-
tem will have substantial effects on the cost of production,
as well as increased risk for bird-to-bird transmission and
internal egg contamination of Salmonella and Campylo-
bacter (Mench et al., 2011). Sustainability of the egg
industry will depend on the community, the industry,
the government, international organizations, researchers,
and consumers working collectively to address issues of
animal welfare, cost of production, environment, food
safety, animal health, and human health.

19.13 Conclusion

As the primary animal protein in many parts of the world,
egg products will continue to be an important part of
our daily diets; new technologies and new methods
of egg processing such as non-thermal processing will
see applications in the egg industry to improve nutrition,
safety, shelf-life and taste of egg products, or to create new
egg products. New applications of egg products as func-
tional foods and nutraceuticals and other non-food uses
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are expected to grow. The egg industry is, however, at a
time of rapid change; the industry needs to understand
how the change in laying hens practice (removal of con-
ventional cages, etc.) might affect egg safety and egg
processing.

Acknowledgments

JW is supported by the Natural Science and Engineering
Research Council of Canada (NSERC). The author would
like to thank Alexandra Acero-Lopez and Marina Offen-
genden for their support in preparation of the chapter.

References

Anton M (2007) Composition and structure of hen egg yolk. In:
Huopalahti R, López-Fandiño R, Anton M, Schade R (eds)
Bioactive Egg Compounds. Berlin: Springer, pp. 1–6.

Arvanitoyannis IS, Varzakas TH, Papadopoulos K, Egg D (2009)
Eggs. In: Arvanitoyannis IS (ed) HACCP and ISO 22000:
Application to Foods of Animal Origin. Ames, IA: Wiley-
Blackwell, pp. 309–359.

Baker RC, Bruce C (1995) Development of value-added products.
In: StadelmanWJ,Cotterill OJ (eds)Egg Science andTechnology,
4th edn. New York: Food Products Press, pp. 499–521.

Bari ML, Ukuko DO,Mori M, Kawamoto S, Yamamoto K (2008)
Effect of hydrostatic pressure pulsing on the inactivation
of Salmonella enteritidis in liquid whole egg. Foodborne
Pathogens Disease 5: 175–182.

Bell D (2002) Formation of the egg. In: Bell D, Weaver WD (eds)
Commercial Chicken Meat and Egg Production, 5th edn.
New York: Springer, pp. 64–69.

Bell D, Weaver WD (eds) (2002) Commercial Chicken Meat and
Egg Production, 5th edn. New York: Springer.

Belyavin CG, BoormanKN (1980) The influence of the cuticle on
egg-shell strength. British Poultry Science 21: 295–298.

Benhamou A, Caubet JC, Eigenmann P, Marcos C, Reche M,
Urisu,A (2010) State of the art and new horizons in the diag-
nosis and management of egg allergy. Allergy 65: 283–289.

Bergquist DH (1995) Egg dehydration. In: Stadelman WJ,
Cotterill OJ (eds) Egg Science and Technology, 4th edn.
New York: Food Products Press, pp. 335–371.

Board RG, Hall NA (1973) The cuticle: a barrier to liquid
and particle penetration of the shell of the hen’s egg. British
Poultry Science 14: 69–97.

Bolder NM (1997) Decontamination of meat and poultry car-
casses. Trends in Food Science and Technology 8: 221–227.

Braden CR (2006) Salmonella enterica serotype Enteritidis
and eggs: a national epidemic in the United States. Clinical
Infectious Diseases 43: 512–517.

Bridgman PW (1914) The coagulation of albumen by pressure.
Journal of Biological Chemistry 19: 511–512.

Burley RW, Vadehra DV (eds) (1989) The Avian Egg: Chemistry
and Biology. New York: Wiley.

Centers for Diseases Control and Prevention (CDC) (2010)
Investigation Update: Multistate Outbreak of Human
Salmonella Enteritidis Infections Associated with Shell Eggs
(December 2, 2010, final update). www.cdc.gov/salmonella/
enteritidis/, accessed 22 November 2013.

Charter EA, Lagarde G (2004) Natural antimicrobial systems/
lysozyme and other proteins in eggs. In: Robinson RK (ed)
Encyclopedia of Food Microbiology. San Diego, CA: Academic
Press, pp. 1582–1587.

Cotterill OJ, Geiger GS (1977) Egg product yield trends from
shell eggs. Poultry Sciences 56: 1027–1031.

