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Abstract Egg yolk lipids are important components in
egg yolk. Compared with proteins, minerals, vitamins and
pigments in egg yolk, there is a lack of systematic research
on extraction methods and characteristics of yolk lipid.
Therefore, in this study, the extraction of egg yolk lipids by
supercritical CO, fluid extraction (SFE), subcritical propane
extraction (SPE) and ethanol solvent extraction (SE) was
studied, and the differences in composition and physico-
chemical properties of the three yolk lipids were analyzed.
The egg yolk lipids extracted by SFE had the advantages
of high unsaturated fatty acid content, low saponification
value, acid value, peroxide value, and high content of neu-
tral lipids such as triglyceride and cholesterol, but the polar
phospholipids were completely retained in the yolk powder.
The efficiency of lipid extraction of SPE was the highest
among all the three methods, but the extraction capacity
to the polar phospholipid was in the middle of the three
methods. The efficiency of lipid extraction of SE was low,
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but the extraction capacity to the polar phospholipid was the
highest. Suitable extraction methods could be selected based
on the specific application requirements of egg yolk lipids
and low-fat egg yolk powders.
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Abbreviations

SE Solvent extraction

SFE Supercritical fluid extraction

SPE Subcritical propane extraction

EYL-SFE Egg yolk lipid extracted by supercritical
extraction

EYP-SFE Low-fat egg yolk powder extracted by super-

critical extraction

EYL-SPE Egg yolk lipid extracted by subcritical
extraction

EYP-SPE Low-fat egg yolk powder extracted by sub-
critical extraction

EYL-SE  Egg yolk lipid extracted by solvent extraction

EYP-SE  Low-fat egg yolk powder extracted by solvent
extraction

EYP-G Granulated egg yolk powder

FA Fatty acid

RI Refractive coefficient

AV Acid value

POV Peroxide value

Introduction

Egg yolk lipids are the kinds of liquid mixture sepa-
rated from egg yolk and consist mainly of triglycerides,
cholesterol and phospholipids. Egg yolk lipids have
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anti-inflammatory effects and the function of promot-
ing wound healing (Yenilmez et al. 2015). The egg yolk
lipids contain a high content of unsaturated fatty acids,
which can effectively improve the antioxidant capacity
and anticancer ability, improve the formation and regula-
tion of lipid membrane dependence (Xiao et al. 2020).
Egg yolk phospholipids have high physiological activity
and play a key role in the development of the brain and
neural networks by improving cognitive ability and par-
ticipating in signal transduction (Huang and Ahn 2019).
Cholesterol is a controversial lipid component. Too much
cholesterol intake may increase the risk of cardiovascular
diseases, such as hypercholesterolemia and atherosclerosis
(Chambers et al. 2019). Nevertheless, cholesterol is still an
integral substance for the human body with many benefi-
cial physiological activities, such as the formation of cell
membranes, the synthesis of hormones and the synthesis
of vitamin D5 (Chambers et al. 2019).

