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Bioactivities of hen’s egg yolk phosvitin and its
functional phosphopeptides in food industry and
health
Birsen Yilmaz and Duygu Ağagündüz

Abstract: Phosvitin, one of the most noteworthy bioactive components of hen egg yolk, is an amphiphilic protein that
stands out with its unique composition and functionality in the food industry and health. Phosvitin consists of 4% of egg
yolk dry matter and 11% of egg yolk proteins. It is considered as the most phosphorylated protein with 10% phosphorus.
Besides, some potential novel phosphopeptides containing clusters of phosphoserines can be derived from hen’s egg yolk
phosvitin. Phosvitin, which has many functional features thanks to its unique structure, is known primarily for its metal
bonds binding (iron, calcium, etc.) feature. On the other hand, its phosphopeptides may increase the bioavailability of
metals compared to phosvitin. Although this feature of phosvitin may partially decrease the bioavailability of especially
iron in the egg, it allows the phosvitin to have many bioactivities in the food industry and health. Lipid oxidation,
which is a serious problem in the food industry, can be inhibited by adding phosvitin and its derived phosphopeptides
to the food production chain via inhibiting bivalent iron. Because phosvitin is an amphiphilic protein capable of
chelating, it also shows potential antibacterial effects against the Gram-negative bacteria. Moreover, the literature has
recently been attempting to define the promising relationship between phosvitin and its phosphopeptides and plenty
of health-promoting activities such as immune-enhancing, melanogenesis inhibitor, anti-ageing, and anticancer. In this
review, current information on the hen’s egg yolk phosvitin and its phosphopeptides and their bioactivities in the food
industry and health are discussed and some future directions are given.

Keywords: antioxidant, health, hen egg yolk, metal-binding, phosphopeptide, phosvitin

1. INTRODUCTION
Egg is a very important food in basic human nutrition besides

having very important functional qualities in the food industry.
Hen egg is defined by European Union (EU) as follows; “eggs”
means eggs in the shell—other than broken, incubated, or cooked
eggs—that are produced by hens of the species Gallus and are fit
for direct human consumption or for the preparation of egg prod-
ucts (EU, 2008). Egg consists of three different parts as 63% of egg
white albumen, 27.5% of egg yolk, and 9.5% of the eggshell with
membranes (Cotterill & Geiger, 1977). Although the basic com-
position of the egg has been considered in this way for many years,
some minor changes have occurred in its nutritional composition
due to recent changes in the production methods. In general, it can
be expressed as 56% to 64% egg white albumen, 25% to 33% egg
yolk, and 9% to 11% eggshell with membranes (Cherian,Holson-
bake, & Goeger, 2002). The main components of the egg consist
of water (76%), proteins (12%), and lipids (9.51%). Besides, it also
contains low amounts of carbohydrates (0.72%), minerals, and vi-
tamins (USDA,2020).Almost all of the egg lipids are found in egg
yolk (mainly in the form of lipoproteins), whereas egg proteins
are distributed in egg white albumen (50%), egg yolk (44%), and
eggshell with membranes (6%; Sugino, Nitoda, & Juneja, 1997).

JFDS-2020-0841 Submitted 5/20/2020,Accepted 8/14/2020.Author Yilmaz is
with Faculty of Health Sciences,Gazi University,Department of Nutrition and Dietet-
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Because egg proteins are high-quality proteins, they are used as
the gold standard to measure the quality of other food proteins
(Seuss-Baum, 2007).
Although the main components of egg white albumen are wa-

ter and proteins (mainly ovalbumin, ovotransferrin, and ovomu-
coid), the main components of egg yolk, which is a homoge-
neous emulsifying liquid, consist of proteins and lipids. Egg yolk
is mainly made up of livetins (α, β, and γ forms), lipovitellins (α
and β forms), low-density lipoproteins (LDL), and phosvitin pro-
teins (Huang & Ahn, 2019). After egg yolk is diluted and cen-
trifuged with water or sodium chloride, two different fractions
are obtained known as granules/pellets (suspended particles) and
plasma/supernatant (clear, yellow liquid; Laca, Paredes, & Díaz,
2012). Plasma fraction constitutes 78% of egg yolk dry matter and
22% of granules.The main components in plasma are LDLs (85%)
and livetins (15%). Granules mainly consist of lipovitellin (70%)
and phosvitin (16%; Anton, 2013; Burley & Cook, 1961).
Phosvitin is one of the egg (usually hen eggs) yolk phosphopro-

teins known as the natural protein with the highest phosphorus
content in nature.By using hen egg yolk phosvitin, it is possible to
obtain polypeptides with many functional properties. Compared
to the types of phosvitin obtained from other sources, hen egg
yolk phosvitin is very popular in the food industry not only for its
functional properties but also for its potential health effects (Jung,
Jo, Kang, Ahn, & Nam, 2012; Lee, Moon, Hong, Ahn, & Paik,
2020). Besides its functional properties, many studies have shown
that it has several positive effects on human health (Lee et al.,
2017;Moon et al., 2014). Although phosvitin seems to reduce the
nutritional value of egg yolk due to its mineral binding feature,
the antioxidant, antibacterial, immune-enhancing, melanogenesis
inhibitory, antigenotoxic, anti-elastase, and anti-hyaluronidase
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Table 1–Amino acid composition of hen egg phosvitins and its fractions.

