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A B S T R A C T

The liver undergoes significant metabolic changes during the late stage of chick embryonic development, 
particularly in lipid metabolism. Lipids are critical energy sources and structural components for the growth and 
development of chicken embryos. However, the dynamic changes in hepatic lipid composition during this critical 
developmental window remain unclear. To investigate the lipid composition changes and underlying mecha
nisms, we conducted a study on chick embryonic livers at two key developmental time points (E14 and D1). The 
results showed that the liver in the D1 group exhibited greater lipid droplet accumulation compared to the E14 
group. Biochemical analysis revealed significantly elevated levels of triglycerides, total cholesterol, high-density 
lipoprotein cholesterol, and low-density lipoprotein cholesterol in the liver of the D1 group relative to the E14 
group. Furthermore, we performed lipidomics analysis and identified 2274 lipid species in chicken liver, which 
were predominantly composed of glycerolipids and glycerophospholipids. Score plots of principal component 
analysis and partial least squares discriminant analysis revealed distinct lipid profiles between the E14 and D1 
groups, suggesting potential remodeling of liver lipid composition and metabolism during the late stage of chick 
embryonic development. Meanwhile, a total of 105 differentially abundant lipid species were identified, with 91 
significantly upregulated and 14 significantly downregulated in the D1 group compared to the E14 group. 
Pathway analysis revealed the enrichment of the glycerophospholipid metabolic pathway, which comprises 37 
differentially abundant lipids that may play crucial roles in the growth and development of chick embryos during 
late stages. In summary, this study characterized the liver lipid profile and explored the changes in lipid 
composition and species of the developing liver, with the aim of identifying the nutritional requirements of 
chicken embryos in the late stages of development. These findings could be utilized for improving chick quality 
and broiler performance.

Introduction

In the past few decades, growing consumer awareness and demand 
for healthy diets have underscored the importance of chicken as a high- 
quality protein source for human consumption. In broiler production 
systems, the incubation period represents approximately 33 % of the 
total productive lifespan, as broilers are typically slaughtered at an 
average age of 42 days. This demonstrates that the embryonic period is 
crucial for the entire production cycle, with studies of dynamic changes 
in chick embryos serving as the fundamental basis. Unlike mammals, 

avian embryos develop in a closed system, relying solely on nutrients 
contained within the egg prior to hatching (Tompkins et al., 2023). 
Glucose and amino acids are the main energy sources for the chick 
embryo during the early stages of development, which represent the 
period when the amniotic, allantoic, and yolk sac membranes form 
(Freeman and Vince, 1974). As these extraembryonic membranes 
become fully developed, lipids are used as the primary energy substrate 
for growth and development of chick embryo (Givisiez et al., 2020), 
accounting for over 90 % of total energy production through oxidative 
metabolism of yolk lipids. In addition, it has been shown that less than 

The appropriate scientific section for the paper is Metabolism and Nutrition
* Corresponding author at: College of Animal Science and Technology, Northwest A&F University, Yangling, Shaanxi, 712100, PR China.

E-mail addresses: liujiongyan@nwafu.edu.cn (J. Liu), 2261053306@qq.com (J. Wu), poultryren@nwafu.edu.cn (Z. Ren), liuyanli@nwsuaf.edu.cn (Y. Liu), 
yangx0629@163.com (X. Yang). 

Contents lists available at ScienceDirect

Poultry Science

journal homepage: www.elsevier.com/locate/psj

https://doi.org/10.1016/j.psj.2025.105218
Received 7 February 2025; Accepted 25 April 2025  

104 (2025) 105218 

Available online 26 April 2025 
0032-5791/© 2025 Published by Elsevier Inc. on behalf of Poultry Science Association Inc. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

mailto:liujiongyan@nwafu.edu.cn
mailto:2261053306@qq.com
mailto:poultryren@nwafu.edu.cn
mailto:liuyanli@nwsuaf.edu.cn
mailto:yangx0629@163.com
www.sciencedirect.com/science/journal/00325791
https://www.elsevier.com/locate/psj
https://doi.org/10.1016/j.psj.2025.105218
https://doi.org/10.1016/j.psj.2025.105218
http://creativecommons.org/licenses/by-nc-nd/4.0/


10 % of yolk fat is absorbed by the chick embryo on the embryonic day 
13 (E13), whereas at stages E15-E21, yolk lipids are absorbed rapidly 
(Wong and Uni, 2021).

