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Analysis of volatile organic compounds and metabolites of three cultivars of 
asparagus (Asparagus officinalis L.) using E-nose, GC-IMS, and LC-MS/MS
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ABSTRACT
Asparagus (A. officinalis L.) is a perennial herb of the genus Asparagus that is rich in nutrients. This 
study aimed to distinguish three cultivars of asparagus (Paladin, Grace, and Jinggang red) based 
on their volatile organic compounds (VOCs) and metabolic profiles. VOCs in the three cultivars 
were separated and identified using electronic nose (E-nose) and gas chromatography–ion 
mobility spectrometry (GC–IMS). Differences in metabolites among the three cultivars were 
analyzed using liquid chromatography-tandem mass spectrometry (LC-MS/MS). E-nose and GC- 
IMS showed that the VOCs in asparagus differed significantly among the three groups. E-nose 
result showed that purple asparagus (Jinggang red) was connected to a stronger earthy odor; 
green asparagus (Paladin and Grace) were shown characteristic dill flavor. Moreover, 50 VOCs 
were detected by using GC–IMS. Ketones and alcohols were most abundant in Paladin; methyl 
benzoate and dimethyl sulfide were most abundance in Grace; aldehydes and acids were most 
abundance in Jinggang red. Moreover, 130 and 71 different metabolites were detected in the 
positive and negative modes among three cultivars, such as quercetin and rutin. Functional 
analysis revealed that these metabolites were involved in beta-alanine metabolism and ATP- 
binding cassette (ABC) transporters. In summary, E-nose combined with GC-IMS and LC-MS/MS 
methods has good application prospects in evaluating and identifying VOCs and metabolites of 
different cultivars of asparagus. The identified VOCs and metabolites can provide guidelines for 
the development of functional asparagus products.
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Introduction

Asparagus (Asparagus officinalis L.) is a perennial 
herb of the genus Asparagus, which is also known 

as ‘the king of vegetables’ [1]. It is rich in bioactive 
compounds and is eaten in most countries around 
the world [2]. The spears of asparagus have 
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different colors, such as green, white, and purple, 
which reflect the differences in polyphenol con
tent and extract bioactivity [3]. Purple asparagus, 
given its color by anthocyanin pigments, has 
stronger antioxidant activity than green or 
white cultivar [4], while green asparagus is 
known for its wide distribution and abundance 
of bioactive substances [5]. Moreover, asparagus 
is widely used as a medicinal plant. Xue et al. [6] 
revealed that asparagus significantly inhibited cell 
proliferation and tumor growth in a mouse 
model of breast cancer. Sung et al. [7] indicated 
that saponins extracted from asparagus can be 
used as effective anti-inflammatory drugs for 
asthma treatment. Therefore, it is necessary to 
comprehensively evaluate asparagus to obtain 
additional bioactive compounds with practical 
value.

In recent years, studies have reported on the 
metabolic profiles of asparagus, revealing differ
ences in metabolomics between green and white 
spears of asparagus. Green spears mainly con
tained aldehydes and phenols, whereas white 
spears mainly contained benzenes, steroidal sapo
nins, and unsaturated aldehydes [8]. The main 
differences in taste are that green asparagus is 
grassy and bitter, whereas white asparagus is simi
lar to sweet corn, potatoes, and butter [9,10]. 
These differences in taste could be partially caused 
by the identified specific differential metabolites. 
Moreover, metabolites such as caffeyl hexose, feru
lic hexose, and neochlorogenic acid are character
istic chemical markers for the identification of 
different parts of asparagus [11]. Owing to the 
unique biological processes occurring in specific 
areas of the spear, the differences in the metabo
lites in each part of asparagus are mainly affected 
by growth conditions (such as soil and light). 
Volatile organic compounds (VOCs) constitute 
the aroma characteristics, which are key determi
nants of flavor in asparagus [12]. Several specific 
VOCs, such as methional, 2-methoxy-3-isopropyl 
pyrazine, and dimethyl sulfide, are considered key 
odorants and are used as industrial references for 
the odor quality of asparagus [8]. However, phy
tochemical characteristics, especially the differ
ences in VOCs and metabolic profiles between 
purple and green asparagus, have rarely been 
investigated.

