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Abstract. Velvet antler, which exhibits immune and growth 
enhancing effects, is commonly used in a variety of Asian health 
care products, but its complex components remain unknown. 
The current study analyzed extracts using ultra-performance 
liquid chromatography coupled with electrospray ionization 
quadrupole time‑of‑flight tandem mass spectrometry in the MSE 
mode. Automated detection and data filtering were performed 
using UNIFI software and peaks were compared with a 
proprietary scientific library (Traditional Medicine Library; 
TML). The results obtained using different data processing 
parameters (including 3D peak detection, target by mass and 
fragment identification) were evaluated against 87 compounds 
comprising 1 lignan, 30 terpenoids (including 20 triterpenes), 
39 steroids, 8 alkaloids, 4 organic acids and 5 esters in the 
TML. Using a screening method with a mass accuracy cutoff 
of ±2 mDa, a retention time cutoff of ±0.2 min, a minimum 
response threshold of 1,000 counts and an average of 10 false 
detects per sample analysis, 16 phospholipids were identified 
in the extracts of velvet antler, three of which were quanti-
fied. The results demonstrated that there was 1.07±0.02 µg/g 
of 1‑myristoyl‑sn‑glycero‑3‑phosphocholine, 7.05±0.52 ng/g 
of 1,2-dimyristoyl-sn-glycero-3-phosphocholine and 
18.81±0.55 ng/g of 1‑palmitoyl‑2‑oleoyl‑sn‑glycero‑3‑phos-

phocholine in velvet antler. The current study successfully 
identified certain components of velvet antler. Furthermore, 
the results may provide an experimental basis for further phar-
macological and clinical study.

Introduction

Velvet antler growth is a rapid process (1). During this period, 
constitutive tissues including bone, cartilage, skin, nerves 
and blood vessels grow quickly (2). Previous studies have 
demonstrated that certain growth factors, including vascular 
endothelial growth factor, epidermal growth factor, fibro-
blast growth factor and nerve growth factor are abundant in 
velvet antler and are responsible for rapid tissue growth (3‑6). 
Numerous studies have also revealed that velvet antler contains 
amino acids (7‑9), polypeptides (10,11), proteins (9,12‑15) and 
phospholipids (16). However, there have been few reports that 
assess the phytochemical components of velvet antler, which 
are highly biologically active.

Ultra-performance liquid chromatography coupled with 
electrospray ionization quadrupole time-of-flight tandem 
mass spectrometry (UPLC/ESI‑QTOF‑MS) has been utilized 
to reliably analyze the complex composition of food, herbal 
medicines and biological samples (17‑20). QTOF‑MS analyzers 
offer a high mass resolution, sensitivity and accuracy, providing 
accurate ion masses to determine molecular formulas (17‑20). 
The present study developed a method of UPLC/QTOF‑MS on 
a Waters Xevo G2‑XS QTOF system for the determination of 
the chemical components of velvet antler. Based on accurate 
mass measurements, a total of 87 compounds were detected in 
the velvet antler and tentatively identified using the Traditional 
Medicine Library (TML) of the UNIFI platform. 

Phospholipids are major constituents of biological 
membranes, which maintain membrane integrity and cell 
homeostasis (21,22). Glycerophospholipids (GPLs) are the 
largest family of amphiphilic phospholipids (23). They are 
comprised of a glycerol backbone containing fatty acid chains 
that are acylated at the sn-1 and sn-2 position and possess a polar 
head group containing a phosphate esterified at the sn‑3 posi-
tion, which is attached to a polyol or amino acid moiety (23). 
The following classes of GPLs are defined by the structure 
of the head group: phosphatidylserine, phosphatidylglycerol, 
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phosphatidylethanolamine, phosphatidylinositol, phospha-
tidic acid and phosphatidylcholine (23). Each class of GLP 
comprises many species that possess the same head group but 
different chain lengths, number of unsaturations and substitu-
tion positions of the esterified fatty acid (23). Various methods 
have been utilized for the quantification and structural deter-
mination of individual molecular species of phospholipids. For 
example, thin-layer chromatography was used in the chemical 
analysis of components from velvet antlers (24). Gas chroma-
tography techniques are not so generalized for determining 
the components from velvet antler, due to analytical difficulty, 
even following derivatization, and the long time required for 
these reactions and the low limits of detection (LOD) (25). 
QTOF‑MS has several advantages, including a high reliability, 
short analysis time, a small required sample quantity and a 
high accuracy in the identification and quantification of phos-
pholipids (26,27).

