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Abstract: Colostrum is a nutrient-dense food rich in proteins, immune modulators, and
growth factors essential for neonatal development. Its lipids serve as a key energy source
and facilitate cellular functions. While yak colostrum (YC) and buffalo colostrum (BC)
exhibit high nutritional value, their lipid compositions remain unclear. This study em-
ployed lipidomics to analyze and compare the lipid profiles of YC and BC with cow
colostrum (CC), identifying 872 lipids across 33 subclasses. Differential analysis revealed
137, 100, and 131 lipids, with significant expression differences between YC vs. CC, BC
vs. CC, and YC vs. BC, respectively. YC exhibited higher levels of o-linolenic acid and
docosahexaenoic acid, suggesting a potential role in enhancing neurodevelopment and
cognitive function. In contrast, the upregulation of specific lipid components in BC, such as
phosphatidylethanolamine (PE) and phosphatidylinositol (PI), coupled with the downregu-
lation of specific lysophosphatidylcholine (LPC) and lysophosphatidylethanolamine (LPE),
indicated a potential benefit for lipid metabolism and inflammatory regulation. These
findings suggest that YC may be particularly suitable for neonates requiring enhanced
energy support, while BC may offer advantages in lipid metabolism modulation. The
study provides critical insights into the distinct lipid compositions of YC and BC, laying
a scientific foundation for the development of tailored nutritional supplements. These
results also hold significant implications for the dairy industry, driving innovation and
optimization of colostrum-based products to meet diverse nutritional demands.

Keywords: lipid profiles; yak colostrum; buffalo colostrum; UHPLC-QTOF-MS

1. Introduction

Lipids play fundamental roles in biological processes, serving critical roles in energy
storage, cell membrane synthesis, and signal transduction [1]. Milk, a primary dietary fat
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source, possesses a remarkably diverse lipid composition, comprising thousands of lipid
species that contribute to its functional and nutritional properties [2]. The composition of
milk, including its lipid, protein, and nutrient profiles, is influenced by species, lactation
stage, seasonal variations, and environmental factors [3]. With the growing consumer
demand for high-quality dairy products, a comprehensive analysis of the nutritional
composition of milk from various sources has become increasingly important.

Colostrum, the initial secretion produced by mammals postpartum, significantly
differs from mature milk due to its elevated concentrations of bioactive components such
as immunoglobulins, lactoferrin, lysozyme, and growth factors. These bioactive molecules
confer substantial health benefits, including immune enhancement, improved gut health,
and facilitation of tissue growth [4]. Immunoglobulin G, the predominant immunoglobulin
in colostrum, plays a pivotal role in passive immunity transfer to neonates [5]. Additionally,
the high levels of lactoferrin and lysozyme in colostrum enhance antimicrobial defense and
reinforce the body’s innate immune mechanisms.

Yak and buffalo milk possess significant nutritional and functional value in food
science. Yak milk is particularly rich in fat, protein, and total milk solids, making it a highly
nutritious dairy source [6]. It contains elevated levels of immunoglobulin and lactofer-
rin, as well as small fat globules that enhance digestibility and nutrient absorption [7].
Furthermore, yak milk is abundant in unsaturated fatty acids, which are associated with
cardiovascular benefits [8]. Buffalo milk, recognized for its high fat, lactose, and mineral
content, exhibits a creamier texture and richer flavor than cow milk due to its larger fat
globules and higher lipid concentration [9]. Additionally, its elevated levels of essential
minerals such as calcium, phosphorus, and magnesium further enhance its nutritional
profile [10]. Buffalo milk is also a valuable source of lactalbumin, which has been implicated
in immune modulation and antimicrobial activity [11]. However, research on the lipid
composition of yak and buffalo milk has primarily focused on total fat content or specific
fatty acids, leaving the comprehensive lipid profiles of yak colostrum (YC) and buffalo
colostrum (BC) largely unexplored.

