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GG yolk phospholipids have a great interest in medical and food
medical and food industry due to their biophysical and biological
biophysical and biological characteristics. The present study extracts,
crystallizes and evaluates the egg yolk phospholipids belonging two
different species of birds, hen and duck. Phospholipids were extracted
by solvent extraction technique, purified with silica gel, and
crystallized by slow evaporation method. Egg yolk phospholipids
were characterized by using high pressure liquid chromatography
(HPLC), XRD, FT-IR, SEM and TEM spectroscopy. Extracted
phospholipids exhibited high purity and identical chemical groups but
XRD, HPLC, and TEM results showed significant differences
between hen and duck egg yolk phospholipids. Therefore, these
results confirm that the species of birds has a more significant effect
on the composition and biophysical characteristics of extracted egg
yolk phospholipids, emphasizing the importance to control individual
parameters for successful using of phospholipids for their specific
applications as liposomes for drug delivery.
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In the last decades, phospholipids have become interested natural compounds for
various applications including emulsifiers in drug delivery or cosmetics
applications, and as nutraceutical ingredients in food industry(1). They have
exhibited excellent biological properties such as non-toxicity, biocompatibility,
and biodegradability(2,3). For living cells, phospholipids, polar lipids containing
phosphate group are the main constitutes in cell membranes forming a bilayer
structure that determine the biophysical properties of the cell membrane where it
works as electrical insulator surrounding the cells and as signal transmission
messengers in addition to carry embedding proteins for cell signalling(4-6).
Phospholipids can be extracted from natural sources such as egg yolk, soybean
oil, or bacteria(7-9). Egg yolk is rich of biological active compounds such as
proteins, phospholipids, vitamins, and antibody(10-12). Egg yolk is considered as
one of the most common natural sources for extracting phospholipids which
represent about 15% of dried egg yolk powder. Phosphatidylcholine and
phosphatidylethanolamine are the two main phospholipids representing roughly
about 70% and 20% of phosphatidylethanolamine of total weight of egg yolk
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phospholipids(13). Various methods and techniques based on solvent systems
have been used for extracting egg yolk phospholipids(14). All of these methods
and techniques are influenced by various factors such as solubility variations of
egg yolk components in water and organic solvents, different ratios of polar and
nonpolar lipids, temperatures and pH values(15-18). The phospholipids are still
commonly used for specific pharmaceutical products and drug delivery systems
by preparing liposomes(19). The liposomes are lamellar structures that formed
when dried phospholipids such as phosphatidylcholine (PC) have exposed to
excess aqueous media. In aqueous solutions, phospholipids are not soluble and
align themselves closely but they are soluble in organic solvents(20). Selection of
the phospholipids depending on their purity, nontoxicity and sources is the first
step in preparing the liposomes. Various studies have reported that the
characteristics of liposomes, i.e. their sizes, stability and interactions with loaded
drugs, depends strongly on the phospholipids compositions.
Also, the
characteristics of dry phospholipids such as their surface area, porosity, and
particles size are of particular importance for prepared liposomes(21). Drying
processes of phospholipids have proceeded from their volatile organic solutions
by using slow evaporation, spray drying, and lyophilization(22). Dried
phospholipids extracted from egg yolk have advantages compared with that
extracted from soybeans where they have a higher proportion of fully saturated
fatty acyl chains, and are rich of choline that is important for developing and
function of nervous system(23-25). However, information on dried phospholipids
crystals is not available. Dried phospholipids crystals have important impacts,
mainly for designing and preparing of liposomes whose biophysical properties
depend largely on the presence crystals. Egg yolk belonging various strains or
species of birds such as chicken, duck or turkey has significant differences in
phospholipids compositions and concentrations(26). Considering the importance
of egg yolk phospholipids, the aim of this study is to extract, crystallize and
compare the biophysical characteristics of the dried egg yolk phospholipids
extracted from two different species of birds, hen and duck. Therefore, HPLC
was used to test the purity of extracted phospholipids. The crystallization
behaviour was confirmed by XRD technique, while the morphology and
microstructure were characterized by SEM and TEM spectroscopy. FT-IR
spectroscopy provided information on the functional chemical groups of
extracted phospholipids.
Experimental Methods