The electronic nose (E-nose) is widely used as 
an instrument for analyzing food flavor [13]. It is 
characterized by its low cost and high degree of 
automation and can provide overall VOCs and 
flavor information through sample detection [14]. 
Gas chromatography-ion mobility spectrometry 
(GC–IMS) is also commonly used for food flavor 
analysis, especially for VOC separation and detec
tion [15]. It can effectively and intuitively distin
guish the differences in flavor between products. 
Generally, GC-IMS combined with E-nose tech
nology can establish the fingerprint and radar 
spectrum of VOCs, which can be used to compare 
samples intuitively. Moreover, high-performance 
liquid chromatography coupled with tandem 
mass spectrometry (LC-MS/MS) analysis has 
been confirmed as a suitable methodology for 
obtaining the metabolite profiles of asparagus 
[16]. It is a specific and sensitive method for the 
determination of metabolites. However, few stu
dies have applied a combination of E-nose, GC- 
IMS, and LC-MS/MS to distinguish and evaluate 
asparagus cultivars.

In this study, we aimed to analyze and assess the 
flavor profiles of two green asparagus cultivars 
(Paladin and Grace) and one purple cultivar 
(Jinggang red). Based on appearance quality and 
nutrient composition, the difference of VOCs was 
compared using E-nose and GC-IMS. 
Furthermore, we determined their metabolic pro
files using LC-MS/MS analysis. We demonstrated 
that the combination of these three detection 
methods could distinguish different varieties of 
asparagus. The findings of this study will deepen 
our understanding of the differences in flavor and 
metabolites between green and purple asparagus, 
which will guide the improvement of the edible 
value of asparagus.

Materials and methods

Sample collection

Samples of three asparagus cultivars (Paladin, 
Grace, and Jinggang red) were collected from the 
Dongyang Experimental Base of Shanxi 
Agricultural University (Jinzhong, Shanxi, 
China); they were planted on 20 June 2019 and 
harvested on 15 April 2021. Subsequently, spears 
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with lengths of 25–26 cm from the top and with 
uniform thickness were selected for further study. 
Then, samples were shredded and stored at either 
4°C for sensory evaluation using E-nose and GC- 
IMS or −80°C for LC-MS/MS.

Sensory evaluation

The water state and soluble sugar content were 
detected as previously described [17]. The colors 
of the three cultivars were determined as pre
viously reported [18]. In brief, an SC-80C colori
meter was used to detect color with a white board 
as the standard, at room temperature. The L*, a*, 
and b* values were measured in reflection mode, 
where L* is brightness, a* is the degree of green, 
and b* is the degree of yellow. The color contribu
tion index (CCI) was calculated using the follow
ing formula: CCI = (1000 × a*)/(L* × b*). In 
addition, the anti-oxidative ability was tested as 
previously described [18], including 2,2-diphenyl- 
1-picrylhydrazyl (DPPH·) clearance rate, hydroxyl 
radical (·OH) clearance rate, Fe(2+)-chelating 
power, and deoxidization. The adsorption capaci
ties of sodium glycocholate and sodium deoxycho
late were also determined.

E-nose analysis

The volatile compounds of the three different 
kinds of asparagus were explored using the ultra
fast gas-phase E-nose Heracles II (Alpha MOS, 
Inc., Toulouse, France). This system includes two 
chromatographic columns, MXT-5, a nonpolar gas 
chromatographic column, and MXT-1701, 
a weakly polar gas chromatographic column 
equipped with two flame ionization detectors 
(FIDs), with diameters of 18 μm and lengths of 
10 m. E-nose analysis was performed according to 
the method described by Luo et al. [19] with slight 
modifications. In brief, asparagus samples (5.0 g) 
were placed in a 20 mL headspace bottle and 
equilibrated at 80°C for 20 min. An autosampler 
was used to inject the samples at a rate of 250 μL/s 
within 25s. The injection volume was 5000 μL and 
the inlet temperature was 200°C. Next, from an 
initial temperature of 20°C to a final temperature 
of 240°C, the analytes were collected at a split rate 
of 10 mL/min within 30s. The initial temperature 

of the analytical column was maintained at 50°C 
for 30s, and then the heating process was divided 
into the following two parts: increased to 80°C at 
a rate of 1.0°C/s and increased to 250°C at a rate of 
1.5°C/s; then, the samples were maintained at 250° 
C for another 17s (total 190s). Moreover, the tem
perature and gain of the FID were 260°C and 12, 
respectively. Each sample was detected three times.