Mass spectrometry-based lipidomics has emerged as a potent tool for elucidating the
complex lipid composition of milk [12]. Ultra-high-performance liquid chromatography
coupled with quadrupole time-of-flight mass spectrometry (UHPLC-QTOF-MS) is widely
utilized in milk lipidomics due to its high throughput, sensitivity, and accuracy. For
instance, Wang et al. employed ultra-performance liquid chromatography-quadrupole time-
of-flight mass spectrometry (UPLC-QTOF-MS) to analyze lipid profiles in milk, revealing
significantly higher triacylglycerol (TAG) levels in goat milk, while human milk exhibited
an elevated concentration of diacylglycerol (DAG) (20:2/20:2) [13]. Similarly, Zhang et al.
utilized performance liquid chromatography-quadrupole time-of-flight mass spectrometry
(PLC-QTOF-MS) to identify 14 significantly different lipids (DLs) between human and goat
milk, whereas only three DLs distinguished cow and goat milk [14].

Building upon these advancements, this study aimed to systematically compare and
characterize the lipid profiles of YC, BC, and cow colostrum (CC), identifying distinct DLs
across the three groups and elucidating the unique lipid properties of YC and BC. These
findings offer valuable insights for optimizing dairy product selection based on scientific
nutritional profiling and provide a theoretical foundation for the development of functional
dairy-based foods tailored to specific health and dietary needs.

2. Materials and Methods
2.1. Collection of Samples

CC (1-3 days postpartum) samples were obtained from 30 Holstein cows in Beijing,
China, in August 2023. The inclusion criteria were that Chinese Holstein cows be healthy, aged
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3-7 years, and with a parity of 2-3, a body weight of 700 & 50 kg, and a uniform diet primarily
composed of alfalfa, while being housed under identical feeding conditions. BC (1-3 days
postpartum) samples were collected in August 2023 from 30 Nili-Ravi buffaloes under the
supervision of the Chinese Academy of Agricultural Sciences and the Buffalo Research
Institute of Guangxi Zhuang Autonomous Region. Inclusion criteria were healthy buffaloes
aged 5-6 years, with a parity of 2-4 and a body weight of 520 &+ 20 kg, consuming the same
diet (primarily composed of alfalfa), and raised under uniform environmental conditions. YC
(1-3 days postpartum) samples were collected in May 2023 from 30 yaks raised by individual
farmers in the Gannan Tibetan Autonomous Prefecture, Gansu Province. The yaks met the
inclusion criteria of being healthy, aged 5-6 years, weighing 210 + 20 kg, and naturally
grazing in the same pasture. All samples were collected before feeding. Within each group,
five samples were randomly pooled into a test sample in equal volumes of 10 mL. Samples
were immediately transported at —20 °C and stored at —80 °C for subsequent analysis.

2.2. Chemicals and Reagents

The chemicals used in the experiment included methanol (A454-4, Thermo Fisher Tech-
nologies, Waltham, MA, USA), acetonitrile (A998-4, Thermo Fisher Technologies, Waltham,
MA, USA), and formic acid (50144-50mL DIMKA Corporation, MO, USA). d7-Triglycerides,
d7-phosphatidylethanolamine, and d7-lysophosphatidylcholine were purchased from Tian-
jin Alta Technology Co., Ltd. (Tianjin, China).

2.3. Sample Extraction

The lipid extraction procedures followed established protocols [15-17]. Each sample was
prepared by mixing 10 mL with 320 pL of precooled precipitant (dichloromethane:methanol = 3:1,
v:v) and a magnetic bead, followed by grinding at 50 Hz for 180 s. The mixture was then
precipitated at —20 °C for 2 h and centrifuged at 25,000 x g for 10 min. A 250 pL aliquot
of the supernatant was collected, dried, and reconstituted with 250 uL of isopropanol,
followed by vortexing for 10 min. Subsequently, 40 uL of each sample were combined
with 200 pL of precooled isopropanol in a 96-well plate and vortexed at 1200 rpm for
30 min at 15 °C. The plate was then centrifuged at 4 °C and 4000 rpm for 30 min. A 120 pL
aliquot of the supernatant was transferred to a new 96-well plate for negative sample
(NEG) analysis. From the NEG plate, 20 uL were transferred to another plate, diluted with
80 puL of isopropanol, and vortexed to prepare the positive sample (POS) plate for analysis.
To ensure methodological reliability, six quality control (QC) samples were generated by
pooling lipid extracts from YC, BC, and CC samples in equal proportions.