Cotterill OJ, McBee L (1995) Egg breaking. In: In: StadelmanWJ,
Cotterill OJ (eds) Egg Science and Technology, 4th edn.
New York: Food Products Press, pp. 231–260.

Cruz-Romero M, Smiddy M, Hill C, Kerry JP, Kelly AL (2004)
Effects of high pressure treatment on physicochemical charac-
teristics of fresh oysters (Crassostrea gigas). Innovative Food
Science and Emerging Technologies 5: 161–169.

Cullen PJ, Tiwari BJ, Valdramidis V (eds) (2012) Novel Thermal
and Non-Thermal Technologies for Fluid Foods. San Diego,
CA: Academic Press.

Cunningham FE (1995) Egg product pasteurization. In:
Stadelman WJ, Cotterill OJ (eds) Egg Science and Technology,
4th edn. New York: Food Products Press, pp. 289–316.

Cunningham FE, Proctor VA, Goetsch SJ (1991) Egg-white lyso-
zyme as a food preservative: an overview. World’s Poultry
Science Journal 47: 141–163.

Daeschel MA, Bruslind L, Clawson J (1999) Application of the
enzyme lysozyme in brewing. Master Brewers Association of
the America Technical Quarterly 36: 219–222.

Du M, Ahn DU (2000) Effect of antioxidants and packaging
on lipid and cholesterol oxidation and color changes of
irradiated egg yolk powder. Journal of Food Science 65:
625–629.

Durance TD, Nakai S (1988) Purification of avidin by cation
exchange, gel filtration, metal chelate interaction and hydro-
phobic interaction chromatography. Canadian Institute of
Food Science and Technology Journal 21: 279–286.

During K, Porsch P, Mahn A, Brinkmann O, Gieffers W (1999)
The non-enzymatic microbicidal activity of lysozymes. FEBS
Letters 449: 93–100.

Elkin RG (2006) Reducing shell egg cholesterol content. I.
Overview, genetic approaches, and nutritional strategies.
World's Poultry Science Journal 62: 665–687.

19 Eggs and Egg Products Processing 451



European Commission (EC) (2008) Commission Regulation
(EC) No 589/2008 of 23 June 2008 laying down detailed rules
for implementing Council Regulation (EC) No 1237/2007 as
regards marketing standards for eggs. Official Journal of the
European Union L163/6:6.

European Food Safety Authority (EFSA) (2007) The community
summary report on trends and sources of zoonoses, zoonotic
agents, antimicrobial resistance and foodborne outbreaks in
the European Union in 2006. EFSA J 130: 34–117.

Fisinin VI, Papazyan TT, Surai PF (2008) Producing specialist
poultry products to meet human nutrition requirements: sele-
nium enriched eggs.World's Poultry Science Journal 64: 85–98.

FlorenceB, Rehault S (2007) Compoundswith antimicrobial activ-
ity. In:HuopalahtiR,López-FandiñoR,AntonM,SchadeR(eds)
Bioactive Egg Compounds. Berlin: Springer, pp. 191–198.

Food and Drug Administration (FDA) (2009) Code of Federal
Regulations, Title 21, Parts 16 and 118. Federal Register Final
Rule: Guidance for Industry. Prevention of Salmonella Enteriti-
dis in Shell EggsDuringProduction, Storage andTransportation.
www.fda.gov/downloads/Food/GuidanceComplianceRegula-
toryInformation/GuidanceDocuments/FoodSafety/
UCM285137.pdf, accessed 22 November 2013.

Food and Drug Administration (FDA) (2012a) CFR – Code of
Federal Regulations Title 21 Part 160: Eggs and Egg Products.
www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.
cfm?CFRPart=160&showFR=1, accessed 22 November 2013.

Food and Drug Administration (FDA) (2012b) CFR – Code of
Federal Regulations Title 9 Part 590.570: Pasteurization of Liq-
uid Eggs. www.gpo.gov/fdsys/pkg/CFR–2012–title9–vol2/pdf/
CFR–2012–title9–vol2–sec590–570.pdf, accessed 22 Novem-
ber 2013.

Food andDrugAdministration (FDA) (2012c)CFR–Code of Fed-
eral Regulations Title 9 Part 590.530– Liquid Egg Cooling. www.
gpo.gov/fdsys/pkg/CFR–2012–title9–vol2/pdf/CFR–2012–
title9–vol2–sec590–530.pdf, accessed 22 November 2013.