Amino acids Hen egg phosvitin
a

Hen egg phosvitin
b

(mol%)
Hen egg

phosvitin
c
(mol%) α-Phosvitin

d
β-Phosvitin

d

Ala 7 5.3 5.5 1.9 0.8
Leu 3 2.3 1.7 ND

e
0.3

Ile 2 1.5 1.1 0.4 0.2
Val 3 2.5 2.4 0.5 0.7
Pro 3 2.1 1.5 0.7 0.6
Phe 1 1.7 1.7 0.6 0.2
Trp 1 ND ND 0.2 0.2
Met 1 1.8 1.6 ND ND
Ser 123 36.1 34.9 40.5 42.5
Thr 4 3.1 2.8 1.4 0.3
Tyr 1 0.8 0.8 0.8 ND
Asp 13 8 8.6 2.7 2.4
Glu 10 8.3 9.0 5.3 1.8
Gly 5 3.5 3.7 1.4 0.6
Lys 15 9.2 10.2 5.6 3.3
Arg 11 6.9 7.3 2.4 1.9
His 13 6.4 6.7 0.6 2.3
Cys ND 0.5 0.5 ND ND
Total 216 100.0 100.0

aData reported by Byrne et al. (1984), hen egg phosvitin, predicted by nucleotide sequence.
bData reported by Guérin-Dubiard et al. (2002), henn egg phosvitin.
cData reported by Guérin-Dubiard et al. (2002), commercial phosvitin.
dData reported by Itoh et al. (1983), henn egg phosvitin.
eND, no data.

activities compensate for this negative quality (Jung et al., 2012;
Kovacs-Nolan, Phillips, & Mine, 2005; Lee et al., 2017, 2020;
Moon et al., 2014; Sattar Khan et al., 2000). In this review, based
on the chemical composition and functional qualities of hen
egg yolk phosvitin, current literature about the hen’s egg yolk
phosvitin and its phosphopeptides (PPP) and their bioactivities in
the food industry and health will be discussed.

2. HEN EGG YOLK PHOSVITIN
Phosvitin,which constitutes 4% of egg yolk dry matter and 11%

of egg yolk proteins, is considered as the natural protein contain-
ing the most phosphorus with 10% phosphorus content.Approxi-
mately 80% of phosphorus in egg yolk is found in phosvitin.More
than half of the amino acids (50% to 57%) are serine as phosphoser-
ine,and almost 90% of these serine amino acids are phosphorylated
(Allerton & Perlmann, 1965; Joubert & Cook, 1958). According
to the amino acid sequence of the phosvitin reported by Byrne
et al. (1984), phosvitin contains 216 amino acid residues, 123 of
which are serine amino acid (Byrne et al., 1984). The relatively
high amount of phosphoryl groups in the amino acid sequence of
the phosvitin gives the protein a large central hydrophilic portion
surrounded by two small hydrophobic fragments at the N-terminal
and C-terminal. The fact that the phosvitin has a large number
of negative charges and an unusually low proportion of nonpo-
lar hydrophobic side chains makes it an enormous hydrophilic
structure. Only �10% of the amino acids are hydrophobic amino
acids. Because of the high phosphoric acid due to serine residues,
phosvitin can act as a liquid polyanion. Thanks to its polyan-
ionic character (the isoelectric point is around pH 4), phosvitin
has a very strong metal chelation quality (Chay Pak Ting, Pouliot,
Gauthier, & Mine, 2010; Dickinson, Pinfield, & Horne, 1997;
Strixner, 2011).
Moreover, due to its polyanionic properties, phosvitin is known

to have better emulsifying activity and emulsion stability compared
to bovine serum albumin, β-casein, and soy protein (Sattar Khan,
Babiker, Azakami,& Kato, 1998). The functional (metal chelation,
antioxidant feature, emulsion activity, etc.) and nutritional proper-

ties of phosvitin are mainly related to its unique amino acid com-
position (Strixner,2011).The amino acid composition of phosvitin
is shown in Table 1 (Byrne et al., 1984; Guérin-Dubiard, An-
ton, Dhene-Garcia,Martinet, & Brulé, 2002; Itoh, Abe, & Adachi,
1983).
The structure of proteins is investigated in four different