2.4. UHPLC-QTOF-MS Analysis

Lipid measurement was conducted using the HM Lipid Assay (BGL, Shenzhen, China).
For liquid chromatographic separation, reverse-phase chromatography was performed
using a CSH C18 column (1.7 pm, 2.1 mm x 100 mm, Waters, Milford, MA, USA) [18].
The mobile phase solvent A consisted of 10 mM ammonium in a mixture of 40% isopropyl
alcohol, 60% acetonitrile, and 0.1% formic acid. The gradient program began with 30%
solvent B (100% isopropanol) at a flow rate of 300 pL/min, maintained for 2 min, then
linearly increased to 100% over 20 min, followed by 10 min of re-equilibration at 5% solvent
B. Mass spectrometric analysis was conducted using a Q-Exactive Plus (Thermo Fisher
Scientific, Waltham, MA, USA) in both positive and negative ionization modes. Multiple
reaction monitoring (MRM) mode was employed, incorporating the parent-child ion pair
information of target metabolites, collision energy, declustering voltage, and retention
period. MS/MS scans were acquired at a resolution of 17,500, while full MS scans were
conducted at 70,000. The optimized ESI parameters included a source temperature of
350 °C, a capillary temperature of 400 °C, and ionization voltages of 4500 V (positive mode)
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and —2500 V (negative mode). The scan ranges were m/z 200-1800 for positive mode and
m/z 250-1800 for negative mode.

2.5. Lipid Annotation and Data Processing

Raw data files were converted to mzXML format via ProteoWizard (version 3.0.8789),
followed by peak detection, filtering, and alignment using R XCMS (version 3.12.0) with
the following parameters: ppm < 5, peak width (5-30 s), and retention time alignment
tolerance of 0.1 min. Lipid identification (secondary identification) was performed using
LipidSearch software (version 4.1). The product ion threshold was set at 5%, and lipid
molecules with missing values exceeding 50% within a group were excluded. Subsequent
data normalization employed total intensity scaling and median centering.

The processed data were imported into SIMCA (version 14.1), where unit variance
scaling was applied before orthogonal partial least squares discriminant analysis (OPLS-
DA) and unsupervised principal component analysis (PCA). A seven-fold cross-validation
procedure was used to validate the OPLS-DA models, with R?X and Q? values assessing
model quality.

2.6. Statistical Analysis

Statistical analysis was performed using IBM SPSS (version 25.0), applying one-
way ANOVA followed by post hoc Fisher’s LSD tests to determine differences in DLs
among YC, BC, and CC. Pathway analysis was conducted using the Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway maps via Search & Color Pathway
(https:/ /www.genome.jp/kegg/tool/map_pathway2.html, accessed on 10 December 2024).
Additionally, pathway topological enrichment analysis was performed using MetaboAn-
alyst 4.0 (https://www.metaboanalyst.ca/, accessed on 12 December 2024) to identify
altered pathways and evaluate their biological significance.

3. Results and Discussion
3.1. Feasibility of the Analytical Method

The PCA score plot demonstrated a tight clustering of QC samples, indicating the
high reproducibility of the experiment (Figure 1A). Additionally, Spearman correlation
analysis of the quantitative values of QC samples revealed strong correlations among them
(Figure 1B), confirming the high data quality and its suitability for subsequent analysis.
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Figure 1. Reliability of the analytical method. (A) Principal component analysis (PCA) score plot of
yak colostrum (YC), buffalo colostrum (BC), cow colostrum (CC), and quality control (QC) samples.
(B) Correlation heatmap of QC samples.