The present study determined the phospholipids present in 
velvet antler, which was determined via qualitative-quantita-
tive analysis using the UPLC/QTOF‑MS method. Previously, 
Zhou and Li (26) identified 5 phospholipids in the velvet 
antlers of sika deer including sphingomyelin, phosphatidylcho-
line, phosphatidylethanolamine, lysophosphatidylcholine and 
lysophosphatidylethanolamine. The present study identified 16 
phospholipids from velvet antler extracts, with 3 phospholipids 
being quantified. Consequently, a UPLC/QTOF‑MS method 
with commendable validation results, a slope of the standard 
curve and precision was developed and validated for the 
quantitative detection of phospholipids and the identification 
of complex components in velvet antler. This method may 
provide an experimental basis for further pharmacological and 
clinical applications of velvet antler products. 

Materials and methods

Materials. Antler velvet (Cervus nippon Temminck var. 
mantchurieus Sainhoe) was collected from farmed sika 
deer in the Shuangyan district of Changchun (Jilin Ruikang 
Biotechnology Co., Ltd., Liaoyuan, China). The upper section 
was cut to a thickness of 2-3 mm, freeze dried and then 
powdered to 160‑180 mesh (84‑95 µm). Antler velvet samples 
were identified at School of Pharmaceutical Sciences in Jilin 
University (Changchun, China).

Mass spectrometry grade acetonitrile and methanol were 
purchased from Thermo Fisher Scientific, Inc., (Waltham, MA, 
USA). Phospholipid standards (1‑myristoyl‑sn‑glycero‑3‑phos-
phocholine, 98.5%; dimyristoyl‑sn‑glycero‑3‑phospho choline, 
98.5%; and 1‑palmitoyl‑2‑oleoyl‑sn‑glycero‑3‑phosphocho-
line, 98.5%) were purchased from Nanjing NutriHerb BioTech 
Co., Ltd., (Jiangsu, China). Formic acid was purchased 
from Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany). 
Leucine‑enkephalin (99%) was also purchased from 
Sigma‑Aldrich; Merck KGaA. Deionized water was prepared 
using a Milli‑Q system (EMD Millipore, Billerica, MA, USA). 
All other reagents were of analytical grade.

UPLC/QTOF‑MS conditions. An ACQUITY UPLC I‑Class 
System coupled to a Waters Xevo G2‑XS QTOF mass spec-
trometer detector (Waters UK, Elstree, UK) was used. All 
chromatographic and MS equipment was purchased from 

Waters Corporation (Milford, MA, USA). Chromatographic 
separations were achieved using an ACQUITY UPLC® BEH 
C18, 1.7 µm (2.1x50 mm; Waters Corporation) capillary 
column. Analytical column chromatography was performed 
at 40˚C. The mobile phase consisted of a mixture of aceto-
nitrile, water and formic acid at a flow rate of 0.4 ml min-1. 
Acetonitrile with 0.1% formic acid was used as mobile phase 
A and water with 0.1% formic acid was used as mobile phase 
B. A 90/10 mixture of water/acetonitrile was utilized as the 
weak wash solvent and 50/50 water/acetonitrile was used as 
the strong wash solvent for rinsing the injection needle. Prior 
to running the elution, the column was equilibrated to 35%. 
The elution gradient program was 35-82% A from 0-3 min, 
82% A from 3-7 min, 35-82% A from 7-8 min and 35% A 
from 8-9 min. 