Extraction, purification and crystallization egg yolk phospholipids
Five of fresh eggs of domestic hen (solid white Gallus gallus domesticus) and
duck (Anas platyrhynchos), were obtained from a local poultry farm in Tanta, ElGharbia Province, Egypt. 100 g of hen and duck egg yolk were mixed with water
of pH = 5.0 using sample mass/solvent volume ratio (1:9). The suspension was
centrifuged to separate insoluble precipitated components from the supernatant.
The precipitate was dissolved in absolute ethyl alcohol using sample
mass/solvent volume ratio (1:8) then the solution was centrifuged to separate the
supernatant. To purify the crude phospholipids, the supernatant from previous
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step was eluted in silica gel column chromatography, radius 3 cm and height
30 cm, by using acetone/hexane volume ratio (9:1). Charcoal and sodium sulphat
anhydrous were added to the extracted solution obtained from the colomn
chromatography and filtered using filter paper. To crystallize extracted
phospholipids, the phospholipids were dissolved in 50 ml hexane in a 250 ml
beaker and the solvent was allowed to evaporate slowly over 3-4 d.
Characterization of dried egg yolk phospholipids
HPLC analysis of extracted dried egg yolk phospholipids
The purity of the samples is checked by using Agilent 1100 series HPLC
instrument. Extracted hen and duck phospholipids purified by silica gel column
chromatography were measured. All samples were eluted by methanol within 11
min. 402 and 460μg of hen and duck egg yolk phospholipids with concentration
of 357 and 436µg/µl, and an injection volume of 20 and 10 μl at 30 ◦C,
respectively were used for testing. Chromatographic peaks were identified by
comparing with PL standards and purity of the target species were calculated as
the percentage of total PL peak area. A 13.5μg of standard phosphatidylcholine
with concentration of 1.35µg/µl was used for comparison and calibration.
X-ray diffraction of extracted dried egg yolk phospholipids
The structure of dried egg yolk phospholipids extracted from hen and duck
egg yolks were analyzed by XRD at room temperature. Powder XRD patterns of
the samples were recorded using a GNR- APD 20000 pro, H423-vertical
diffractometer in the range (2θ from 5° to 80°) under the following conditions:
40 kV, 30 mA, Cu-Kα radiation (λ = 0.15406 nm). The samples were scanned in
steps of 2◦ using a count time of 4 s per step. The crystallite size broadening of a
diffraction peak can be related to the mean crystallite size via the Scherer
equation, t  (0.9   ) /( B  cos B ) , where t is the mean crystallite size, B is
the peak line-width at half maximum (in radian), θB is the Bragg diffraction
angle and λ is the X-ray (CuKα radiation) wavelength.
FT-IR spectroscopy of dried egg yolk phospholipids
FT-IR was employed to identify the IR active covalent functional groups and
structure of dried egg yolk phospholipids extracted from hen and duck egg yolk.
FT-IR spectra were recorded on a Bruker Tensor 27 at room temperature. The
samples were mixed with dried KBr at ratio 1:10, respectively then pressed into
a disc. The FT-IR spectra for each sample were taken in the region from
400 cm-1 to 4000 cm-1.
Surface topography and morphology of dried egg yolk phospholipids
A scanning electron microscope was employed to examine the surface
topography and formation of dried egg yolk phospholipids extracted from hen
and duck egg yolk. SEM images were obtained with a JXA-840A electron
microscope equipped with a backscatter electron detector. The measurements
were taken at 15kV of electron acceleration voltage. The transmission electron
microscope is generally used to characterize the microstructure and morphology
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of extracted samples. TEM images were recorded on a JEOL-JEM-2100
operating at an acceleration voltage of 80 kV. The specimens for TEM
investigations were prepared by placing a drop of each sample suspension on a
carbon-coated copper grid and allowing this to dry in air under ambient
conditions.
Results and Discussion
Purity and composition analysis
HPLC results of standard phosphatidylcholine (PC) and phospholipids
extracted from hen and duck egg yolk are shown in Fig.1. Refined hen and duck
egg yolk phospholipids were identified by comparing with the retention time of
standard PC. Fig.1a shows a typical chromatogram of standard PC with pure
perfect single peak at elution time of 6.3 min. Fig.1 (b and c) shows high purity
of 93 and 94% of extracted hen and duck egg yolk phospholipids, respectively.
The chromatogram profiles exhibit significant differences between the
phospholipids extracted from hen and duck egg yolk at retention time of 6.34
and 6.38, respectively. The profile, shape and multi-peaks of the two sample
confirming presence a different types of phospholipids with PC having complex
fatty acid residues(15,27). The results show a better separation of hen egg yolk
phospholipids than duck egg yolk phospholipids. This difference can be
attributed to the variation between concentration and classes of phospholipids
composing hen and duck egg yolk.