stages: primary, secondary, tertiary, and quaternary structures. The
primary structure shows the number and sequence of amino
acids in a protein, whereas secondary and tertiary structures are
formed with molecular conformations (Vasudevan, Sreekumari,
& Vaidyanathan, 2017). Proteins sometimes appear in molecular
aggregates arranged in a regular geometric style, called quaternary
structure (Weder, & Belitz, 2003). Among the proteins found in
nature, phosvitin, which is considered as the highest phosphory-
lated protein, has an unusual primary structure (Lv, 2017). The
half of its secondary structure is β-sheets,whereas 43% is reported
to consist of the random coil in Fourier transform infrared
spectroscopy (Chay Pak Ting, Pouliot, Gauthier, & Mine, 2013).
The secondary structure of phosvitin is significantly affected by
heat treatment at 100 °C for 20 to 60 min (Samaraweera, 2012).
Changes in the secondary and tertiary structures of proteins are
related to surface activities that will affect their emulsifying prop-
erties (Cui, Li, Lu, Liu,& Duan, 2019). The hydrophobic terminal
structures of phosvitin can be adsorbed at the interface of the
oil droplets to stabilize the emulsions. Emulsifying properties of
phosvitin can be affected by various factors such as ionic strength,
pH, degree of aggregation, freezing/thawing cycles, or heat treat-
ment (Giarratano et al., 2020). In addition, protein concentration,
oil volume fraction, emulsion mixing speed, and mixing time can
also affect the emulsion. Compared with bovine serum albumin,
phosvitin is reported to be a better emulsifier at pH 7 (Chung
& Ferrier, 2006). Besides, Jiang et al. (2020) conducted a study
to develop a new antioxidant emulsifier (phosvitin-gallic acid
complex, 1.5 mg/mL gallic acid with pH 9.0) in food emulsion
systems. The combination of the phosvitin-gallic acid slightly
improved the emulsifying activity and stability, while significantly
increased antioxidant activities (Jiang et al., 2020).

2970 Journal of Food Science � Vol. 85, Iss. 10, 2020



Co
nc

ise
Re

vie
ws

&
Hy

po
the

se
si

nF
oo

dS
cie

nc
e

Bioactivities of hen egg yolk phosvitin…

Phosvitin is a phosphoglycoprotein, which is a mixture of two
polypeptides,α-phosvitin and β-phosvitin. In 1967,Taborsky and
Mok identified these components as major and minor phosvitins
and determined their molecular weights for the first time (40,000
and 36,000 Da, respectively; Taborsky & Mok, 1967). In the fol-
lowing years, major and minor phosvitins, which are the main
components of phosvitin, were defined as α and β in the
sodium dodecyl sulfate polyacrylamide-gel electropherogram and
the molecular weights of phosvitin components were reported
to vary between 18,500 and 60,000 Da (Abe, Itoh, & Adachi,
1982). α-Phosvitin and β-phosvitin are structures formed by the
combination of many different polypeptides.α-Phosvitin contains
three/four subunits with molecular weights 35,000 to 40,000 Da
whereas β-phosvitin contains 45,000 Da four/five subunits (An-
ton, 2013).β-Phosvitin has more (42.5 mol/104 g of protein) ser-
ine residue compared to α-phosvitin (40.5 mol/104 g of protein).
Besides serine, the other amino acids found in high ratios are ly-
sine, histidine, and aspartic acid in β-phosvitin as well as lysine,
glutamine, aspartic acid, and arginine in α-phosvitin. Phosvitin,α-
phosvitin, and β-phosvitin molecules contain 6.5%, 1.94% (1.59%
hexose, 0.15% hexosamine, and 0.20% sialic acid), and 6.01%
(2.65% hexose, 1.16% hexosamine, and 2.20% sialic acid) carbo-
hydrates, respectively (Itoh et al., 1983). Phosvitin is relatively heat
resistant. Phosvitin solution does not precipitate after heating at
100 °C with the pH between 4 and 7 (Chay Pak Ting et al., 2013).

2.1 Mineral binding activity of hen egg yolk phosvitin
Hen egg yolk phosvitin has many biological and functional

properties due to its unique structure as well as physical and chem-
ical qualities. Because it has a polyanionic structure, phosvitin has
very strong metal chelation for cations (Strixner, 2011).A hen egg
contains 0.875 mg/50 g of Fe (USDA, 2020); however, 95% of Fe
in egg yolk (egg yolk contains 5.96 mg Fe/g phosvitin) is bound
to phosvitin and is in ferric form (Albright, Gordon, & Cotter-
ill, 1984). The high metal binding capacity of phosvitin makes
phosvitin a potential antioxidant,especially against Fe-induced ox-
idative damage (Lu & Baker, 1986). A very small amount of Fe
found in egg albumin in complexes with ovotransferrin protects
the egg from bacterial infections (Schiavone & Barroeta, 2011).
Phosvitin and ovotransferrin,which are egg proteins, are known

as very strong metal ion binding proteins.This binding allows pro-
teins to acquire various biological properties,especially antioxidant
and antibacterial activity (Anton, Nau, & Guérin-Dubiard, 2011).
Due to the specific structure of the phosvitin, it shows a strong
affinity for metal ions, especially Fe. In a study investigating the
Fe binding capacity of phosvitin under different conditions (pH
3.0 to 7.0 and ionic strength 0.10 to 0.60), it was reported that
pH 6.5 and 0.15 M of ionic strength (the maximum iron-binding
capacity; 115 μg of iron/mg of phosvitin) were the best values
for the phosvitin–Fe complex, that Fe binding property was not
affected by 90 °C heat treatment or 600 MPa high pressure, and
that it maintained its high Fe binding capacity (Castellani,Guérin-
Dubiard, David-Briand, & Anton, 2004). Under ideal physico-
chemical conditions, phosvitin molecule binds a Fe for both phos-
phate groups, which is considered to be the saturation capacity of
the phosvitin. Because there are more than 120 phosphate groups
in a phosvitin molecule, it can bind 60 Fe molecules (Taborsky,
1980).Acidic pH values with low ionic strength have good poten-
tial for the metal bonding of phosvitin (Castellani et al., 2004).
When the effect of heat and some food additives (sodium