The liver, present in all vertebrates, is a vital metabolic organ that 
governs many functions such as lipid and fatty acid metabolism, glucose 
metabolism, bile secretion, detoxification, and hematopoietic processes 
(Berasain et al., 2023; Xiong et al., 2020). The liver is the main site of 
lipid metabolism in chickens. During the late stage of chick embryo 
development, yolk-derived lipids are utilized by the liver to provide 
energy for chicken embryonic growth and development on one hand, 
and on the other hand, they are converted into cholesterol via choles
terol acyltransferase for storage in the liver (Meng et al., 2021). 
Therefore, we speculated that the hepatic lipid composition undergoes 
dynamic changes during chick embryonic development. While 
numerous studies have employed multi-omics approaches to charac
terize metabolic and functional transitions in the embryonic liver during 
late development, including transcriptomics (Cogburn et al., 2018; 
Hicks et al., 2017), proteomics (Na et al., 2018; Peng et al., 2018), and 
epigenetic changes (Sun et al., 2023), there remanins a lack of research 
on lipid composition alteration. A comprehensive profiling of hepatic 
lipid species during this critical developmental window could provide 
novel insights and compelling evidence to elucidate the precise lipid 
requirements during late chick embryonic development.

Lipidomic profiling employing liquid chromatography and mass 
spectrometry (LC-MS) has emerged as a powerful analytical platform for 
comprehensive detection and precise monitoring of the changes in 
various arrays of lipid species at the molecular level (Hou et al., 2020). 
This advanced methodology facilitates systematic investigation of dy
namic alterations and functional roles exhibited by distinct lipid families 
and molecular species across different physiological states and various 
biological processes. Such capability holds significant implications for 
revealing the underlying mechanisms regulating relevant biological 
activities (Cao et al., 2024; Zhang et al., 2021). With advances in 
detection technology, lipid sequencing analysis has become 
well-established in liver research. However, current applications pri
marily focus on elucidating pathogenesis, diagnosis, and advancing drug 
development for various liver diseases, including fatty liver disease, 
hepatocellular carcinomas, and cirrhosis (Hall et al., 2021; Hove et al., 
2020; Wei et al., 2023). In addition, numerous studies have employed 
lipidomic approaches to characterize dynamic changes in organ lipid 
profile during growth and development (Cao et al., 2024; Karnati et al., 
2018; Yu et al., 2020). These investigations have identified the key lipid 
and metabolism pathways associated with organ development and 
functional maturation. Nevertheless, the comprehensive landscape of 
hepatic lipid dynamics during chick embryo development remains 
poorly understood.

In this study, we performed lipidomic profiling on liver tissue from 
E14 and post-hatch day 1 (D1) to comprehensively characterize the 
lipidome. At E14, the liver completes its structural development and 
becomes the metabolic center of the chick embryo. D1 is the time when 
the hatching process ends in the chick embryo. Additionally, we 
analyzed the differences in lipid composition and molecular species 
between E14 and D1 to gain a more detailed understanding of the 
change in lipid metabolism in the liver during chick embryonic devel
opment. This study fills the information gap regarding comprehensive 
alterations in hepatic lipid profile during the late stage of chick em
bryonic development. These findings may help determine the nutritional 
requirements during specific development stages of chick embryos, ul
timately improve hatchability and chick quality.

Materials and methods

Animal ethic

The experimental animals followed the ethical guidelines for 
research in animal science and protocols approved by the Animal Care 

and Use Committee of Northwest A&F University (Permit Number: 
NWAFAC 1008).

Animal experiment design and sample collection

The fertilized eggs (Arbor Acres) employed in this study were ob
tained from Xianyang Dacheng Poultry Co., Ltd. (Xianyang, China). All 
eggs were sterilized and incubated in an automatic incubator under 
standard temperature and humidity conditions (Beijing LanTianJiao 
Electronic Technology Co., Ltd., Beijing, China) and harvested at pre
determined time points. Liver tissues were aseptically collected from 3 
chick embryos at E14 and D1 stages, respectively. At each time point, 
part of the liver tissues was snap-frozen in liquid nitrogen and then kept 
in a − 80◦C refrigerator for lipidomics and biochemical analyses. Part of 
the liver tissues was fixed in 4 % paraformaldehyde for paraffin 
embrdding and subsequent histochemical analysis.