Fig. 1. Chromatogram of the standard PC (a), hen egg yolk phospholipids (b), duck
egg yolk phospholipids and (c) (Mobile phase, methanol; flow rate, 1.0
ml·min−1; column temperature, 30 °C; sample injection, 10, 20 and 40 μl,
respectively).
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Phase analysis
The XRD patterns of phospholipids samples obtained after evaporation of
solvent are shown in Fig.2. XRD patterns have shown that hen egg yolk
phospholipids have exhibited crystalline phase with main peak at 2theta = 19.4°
and several sharp peaks at 13.2, 15, 16.2, 24.2, 26.2, 29.5, 40.3, and 43.1°,
Fig.2(a). XRD pattern for duck egg yolk phospholipids exhibited poorly
crystalline phospholipids phase represented by a broad diffraction pattern at
2theta = 20°, Fig.2(b), indicating presence of amorphous structures where a part
of the extracted amorphous phospholipids do not convert to crystalline phase.
The observed variations in XRD of hen strain and duck egg yolk phospholipids
are mainly attributed to the difference in their species. This significant variation
in the crystalline and amorphous composition is mainly due to the different
compositions of phospholipids. These results indicate that the hen egg yolk
phospholipids powder is higher crystalline than that of duck egg yolk
phospholipids powder. The crystallinity of solvent-extracted phospholipids
nanoparticles plays a role in fabrication of drug carriers. The changes of the
crystallinity mean changes in the interaction and entrapment of drugs within
phospholipids layers(28). Using phospholipids as carriers for lipophilic drugs can
enhance their solubility and bioavailability(29). However, Most studies used XRD
to evaluate the crystallinity of solvent-extracted phospholipids indicated their
amorphous structures(30-32).