chloride, citric acid, or ethylenediaminetetraacetate disodium salt,
EDTA) on the release of Fe bound by phosvitin was examined, it

was found that after heating the phosvitin at 110 °C for 20 and
40 min, the bound Fe was not released and very strong Fe bind-
ing continued in the phosvitin. As for the added substances, it was
reported that Fe was released, only in EDTA without any heating
process, and this situation was related to EDTA forming stronger
ligand with Fe than phosvitin (Albright et al., 1984).
Phosvitin–Fe complexes formed under optimum physicochem-

ical conditions are very stable. This strong stability of the complex
may be due to tetrahedral stoichiometry or octahedral stoichiom-
etry, which increases the activation energy required for the de-
composition of phosvitin–Fe complexes (Castellani et al., 2004).
Once the Fe ion is bound to a phosphate molecule, another phos-
phate molecule can form tetrahedral stoichiometry by completing
the binding process, whereas the other two molecules, like wa-
ter molecules, can complete the system to form octahedral sto-
ichiometry (Albright et al., 1984). Fe cannot be separated from
the phosvitin–Fe complex unless there is a chelating agent (such
as EDTA, o-phenanthroline) that has a stronger binding capacity
than phosvitin (Albright et al., 1984; Castellani et al., 2004).
Although the amount of Fe bound by various types of phosvitin

is different, hen egg yolk phosvitin is the type of phosvitin that
has the highest amount of Fe binding capacity (Guérin-Dubiard
et al.,2002).Guérin-Dubiard et al.(2002) compared the Fe binding
properties of commercial hen phosvitin, hen egg phosvitin, and
deep water fish phosvitin.Commercial hen phosvitin and hen egg
phosvitin bound 36 mol Fe/mol phosvitin and 32 mol Fe/mol
phosvitin, respectively; whereas fish phosvitin bound 9.5 and 3.6
Fe/mol phosvitin. Although it binds a lower amount of Fe than
egg yolk phosvitin, it can be said that fish phosvitin has a better
binding capacity compared to ovotransferrin,which binds 2 moles
of Fe per protein mole (Guérin-Dubiard et al., 2002).
Hen egg yolk contains most of the calcium (Ca), Fe, and phos-

phorus in the egg (78, 53, and 70%, respectively; Table 2; USDA,
2020).Besides,due to the phosvitin in egg yolk composition, it de-
creases the absorption of some minerals, especially Fe, and can also
prevent the absorption of Fe taken with ferrous ammonium sulfate
in rats (Miller & McNeal, 1983). Based on the protein source of
dietary nutrients, the absorption of Fe taken into the organism, its
solubility and bioavailability in the intestine may vary. When the
effects of different protein types such as pork, hen egg albumin,
hen egg yolk, soybean, and casein on the absorption of Fe in rats
and their intestinal solubility are examined, it was found in rats
fed with egg yolk protein that Fe solubility (17%) and absorption
(13%) were significantly lower in the small intestine compared to
other groups (Kim,Lee,& Lee,1995). In a study examining the ef-
fect of egg yolk proteins and egg yolk phosvitin on the absorption
of Fe, Ca, magnesium (Mg) in rats, it was shown that egg pro-
teins reduced the absorption of minerals, and that egg yolk pro-
teins and phosvitin had similar effects on Ca and Mg absorption
(Ishikawa, Tamaki, Arihara, & Itoh, 2007). In another study inves-
tigating the effect of phosvitin on Ca absorption in vitro, phosvitin
significantly reduced the absorption of Ca due to complex forma-
tion with phosvitin-Ca2+ ions in 1 to 10 mM Ca gluconate solu-
tion (Dolinska, Lopata,Mikulska, Leszczynska, & Ryszka, 2012).
The bioavailability of Fe taken into the body may vary de-

pending on the protein source of the diets. Egg yolk proteins and
ovalbumin were compared in the recovery of Fe deficiency anemia
in rats. It was shown that although ovalbumin was beneficial in
the recovery of Fe deficiency anemia, egg yolk proteins delayed
recovery of that (Kobayashi, Wakasugi, Yasui, Kuwahata, & Kido,
2015). Since the phosvitin–Fe complex is excreted from the body
before it can be used in vivo, the bioavailability of Fe taken with egg
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Table 2–Energy and nutrient compositon of raw whole egg, egg white and egg yolk (per 100 g)
a
.