At present, the main extraction methods for egg yolk
lipids are distillation at high temperature, solvent extraction
(SE), supercritical fluid extraction (SFE), subcritical propane
extraction (SPE) and enzymolysis extraction (Ohba et al.
1995). The SE method is a traditional extraction method of
egg yolk lipids, which is commonly used in industrializa-
tion scale by using a single solvent (ethanol, ether) or mixed
solvents (Paraskevopoulou et al. 1997). However, there are
some safety problems with the solvent extraction method,
such as solvent residue and active component degradation
(Rui and Wei 2011). In recent years, new lipid extraction
methods have been gradually applied to lipids extraction.
SPE has been successfully used to separate lipids from
kiwifruit seeds, palm and other materials, which has the
advantages of short extraction time, less solvent residue,
less thermal degradation of bioactive compounds and wide
selection of solvents (Zhang et al. 2022). However, propane
is flammable and explosive, which requires certain safety
measures. Moreover, the extracted egg yolk lipids not only
have low phospholipids content, but also contain a protein
portion, which requires further processing. SFE technology
overcomes many shortcomings of SE and SPE, and has been
widely applied in the food industry. SFE has the charac-
teristics of no residue, no pollution, low temperature, low
energy consumption, retention of active substances, simple
process and easy recovery of the solvent (Rui and Wei 2011).
However, the extraction pressure of SFE is high, the require-
ments for equipment and the cost are high (Sun et al. 2018).
Moreover, the extraction ability of SFE for polar substances
is relatively low compared to SPE and SE. Each extraction
method has its own advantages and disadvantages, and the
characteristics of egg yolk lipids extracted by different meth-
ods are different. It may affect the subsequent application of
egg yolk lipids and residue egg yolk powders. The system-
atic research on this aspect is insufficient by now.
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In order to conduct a comparative study on the influence
of different extraction methods on the characteristics of
egg yolk lipids, methods of SFE, SPE and SE were used to
extract egg yolk lipids from egg yolk powder (EYP), respec-
tively. The differences in composition and physicochemical
properties of the three kinds of egg yolk lipids were ana-
lyzed. The results of this study can provide guidance for the
selection of suitable extraction methods of egg yolk lipids
for different applications.

Materials and methods
Materials

Spray-dried egg yolk powder was provided by Jiangsu
Kangde Egg Co., LTD. (Nantong, China). Cholesterol
Standard was purchased from Beijing Balingwei Technology
Co., LTD. (Beijing, China). N-heptane was purchased from
Sinopharm Group Chemical Reagent Co., LTD. (Shanghai,
China). All other chemicals used in this study were ana-
lytical grade and purchased from Sinopharmate Chemical
Reagents Co., LTD. (Shanghai, China).

Sample preparation
Supercritical CO, fluid extraction

100 g EYP sample was added into the extraction kettle of
supercritical equipment (LH-2000, Huada pharmaceutical
equipment Technology Co., LTD, Nantong, China), and then
extracted according to the parameters of extraction tempera-
ture (35-50 °C), CO, flow rate (16-28 L/h), and extraction
pressure (25-45 MPa). The extracted egg yolk lipids were
collected every 30 min, and collected five times in total. The
egg yolk lipids extracted by SFE were recorded as EYL-
SFE. After extraction, low-fat egg yolk powder (EYP-SFE)
extracted by SFE was also collected.

Subcritical propane extraction

100 g EYP sample was added into the extraction tank of the
subcritical extraction equipment (CBE-5L, Henan subcriti-
cal biological technology co., LTD, Anyang, China). The
extraction conditions were referred to the method of Su et al.
(2020), static extraction was performed for 30 min at 40 °C
and the solid-liquid ratio was 1:9, and the extraction was
repeated for 4 times. Residual low-fat egg yolk powder and
egg yolk lipids extracted by SPE were collected. The low-fat
egg yolk powder was air-dried in a hood to obtain egg yolk
powder extracted by SPE (EYP-SPE). The egg yolk lipids
were centrifuged at 11,180 Xg for 5 min to obtain clarified
egg yolk lipids extracted by SPE (EYL-SPE).
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Solvent extraction

The sample and the absolute ethyl alcohol (10 mL/g egg
yolk powder) were added to a conical bottle, stirred at 65 °C
for 4 h, and then drained and filtered, and the egg yolk pow-
der (EYP-SE) extracted by ethanol was air-dried in a fume
hood. The organic phase obtained by two extraction filtration
was removed in a 50 °C vacuum rotary evaporator to obtain
egg yolk lipids extracted by ethanol (EYL-SE).

The analysis of egg yolk components
Protein content

The crude protein content of egg yolk powders was deter-
mined by Kjeldahl nitrogen determination method (Lynch
and Barbano 1999).