Oil red staining

The lipid accumulation in liver tissues was measured by Oil Red O 
staining. Briefly, liver tissues were fixed with 4 % paraformaldehyde, 
paraffin-embedded, and sectioned at 3-5 μm slices. The sections were 
stained with Oil Red O solution, then observed and photographed under 
a microscope. The Oil Red O staining was quantitatively analyzed using 
Image-Pro Plus software (v6.0).

Determination of liver lipid indices

Liver samples were weighed and homogenized with pre-cooled sa
line or anhydrous ethanol at a ratio of 1:9 (w/v g/mL) using a tissue 
homogenizer. The homogenate was centrifuged at 1,000 rpm for 10 min 
at 4◦C to collect the supernatant. Then, the supernatant was used to 
measure the contents of triglyceride (TG), cholesterol (TC), high-density 
lipoprotein-cholesterol (HDL-C), and low-density lipoprotein-choles
terol (LDL-C) using commercial kits (Nanjing Jiancheng Biotechnology 
Co., Ltd, Nanjing, China) according to the manufacturer’s instructions. 
Protein concentration was determined using a total protein quantitative 
assay kit (Nanjing Jiancheng Biotechnology Co., Ltd, Nanjing, China). 
TG, TC, HDL-C and LDL-C levels were expressed by mmol/g of protein.

Lipid extraction

Total lipid extraction was performed as described by Norheim et al. 
(2021) with slight modifications. Briefly, liver samples (approximately 
100 mg) were homogenized, and lipids were extracted with 750 μl of 
chloroform: methanol (2:1 v/v). The mixture was centrifuged at 12,000 
rpm for 5 min, and then the lower phase was collected and evaporated 
under vacuum. The dried samples were re-dissolved in 200 μl of iso
propanol for liquid chromatography-mass spectrometry analysis.

Lipidomic analysis

Lipidomic analysis was performed on liver extracts using high- 
performance liquid chromatography (HPLC) coupled with a 6460 tri
ple quadruple electrospray ionization mass spectrometer (ESI/MS). Full- 
scan spectra of positive ion mode and negative ion were acquired across 
a mass-to-charge ratio (m/z) range of 150-2000. The m/z values of 
precursor ions and their corresponding fragments were collected using a 
data-dependent acquisition method: after each full scan, 10 fragment 
patterns were collected via higher-energy collisional dissociation. Lipid 
identification (secondary identification), retention time, peak intensity, 
and peak alignment were processed using the LipidSearch software 
(V4.0; Thermo Fisher Scientific, Waltham, MA, USA). All peak in
tensities were normalized to the total spectral intensity to enable com
parison of data across different orders of magnitude. Partial Least 
Squares Discriminant Analysis (PLS-DA) was applied using R package 
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models (http://www.r-project.org/) to initially visualize inter-group 
differences. Lipid species with variable significance in the projection 
(VIP) of > 1, |fold change (FC)| > 2 and P-values ≤ 0.05 were identified 
as statistically significant. MetaboAnalyst 5.0 (https://www.metaboan 
alyst.ca/) was used for the pathway enrichment analysis of the differ
ential lipid species.

RNA extraction and RT-PCR

Total RNA was extracted from liver tissues using TRIzol reagent ac
cording to the manufacturer’s instruction. The extracted RNA was 
reverse transcribed into cDNA using Evo M-MLV RT Premix, following 
the manufacturer’s instruction. RT-qPCR was carried out on a Roche 
LightCycel 96 PCR system (F. Hoffmann-La Roche AG, Swiss) with SYBR 
green. β-actin was used as an internal reference gene. The expression 
levels of target genes were calculated by 2− ΔΔCt method. The primer 
sequences are shown in Table S1.