Energy and nutrient Whole egg Egg white Egg yolk

Energy (kcal) 143 52 322
Water (g) 76.2 87.57 52.31
Carbohydrate (g) 0.72 0.73 3.59
Protein (g) 12.6 10.9 15.86
Fat (g) 9.51 0.17 26.54
Cholesterol (mg) 372 0 1085
Vitamin A (μg) 160 0 381
Vitamin D (μg) 2 0 5.4
Vitamin E (mg) 1.05 0 2.58
Vitamin K (μg) 0.3 0 0.7
Thiamin (mg) 0.04 0.004 0.176
Riboflavin (mg) 0.457 0.439 0.528
Niacin (mg) 0.075 0.105 0.024
Folate (μg) 47 4 146
Vitamin B12 (μg) 0.89 0.09 1.95
Calcium (mg) 56 7 129
Iron (mg) 1.75 0.08 2.73
Magnesium (mg) 12 11 5
Phosphorus (mg) 198 15 390
Zinc (mg) 1.29 0.03 2.3
Selenium (μg) 30.7 20 56
Copper (mg) 0.072 0.023 0.077

aU.S. Department of Agriculture, Agricultural Research Service, FoodData Central (2020).

is reduced. Therefore, in individuals with Fe deficiency anemia,
caution should be exercised in egg and egg yolk recommendations
as a source of protein and Fe (Kobayashi et al., 2015). Different
protein sources cause different chromatographic profiles of pep-
tides in the intestinal lumen.Thus, it suggests that specific peptides
produced during protein digestion may be a factor affecting Fe
bioavailability (Kapsokefalou M & Miller DD, 1995). It has been
known for many years that Fe in egg yolk forms a phosvitin–Fe
complex that is insoluble and that decreases bioavailability of Fe.
Besides, under in vitro conditions, phosvitin is particularly resistant
to proteolytic effect. Characterization of phosvitin as nutritionally
negative is associated with reducing its absorption and bioavail-
ability by forming complexes with minerals and being resistant to
proteolytic enzymes (Goulas, Triplett, & Taborsky, 1996; Ishikawa
et al., 2007). Although the low bioavailability (�30%) of Fe found
in egg yolk is associated with phosvitin, “functional phosvitin
phosphopeptides” obtained from hen yolk phosvitin increase the
bioavailability of minerals, primarily Fe and Ca (Huang & Ahn,
2019). Before phosvitin PPP were obtained, casein PPP were
reported to increase intestinal Ca bioavailability (Jiang & Mine,
2000). To increase the bioavailability of phosvitin, Jiang and Mine
(2000) obtained functional egg PPP derived from tryptic hydroly-
sis followed by partial alkaline phosphorylation of phosvitin, with
a molecular weight of 1,000 to 3,000 Da.These peptides not only
increased Ca binding capacity but also prevented the formation
of insoluble Ca phosphates (Jiang & Mine, 2000). In experimen-
tal animals, it is suggested that phosvitin peptides increase the
bioavailability of Ca, thereby increasing the incorporation of Ca
into bones (Choi, Jung, Choi, Kim, & Ha, 2005). In the study
investigating the effect of PPP on Fe intake in Caco-2 cells, it was
shown that PPP increased Fe intake and prevented precipitation
(Feng & Mine, 2006).). In addition to increasing mineral bioavail-
ability, PPP are also known to have anti-inflammatory, antioxidant,
and antimicrobial effects (Katayama, Xu, Fan, & Mine, 2006).
Various methods are available for the extraction of phosvitin,

which has many functional properties,mainly metal-binding prop-
erties and resistance to proteolytic enzymes. Because these meth-
ods are costly and time-consuming, as well as they cannot be

adapted to the food industry and are not sustainable, different
methods are tried for the extraction of phosvitin (Giarratano et al.,
2020). Enzymatic hydrolysis is one of these methods, which can
be broken down into the peptides of phosvitin in this way. Frag-
mentation of phosvitin into small peptides using proteolytic en-
zymes can affect the bioavailability of Ca and Fe. Enzymatically
hydrolyzed peptides can increase their absorption by preventing
the formation of insoluble Ca phosphates or Fe phosphates in the
intestine (Choi, Jung,Choi,Kim,&Ha,2005).It is emphasized that
hydrolysates also positively improve the antioxidant properties of
phosvitin.However, antioxidant effects can vary depending on the
enzymes used in the production of hydrolysates (Xu,Katayama,&
Mine, 2007).
Enzymes commonly used such as pepsin, trypsin, and chy-