MS experiments were performed using a Waters Xevo 
G2‑XS QTOF mass spectrometer connected to the ACQUITY 
UPLC I‑Class System via an electrospray ionization (ESI) 
interface. Atmospheric pressure ionization was performed in 
positive ion, negative ion and sensitivity analyzer modes for 
QTOF‑MS data acquisition. A wide mass range (m/z 100‑1200) 
was selected for the acquisition of accurate mass precursor and 
fragment ion data. The corona voltage, sampling cone voltage, 
source temperature and desolvation temperature was 3.0 kV, 
40 V, 100˚C and 350˚C, respectively. Nitrogen (20±2˚C; 10 psi) 
was used for desolvation and the cone gas flow rate was 800 
and 50 l h-1, respectively. Argon was used as the collision gas 
and the collision energy was 15-45 V for high energy ioniza-
tions. Data were acquired and analyzed using MassLynx™ NT 
4.1 software (Waters Corporation). Analyses were performed 
in full scan mode and the scan time was set to 0.2 sec. To 
ensure for mass accuracy and reproducibility of the optimized 
MS conditions, leucine‑enkephalin (m/z 554.2615 in nega-
tive mode and m/z 556.2771 in positive mode) was used as a 
reference (lock mass) at a concentration of 200 pg/ml and a 
flow rate of 10 µl/min. The reference was injected into the MS 
instrument every 10 sec. The instrument was calibrated using 
sodium formate solution as the calibration standard to achieve 
mass accuracies of <0.5 mDa.

Accurate mass screening of the constituents of velvet antler. 
The UNIFI 1.8 informatics platform (Waters Corporation) 
was utilized to integrate data acquisition, data mining, library 
searching and to generate a report (27,28). The raw data were 
imported and screened against the TML and a customized 
phospholipid library produced in the current study. A natural 
product analytical workflow within UNIFI was used to analyze 
the chromatographic and mass spectral data of the velvet antler 
extract components utilizing various in-built tools, including 
the customized library and filters.

The TML of the UNIFI software contains 6,415 
compounds and their associated data. A customized library 
was also created in the current study that comprised 
45 phospholipids with detailed metadata (including the 
molecular structure and compound name) based on their 
chemical structure. Compound screening was performed by 
setting a mass tolerance of 2 mDa, a retention time cutoff 
of ±0.2 min, counts >1,000 and a minimum of 5 fragmenta-
tions, and a mean of 10 false detects per sample analysis. To 
demonstrate the validity of these results three standards were 
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utilized: 1‑myristoyl‑sn‑glycero‑3‑phosphocholine (MPC), 
1,2‑dimyristoyl‑sn‑glycero‑3‑phosphocholine (DPC) and 
1‑palmitoyl‑ 2‑oleoyl‑sn‑glycero‑3‑phosphocholine (POPC). 
Their retention times and accurate masses were compared 
with the sample of velvet antler extract. 

Extraction of velvet antler. An ultrasound-assisted extraction 
(25˚C; 40 kHz) of 100 g velvet antler powder was performed 
with 3x150 ml ethanol for 10 min each time. The solid was 

filtered in each step and the pore size was 30‑50 µm. The 
filtered and pooled liquid phases were concentrated to 3 ml 
under a reduced pressure at ‑20˚C. Subsequently, 6 ml acetone 
was added to generate a white precipitate. Then the mixture 
was centrifuged at 2,012 x g at 20˚C for 10 min, the super-
natant was removed, and the precipitate was stored at ‑20˚C 
until analysis. The precipitate was dissolved in methanol to 
achieve the concentration of 40 mg/ml, and 2 ml solution was 
filtered by 0.22‑µm microporous filter membrane and put into 

Figure 1. Chemical structures and daughter scan mode (tandem mass spectrometry) spectra of (A) MPC, (B) DPC and (C) POPC. MPC, 1‑myristoyl‑sn‑glycero‑3‑
phosphocholine; EVA, extract of antler velvet; DPC, 1,2‑dimyristoyl‑sn‑glycero‑3‑phosphocholine; POPC, 1‑palmitoyl‑ 2‑oleoyl‑sn‑glycero‑3‑phosphocholine.
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automatic sampling bottle prior injection of 5 µl methanolic 
solution into the UPLC system. Internal standards with were 
added to the antler powder to allow commenting on the extrac-
tion procedure. The mean recovery rates were in the range of 
90-110%.

Qualitative determination of MPC, DPC and POPC in 
EVA samples by UPLC/QTOF‑MS/MS. The MS data of 
the 3 phospholipid standards were initially assessed using 
either ESI or the atmospheric pressure chemical ionization 
(APCI) mode. ESI was selected as the ionization mode 
for the present experiments as it provides greater analyte 
responses than those achieved with APCI. Furthermore, high 
ionization efficiency was observed under ESI conditions 
when monitoring the signal in positive ion mode. Following 
instrument parameter optimization to achieve the highest 
sensitivity and lowest background noise for the protonated 
molecules of MPC, DPC and POPC, the ion transition (m/z) 
468.30→184.07 was selected for the quantification of MPC, 
m/z 678.49→184.10 for DPC and m/z 760.58→184.07 for 
POPC (Fig. 1). Other UPLC and MS conditions were the 
same as those aforementioned.