Lipid content

The lipid content of egg yolk powder was determined by
acid hydrolysis method according to Perez-Palacios et al.
(2008). 1 g sample was mixed with 8 mL deionized water
in a 50 mL test tube, and then 10 mL hydrochloric acid was
added to the mixture. The test tube was heated in a water
bath of 70-80 °C until the sample was digested completely.
Then 10 mL ethanol was added. After cooling, the mixture
was transferred into a 100 mL stopper cylinder and 30 mL
anhydrous ether was added. After phase separation, the
upper organic phase was transferred into a round-bottomed
flask and dried in a vacuum. Then the round-bottom flask
was placed in the oven at 100+ 5 °C at atmospheric pressure
and dried to constant weight.

The lipid content of the sample was calculated according
to the formula:

my —my

X(%) =

where, X was the lipid content, %; m; was the mass of
receiving bottle and lipid after constant weight, g; m, was
the mass of receiving bottle after constant weight, g; m was
the mass of the sample, g.

Cholesterol content

The content of cholesterol was determined by colorimetry
method according to Hong-xia et al. (2009) with a slight
modification. 0.1 g sample was mixed with 4 mL anhydrous
ethanol and 0.5 mL 50% NaOH solution and saponified in
a 65 °C water bath for 2 h. 3 mL 5% NaCl solution and
10 mL petroleum ether were added to the mixture. After the
stratification, the upper layer of 1 mL petroleum ether was
taken in a 10 mL test tube, dried with nitrogen in a water

bath at 65 °C, and mixed with 4 mL ice acetic acid and
2 mL iron vitriol color developing solution. After standing
for 15 min, the absorbance was measured at 550 nm using an
ultraviolet spectrophotometer (UH5300, Hitachi Production
Co., LTD, Tokyo, Japan). The standard curve was prepared
with 0.42.0 mL, 0.04 mg/mL cholesterol standard solution.

Phospholipids content

The content of phospholipids was determined by the content
of phosphorus in total lipids. The weight of phosphorus is
converted into the weight of phospholipids with a coefficient
of 26.13 (Bartlett 1959). 0.3 g sample, 10 mL nitric acid,
1 mL perchloric acid and 2 mL sulfuric acid were added
into the digestion tube on an adjustable electric furnace.
When the digestive solution cooled, 20 mL water was added.
After it was cooled, the mixture was transferred to a 100 mL
volumetric bottle, washed the digestion tube with deionized
water 3 times and combined the solution in the volumetric
bottle. After standing for 0.5 h, the absorbance was meas-
ured at 660 nm by ultraviolet spectrophotometer (UH5300,
Hitachi Production Co., LTD, Tokyo, Japan) with the blank
control as reference. The standard curve was prepared with
0-5.0 mL of 10.0 mg/L phosphorus standard using liquid.

Fatty acid composition

Fatty acids (FAs) composition was determined by gas
chromatography (GC) (GC-2030AF, Shimadzu Enterprise
Management Co., LTD, Tokyo, Japan) according to Su et al.
2020). The strong polar stationary phase of dicyanopropyl
siloxane was selected for the capillary column. The column
length was 100 m, the inner diameter was 0.25 mm and the
film thickness was 0.2 pm. The GC column temperature pro-
gram was set to an initial temperature of 100 °C for 13 min,
then a linear rise to 180 °C at 10 °C/min, to 200 °C at 1 °C/
min and to 230 °C at 4 °C/min. The final temperature was
230 °C for 10 min. The temperature of the injector was
270 °C, and the temperature of the detector was 280 °C.
Nitrogen with purity of 99.99% was used as carrier gas, and
the shunt ratio was 100:1. The split injection volume was
1 pL.