3.2. Lipid Identification of YC, BC, and CC

A total of 872 lipids were identified across YC, BC, and CC, including 9 ceramides
(CER), 19 lysophosphatidylethanolamines (LPE), 24 lysophosphatidylcholines (LPC), 29
diacylglycerols (DAG), 45 phosphatidylethanolamines (PE), 47 phosphatidylinositols (PI),
55 sphingomyelins (SM), 61 phosphatidylglycerols (PG), 65 phosphatidylserines (PS), 90
phosphatidylcholines (PC), and 429 triacylglycerols (TAG) (Figure 2A).

The overall contents of PE, PI, DAG, and TAG in BC and YC were higher than those in
CC (Figure 2B). PE is a key component of the cell membrane, contributing to membrane
fluidity and participating in cell signaling [19]. Pl is a precursor for phosphatidylinositol
4,5-bisphosphate and plays a key role in the inositol 1,4,5-trisphosphate/DAG signaling
pathway [20]. DAG, as a pivotal intracellular signaling molecule, regulates cell growth,
differentiation, and apoptosis through activation of protein kinase C (PKC) and other
pathways [21]. TAG serves as a primary energy storage molecule, playing essential roles in
energy metabolism and lipid transport [22]. The elevated levels of these lipid subclasses in
BC and YC suggest an enhanced involvement in cell signaling, energy metabolism, and
cell proliferation, potentially contributing to cellular homeostasis and normal physiologi-
cal functions.

Additionally, the total SM content in YC was significantly lower than that in CC.
SM is a structural component of cell membranes, involved in membrane stability, lipid
raft formation, and signal transduction [20]. The reduction in SM levels may influence
membrane integrity and signaling efficiency, yet it could also confer specific physiological
advantages. Lower SM levels are associated with increased membrane fluidity, which may
facilitate cell growth and differentiation [23]. Moreover, diminished lipid raft formation
could modulate cellular processes, such as attenuating inflammatory responses. These
results suggest that the reduced SM content in YC may enhance cell proliferation and
differentiation while potentially altering specific signaling pathways.
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Figure 2. Overview of lipid identification in YC, BC, and CC. (A) Number of identified lipids categorized
into 11 lipid subclasses. (B) Relative peak intensities of each lipid subclass across YC, BC, and CC.
Abbreviations: CER, ceramide; LPE, lysophosphatidylethanolamine; LPC, lysophosphatidylcholine;
DAG, diacylglycerol; PE, phosphatidylethanolamine; PI, phosphatidylinositol; SM, sphingomyelin; PG,
phosphatidylglycerol; PS, phosphatidylserine; PC, phosphatidylcholine; TAG, triacylglycerol.

3.3. Multivariate Statistical Comparison of Lipids Between YC, BC, and CC

OPLS-DA, a supervised machine learning approach, is widely employed for multi-
variate data analysis, effectively reducing data dimensionality while enhancing model
interpretability [24]. In this model, the R? value represented the cumulative variance expla-
nation rate, reflecting the model’s capacity to describe data variation. Values of R? > 0.5
generally indicated strong explanatory power [25]. The Q? value, which assesses cross-
validated predictive ability, serves as a key metric for model performance, with Q% > 0.5
considered the threshold for reliable predictive capability [24]. Model reliability was fur-
ther validated through permutation testing. Permutation analysis of the OPLS-DA models
demonstrated clear separation between YC and CC (R? = [0.0, 0.85], Q% = [0.0, —0.25])
(Figure 3A,D), BC and CC (R? = [0.0, 0.97], Q? = [0.0, —0.17]) (Figure 3B,E), and YC and BC
(R% =10.0, 0.89], Q% =[0.0, —0.17]) (Figure 3C,F). These results confirmed the model’s robust
predictive capacity, enabling further downstream analyses. The influence and explanatory
power of individual lipid expression patterns in sample classification were assessed using
the variable importance for projection (VIP) scores derived from the OPLS-DA model.
Differential lipids (DLs) were subsequently identified based on the criteria VIP > 1, fold
change (FC) > 2 or < 0.5, and p < 0.05.
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Figure 3. Orthogonal partial least squares discriminant analysis (OPLS-DA) and model validation.
(A—C) OPLS-DA score plots showing discrimination between (A) YC and CC, (B) BC and CC, and (C)
YC and BC. (D-F) Permutation test validation of the OPLS-DA models for (D) YC vs. CC, (E) BC vs.
CC, and (F) YC vs. BC.