Statistical analysis

All statistical analyses of the lipidomic data described in this work 
were based on relative abundance. Experiment data were expressed as 
the mean ± standard error of the mean (SEM). Unpaired two-tailed 
Student’s t-tests was used to evaluate the difference between the two 
groups, and data normality was confirmed by Shapiro-Wilk tests (P >
0.05 for all groups). A P-value < 0.05 was considered significant.

Results

Liver lipid analysis

To visually observe the changes in liver lipid content between E14 
and D1, we measured liver lipid parameters at these developmental 
stages. Oil Red O staining showed an excess of red lipid droplets in the 

D1 group compared to the E14 group (Fig. 1A and B), indicating a 
significant increase in lipid content in the D1 group. In addition, as 
shown in Fig. 1C–F, the concentrations of TG, TC, HDL-C, and LDL-C in 
D1 liver tissues were significantly higher than those in E14 (P < 0.05). 
These results revealed dynamic changes in hepatic lipid metabolism 
between E14 and D1.

Liver lipid composition

To comprehensively understand changes in liver lipids during the 
late developmental stages of chick embryos, the liver lipid profiles of 
E14 and D1 were analyzed (Fig. 2A). A total of 2274 lipids from 39 lipid 
subclasses were identified and classified into 6 categories, including 
fatty acids (FAs), glycerolipids (GLs), glycerophospholipids (GPs), 
prenol lipids (PRs), sterol lipids (STs), and sphingolipids (SPs) (Fig. 2B). 
Among them, GPs represented the largest category with 992 lipid spe
cies, while the TG subclass had the highest number of lipid species with 
382 species, followed by phosphatidylcholine (PC, 307 species), phos
phatidylethanolamine (PE, 242 species), and diacylglycerol (DG, 241 
species). Furthermore, the relative abundance of lipid subclasses was 
analyzed. As illustrated in Fig. 2C, PC, TG, and PE were the predominant 
lipids in embryonic livers at both stages (E14 and D1), accounting for 
more than 85 % of total hepatic lipids.

Multivariate statistical analysis of lipid in liver

To further compare the lipidomic features and differences in lipids 
between the two groups, unsupervised PCA was applied to determine 
significant variations in principal component space between chicken 
embryo livers from E14 and D1 groups in both positive and negative ion 
modes (Fig. 3A and B). In addition, a supervised PLS-DA was employed 
for each comparison group. After 7-fold cross-validation, the model 
evaluation parameters for the positive ion mode were R2Y = 1 and Q2Y 
= 0.997, while those for the negative ion mode were R2Y = 0.999 and 

Fig. 1. Liver lipid analysis of liver tissue from the E14 and D1. (A) Observation of Oil red O staining slice of liver. (B) Quantification of Oil red O staining. The 
concentration of TG (C), TC (D), HDL-C (E), and VDL-C (F) in the liver. TG=Triglyceride, TC=Total Cholesterol, HDL-C––High density lipoprotein cholesterol, VDL- 
C=Low density lipoprotein cholesterol. Data are presented as means ± SEM (n = 6). Compared to E14 group, *P < 0.05, **P < 0.01.
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Q2Y = 0.984. The R2 and Q2 values for both ion modes were close to 1, 
indicating that these modes were stable and reliable (Fig. 3C and D). 
Furthermore, permutation tests were conducted to assess model quality 
and evaluate potential overfitting. After 200 rounds of permutation and 
modeling, the R2 and Q2 intercept values for the positive ion mode were 
0.77 and − 0.12, respectively, while the R2 and Q2 intercept values for 
the negative ion mode were 0.79 and 0.03, respectively (Fig. 3E and 3F). 
In permutation tests, all Q2 values were less than 0.05, confirming the 
validity of the PLS-DA models for identifying inter-group differences and 
supporting downstream analyses. Multivariate statistical analysis 
revealed clear separation between the two groups, indicating distinct 
lipidome signatures for E14 and D1, respectively.