Analysis of lipid properties
Acid value

The Acid value (AV) was determined according to the
method of Sun et al. (2018). Firstly, about 4 g of the sam-
ple was added in a 250 mL conical bottle, then 80 mL
of the mixture of ether-isopropyl alcohol (1:1, v/v) and
3—4 drops of phenolphthalein indicator were added. Then
the sample solution was titrated manually with 0.1 mol/L
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NaOH solution, and the volumes of standard titration
solution consumed in this titration were recorded.
The AV was calculated according to the formula:

where, X,y was acid value (AV), mg/g; V, was the volume
of the standard solution consumed by the sample determina-
tion, mL; V|, was the volume of standard solution consumed
for blank determination, mL; ¢ was the molar concentration
of the standard titrant, mol/L; 56.1 was the molar mass of
potassium hydroxide, g/mol; m was the sample mass, g.

Peroxide value

The Peroxide value (POV) was determined according to
the method of Ming et al. (2017) with a minor modifi-
cation. 5 g sample and 30 mL trichloromethane-glacial
acetic acid (1:1, v/v) mixture were added into 250 mL
iodine bottle. 1.0 mL saturated potassium iodide solution
was accurately added, plugged the bottle tightly, shook
gently for 0.5 min, and placed in the dark for 3 min. Then
100 mL water was added, and immediately titrated the
precipitated iodine with 0.002 mol/L sodium thiosul-
fate standard solution. When the solution turned yellow,
1 mL of starch indicator was added. Then the solution was
titrated until the blue color disappeared.
The POV was calculated according to the formula:

(Vi = V) xc
X=———/—"-x1000
2m

where, X was peroxide value (POV), mmol/kg; V, was
standard solution volume of sodium thiosulfate consumed by
the sample, mL; V, was standard solution volume of sodium
thiosulfate consumed in blank test, mL; ¢ was the concentra-
tion of s\odium thiosulfate standard solution, mol/L; m was
the sample mass, g; 1000 was the conversion factor.

Refractive coefficient

The Abbe refractometer (WAY-2WAJ, Shenguang Instru-
ment Co., LTD, Shanghai, China) was used to determine
Refractive coefficient (RI) according to the method of
Ming et al. (2017). Special attention should be paid to the
constant temperature during the measurement process.
The hot water in the water bath was circulated through the
refractometer to keep the refractometer prism at the con-
stant temperature required for measurement. The refrac-
tive index, accurate to 0.0001, was recorded.
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Saponification value

The saponification value was determined according to the
method of Sun et al. (2018). 2 g sample and 25.0 mL potas-
sium hydroxide-ethanol solution were added in 250 mL
conical bottle, then 2 zeolites were added. The solution
was kept heating and boiling slightly, and then condensed
and refluxed for 60 min. Then 0.5-1 mL phenolphthalein
indicator was added into the hot solution and titrated with
0.5 mol/L hydrochloric acid standard solution until the pink
of the indicator just disappeared. At the same time, 25.0 mL
of potassium hydroxide-ethanol solution was used for blank
test without adding samples.

The saponification value was calculated according to the
formula:

m

I =

N

where, I, was saponification value (in KOH), mg/g; V, was
the volume of the standard solution consumed by the sample
determination, mL; V,, was the volume of standard solution
consumed for blank determination, mL; ¢ was the actual
concentration of hydrochloric acid standard solution, mol/L;
m was the sample mass, g.

Statistical analysis

All experiments were performed in triplicate unless other-
wise stated, and the obtained resulting values are presented
as the mean =+ standard deviation (SD). Significant differ-
ences between groups were determined using Duncan’s test
and one-way analysis of variance (ANOVA) at a level of
p <0.05 (SPSS 20 software, SPSS Inc., Chicago, USA).