Food and Drug Administration (FDA) (2012d) CFR – Code of
Federal Regulations Title 9 Part 590.575– Heat Treatment
of Dried Whites. www.gpo.gov/fdsys/pkg/CFR–2010–title9–
vol2/pdf/CFR–2010–title9–vol2–sec590–575.pdf, accessed
22 November 2013.

Food Safety and Inspection Service (FSIS) (2000) Irradiation in
the production, processing and handling of food – shell eggs,
fresh; safe use of ionizing radiation for salmonella reduction.
Federal Registry 65: 45280–45282.

Food Safety and Inspection Service (FSIS) (2011) Egg Products
and Food Safety.

Food Safety and Inspection Service (FSIS) (2013) Egg Products
Inspection Act.

Fraeye I, Bruneel C, Lemahieu C, Buyse J, Muylaert K, Foubert I
(2012) Dietary enrichment of eggs with omega-3 fatty acids: a
review. Food Research International 48: 961–969.

Froning GN (2008) Egg products industry and future perspec-
tives. In: Mine Y (ed) Egg Bioscience and Biotechnology.
New Jersey: John Wiley, pp. 307–325.

Galiş AM, Marcq C, Marlier D et al. (2013) Control of Salmo-
nella contamination of shell eggs – preharvest and postharvest
methods: a review. Comprehensive Reviews in Food Science
and Food Safety 12: 155–182.

Gantois I, Ducatelle R, Pasmans F et al. (2009) Mechanisms of
egg contamination by Salmonella enteritidis. FEMSMicrobiol-
ogy Reviews 33: 718–738.

Gerbaux V, Villa A, Monamy C, Bertrand A (1997) Use of lyso-
zyme to inhibit malolactic fermentation and to stabilize wine
after malolactic fermentation. American Journal of Enology
and Viticulture 48: 49–54.

Hargis PS (1988) Modifying egg yolk cholesterol in the domestic
fowl: a review. World's Poultry Science Journal 44: 17–29.

Hatta H, Kapoor M, Juneja LR (2008) Bioactive components in
egg yolk. In: Mine Y (ed) Egg Bioscience and Biotechnology.
New Jersey: John Wiley, pp. 185–206.

Herron KL, Fernandez ML (2004) Are the current dietary guide-
lines regarding egg consumption appropriate? Journal of
Nutrition 134: 187–190.

Hincke MT, Nys Y, Gautron J, Mann K, Rodriguez-Navarro AB,
McKee MD (2012) The eggshell: structure, composition and
mineralization. Frontiers in Bioscience 17: 1266–1280.

Hodek P, Stiborova M (2003) Chicken antibodies – superior
alternative for conventional immunoglobulins. Proceedings
of the Indian National Science Academy B69: 461–468.

Hu FB, Stampfer MJ, Rimm EB et al. (1999) A prospective study
of egg consumption and risk of cardiovascular disease in men
and women. Journal of the American Medical Association
281: 1387–1394.

Hu FB, Manson JE, Willett,WC (2001) Types of dietary fat and
risk of coronary heart disease: a critical review. Journal of the
Americal College of Nutrition 20: 5–19.

Hughey VL,Wilger PA, Johnson EA (1989) Antibacterial activity
of hen white lysozyme against Listeria monocytogens Scott
A in foods. Applied and Environmental Microbiology 55:
631–638.

Humphrey TJ (1994) Contamination of egg shell and contents
with Salmonella enteritidis: a review. International Journal
of Food Microbiology 21: 31–40.

Huntington JA, Stein PE (2001) Structure and properties of oval-
bumin. Journal of Chromatography B: Biomedical Sciences and
Applications 756: 189–198.

Huopalahti R, López-Fandiño R, Anton M, Schade R (eds)
(2007) Bioactive Egg Compounds. Berlin: Springer.

Iametti S, Donnizzelli E, Pittia P, Rovere P, Squarcina N,
Bonomi F (1999) Characterization of high-pressure-treated
egg albumen. Journal of Agricultural and Food Chemistry
47: 3611–3616.

452 Food Processing: Principles and Applications



Ibrahim HR (2000) Ovotransferrin. In: Naidu AS (ed) Natural
Food Antimicrobial Systems. Boca Raton, FL: CRC Press,
pp. 211–226.

Jones PJH (2009) Dietary cholesterol and the risk of cardiovas-
cular disease in patients: a review of the Harvard Egg Study
and other data. International Journal of Clinical Practice Sup-
plement 63: 1–8.

Juliano P, Bilbao-Sáinz C, Koutchma T et al. (2012) Shelf-stable
egg-based products processed by high pressure thermal steri-
lization. Food Engineering Review 4: 55–67.