3.4. Identification of DLs Between YC, BC, and CC

A total of 137 DLs were identified between YC and CC, among which 79 were signifi-
cantly upregulated and 58 were significantly downregulated in YC (Figure 4A). Among the
upregulated DLs, 41.8% belonged to TAG (Figure 4B), a critical energy source in colostrum
that provides approximately 50% of the energy required for neonatal growth and develop-
ment [26]. The elevated TAG content in YC likely reflects its higher energy density during
early lactation, thereby supporting the rapid growth and neurodevelopment of neonates.
Conversely, among the DLs downregulated in YC compared to CC, 22.4% were PC, while
19.0% were PE (Figure 4B). As key structural components of cell membranes, PC and PE
are essential for cell signaling, lipid metabolism, and maintaining membrane integrity and
fluidity [27]. The lower PC and PE levels in YC may be attributed to its primary role in
providing high-energy nutrients and immune protection in early lactation, with membrane
lipid synthesis potentially increasing in later stages of lactation [28]. These lipid compo-
sition differences highlight the specific physiological adaptations of YC across lactation
stages and provide a scientific basis for the development of nutritional supplements tailored
for neonates.

A total of 100 DLs were identified between BC and CC, with 45 significantly upreg-
ulated and 55 significantly downregulated in BC (Figure 4C). Among the upregulated
DLs, 60% were TAG, whereas 27.3% of the downregulated lipids also belonged to TAG
(Figure 4D). This pattern suggests that BC may be particularly beneficial in meeting the
metabolic demands of neonates and supporting immune system development immediately
after birth.
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Figure 4. Differential lipid (DL) identification among samples. (A) Volcano plot of DLs between
YC and CC. (B) Proportional distribution of DL subclasses in YC compared to CC. (C) Volcano plot
of DLs between BC and CC. (D) Proportional distribution of DL subclasses in BC compared to CC.
(E) Volcano plot of DLs between YC and BC. (F) Proportional distribution of DL subclasses in YC
compared to BC.
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Between YC and BC, 131 DLs were identified, with 99 significantly upregulated in
YC and 32 in BC (Figure 4E). Among the upregulated DLs in YC, 47.5% were TAG, 16.2%
were PC, and 10.1% were PG (Figure 4F). The elevated TAG content in YC likely reflects
its adaptive response to high-altitude environments, where increased energy density in
colostrum supports neonatal survival and rapid growth under extreme conditions [29].
PC and PG play critical roles in membrane structure and function, while PG also exhibits
anti-inflammatory and antioxidant properties that contribute to cellular homeostasis [30].
Compared to BC, YC exhibits a superior capacity for energy supply, neurodevelopmental
support, and maintaining cell membrane function and structure.