Results and discussion
Comparison analysis of egg yolk lipids
Component analysis

Table 1 showed the difference in the contents of cholesterol
and phospholipid in three types of egg yolk lipids. EYL-SFE
had the highest cholesterol content, which was 59.89 mg/g,
however, the phospholipids were not detected in EYL-SFE.
Because the phospholipids were polar lipids, containing
polar carboxyl groups, the polarity of phospholipids was too
strong (Bennett et al. 1967). The phospholipids could not be
dissolved in the inert gas CO,. Therefore, nearly all the polar
phospholipids were retained in the residue egg yolk powder.
The phospholipid content in EYL-SPE was low. Because
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Table 1 Cholesterol content and phospholipid content of egg yolk
lipids with different extraction methods

Table 2 Composition of fatty acids of egg yolk lipids by different
extraction methods

Composition EYL-SFE EYL-SPE EYL-SE

Cholesterol content 59.89+0.23% 39.37+0.77° 25.01 +0.37°
(mg/g)
Phospholipid content ND

(mg/g)

0.16+0.01°> 3.29+0.31°

Different lower-case letters in the same row represent the significant
difference (p <0.05), ND: not detected

the non-polar solvent propane has a poor extraction ability
for phospholipids. During the extraction process of SPE,
the mass transfer coefficient of each stage was low, so the
final lipid extraction rate was also low (Yuntong et al. 2021).
EYL-SE had the highest phospholipid content because etha-
nol was a polar solvent and could extract phospholipids well.
The extraction methods could be selected according to the
different purposes. If the purpose is to remove the choles-
terol in egg yolk powder and keep phospholipid in egg yolk
powder as much as possible, the SFE method would be the
best choice. After the extraction process of SFE, the low-
fat high phospholipids egg yolk powder could be obtained,
which has great potential to be used in the field of nutri-
tional and functional foods. On the contrary, if the purpose
is to obtain egg yolk lipid with high phospholipid and low
cholesterol, the SE method would be the best choice. The
SPE method is somewhere in between, and by adjusting the
subcritical parameters, it is possible to adjust the distribu-
tion of cholesterol and phospholipids in egg yolk lipids and
low-fat egg yolk powder.

Fatty acid

As shown in Table 2, there were about 20 kinds of fatty
acids contained in egg yolk lipids. Among them, oleic acid,
palmitic acid, linoleic acid and stearic acid were the fatty
acids with the highest content. Table 2 showed that the FA
contents of the three kinds of egg yolk lipids were obvi-
ously different, which was mainly caused by the extraction
method. The research of Song et al. (2016) showed that
different extraction methods (Soxhlet extraction, enzyme
assisted organic solvent and SFE) had significant effects
on the relative content of fatty acids in the obtained stur-
geon eggs. The PUMA content of EYL-SPE was signifi-
cantly lower than EYL-SFE and EYL-SE, which may be
due to the lower PUFA extraction ability of SPE and the
used solvent propane. Because different solvents and dif-
ferent proportions of the solvents would affect the PUFA
content (Tor-Chern and Yi-Hsu 2001). When the extraction
temperature increased, the MUFA content of the extracted
oil would also increase (Wei et al. 2018). The MUFA content
of EYL-SE was significantly lower than that of EYL-SFE

FA EYL-SFE EYL-SPE EYL-SE
C12:0 0.007+0.001*  0.005+0.001° 0.005 +0.001°
C14:0 0.37+0.01° 0.36+0.02* 0.30+0.01°
Cl4:1 0.08+0.01° 0.08+0.01? 0.06+0.01°
C15:0 0.05+0.01° 0.05+0.01? 0.05+0.01?
C16:0 24.37+0.36° 24.73 +0.30° 25.31+0.07*
Cl16:1 3.48+0.05° 4.68 +0.04* 3.11+0.01¢
C17:0 0.14+0.01° 0.10+0.01° 0.13+0.01°
Cl17:1 0.126+0.05" 0.10+£0.01° 0.11+0.01°
C18:0 5.66+0.05° 5.56+£0.06 8.21+0.03"
C18:1 47.07+0.67° 48.71£0.44° 43.81+0.08°
C18:2 17.02+0.15% 13.72£0.34¢ 15.41£0.05°
C18:3n-3  0.68+0.02° 0.57+0.02° 0.46+0.01°
C18:3n-6  0.10+0.01° 0.08 +0.003¢ 0.09+0.01°
C20:0 0.02+0.01° 0.04+0.01° 0.02+0.01°
C20:1 0.19+0.01° 0.74+0.24% 0.19+0.01°
C20:2 0.13+0.01° 0.11+0.01° 0.17+0.01°
C20:3 ND 0.31+0.01 1.84+0.01
C20:4 0.38+0.01° 0.004+0.001° 0.008 +0.001°
C20:5 0.01+0.004 ND 0.01+0.003
C22:6 0.10+0.005° 0.06+0.002¢ 0.73 +0.002°
Y'SFA 30.62 +0.45° 30.85+0.38" 34.01+0.10°
Y MUFA 69.38 +0.45° 69.15+0.48% 65.99+0.10°
S'PUFA 18.43+0.18 14.84+0.34° 18.71+£0.05*