Changes of lipid subclass profile in liver

Lipid subclasses are essential for the comprehensive exploration of 
metabolic pathways involved in lipids conversion. Therefore, the rela
tive abundance of lipid subclasses was compared between the E14 and 
D1 group. The relative abundances of TG, DG, monoglyceride (MG), PC, 
PE, phosphatidylserine (PS), phosphatidylglycerol (PG), ceramides 
(Cer), and sphingomyelin (SM) were significantly higher in D1 
compared to E14 (P < 0.05) (Fig. 4A–D). In contrast, the relative 
abundances of lysophosphatidylethanolamine (LPE) and lysophospha
tidylserine (LPS) were significantly lower in the D1 group than in the 
E14 group (P < 0.05) (Fig. 4B and 4D). Correlation analyses between 
lipid subclasses further validated these metabolic shifts. As depicted in 
Fig. 4E, negative correlations were observed between TG, DG, PC, PE 

and the metabolites LPE and LPS, whereas metabolites TG, DG, PC, and 
PE exhibited positive correlations among themselves. A significant 
positive correlation was also identified between LPE and LPS. These 
patterns may reflect opposing regulatory roles of phospholipids (e.g., 
PC, PE) and lysophospholipids (e.g., LPE, LPS) in hepatic development 
and function during the late stages of chick embryonic development.

Differential lipid molecules identification and metabolic pathway enriched

To identify lipid species with significant changes in the liver during 
the late stages of chicken embryonic development, metabolites meeting 
the criteria of VIP > 1, P-value < 0.05, and |FC| > 2 were selected as 
differential lipids. After screening, a total of 105 lipid species exhibiting 
significant differences were identified in the liver of the two groups 
(Fig. 5A and Table S2). Based on the metabolic profile, compared to the 
E14 group, the D1 group showed upregulation of 91 lipids, including 15 
lipid subclasses, most of which belonged to TG, DG, and Cer subclasses. 
In contrast, the D1 group displayed downregulation of 14 lipids 
including 7 lipid subclasses, predominantly from PE and LPE (Fig. 5B). 
VIP scoring was used to identify representative lipids as potential bio
markers for group differentiation. Of these, the top 5 lipid species with 
the highest VIP scores and significant abundance differences were 
selected. Among these candidate biomarkers, TG (18:0_18:1_18:1), PC 
(16:0_20:3), TG (16:0_18:1_18:1), TG (18:1_18:1_18:1), and Cer 
(d18:1_23:0) were all upregulated in the liver of D1 chicken as compared 
to E14 chicken embryo (Fig. 5C). These results suggested that the dif
ferential lipids between E14 and D1 may be associated with rapid 

Fig. 2. Overview of lipidomic detection in chicken embryo liver. (A) A schematic summarizing the workflow for lipidomic profiling. (B) The lipid subclasses/ 
categories and the corresponding number of lipid species per category. (C) Percentage of each lipid subclass in the liver from the E14 and D1 groups.
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metabolism processes during chick embryonic growth and development.
To further elucidate the biological functions of differential lipid 

species, we performed pathway enrichment analysis by MetaboAnalyst 
5.0. As shown in Fig. 5D, seven metabolic pathways were enriched in the 
liver, including glycerophospholipid metabolism, linoleic acid meta
bolism, α-linolenic acid metabolism, glycerolipid metabolism, 
glycerophosphatidylinositol-anchor biosynthesis, sphingolipid meta
bolism, and arachidonic acid metabolism. Among these, glycer
ophospholipid metabolism with P-value < 0.05 and pathway impact >
0.1 was identified as significantly enriched pathways.

Gene expression dynamics underlying lipid metabolic shift

According to the pathway analysis, glycerophospholipid metabolism 
was significantly enriched. The expression levels of key genes related to 
glycerophospholipid metabolism in the liver were shown in Fig. 6. The 
expression levels of hepatic lysophosphatidylglycerol acyltransferase 1 
(LPGAT1), choline/ethanolamine phosphotransferase 1 (CEPT1), and 
phosphatidylethanolamine cytidyltransferase (PCYT2) in the D1 group 
were significantly higher than those in the E14 group (P < 0.05). 
Conversely, the expression levels of ethanolamine-phosphate phospho- 
lyase (ETNPPL), phospholipid phosphatase type 3 (PLPP3), and 
phosphatidylserine-specific phospholipase A1-alpha (PLA1A) in the 
livers of the D1 group were significantly lower than those in the E14 
group (P < 0.05).