Method validation of phospholipid quantitative detection. 
The method of quantitative phospholipid detection was 
fully validated according to the guidelines set by the US 
Food and Drug Administration. Specificity was tested 
by inspecting the solvent used in each validation run for 
interfering peaks. The calibration curve was determined 
by plotting the peak area vs. the corresponding concentra-
tion of injected standards. The limit of quantitation (LOQ) 
was the concentration that exhibited an identifiable and 
reproducible analyte peak (response) with a precision 
of 10% and an accuracy of 90-110%. Additionally, the 
analyte response at the LOQ should be at least ten times 
the response of the blank sample. Intra- and inter-day 
precision and accuracy were determined from 6 replicates 
of the QC samples analyzed on the same day and on 3 
different days. At each concentration, acceptable preci-
sion (repeatability) and accuracy were defined as the 
relative standard deviation (RSD) of <10% and a relative 
error within ±10%. The sample recovery was calculated 
at three different concentrations by comparing the peak 
areas of the sample and the peaks in samples spiked with 
standard. Short‑ and long‑term stability were investigated 

by reanalyzing the quality control batches following storage 
at ‑20˚C for 30 days and at room temperature for 12 h, 
respectively.

Results

Characterization of velvet antler complex constituents. A 
total of 87 compounds in velvet antler were identified or tenta-
tively characterized. These included: 1 lignan, 30 terpenoids 
(including 20 triterpenes), 39 steroids, 8 alkaloids, 4 organic 
acids and 5 esters (Table I; Fig. 2). The compounds were 
identified based on accurate mass measurements, tandem 
MS behaviors, database matching and comparison to refer-
ence standards, considering all data reported in the literature. 
The advantages of using UPLC for the analysis of samples 
with complex components (including enhance separation 
efficiency and higher peak capacity) are fully demonstrated 
here, for example via the shorter chromatographic peaks 
(Fig. 2). Enhanced separation efficiency (sharper chromato-
graphic peaks) and higher peak capacity were observed in 
the analysis at 10 min. The raw data includes the molecular 
weight of the compounds and the respective fragment ion 
information, which may be matched to the TML for in-depth 
ingredient analysis and structural identification (Data not 
shown).

Velvet antler phospholipid identification. A customized library 
was constructed to verify the identity of velvet antler phos-
pholipids on the basis of previously reported data (16,21‑24). 
A total of 45 phospholipids were added to the custom library 
with details including compound name, chemical structure 
and chemical formula. As a result, 16 phospholipids were 
identified or tentatively characterized from the velvet antler 
extract. These data, including retention time, formula, mass 
error, adducts and compound names are presented in Table II. 
The use of mass spectrometry-based approaches alone is insuf-
ficient for the identification of complex botanical chemical 
components (27). Therefore, the present study utilized refer-
ence standards to validate these compounds, enhancing the 
accuracy and reliability of the results obtained. The standards 
of MPC, DPC and POPC were assayed under optimized condi-
tions and their spectra and chromatograms were compared 
with those of the EVA samples. The results confirmed that 
MPC, DPC and POPC were present in the EVA. The chro-
matograms and spectra are presented in Figs. 1 and 3.

Figure 2. Ultra‑performance liquid chromatography coupled with electrospray ionization quadrupole time‑of‑flight tandem mass spectrometry BPI chromato-
gram of velvet antler extract.
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Table II. Identification of velvet antler phospholipids. 