The SFA was saturated fatty acids; the MUFA was unsaturated fatty
acids; the PUFA was polyunsaturated fatty acids. Different lower-case
letters in the same row represent the significant difference (p <0.05),
ND: not detected

and EYL-SPE, because the extraction temperature of SE was
higher than SFE and SPE. Therefore, SFE and SPE may be
the better choices to get egg yolk lipids with high MUFA
content, while SFE and SE may be the better choices to get
egg yolk lipids with high content of PUFA.

Physical properties of egg yolk lipids obtained
by different methods

The RI refers to one of the most important physical constants
of organic compounds, which can be accurately and easily
determined, and it is often used to identify the purity of
oil. At certain wavelength and temperature, the RI depends
on the properties of the oil and relates to the composition
and structure of the oil. As shown in Table 3, the RI of
EYL-SPE was significantly lower than that of EYL-SFE
and EYL-SE. It showed that the purity of EYL-SPE was
significantly lower than that of EYL-SFE and EYL-SE and
the reasons for the results need to be further investigated in
future studies.
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Table 3 Physicochemical

! e Index
properties of egg yolk lipids by

EYL-SFE EYL-SPE EYL-SE

different extraction methods Refractive coefficient (nZSOCD)

Saponification value (mg/g)
Acid value (mg/g)
Peroxide value (mmol/kg)

1.4706 +0.0004¢ 1.4678 +£0.0007° 1.4726 +0.0004%

175.42 +4.09° 173.75 +1.06" 183.14+2.782
0.91+£0.04° 0.55+0.02¢ 6.34+0.03"
1.20+0.16° 1.46+0.05° 2.34+0.18"

Different lower-case letters in the same row represent the significant difference (p <0.05)

Saponification value refers to the mass of potassium
hydroxide required for complete saponification of 1 g oil
(Konuskan et al. 2019). Under normal conditions, if the
molecular weight of the combined fatty acids is smaller, or
the number of free fatty acids is larger, the saponification
value is higher. The AV is an indicator of the content of
free fatty acids in fats and can be used as an indicator of the
deterioration degree of fats (Konuskan et al. 2019). Both
indicators are related to free fatty acids in lipids. Table 3
showed that the saponification value and the AV of EYL-SE
were significantly higher than that of EYL-SFE and EYL-
SPE, the higher temperature of SE was the main reason.
The higher the temperature, the easier it was to produce free
fatty acids during extraction. The studying of Dudi et al.
(2021) showed that cooked oil had a higher saponification
value compared to uncooked oil, which could also prove
the effect of temperature on free fatty acids. Considering
the extraction efficiency and the yield of egg yolk lipids,
the optimal extraction temperature of EYL-SE was higher
than that of EYL-SFE and EYL-SPE. Therefore, EYL-SE
contained more free fatty acids, which leading to the highest
saponification value and the highest AV.

The POV is an indicator of the degree of oxidation of
fats and fatty acids. The quality and deterioration of the
food, consisted of lipid, can be judged by detecting its POV.
Table 3 showed that the POV of EYL-SE was slightly higher
than that of EYL-SFE and EYL-SPE. Because of the high
extraction temperature of SE, the EYL-SE was easier to oxi-
date during the extraction process, resulting in more oxi-
dation products, thus obtaining the highest POV (Akinoso
and Adeyanju 2012). The results of these physical properties
showed that the egg yolk lipids obtained by SFE and SPE
had higher quality than that obtained by SE.