Kato I, Schrode J, KohrWJ, Laskowski Jr M (1987) Chicken ovo-
mucoid: determination of its amino acid sequence, determina-
tion of the trypsin reactive site, and preparation of all three
of its domains. Biochemistry 26: 193–201.

Ko KY, Ahn DU (2007) Preparation of immunoglobulin Y from
egg yolk using ammonium sulfate precipitation and ion
exchange chromatography. Journal of Poultry Science
86: 400–407.

Korhonen HJ, Rokka S (2011) Properties and applications of
antimicrobial proteins and peptides from milk and egg. In:
Hettiarachchy A, Sato NS, Marshall K, Kannan MR (eds)
Bioactive Food Proteins and Peptides: Applications in Human
Health. Boca Raton, FL: CRC Press, pp. 49–80.

Korpela J, Salonen EM, Kuusela P, Sarvas M, Vaheri A (1984)
Binding of avidin to bacteria and to the outer membrane porin
of Escherichia coli. FEMS Microbiology Letters 22: 3–10.

Kovacs-Nolan J, Phillips M, Mine Y (2005a) Advances in the
value of eggs and egg components for human health. Journal
of Agricultural and Food Chemistry 53: 8421–8431.

Kovacs-Nolan J, Mine Y, Hatta H (2005b) Avian immunoglob-
ulin Y and its application in human health and disease.
In: Mine Y, Shahidi F (eds) Nutraceutical Proteins and
Peptides in Health and Disease. Boca Raton, FL: CRC Press,
pp. 161–179.

Lee A, Griffin B (2006) Dietary cholesterol, eggs and coronary
heart disease risk in perspective. Nutrition Bulletin 31: 21–27.

Lee NY, Cheng JT, Enomoto T, Nakano Y (2006) One peptide
derived from hen ovotransferrin as pro-drug to inhibit angi-
otensin converting enzyme. Journal of Food and Drug
Analysis 14: 31–35.

Lesson S, Caston LJ (2004) Enrichment of eggs with lutein.
Poultry Science 83: 1709–1712.

Li-Chan E, Kim HO (2008) Structure and chemical composition
of eggs. In: Mine Y (ed) Egg Bioscience and Biotechnology.
New Jersey: John Wiley, pp. 1–65.

Li-Chan E, Powrie WD, Nakai S (1995) The chemistry of eggs
and egg products. In: Stadelman WJ, Cotterill OJ (eds) Egg
Science and Technology, 4th edn. New York: Food Products
Press, pp. 109–160.

López-Expósito I, Chicon R, Belloque J et al (2008) Changes in
the ovalbumin proteolysis profile by high pressure and its

effect on IgG and IgE binding. Journal of Agricultural and
Food Chemistry 56: 11809–11816.

Losso JN, Nakai S, Charter EA (2000) Lysozyme. In: Naidu AS
(ed) Natural Food Antimicrobial Systems. New York: CRC
Press, pp. 185–210.

MajumderK,WuJ(2010)Anewapproachforidentificationofnovel
antihypertensive peptides fromeggproteins byQSAR andbioin-
formatics. Food Research International 43: 1371–1378.

Majumder K, Panahi S, Kaufman S, Wu J (2013) Fried egg digest
decreases blood pressure in spontaneous hypertensive rats.
Journal of Functional Foods 5: 187–194.

Mench JA, Summer DA, Rose-Molina JT (2011) Sustainability of
egg production in the United States – the policy and market
context. Poultry Science 90: 229–240.

Min BR, Nam KC, Lee EJ, Ko GY, Trampel DW, Ahn DU (2005)
Effect of irradiating shell eggs on quality attributes and func-
tional properties of yolk and white. Poultry Science 84:
1791–1796.

Mine Y (1995) Recent advances in the understanding of egg
white protein functionality. Trends in Food Science and Tech-
nology 6: 225–232.

Mine Y (2002) Recent advances in egg protein functionality in
the food system. World's Poultry Science Journal 58: 31–39.

Mine Y (2007) Egg proteins and peptides in human health –
chemistry, bioactivity and production. Current Pharmaceuti-
cal Design 13: 875–884.

Mountney GJ, Parkhurst CR (eds) (1995) Poultry Product Tech-
nology, 3rd edn. New York: Food Product Press, pp. 353–383.

Naber EC (1990) Cholesterol content of eggs: can and should it
be changed? Feedstuffs 62: 1, 47, 50–2.