3.5. Specific Lipid Characteristics of YC

A total of 56 lipids were upregulated in YC compared to BC and CC (Figure 5A),
with their expression patterns shown in Figure 5B. Notably, YC exhibited higher lev-
els of C18:3 (linolenic acid) and C22:6 (docosahexaenoic acid, DHA) fatty acids, in-
cluding PS(18:3/20:0), PS(18:3/20:5), PG(18:3/22:1), LPC(18:3), LPE(18:3), PC(18:3/20:3),
PS(18:3/22:6), PG(18:3/22:0), PC(18:3/20:2), PC(18:3/18:3), PG(18:3/22:2), TAG(50:5/FA18:3),
TAG(46:3/FA18:3), TAG(48:3/FA18:3), TAG(51:3/FA18:3), TAG(48:5/FA18:3), PC(18:1/18:3),
PI(16:0/18:3), PC(18:2/18:3), PC(16:0/18:3), PG(16:1/18:3), PE(16:0/22:6), TAG(56:7 /FA22:6),
PC(18:1/22:6), PC(16:0/22:6), TAG(54:7/FA22:6), TAG(56:8/FA22:6), TAG(58:8/FA22:6),
TAG(56:6/FA22:6), TAG(52:6/FA22:6), PS(18:0/22:6), PE(22:6/22:6), and TAG(54:6/FA22:6).
Linolenic acid (C18:3) serves as a precursor for omega-3 fatty acids and can be metabolized
into DHA and eicosapentaenoic acid (EPA), both of which are essential for brain and retinal
development. DHA, a principal structural component of neuronal and retinal membranes,
plays a pivotal role in cognitive function and visual acuity. Studies have demonstrated
that DHA supplementation enhances cognitive performance and visual development in
infants and young children [31]. C22:6 (DHA) is abundantly present in the human brain,
retina, and nervous system, forming an essential component of cellular membranes in
these tissues [32]. These findings suggest that YC may be particularly well-suited for
the development of functional products designed to promote neurodevelopment, visual
function, and lipid metabolism regulation; maintain cardiovascular health; and modulate
the immune system.

Additionally, 15 lipids were significantly downregulated in YC compared to BC and
CC (Figure 5C), and their expression patterns are shown in Figure 5D. Notably, PS and
SM levels were lower in YC, including PS (18:2/20:0), PS (22:4/22:4), SM (42:2), and SM
(35:1). PS is involved in apoptosis and intracellular signaling, playing a pivotal role in
maintaining cellular stability and function, while SM is essential for cell recognition and
signaling [33]. Reduced specific PS levels may help mitigate excessive immune responses,
maintain microbial homeostasis, and support the proliferation of beneficial gut microbiota.
Furthermore, the lower concentrations of specific SM and PS in colostrum may be advan-
tageous for neonatal digestion, as phospholipid metabolism requires specific enzymatic
activity, which is often underdeveloped in newborns [34]. This reduction in certain SM and
PS could alleviate metabolic burden and minimize gastrointestinal discomfort in neonates.
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Figure 5. Lipid characteristics of YC. (A) Venn diagram of significantly upregulated DLs in YC
compared to BC and CC. (B) Heatmap of significantly upregulated lipids in YC. (C) Venn diagram
of significantly downregulated DLs in YC compared to BC and CC. (D) Heatmap of significantly
downregulated lipids in YC.

3.6. Specific Lipid Characteristics of BC

Eight lipids were significantly upregulated in BC compared to YC and CC (Figure 6A),
including TAG (54:2/FA18:0), TAG (50:3/FA14:1), SM (17:1), PI (18:0/20:2), PI (18:0/18:1),
PE (18:2/22:3), PI (20:0/20:5), and TAG (54:4/FA22:1), as shown in Figure 6B. SM, PI,
and PE are essential structural components of cell membranes, playing key roles in main-
taining membrane integrity and facilitating signal transduction [35]. For premature or
low-birth-weight infants, the high energy density and immune-supportive properties of
BC may provide critical support for early growth, immune system maturation, and devel-
opmental processes. Additionally, specific lipid components in BC, such as PI and PE, may
offer neuroprotective benefits by supporting nervous system development and functional
maintenance, making BC particularly suitable for infants requiring additional nutritional
support [36].