motrypsin are effective in producing egg yolk hydrolysates with
antioxidant activity (Benedé, & Molina, 2020). In a study show-
ing the effects of different enzymes in PPP production, phosvitin
was pretreated with heat and then hydrolyzed with/without par-
tial dephosphorylation using pepsin, thermolysis, and trypsin. Al-
though pepsin and thermolysis are not effective in the produc-
tion of PPP, a large number of peptides (total 12 peptides, 10 of
which are PPP) have been produced from phosvitin by trypsin
hydrolysis (Samaraweera et al., 2014). Ren, Li, Offengenden, and
Wu (2015) also identified 32 peptides from phosvitin using enzy-
matic hydrolysis, which up to 10 have been reported to contain
phosphate groups that play important roles in the functionality
of PPP (Ren et al., 2015). The phosphorylated serine part of the
PPP plays a major role in the binding of divalent metal ions such as
Ca,Mg, Zn, Cu, Fe and intestinal absorption of calcium,minerals
and other trace minerals (Samaraweera et al., 2014). On the other
hand, the strong antioxidant activity of fosvitin PPP is attributed
to the rich amino acid composition (mainly histidine,methionine,
and tyrosine) rather than the presence of phosphorylserine ligands
(Xu et al., 2007). PPP obtained from enzymatic hydrolyzation as
an alternative to techniques that are not suitable for use in foods
is promising, but it is believed that the effects of different enzy-
matic hydrolysates on mineral binding and antioxidant activity of
phosvitin should be investigated in more detail.
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It is extremely difficult for phosvitin to break down into small
peptides using proteolytic enzymes. Long, sequential phosphoser-
ine arrangements of phosvitin complicate the formation of the
appropriate enzyme-substrate complex required for hydrolysis. It
is suggested that the molecular weight of the PPP obtained should
be <3,000 Da to function properly (Samaraweera et al., 2014). In
a study conducted to compare the functional properties of PPP
obtained from phosvitin using alkaline or acid hydrolysis, whereas
phosvitin has high stability in alkaline conditions (0.1 N NaOH,
more than one hour), it is completely degraded in acidic condi-
tions (3 N HCl, 6 hr at 60 °C). Also, it can negatively affect the
antioxidant capacities of acids or alkalis, hydrolysates, and Fe bind-
ing capacities used while obtaining PPP (Samaraweera et al.,2013).
For this reason, besides the positive properties of PPP, there is a
need to further develop the methods they are obtained with.

2.2 Antioxidant properties of hen egg yolk phosvitin
The antioxidant properties of egg yolk can be affected by many

factors such as the type of egg, processing method, and storage
conditions. Apart from phosvitin, other egg yolk proteins, phos-
pholipids, vitamin E, carotenoids, and aromatic amino acids (tryp-
tophan and tyrosine) are compounds that contribute significantly
to the total antioxidant activity of egg yolk (Nimalaratne,Schieber,
& Wu, 2016). The antioxidant activity of phosvitin is associated
with high metal binding capacity (Kovacs-Nolan et al., 2005). In
addition to Fe, phosvitin can chelate many cations such as Ca,Mg,
and cobalt. Moreover, phosvitin has the capacity to bind much
more Fe than naturally found in egg yolk.Because of this feature of
phosvitin, it is possible to use egg yolk in foods as a natural antiox-
idant. When egg yolk is used as an ingredient in foods, phosvitin
can chelate the metals and prevent lipid oxidation of foods (Lu &
Baker, 1986).
Lipid oxidation is a source of major concern for the food in-

dustry because it generates undesirable taste, color, and potentially
toxic reaction products in many foods.Antioxidants can be used to
limit lipid oxidation in foods. Antioxidants can generally be col-
lected under two headings as free radical scavengers and metal
chelators. Thanks to a strong metal binding capacity, phosvitin
is considered a natural antioxidant (Anton et al., 2011; Ishikawa,
Yano, Arihara, & Itoh, 2004). Lu and Baker (1986) tried to deter-
mine the antioxidant activity of phosvitin in an egg yolk phospho-
lipid emulsion system.Various inorganic and organic metals (Fe2+,
Cu2+, and hemin) in different concentrations were added to the
emulsions to induce lipid oxidation. It was reported that phosvitin
inhibited the phospholipid oxidation catalyzed by the Fe2+ and
Cu2+ metals, yet did not affect the hemin catalysis. Besides, the
effect of heat on the antioxidant properties of phosvitin was ex-
amined showing that pasteurization (61.1 °C,4 min) did not affect
the antioxidant property while autoclaving (121.1 °C,10 min) de-
creased (Lu & Baker,1986).Because the nutrients had a wide range
of pH values, the same researchers examined the effect of pH and
some of the ingredients (albumin and NaCl that can be found in
commercial egg yolk) on the antioxidant properties of phosvitin.
When pH values were around 6, NaCl and albumin could not
affect the activity of the phosvitin to inhibit Fe2+ catalysis. There-
fore, it is stated that egg yolk can be used in food systems where
pH values are around 6 (Lu & Baker,1987).The functional proper-
ties of phosvitin can be improved by some chemical modifications.
Conjugation of phosvitin with galactomannan with a controlled
Maillard reaction significantly increases emulsion activity and heat
stability as well as antioxidant activity (Nakamura, Ogawa, Nakai,
Kato, & Kitts, 1998).