Nakamura R, Omori I (1979) Protective effect of some anions on
the heat-denaturation of ovotransferrin. Agriculture and Bio-
logical Chemistry 43: 2393–2394.

Nimalaratne C, Lopes-Lutz D, Schieber A, Wu J (2011) Free
aromatic amino acids in egg yolk show antioxidant properties.
Food Chemistry 129: 155–161.

Nys Y, Gautron J, Garcia-Ruiz JM, HinckeMT (2004) Avian egg-
shell mineralization: biochemical and functional characteriza-
tion of matrix proteins. Comptes Rendus Palevol 3: 549–562.

Okubo T, Akachi S, Hatta H (1997) Structure of hen eggs and
physiology of egg laying. In: Yamamoto T, Juneja LR, Hatta
H, Kim M (eds) Hen Eggs: Their Basic and Applied Science.
Boca Raton, FL: CRC Press, pp. 1–12.

Palmer HH, Ijichi K, Roff H (1970) Partial thermal reversal of
gelation in thawed egg yolk products. Journal of Food Science
35: 403–406.

Parson A (1982) Structure of the eggshell. Poultry Science
61: 2013–2021.

Proctor BE, Joslin RP, Nickerson JTR, Lockhart EE (1953) Elimi-
nationof Salmonella inwhole egg powder by cathode ray irrada-
tion of eggmagma prior to drying. Food Technology 7: 291–296.

19 Eggs and Egg Products Processing 453



Proctor VA, Cunningham FE (1988) The chemistry of lyso-
zyme and its use as a food preservative and a pharmaceuti-
cal. Critical Reviews in Food Science and Nutrition 26:
359–395.

Qin BL, Pothakamury UR, Vega H, Martin O, Barbosa-Canovas
GV, Swanson BG (1995) Food pasteurization using high-
intensity pulsed electric fields. Food Technology 49: 55–60.

Qureshi AI, Suri FK, Ahmed S et al. (2006) Regular egg con-
sumption does not increase the risk of stroke and cardiovas-
cular diseases. Medical Science Monitor 13: CR1–8.

Robinson DS, Monsey JB (1971) Studies on the composition of
egg-white ovomucin. Biochemical Journal 121: 537–547.

Romanoff AL, Romanoff A (1949) The Avian Egg. New York:
John Wiley.

Sava G (1996) Pharmacological aspects and therapeutic applica-
tions of lysozymes. Experientia Supplementum 75: 433–449.

Scott D, Hammer FE, Szalkucki TJ (1987) Bioconversions:
enzyme technology. In: Knorr D (ed) Food Biotechnology.
New York: Marcel Dekker, pp. 413–442.

Sebring M (1995) Desugarization of egg products. In: Stadelman
WJ, Cotterill OJ (eds) Egg Science and Technology, 4th edn.
New York: Food Products Press, pp. 323–331.

Seko A, Koketsu M, Nishizono M et al. (1997) Occurrence of sia-
lylglycopeptide and free sialylglycans in hen’s egg yolk.
Biochimica et Biophysica Acta 1335: 23–32.

Sheldon BW (2005) Techniques for reducing pathogens in eggs.
In: Mead GC (ed) Food Safety Control in the Poultry Industry.
Cambridge: CRC Press, pp. 274–310.

Shen S, Chahal B,Majumder K, You SJ,Wu J (2010) Identification
of novel antioxidative peptides derived from a thermolytic
hydrolysate of ovotransferrin by LC-MS/MS. Journal of Agricul-
tural and Food Chemistry 58: 7664–7672.

Sparks NHC (1994) Shell accessory materials: structure and
function. In: Board RG, Fuller R (eds) Microbiology of the
Avian Egg. London: Chapman and Hall, pp. 25–42.

Spence JD, Jenkins DJA, Davignon J (2012) Egg yolk consump-
tion and carotid plaque. Atherosclerosis 224:469–473.

Stadelman WJ (1995a) Egg production practices. In: Stadelman
WJ, Cotterill OJ (eds) Egg Science and Technology, 4th edn.
New York: Food Products Press, pp. 9–37.

Stadelman WJ (1995b) Quality identification of shell eggs. In:
Stadelman WJ, Cotterill OJ (eds) Egg Science and Technology,
4th edn. New York: Food Products Press, pp. 39–47.

StadelmanWJ, Cotterill OJ (eds) (1995) Egg Science and Technol-
ogy, 4th edn. New York: Food Products Press.