Conversely, nine lipids were significantly downregulated in BC (Figure 6C), including
PC (16:0/18:4), TAG (48:4/FA16:0), TAG (52:1/FA16:1), TAG (54:5/FA22:5), SM (41:2),
LPE (22:5), LPC (22:5), PS (18:3/20:0), and PC (18:2/20:0). LPE and LPC serve as inter-
mediates in phospholipid metabolism, and their reduced levels may suggest inhibition
of phospholipase activity or decreased membrane degradation, potentially contributing
to a lower inflammatory response [37]. PS, highly enriched in neural tissues, plays a role
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in neuronal signaling and exhibits anti-apoptotic properties [38]. Its regulation in BC
may be associated with neuroprotection, which could be beneficial in conditions such
as neurodegenerative diseases and cognitive decline. Overall, BC appears to influence
lipid metabolism and inflammatory homeostasis through multiple pathways, making it an
optimal choice for individuals seeking metabolic health benefits or requiring cardiovascular
and neuroprotective support.
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Figure 6. Lipid characteristics of BC. (A) Venn diagram of significantly upregulated DLs in BC
compared to YC and CC. (B) Heatmap of significantly upregulated lipids in BC. (C) Venn diagram
of significantly downregulated DLs in BC compared to YC and CC. (D) Heatmap of significantly
downregulated lipids in BC.

4. Conclusions

This study presents a comprehensive lipidomic analysis of YC, BC, and CC using
UHPLC-QTOEF-MS, identifying 872 lipids across 11 subclasses. A total of 137 DLs were
detected between YC and CC, 100 between BC and CC, and 131 between YC and BC.
Compared with BC and CC, YC exhibited 56 lipids with significantly higher expression and
15 with lower expression. Similarly, BC displayed eight lipids with elevated expression and
nine with reduced expression compared with YC and CC. Notably, YC contained higher
levels of C18:3 and C22:6, both essential for neonatal brain and retinal development, while
PE, PS, and SM, which are involved in membrane fluidity and physiological regulation,
were present in lower amounts. These findings suggest that YC provides high-energy
nutrition and immune protection while strongly supporting neurodevelopment and cogni-
tive function, making it particularly suited for neonatal growth. In contrast, BC exhibited
elevated levels of PI (18:0/20:2), PI (18:0/18:1), and PE (18:2/22:3), which contribute to
membrane flexibility and fluidity, whereas LPE (22:5), LPC (22:5), and PS (18:3/20:0) were
less abundant. This composition indicates that BC may play a role in lipid metabolism
regulation and inflammation modulation, making it more suitable for individuals with
metabolic health concerns or cardiovascular and neuroprotective needs. These findings
elucidate the distinct lipid compositions of YC and BC, reflecting their specialized phys-
iological functions during early lactation. Furthermore, this study provides a scientific
foundation for developing targeted nutritional supplements for neonates and infants while
also facilitating innovation and optimization in colostrum-based products to meet diverse
nutritional requirements across different populations.
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It is worth noting that although liquid chromatogram-mass spectrometry is currently
a commonly used lipidomics technology, it cannot discriminate between different isobaric
forms of lipids. Therefore, it is necessary to further combine ion mobility technology to
improve annotation accuracy in the future.
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The following abbreviations are used in this manuscript:

UHPLC-QTOF-MS gltra—high—performance liquid chromatography coupled with quadrupole
time-of-flight mass spectrometry

UPLC-QTOF-MS I.JItra—performance liquid chromatography-quadrupole
time-of-flight mass spectrometry

Performance liquid chromatography-quadrupole time-of-flight mass

PLC-QTOE-MS
spectrometry
YC Yak colostrum
BC Buffalo colostrum
CcC Cow colotrum
TAG Triacylglycerol
PC Phosphatidylcholine
SM Sphingomyelin
PS Phosphatidylserine
DLs Differential lipids
QC Quality control
NEG Negative sample
POS Positive sample
OPLS-DA Orthogonal partial least squares discriminant analysis
KEGG Kyoto Encyclopedia of Genes and Genomes
PCA Principal component analysis
DAG Diacylglycerols
vIP Variable importance values
PI Phosphatidylinositol
PE Phosphatidylethanolamine
PC Phosphatidylcholine
EPA Eicosapentaenoic acid
DHA Docosahexaenoic acid
LPC Lysophosphatidylcholine

LPE Lysophosphatidylethanolamine
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