Headspace GC-IMS (HS-GC-IMS)

The VOCs of the three cultivars of asparagus were 
measured using a FlavourSpec® analyzer (Hanon 
Instruments Co., Ltd., Shandong, China). 
A detailed description of this assay has been pro
vided in a previous study [20]. Asparagus samples 
(3.0 g) were added to a 20 mL headspace bottle 
and incubated for 15 min at 70°C. After incuba
tion, the detected samples (300 μL) were automa
tically injected into an MXT-5 column 
(15 m × 0.53 mm ID, 1 μm) to separate the 
VOCs. Nitrogen (99.99%) was used as a carrier 
gas with the following programmed flow rates: 
2 mL/min for 2 min and then raised to 100 mL/ 
min within 18 min. The VOCal software equipped 
with this equipment was used for data collection 
and qualitative analyses. Three plug-ins (Reporter, 
Gallery Plo, and Dynamic PCA) were applied for 
sample fingerprint comparison and difference 
analysis.

Untargeted LC-MS/MS analysis

Furthermore, the metabolic profile of asparagus 
was determined using untargeted LC-MS/MS ana
lysis according to the description of a previous 
study [21]. After grinding, 400 μL of pre-cooled 
methanol/acetonitrile/water solution (4:4:2, v/v) 
was added to the samples, vortexed, and incubated 
at −20°C for 60 min. The mixed samples were 
centrifuged at 14,000 × g for 20 min at 4°C. The 
supernatant was vacuum-dried and then re- 
dissolved in 100 μL of acetonitrile/water solution 
(1:1, v/v) for further metabolic analyses. In addi
tion, quality control samples were prepared by 
mixing all samples in equal quantities.

Chromatographic separation was conducted on 
an ACQUITY UPLC BEH C18 column (100 mm × 
2.1 mm, 1.7 μm, Waters, USA) with 0.1% formic 
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acid as mobile phase A and acetonitrile as mobile 
phase B. The column temperature was 40°C and 
the flow rate was 0.3 mL/min. The following para
meters were used for gradient elution: 0– 
0.5 min, 5% B; 0.5–1.0 min, 5% B; 1.0– 
9.0 min, 5–100% B; 9.0–12.0 min. 100% B; 12.0– 
15.0 min, 5% B. The indoor temperature was set to 
4°C and the injection volume of each sample 
was 5 μL.

The mass spectrometer was run in the electro
spray ionization (ESI) method in the positive and 
negative modes. The samples were separated by 
UHPLC and analyzed using a Q-Exactive quadru
pole-electrostatic orbitrap high-resolution mass 
spectrometer (Thermo Fisher Scientific). The ESI 
source conditions were as follows: ion source gas 
1, 60 psi; ion source gas 2, 60 psi; curtain gas, 30 
psi; source temperature, 320°C; and ion spray vol
tage floating, 3500 V for the positive mode and 
−3500 V for the negative mode. The secondary 
mass spectrum was acquired by information- 
dependent acquisition (IDA) in high-sensitivity 
mode. The declustering potential was DP ± 60 V 
and the collision energy was 35 ± 15 eV (negative 
and positive modes).

The raw data collected by LC-MS/MS analysis 
were preprocessed using Compound Discoverer 
software (version 3.0), including peak extraction, 
peak alignment, correction, and standardization. 
The clean data were analyzed using SIMCA-P 
14.1 (Umetrics, Umea, Sweden). The dispersion 
and clustering of all samples were estimated 
using a principal component analysis (PCA) plot. 
The samples were classified by partial least-squares 
discriminant analysis (PLS-DA) and orthogonal 
partial least-squares discriminant analysis (OPLS- 
D), and the quality of these two plots was assessed 
using two indices: Q2 and R2. R2 > 0.05 and 
Q2 > 0.05 indicate that the models were robust 
and reliable. Furthermore, the differential metabo
lites between groups were determined by variable 
importance for the projection (VIP) and P values 
obtained from the OPLS-DA and Student’s t-test, 
respectively. A VIP > 1 (P < 0.05) was considered 
statistically significant. The pathways involved in 
the identified metabolites were predicted by map
ping them to the Kyoto encyclopedia of genes and 
genomes (KEGG) database, and the results were 
visualized in a bubble plot.