Discussion

The liver, a multifunctional organ, orchestrates diverse metabolic 
and immune-related processes, including lipid metabolism, bile secre
tion, and detoxification, all of which are essential for the growth and 
development of the body (Wang et al., 2024). In chickens, the liver is the 
main site of lipid metabolism. Previous studies have reported a gradual 
increase in hepatic lipid content during the late chick embryonic 
development (Liu et al., 2020; Sun et al., 2023), a trend corroborated by 

our findings, with the D1 group exhibiting significantly higher lipid 
content than E14. To further elucidate the molecular basis of these lipid 
dynamics, we performed comprehensive profiling of hepatic lipid mol
ecules during the late chick embryonic development.

Lipidomic analysis is a powerful approach to directly illustrate the 
interrelationships between mechanism and phenotype (Han and Gross, 
2022). To the best of our knowledge, there are no data on developmental 
changes in lipid species in the chicken liver, which play roles in mem
branes construction, neutral lipid depots formation, and gene expression 
regulation. In the current study, we characterized the basal lipid 
composition of the E14 and D1 chicken liver tissues using a lipidomics 
approach. Detailed lipid profiles were generated, including 2274 
distinct lipid species from 39 major lipid subclasses. In addition to the 
neutral lipids glycerolipid and sterol lipid, phospholipid and sphingoli
pid classes were also systematically identified. Multivariate analysis 
revealed a clear separation between E14 and D1 groups in both PCA and 
PLS-DA models, demonstrating significant remodeling of hepatic lipid 
profiles during this developmental transition.

In chicken liver tissue, TG emerged as the most abundant lipid class, 
with 382 distinct species identified. This finding aligns with a previous 
lipidomics study of laying hen liver, which also identified TG as the lipid 
subclass with the highest molecular diversity (You et al., 2023). TG is the 
major component of lipid droplets, and its conventional function is en
ergy storage in metabolic tissues (Zhang et al., 2024). In the current 
study, TG levels were significantly higher in the D1 group compared to 
the E14 group, reflecting normal physiological fat deposition in the 
chick-embryonic liver The reason for this phenomenon may be that 
lipids were taken up from the yolk by the yolk sac membrane and then 
transferred into the liver for growth during the late phase of chicken 
embryonic development (Cogburn et al., 2003; Feast et al., 1998). The 
increase in TG likely served to support the enhanced energy demands 
and biosynthesis activity necessary for chick embryonic growth and 
development. However, excessive TG also increases the liver burden in 
newborn chicks, causing lipid peroxidation and increasing the risk of 
chick death.

Fig. 3. Lipidome profile analysis of the livers in the chicken embryo. (A) PCA score plot, (C) PLS-DA score plot, and (E) verification of the PLS-DA model based on 
permutation test in position ion mode. (B) PCA score plot, (D) PLS-DA score plot, and (F) verification of the PLS-DA model based on permutation test in negative 
ion mode.
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Glycerophospholipids are the main components of cell membrane, 
including PC, PE, phosphatidylinositol (PI), PS, and cardiolipin (CL) 
(Wang and Tontonoz, 2019). They play crucial roles in various biolog
ical processes such as cell growth, substance metabolism, information 
transduction, and molecular recognition (Farooqui et al., 2000; Shev
chenko and Simons, 2010). In the present study, PC was the most 
dominant glycerophospholipid in chicken liver, followed by PE, CL, PS, 
PG and PI. As the most abundant phospholipid in cell membranes, PC 
constitutes nearly 50 % of total membrane phospholipids content. It is 
also known to improve brain function, promote liver repair, exert 
anti-ageing, and enhance antioxidant capacity (Kim et al., 2019; Li et al., 
2022). PE, the second most abundant phospholipid, is not simply a 
passive membrane constituent but plays critical roles in protein 
biogenesis and activity, oxidative phosphorylation, oxidative stress, 
autophagy, and mitochondrial stability (Calzada et al., 2016; Zhao et al., 
2022). In addition, it has been reported that PC acts as a mitogen for 
DNA synthesis induced by growth factors, while PE plays a pivotal role 
during cell division to ensure the proper progression of cytokines 
(Gibellini et al., 2010). Lipidomic analysis of liver tissues revealed that 

the relative abundance of both PC and PE was significantly higher in the 
D1 group than in the E14 group, further supporting their critical roles in 
chicken embryonic growth and development. This may result from he
patic cell proliferation during chicken embryogenesis. Our previous 
study also found a significant increase in the expression levels of genes 
associated with DNA synthesis and cell division in the liver during the 
later stages of chick embryo growth and development (Wang et al., 
2024), consistent with the results of lipid profile alterations. These 
findings highlight the importance of PC and PE in the growth and 
development of chick embryo. However, whether in ovo injection of PC 
or PE can improve the quality of chick and broiler performance requires 
further research.