Lipid oxidation is considered an important problem in meat and
meat products as it shortens the shelf life, causes loss of nutritional
value, and negatively affects taste and color. Various factors can
cause lipid oxidation, one of which is endogenous Fe (Terevinto,
Ramos, Castroman, Cabrera, & Saadoun, 2010). Because Fe is an
important pro-oxidant in meat and meat products, phosvitin can
be used as a natural chelator to extend its shelf life (Jung et al.,
2012; Lee, Han, & Decker, 2002). However, it is important to test
the antioxidant activity of phosvitin under different pH, tempera-
ture, and NaCl conditions (Lee et al., 2002). The antioxidant po-
tential of phosvitin have been studied under different pH, tem-
perature, and NaCl conditions in phosphatidylcholine liposomes,
muscle homogenates and ground pork, and it has been reported
that phosvitin can inhibit Fe-induced lipid oxidation. However,
phosvitin was unable to completely inhibit lipid oxidation in salted
raw and cooked ground pork. Therefore, it is recommended to
use phosvitin together with other antioxidant technologies to ef-
fectively increase the shelf life of meat products (Lee et al., 2002).
Jung et al. (2012) extracted phosvitin from hen egg yolk and ex-
amined the Fe binding and antioxidant effects of phosvitin in
ground beef. Addition of extracted phosvitin at concentrations of
100 and 500 mg/kg reduced oxidation and increased color stabil-
ity in ground beef compared to unprocessed control. The addi-
tion of phosvitin did not negatively affect the sensory properties
of ground beef (Jung et al.,2012). In the food industry,high hydro-
static pressure technology is used to increase the microbiological
safety and shelf life of meat and meat products (Bover-Cid,Belletti,
Garriga,& Aymerich,2011).When the effects of phosvitin on lipid
and protein oxidation of raw and cooked ground meat processed
with this method were examined, it was found that the addition of
phosvitin with 300-MPa high hydrostatic pressure treatment had a
synergistic antimicrobial effect on raw ground beef during storage.
High hydrostatic pressure increased lipid oxidation in the cooked
ground beef and protein oxidation in raw ground beef, however,
phosvitin inhibited lipid and protein oxidation in these samples.
In meats using high hydrostatic pressure technology, it is suggested
that phosvitin can be used as an antimicrobial and antioxidant agent
(Jung, Nam, Ahn, Kim, & Jo, 2013).
Iron is an essential mineral for the human organism. However,

disruption of Fe balance in the body can cause toxic results. The
excess amount of Fe2+ reacts with the hydrogen peroxide (H2O2)
in the organism, defined as the Fenton reaction. As a result of this
reaction, toxic hydroxyl radical (.OH) is released (Kanti Das,Wati,
& Shad,2015).Thanks to the metal-binding property of phosvitin,
it shows a protective effect against lipid oxidation and oxidative
damage catalyzed by Fe2+. Phosvitin accelerates the Fe2+ autoxi-
dation and converts it into the Fe3+ form, reducing the amount of
Fe2+ involved in the Fenton reaction. By this way, it also reduces
the formation of .OH (Ishikawa et al., 2004). Phosvitin is a more
effective compound in inhibiting Fe2+ involved in the Fenton re-
action compared to other Fe-binding proteins and metal chelators
(Ishikawa et al., 2004). Although the functions of the phosvitin,
known as Fe carrier in egg yolk, are not yet fully understood, it is
believed to carry and provide metal ions during the development
of the embryo (Liu et al., 2013). Thanks to its antioxidant prop-
erties, it can protect the developing embryo against Fe-dependent
oxidative damage under in ovo conditions (Ishikawa et al., 2004).
PPP derived from egg yolk have an antioxidant activity similar
to phosvitin and they significantly reduce interleukin-8 secretion
caused by hydrogen peroxide in human Caco-2 cells (Young,Nau,
Pasco, & Mine, 2011). In an in vitro study using human intestinal
epithelial cells (Caco-2 cells), the protective effects of egg yolk PPP
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against oxidative stress induced by hydrogen peroxide were evalu-
ated, and it was found that PPP had antioxidative activity against
oxidative stress. Phosphorus and peptide structure was reported to
play an important role in the antioxidative activity of phosvitin
PPP (Katayama et al., 2006). In a study comparing phosvitin and
PPP, it was reported that the chelating capacity of phosvitin was
higher than that of PPP,whereas the antioxidant capacities of PPP
were higher than that of phosvitin (Xu et al., 2007).
Because phosvitin reduces the bioavailability of Fe, it can de-

crease the nutritional value of the food it is added to.However, the
fact that phosvitin is a natural molecule and used in place of syn-
thetic antioxidants increases nutritional quality besides its positive
effects on human health. Thanks to these qualities of phosvitin, it
seems exciting both in terms of human health and in terms of food
preparation.

2.3 Antibacterial properties of hen egg yolk phosvitin
Most pathogenic bacteria are classified as Gram-negative bacte-

ria.These bacteria have bacterial lipopolysaccharides (LPS),which
are the outer membrane components that dissolve in the lipid.
Lipopolysaccharides, often called endotoxins, are a structural com-
ponent of the bacterial cell and provide an effective permeabil-
ity barrier to the bacterial cell against harmful agents (Ahola
et al., 2017; Wassenaar & Zimmermann, 2018). However, since
LPS can be a target antibacterial agents such as surfactants and
chelators, amphiphilic proteins capable of chelating can have neg-
ative effects on Gram-negative bacteria (Sattar Khan et al., 2000).
Phosvitin, which has a polyanionic structure, can exhibit antimi-
crobial properties in addition to its antioxidant properties with its
metal-binding ability (Choi, Jung,Seog,& Choi,2004;Sattar Khan
et al., 2000). In a study investigating the antibacterial properties
of phosvitin, Escherichia coli cells (106/mL) were incubated under
thermal stress at 50 °C for 20 min in the presence of 0.l mg/mL of
phosvitin.At the end of this process,Escherichia coli cells completely
disappeared.When phosvitin was not added under the same con-
ditions, a significant proportion (105/mL) of E. coli cells remained
alive. Bactericidal activity of phosvitin against E. coli has been as-
sociated with high metal chelating ability and synergistic effect of
high surface activity under the thermal stress (Sattar Khan et al.,
2000).Choi et al. (2004) similarly examined the antibacterial prop-
erties of phosvitin under thermal stress. Phosvitin and its peptides
exhibited antibacterial activity against E. coli under thermal stress
at 50 °C (Choi et al., 2004). In a study evaluating the effects of the
combination of IgY (livetin fractions), which is another egg com-
ponent with antimicrobial activity, with phosvitin on enterotoxi-
genic E. coli, it was reported that hydrolysates of IgY and phosvitin
effectively controlled enterotoxigenic E. coli (Gujral et al., 2017).
This combination can have great potential for microbial control in
the veterinary pharmaceutical industry as well as in human health
(Gujral et al., 2017).