   Mass Observed
  Observed error retention
Nο. Formula m/z (mDa) time (min) Adducts Identified

  1 C45H87O13P 905.5428 ‑8.8 2.30 +K  L‑alpha‑Phosphatidylinositol‑4,5‑bisphosphate
  2 C22H46NO7P 468.3084 -0.1 2.77 +H  1-Myristoyl-2-hydroxy-sn-glycero-3-phosphocholine
  3 C21H40NaO7P 459.2481 ‑0.1 3.38 +H  1‑Oleoyl‑sn‑glycero‑3‑lysophosphatidic acid sodium 

salt
  4 C26H54NO7P 524.3714 0.3 4.03 +H  β-Acetyl-γ‑O‑hexadecyl‑L‑α-phosphatidylcholine
  5 C42H78NaO10P 835.4824 ‑3.8 4.18 +K  1,2‑Dioleoyl‑sn‑glycero‑3‑phospho‑rac‑(1‑glycerol) 

sodium salt
  6 C42H82NO10P 814.5507 -6.1 4.19 +Na Phosphatidylserine
  7 C33H66NO8P 674.4082 ‑7.5 4.22 +K  1,2‑Dimyristoyl‑sn‑glycero‑3‑phosphoethanolamine
  8 C42H81Na2O10P 861.5002 0.8 4.32 +K  1,2‑Distearoyl‑sn‑glycero‑3‑phospho‑rac‑glycerol 

sodium salt
  9 C29H58NO8P 580.3977 0.4 4.34 +H  1,2-Dilauroyl-sn-glycero-3-phosphoethanolamine
10 C42H82NO8P 760.5794 ‑5.7 4.58 +H  2‑Oleoyl‑1‑palmitoyl‑sn‑glycero‑3‑phosphocholine
11 C36H72NO8P 716.4543 ‑8.4 4.60 +K  1,2‑Dimyristoyl‑sn‑glycero‑3‑phosphocholine
12 C42H80NO8P 780.5484 -2.9 5.26 +Na  L-A-phosphatidylcholine
13 C39H69O8P 697.4815 1.2 5.37 +H  L-α-phosphatidic acid
14 C35H67Na2O8P 693.4433 -0.9 5.49 +H  L-β,γ-Dipalmitoyl-L-α-phosphatidicaciddisodium 

salt
15 C44H88NO8P 790.6295 -2.5 6.02 +H  1,2-Distearoyl-rac-glycero-3-phosphocholine
16 C40H80NO8P 772.5217 ‑3.7 7.01 +K  (18R,21S)‑24‑Amino‑21‑ hydroxy‑21‑oxido‑15‑oxo

-16,20,22-trioxa-21λ5-phosphatetracosan-18-ylicos
anoate

Figure 3. Tandem mass spectrometry chromatograms of the phospholipid standards and velvet antler extract. The results for (A) MPC standard, (B) MPC in 
EVA, (C) DPC standard, (D) DPC in EVA, (E) POPC standard and (F) POPC in EVA are presented. MPC, 1‑myristoyl‑sn‑glycero‑3‑phosphocholine; EVA, 
extract of antler velvet; DPC, 1,2‑dimyristoyl‑sn‑glycero‑3‑phosphocholine; POPC, 1‑palmitoyl‑ 2‑oleoyl‑sn‑glycero‑3‑phosphocholine.
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Quantitative analysis of MPC, DPC and POPC in EVA. The 
linearity, LODs, LOQs, precision, repeatability, stability and 
recovery of MPC, DPC and POPC were determined using 
the optimized UPLC/QTOF‑MS/MS method. The calibration 
curves of each are presented in Table III. The results demon-
strated that the correlation coefficients were all >0.9995, 
indicating that good linear correlations were achieved. The 
RSDs of the intra‑day and inter‑day precisions were deemed to 
be acceptable (Table IV). The results of the repeatability and 
stability tests, and the mean recovery rates were also deemed 
to be in the range of 90-110%, indicating that the qualitative 
method was accurate, reproducible and reliable for the assess-
ment of MPC, DPC and POPC in the EVA. 

The aforementioned UPLC/QTOF‑MS/MS analytical 
method was subsequently used to quantify the three phospho-
lipids present in the EVA samples. Each standard was analyzed 
in triplicate and each sample was analyzed once to determine 
the average content of the constituents. The analytical results 
are presented in Table III. The results demonstrated that there 
was 1.07±0.02 µg/g of MPC, 7.05±0.51 ng/g of DPC and 
18.81±0.55 ng/g of POPC in the EVA. 

Discussion

The chemical composition of velvet antler was determined 
in the present study using the UPLC/QTOF/MS method 
combined with UNIFI software for component screening. 