Furthermore, we observed an increase in the relative abundance of 
CL in the D1 group liver. CL, a specific phospholipid that resides within 
the mitochondrial inner membrane, is critical for several mitochondrial 
functions, including mitochondrial respiration, mitochondrial dy
namics, and oxidative phosphorylation (Chen et al., 2022). Elevated CL 
levels may enhance ATP production (Senoo et al., 2020), thereby 
providing energy for various activities in the chicken embryos during 

Fig. 4. Lipid subclass analysis of the chicken embryonic liver on E14 and D1. (A-D) Relative mass spectrometry intensity of lipid subclasses of liver tissue. (E) 
Heatmap of correlation between different metabolite subclasses.
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the late stage chick embryonic development. In contrast, there were 
significant reductions in the relative abundance of LPE and LPS in the 
liver of the D1groups. LPE and LPS are hydrolysis products of PE and PS 
mediated by phospholipase A1 and phospholipase A2, respectively 
(Yamamoto et al., 2021), elevated PE and PS levels in D1 likely explain 
the observed decline in LPE and LPS.

Furthermore, 105 different lipid molecules were identified between 
E14 and D1, and glycerophospholipid metabolism was identified as the 
key pathway. PC, PE, PS, LPE, and LPS were mainly involved in glyc
erophospholipid metabolism, indicating that glycerophospholipid may 
play an important role in liver development and functional changes 
during the late chick embryonic development. Then, we selected some 

key genes in this pathway and validated them by combining with dif
ferential lipid subclasses. ETNPPL encodes ethanolamine phosphate 
phospholyase, which irreversibly converts phosphoethanolamine into 
ammonia, inorganic phosphate, and acetaldehyde, thus inhibiting the 
production of PE (Leventoux et al., 2020). PCYT2 and CEPT1 are key 
enzymes in the production of PE, increased PCYT2 and CEPT1 expres
sion also promotes PC production (Liu et al., 2024; Pavlovic and 
Bakovic, 2013). PLA1A-encoded phosphatidylserine-specific phospho
lipase A1 specifically acts on PS to produce LPS (Zhou et al., 2022). In 
this study, the expression of PCYT2 and CEPT1 was significantly higher 
in the D1 group than that in the E14 group, while the expression of 
ETNPPL and PLA1A was significantly lower than that in the E14 group. 

Fig. 5. Lipid species analysis of the chick embryonic liver on E14 and D1. (A) Volcanic map of differential lipid species. (B) The distribution of differential lipid 
species. (C) Candidate lipid species used as a marker. (D) Pathway analysis of differential lipid species.
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The results were in accordance with the changes in lipid subclasses, i.e. 
an increase in the relative abundance of PC, PE and PS and a decrease in 
the relative abundance of LPE and LPS in the D1 groups, These findings 
not only validate the reliability of the results of lipidomics but also 
identifie PC, PE, LPE, and LPS as crucial role in .changes of liver func
tions during the late of chick embryonic development

Conclusion

In summary, this is the first study of lipidomics to describe the lipid 
characteristics of chicken liver at different embryonic development 
stages. Lipids serve as important energy sources and structural compo
nents during embryonic development. The observed changes in lipid 
molecules revealed significant differences in lipid composition and 
metabolic pathways in the liver during the late chick embryonic 
development, particularly in glycerides and glycerophospholipids. 
These differentially expressed lipids may play an important role in chick 
embryo development and could hold potential for regulating liver 
function. Although the specific roles of different lipids in this process 
need to be further verified, the present study provides new insights into 
nutritional requirements in the late chick embryonic development and 
established a theoretical basis for new strategies to promote chick em
bryo healthy development and growth.
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