Fig. 2. X-ray diffraction peaks of dried extracted hen egg yolk phospholipids (a) and
duck egg yolk phospholipids (b).

FT-IR analysis
The FT-IR spectra, Fig. 3 (a and b) clearly demonstrate the major peaks
associated with extracted phospholipids. All extracted phospholipids are
identical and exhibited the same characteristic absorption bands indicating that
the samples have the same functional chemical groups. The hen and duck egg
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yolk phospholipids exhibited characteristic vibrational symmetric stretching
modes of the methylene groups of the fatty acid contained in phospholipids,
-CH3 at 1450 and 2830 cm−1, The -CH2 asymmetric stretching band at 1350 and
2903 cm−1. A strong absorption band at 1720 cm−1 supports the presence of the
vibrational stretching mode of C=O, ester carbonyl. The phosphate group
characterized the phospholipids exhibits -PO-2 asymmetric stretching bands at
1080 and 1220 cm−1. The absorption bands at 1030 and 3440 cm−1 are attributed
to the (+N(CH3)) asymmetric stretching band and the absorption band of water ,
respectively.

Fig. 3. FT-IR spectra of dried extracted hen egg yolk phospholipids (a) and duck egg
yolk phospholipids (b).

Surface topography and morphology analysis
Figure 4 (a and b) demonstrated the SEM images of extracted hen and duck
egg yolk phospholipids powders, respectively. Crystallized phospholipids have
external smooth surface having an irregular rippled texture. The surface ripples
appear to have a directional grooves with absence of microscale features
indicating high tightly ordered phospholipids particles bonding together in which
the dried phospholipids existed in the crystal state. Figure 5 showed the particle
size and appearance of extracted hen and duck egg yolk phospholipids. All
phospholipids powders have nanosized particles with spherical morphology and
sizes at 30 nm and 20 nm for hen and duck egg yolk phospholipids, respectively
as shown in Fig.5 (a and b). Phospholipids particles from the two samples
exhibited highly agglomeration due to the Van der Waals forces between
nanoparticles. Phospholipids extracted from hen showed larger particle size than
that of duck.
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Fig. 4. SEM images of the surfaces of (a) dried extracted hen egg yolk phospholipids
and (b) duck egg yolk phospholipids.

Fig. 5. TEM images of the morphology of (a) extracted hen egg yolk phospholipids
and (b) duck egg yolk phospholipids.

Conclusion
Pure egg yolk Phospholipids of two different species of birds, hen and duck,
were extracted and crystallized. The extracted phospholipids composition has
exhibited significant differences between hen and duck egg yolk. The hen egg
yolk phospholipids exhibited more crystalline state than duck egg yolk
phospholipids indicating variation of phospholipids compositions. TEM
spectroscopy provided a direct method to detect differences between sizes of
agglomertated particles size of hen and duck egg yolk phospholipids. The results
of the present study demonstrate significant differences of biophysical properties
between hen and duck egg yolk phospholipids that are valuable and essential to
improve the pharmaceutical products depending on using egg yolk
phospholipids.
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استتتص وتقديرتتتقارقد رفوستتتيققاتستتتاتبيضقالق تتت قابضتتتي
بنتعينق صلاينق نقابطيتو

قاب اتتت ق

هفسىقعلىقابغربفدىق،وضفق ح قق رسىققدطفوقق ح ققابن رق
قسم الفيزياء  -كلية العلوم  -جامعة طنطا – طنطا  -مصر.
فسووووفوليت اح موووض التووويي لقوووا ى صيوووة قصووووو فووون يووونا ة ال ووو اء الطووو ي وووة
خوايقا التيولوجية التيوفيزيائية  .تق م ال راسة الحالية باس خالص بلورة كو ل
تق ير فسوفوليت اح مض التيي لنو ين مخ لفوين مون الطيوور صوا الو جاب الوت  .توم
اس خالص الفسفوليت اح بواسطة تقنية االس خالص من الص ي  ،تقنية السيليكا جيو
التلورة ن طريق ال تخيور التطو  .وم توم فحوف فسوفوليت اح موض التويي باسو خ ام
تقنيواح كو مون مطيوا ييووا االةوعة السوينيج ،جقوا high pressure liquid
) chromatography(HPLCمطيوووا االةوووعة تحووو الحصوووراء با وووافة لووون
الصيكر سكوب االلك ر ن الصاسض الناف .
ىظقرح ه ال راسة ىن الفسفوليت اح الصس خلصج لقا قوا ة اليوة ت طوابق مو
الص صو وواح الكيصيائيووة الصصا لووة لكوون ى ووح ووائ ييوووا االةووعة السووينيج
 HPLCكو ل الصيكر سووكوب االلك ر وون النافو فر قووا جو ريووة بووين فسووفوليت اح
مض التيي لك من ال جاب الت  .بناءا لن ذل تأك ه الن ائ ان و ية الطيوور
لقوا تووأ ير لون كو مون ال كوووين الخصوائف التيوفيزيائيووة لفسوفوليت اح مووض التوويي
الصس خلصووج ال وون تأك و ا صيووة ال و حكم فوون العوام و ال اتيووج الس و خ ام الفسووفوليت اح
الصناس لل طتيقاح فن اا الليتوسوماح لنق ال اء لن األماكن الصطلوبة .
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