Sugino H, Nitoda T, Juneja LR (1997) General chemical compo-
sition of hen eggs. In: Yamamoto T, Juneja LR, Hatta H,
Kim M (eds) Hen Eggs: Their Basic and Applied Science. Boca
Raton, FL: CRC Press, pp. 13–23.

Sunwoo HH, Sadeghi G, Karami H (2006) Natural antimicrobial
egg yolk antibody. In: Sim JS, Sunwoo HH (eds) The Amazing

Egg: Nature’s Perfect Functional Food for Health. Edmonton:
University of Alberta Publishing, pp. 295–325.

Surai PF, Sparks NHC (2001) Designer eggs: from improvement
of egg composition to functional food. Trends in Food Science
and Technology 12: 7–16.

Tenuovo J (2002) Clinical applications of antimicrobial host pro-
teins lactoperoxidase, lysozyme and lactoferrin in xerostomia:
efficacy and safety. Oral Diseases 8: 23–29.

Teuber SS, Beyer K, Comstock S, Wallowitz M (2006) The big
eight foods: clinical and epidemiological overview. In: Maleki
SJ, Burks W, Helm RM (eds) Food Allergy. Washington, DC:
AMS Press, pp. 49–79.

US Department of Agriculture (USDA) (2000) USDA Egg
Grading Manual. www.ams.usda.gov/AMSv1.0/getfile?dDoc-
Name=STELDEV3004502, accessed 22 November 2013.

US Department of Agriculture (USDA) (2006) Regulations Gov-
erning the Inspection of Eggs and Egg Products (7 CFR Part 57).
www.ams.usda.gov/AMSv1.0/getfile?dDocName=STEL-
DEV3004691, accessed 27 November 2013.

Vaclavik VA, Christian EW (eds) (2008) Essentials of Food
Science, 3rd edn. New York: Springer, pp. 205–235.

Valenti P, Antonini G, von Hunolstein C, Visca P, Orsi N,
Antonini E (1983) Studies of the antimicrobial activity of ovo-
transferrin. International Journal of Tissue Reactions 5:
97–105.

van der Plancken I, van Loey A, Hendrickx ME (2007) Foaming
properties of egg white proteins affected by heat or high
pressure treatment. Journal of Food Engineering 78:
1410–1426.

Wakamatu T, Sato Y, Saito Y (1983) On sodium chloride action
in the gelation process of low density lipoprotein (LDL) from
hen egg yolk. Journal of Food Science 48: 507–516.

Wen J, Zhao S, He D, Yang Y, Li Y, Zhu S (2012) Preparation and
characterization of egg yolk immunoglobulin Y specific to
influenza B virus. Antivirial Research 93: 154–159.

Whittow GC (ed) (2000) Sturkie’s Avian Physiology, 5th edn. San
Diego, CA: Academic Press.

Williams J, Elleman TC, Kingston IB, Wilkins AG, Kuhn KA
(1982) The primary structure of hen ovotransferrin. European
Journal of Biochemistry 122: 297–303.

Windhorst HW (2007) Changes in the structure of global egg
production. World's Poultry Science Journal 23: 24–25.

Wu J, Acero A (2012) Ovotransferrin: structure, function and
preparation. Food Research International 46: 480–487.

Yamamoto T, Juneja LR, Hatta H, Kim M (eds) (1997) Hen
Eggs: Their Basic and Applied Science. Boca Raton, FL:
CRC Press.

Yang RX, Li WZ, Zhu CQ, Zhang Q (2010) Effects of ultra-high
hydrostatic pressure on foaming and physical-chemistry
properties of egg white. Journal of Biomedical Science and
Engineering 2: 617–620.

454 Food Processing: Principles and Applications



Yang S, Baldwin R (1995) Functional properties of eggs in foods.
In: Stadelman WJ, Cotterill OJ (eds) Egg Science and Technol-
ogy, 4th edn. New York: Food Products Press, pp. 405–452.

Zeidler G (2002a) Shell eggs and their nutritional value. In:
Bell D, Weaver WD (eds) Commercial Chicken Meat and
Egg Production, 5th edn. New York: Springer, pp. 1109–1128.

Zeidler G (2002b) Further-processing eggs and egg products. In:
Bell D, Weaver WD (eds) Commercial Chicken Meat and Egg
Production, 5th edn. New York: Springer, pp. 1163–1197.

Zeisel SH (1992) Choline – an important nutrient in brain devel-
opment, liver function and carcinogenesis. Journal of the
American College of Nutrition 11: 473–481.

19 Eggs and Egg Products Processing 455