Compared with traditional identification methods that require 
long and complex purification procedures and structure iden-
tification by nuclear magnetic resonance (NMR) and mass 
spectrometry, the method used in the present study is simple, 
fast and easy to operate. Although the results of component 
screening are based on the mass ratio of parent and fragment 
ions and not NMR data, this method remains important for 
the estimation of velvet antler composition and for providing 
reference values, particularly for the use of velvet antler in 
combination with various clinical drugs. 

Velvet antler has been demonstrated to exhibit various 
anti‑osteoporosis (29‑31) anti‑fatigue (32,33), anti‑inflamma-
tory (34,35) and anti‑cancer (36) effects, which are commonly 
associated with the chemical components of velvet antler. The 
identification velvet antler chemical components determined 
in the present study may facilitate further assessment into its 
bioactivity and functional mechanism.

The qualitative and quantitative detection of phospholipids 
in velvet antler was performed in the current study, which 
revealed that 16 phospholipids were present. The content of 
MPC in velvet antler was highest among the phospholipids and 
thus likely contributes to its biological effects, particularly that 
of anti‑oxidation (37).

The phospholipids in velvet antler have been reported to 
have various biological actives, for example proliferation 
activity on spleen cells, and they are the subject of increasing 
research interest throughout the world (38). Herein, a 

Table III. Quantitative detection of MPC, DPC and POPC in the extract of velvet antler.

Phospholipids Calibration curve r2 Content of phospholipids in velvet antler

MPC Y=7362.7X+21137.8 0.9996 1.07±0.02 µg/g
DPC Y=39811.5X+78542.2 0.9992 7.05±0.52 ng/g
POPC Y=1653604.2X‑53602.4 0.9998 18.81±0.55 ng/g

MPC, 1‑myristoyl‑sn‑glycero‑3‑phosphocholine; DPC, 1,2‑dimyristoyl‑sn‑glycero‑3‑phosphocholine; POPC, 1‑palmitoyl‑2‑oleoyl‑sn‑glycero‑ 
3-phosphocholine.

Table IV. Intra- and inter-day accuracy and precision of quality control samples.

 Inter‑day (n=6) Intra‑day (n=3)
 ------------------------------------------------------------------------------ -----------------------------------------------------------------------------
Samples Concentration (µg/ml) Precision (RSD%) Accuracy (RE%) Precision (RSD%) Accuracy (RE%)

MPC 10 4.1 -2.1 5.9 3.2
 20 3.5 -3.6 4.5 2.5
 30 2.8 -1.8 4.1 -2.9
DPC 5 1.8 2.5 3.9 -2.3
 10 1.6 -2.0 3.7 -4.0
 20 1.2 -1.8 5.6 -3.3
POPC 15 3.4 ‑2.7 6.5 ‑4.5
 20 3.6 3.2 5.5 -2.4
 30 2.7 -3.3 5.1 -2.8

RSD, relative standard deviation; RE, relative error; MPC, 1‑myristoyl‑sn‑glycero‑3‑phosphocholine; DPC, 1,2‑dimyristoyl‑sn‑glycero‑3‑phos-
phocholine; POPC, 1‑palmitoyl‑ 2‑oleoyl‑sn‑glycero‑3‑phosphocholine.
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systematic, sensitive bioanalytical UPLC/QTOF‑MS/MS 
assay was developed to determine the content of phospho-
lipids in velvet antler; this method will facilitate the quality 
control of velvet antler and can be widely applied in clinical 
settings.

The analysis of phospholipids in velvet antler using 
UPLC/QTOF‑MS/MS has been demonstrated to be a suit-
able strategy for biomarker discovery (18,21,23). A total of 
16 phospholipids in the EVA samples were identified and 
three of these compounds were quantified. The current data 
revealed that the content of phospholipids was low in the EVA 
samples, hindering their detection by certain commonly used 
methods, including high performance liquid chromatography 
with UV detection. The method of UPLC/QTOF‑MS/MS 
described in the current study adequately addressed this 
problem as this quantitative method exhibited great advan-
tages in terms of ease of sample preparation, excellent 
recovery and high sensitivity. To the best of our knowledge, 
the lignans, alkaloids, organic acids, steroids and terpenoids 
identified in velvet antler were detected and tentatively 
characterized for the first time using the UNIFI platform. 
However, further pharmacological studies are required to 
explore the associations between velvet antler components 
and bioactivity. This may advance its application in clinical 
settings.
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