2.4 Other potential properties of hen egg yolk phosvitin
Besides other functional activities of phosvitin, some studies, al-

though limited, have been conducted on immune-enhancing ac-
tivity,melanogenesis inhibitory,antigenotoxic activity,anti-elastase,
and anti-hyaluronidase activity of the hen egg phosvitin (Jung et al.,
2012; Lee et al., 2017, 2020; Moon et al., 2014). Lee et al. (2017)
showed that phosvitin significantly improved immune functions by
stimulating the production of proinflammatory mediators of RAW
264.7 macrophages. Phosvitin also increased the phagocytic activ-
ity of macrophages. Thus, it was reported that phosvitin may have
had the potential to be used by the food or nutraceutical industries

as an immunostimulating agent (Lee et al., 2017). In a study inves-
tigating the effect of phosvitin on the inhibition of melanogenesis
in melanoma cells, the addition of phosvitin to B16F10 melanoma
cells at a concentration of 50 μg/mL was reported to inhibit tyrosi-
nase activity by about 42% andmelanin synthesis by 17% compared
to controls that were not added phosvitin. These results suggest
that phosvitin has the potential to be used as a natural melano-
genesis inhibitor (Jung et al., 2012). As well as, it was reported that
phosvitin may have had anti-elastase and anti-hyaluronidase activ-
ity (Lee et al., 2020). Phosvitin showed competitive inhibitory ac-
tivity against elastase and hyaluronidase, in a dose-dependent man-
ner, inhibiting elastase and hyaluronidase activity. Therefore, it can
be thought that phosvitin obtained from egg yolk can be used as
a natural anti-ageing agent thanks to its inhibitory activity against
skin ageing-related elastase and hyaluronidase (Lee et al., 2020).
Phosvitin has antigenotoxic and cytotoxic activity against human
cancer cells in different tissues (cervix, breast, stomach, lung, liver,
and larynx) (Moon et al., 2014). Phosvitin can inhibit the growth
of cancer cells in a dose-dependent manner. Cancer cells in the
cervix, stomach, and liver tissues have been reported as the most
sensitive cells to phosvitin. The results of this study suggest that
phosvitin may have the potential to be used as an anticancer agent
for humans (Moon et al., 2014).

3. CONCLUSION AND FUTURE PERSPECTIVES
The unique amino acid pattern of the phosvitin, which is an

important component of the egg yolk and stands out with its
phosphorus content, gives the phosvitin many functional quali-
ties. Because of the high phosphoric acid due to serine residues,
phosvitin can act as a polyanion.Thanks to its polyanionic charac-
ter, phosvitin acquires a very strong metal chelating quality.Metal
chelating quality is shown as the reason for many properties, espe-
cially its antioxidant and antibacterial activity. Because almost all
of Fe in egg yolk depends on phosvitin, it decreases its Fe bioavail-
ability and can reduce the nutritional value of the food it is added
to. It is reported that this situation may cause a problem in indi-
viduals with Fe deficiency anemia. However, the metal chelating
feature makes phosvitin a potential antioxidant against oxidative
damage, which has an important place in both the food industry
and human health. Lipid oxidation, which causes adverse effects
on the organoleptic properties of foods, can be inhibited by the
addition of phosvitin. It is stated that phosvitin, which is a nat-
ural antioxidant, can be used alone or combined with other an-
tioxidants in food systems. Besides, phosvitin is a more effective
compound to inhibit Fe2+ involved in the Fenton reaction com-
pared to other Fe-binding proteins and metal chelators. Unlike
phosvitin, PPP obtained from phosvitin increase the bioavailabil-
ity of minerals, especially Fe and Ca. Similar to phosvitin, PPP
show antioxidant properties in studies conducted with human cells.
Amphiphilic proteins capable of chelating, such as phosvitin, can
have negative effects on Gram-negative bacteria (E. coli). Unlike
the known qualities of phosvitin, recent studies have been focusing
on immune-enhancing, melanogenesis inhibitor, anti-ageing, and
anticancer properties.The accumulated literature suggests that hen
egg yolk phosvitin certainly deserves further investigation because
of its functionality in food technology and possible health effects.
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