Component of residue egg yolk powder prepared
by different methods

The compositions of residue egg yolk powders obtained by
different defatted methods were shown in Table 4. Com-
pared with EYP, the protein content was increased, the lipid
content and cholesterol content were all decreased signifi-
cantly for all the three residue egg yolk powders. Among
the three kinds of degreased egg yolk powder, EYP-SFE
had the highest protein content. The increase of protein con-
tent was closely related to the extraction of lipid. EYP-SPE
had the lowest fat content, followed by EYP-SFE and EYP-
SE. This indicated that the ability to extract lipids at their
normal optimal operating conditions was: SPE > SFE > SE.
The phospholipid content in the residue egg yolk powder
obtained by supercritical extraction was the highest among
all the samples. The results were consistent with that shown
in the composition of egg yolk lipids (shown in Table 2).
On one hand, the SPE may be the best choice to get the resi-
due egg yolk powder with the lowest fat content. However,
the cholesterol content in EYP-SPE was higher than that in
EYP-SFE and EYP-SE, which may limit the application of
EYP-SPE. On the other hand, the EYP-SFE had the lowest
cholesterol content and the highest phospholipid content,
which showed the particularity of SFE extraction, extracting
neutral lipids in egg yolk powder, such as glyceryl ester and
cholesterol, and retaining polar lipid phospholipids in resi-
due yolk powder. As the phospholipids have many beneficial
physiological activities, egg yolk powder with low-fat, low-
cholesterol and high-phospholipid content was more in line
with people’s demand for health products now and should
have a great application prospect. Considering the quality
of both egg yolk lipids and residue egg yolk powder, SFE

Table 4 Composition of

residue egg yolk powder by
different extraction methods

Composition EYP EYP-SFE EYP-SPE EYP-SE

Protein content (g/100 g) 32.26+0.08° 57.36+1.57* 56.84 +0.24* 50.17 £0.14°
Lipid content (mg/g) 52.93+0.55* 26.04+0.10¢ 22.75+0.01¢ 30.75+0.15°
Cholesterol content (mg/g) 34.81+0.78* 8.99+0.01¢ 16.73+0.01° 12.31+0.03¢
Phospholipid content (mg/g) 2.75+0.10° 3.22+0.07 2.89+0.07° 0.41+0.05¢

EYP: the egg yolk powder that has not been treated; EYP-SFE: the low-fat egg yolk powder obtained
by SFE; EYP-SPE: the low-fat egg yolk powder obtained by SPE; EYP-SE: the low-fat egg yolk powder
obtained by SE. Different lower-case letters in the same row represent the significant difference (p <0.05)
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is the optimal method for the extraction of egg yolk lipid.
The effect of operating conditions on the effectiveness of
supercritical fluid extraction needed to be further clarified
in the subsequent research.

The effect of operating conditions on the effectiveness
of supercritical fluid extraction

For clarifying the effect of operating conditions on the effec-
tiveness of SFE, the impact of sample morphology, CO, flow
rate, extraction temperature, extraction pressure and other
factors on SFE extraction of lipids were investigated.

The influence of sample morphology on the extraction

effect

The problem of caking always existed in SFE of egg yolk
powder, during the extraction process, the egg yolk pow-
der would form a large volume of hard blocks. Therefore,
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the contact area of the egg yolk powder and the extraction
solvent became smaller, resulting in low efficiency of lipid
extraction (Sun et al. 2006). To solve this problem, the loose
EYP was granulated into small yolk powder particles (EYP-
G), whose length was about 45 mm and diameter was about
23 mm. Figures 1a and 2a showed that both lipid extraction
rate and cholesterol extraction rate of EYP-G were signifi-
cantly higher than EYP. The lipid extraction rate increased
about 23% and the cholesterol extraction rate increased
about 25%, when the extraction time was 2.5 h. Because
EYP-G could still maintain the original small particle shape
during the extraction process, and would not form large hard
blocks, thus increasing the contact area with the solvent and
improving the extraction efficiency.

The influence of CO, flow rate on the extraction effect

Figures 1b and 2b showed that when the extraction time was
2.5 h and the CO, flow rate was 28 L/h, the lipid extraction
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Fig. 1 Effects of different factors on lipid extraction rate. EYP: the yolk powder that has not been treated; EYP-G: granulated egg yolk powder
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Fig.2 Effects of different factors on cholesterol extraction rate

efficiency and cholesterol extraction efficiency were the
highest, which were 71.86 and 75.55%, respectively. Because
the greater the CO, flow rate, the more the solvent could
fully contact the sample, and increase the amount of lipids
dissolved in the solvent, thus improving the extraction effi-
ciency (Sanchez-Vicente et al. 2009). However, when the
CO, flow rate was too high, the time of CO, staying in the
extraction kettle was too short. And the material could not be
fully contacted, so the extraction efficiency would decrease
(Melreles et al. 2009).

The influence of extraction temperature on the extraction

effect

Figures 1c and 2c showed that with the increase of the
extraction temperature, lipid extraction rate and choles-
terol extraction rate both increased. When the extraction
time was 2.5 h and the extraction temperature was 55 °C,

@ Springer
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the extraction rates of lipid and cholesterol were the high-
est, which were 77.97 and 84.43%, respectively. Because
the higher the temperature, the higher the movement
rate and mass transfer coefficient of CO, molecules, so
the lipid extraction efficiency increased (Rebolleda et al.
2012). However, Yousefi et al. (2019) pointed out that lipid
extraction efficiency decreases with the increase of tem-
perature, because the density of CO, molecules decreases
with the increase of temperature, resulting in a decrease
in extraction efficiency. Different performance, structure
and parameter settings of supercritical extraction machines
used all mattered. In addition, the temperature would also
affect the physical and chemical indexes of the obtained
yolk lipid (Sun et al. 2018). Therefore, the appropriate
extraction temperature should be selected considering both
the extraction rate and the properties of obtained egg yolk
lipids.
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The influence of extraction pressure on the extraction effect

Figures 1d and 2d showed that with the increase of extrac-
tion pressure, the extraction rate of lipid and cholesterol
both increased. When the extraction time was 2.5 h and
the extraction pressure was 45 MPa, the extraction rates of
lipid and cholesterol were the highest, which were 80.63
and 88.45%, respectively. Because at the same tempera-
ture, increasing the pressure of the system could increase
the density of the extractant, resulting at an strength
increase of the extractant, a larger solubility of the solute,
and an increase of extraction efficiency (Reverchon 1997).
However, increasing the pressure of the system would also
increase the requirements of the extraction equipment.
Therefore, the appropriate extraction pressure should be
selected according to the extraction system (Zhou and Wu
2003).

If the equipment conditions allowed, the higher flow
rate, temperature and extraction pressure could be chosen
to obtain a higher extraction effect. The egg yolk powder
needed to be granulated before extraction to improve the
extraction effect. However, this study only considered the
effect of operating conditions on the extraction rate of lipids
and cholesterol. The effect of operating conditions on the
physicochemical properties of lipids should be further stud-
ied in the future.

Conclusions

The results of this study showed that the egg yolk lipids and
residual egg yolk powder obtained by different methods had
different properties and each extraction method has its own
advantages. Compared with the subcritical fluid method and
solvent method, the supercritical fluid method can obtain
high-quality egg yolk lipids and low-fat, low-cholesterol
and high-phospholipid yolk powder. The supercritical fluid
method was a suitable extraction method to obtain both
high-quality egg yolk lipid and egg yolk powder.
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