Statistical analysis

All experiments were performed in triplicate and 
statistical analysis was conducted using one-way 
analysis of variance using the SPSS software. All 
data are presented as mean ± standard deviation. 
Statistical significance was set at P < 0.05.

Results and discussion

The purpose of this study was to measure the 
VOCs in three cultivars of asparagus using E- 
nose and GC-IMS and then screen the key meta
bolites using LC-MS/MS. First, the overall infor
mation on VOCs in each asparagus was detected 
by the E-nose. Second, the VOCs fingerprint of 
three cultivars was constructed, and differences in 
characteristic VOCs between Paladin, Grace, and 
Jinggang red were identified. Finally, metabolic 
profile of three cultivars of asparagus was estab
lished, and different metabolites between aspara
gus were screened.

Sensory evaluation for each asparagus sample

To comprehensively compare the differences 
between the three cultivars of asparagus, we first 
conducted a sensory evaluation. The specific 
appearance, quality, and nutrient composition of 
the three cultivars of asparagus are listed in 
Table 1. The branch length of Paladin was longer 
than those of Grace and Jinggang red 
(44.79 ± 5.23% vs. Grace 26.86 ± 2.622% and 
Jinggang red 20.75 ± 3.11%). Odor evaluation 
showed that Paladin and Jinggang red had stron
ger fragrances; Paladin and Grace had a slight 
vegetal aroma. Jinggang red had the highest solu
ble solid content (4.9 ± 0.1% vs. Paladin 4.0 ± 0.0% 
and Grace 4.0 ± 0.0%), and Paladin had the high
est juice yield (50.43 ± 2.46% vs. Grace 
35.48 ± 1.75% and Jinggang red 41.64 ± 2.12%). 
The purple asparagus cultivar, Jinggang red, had 
the highest content of sugar (34.15 ± 0.24% vs. 
Paladin 29.60 ± 0.47% and Grace 18.78 ± 0.74%) 
and anthocyanidin (5.89 ± 0.17% vs. Paladin 
0.13 ± 0.00% and Grace 0.56 ± 0.02%). 
Consistent with the results of other studies, the 
amount of anthocyanidin in green spears was 
low. In addition, purple asparagus is believed to 
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have a higher anthocyanidin content than green or 
white asparagus, resulting in increased antioxidant 
activity [4]. We also revealed that Jinggang red had 
highest antioxidant activity than other two culti
vars in this study. Moreover, most anthocyanin- 
related biosynthetic genes are significantly differ
ent between purple and green cultivars [22]. 
Previous results showed that asparagus had some 
lipid-lowering abilities, especially in the purple 
cultivar; the by-products of asparagus significantly 
reduced body weight, the levels of total cholesterol 
and low-density lipoprotein cholesterol in mice fed 
with high-fat diet [23]. Guo et al. [24] also revealed 
that asparagus had a lipid-lowering effect by reg
ulating the gut microecology in models of mice fed 
a high-fat diet. Therefore, differences in chemical 
properties and flavors may lead to differences in 
taste and function among asparagus. Further, we 
explored the differences in VOCs among different 
kinds of asparagus.

E-nose analysis

The flavor profiles of the three cultivars were ana
lyzed using E-nose, and the gas chromatograms of 
two columns (MXT-5 and MXT-1701) are shown 
in Figure 1(a,b), respectively. We observed that 
Jinggang red was different from other groups, but 
Paladin and Grace had similar chromatograms. 
Based on the signal intensity, a PCA plot was 
generated (Figure 1(c)). Principal component 1 
(PC1) was the most important component, 
accounting for 98.214% of total variance. The sam
ples in the three groups were significantly sepa
rated. In addition, discrimination index value for 
PCA plot was 82, indicating that the distinction 
between samples was effective.

Meanwhile, 11 VOCs were identified in the 
three asparagus cultivars via E-nose analysis 
(Table 2). Among these, Jinggang red might have 
highest abundances of propanal and 2-propenol, 
which was connected to a stronger earthy odor. 
Paladin might have highest abundances of 3- 
methylpentane, methyl methacrylate, 1-penta
nethiol, and alpha-phellandrene. Grace had high
est abundances of methylcyclopentane, 1,4- 
dioxane, nonane, 1S-alpha-pinene, and (+)-alpha- 
phellandrene. We observed green asparaguses 
were associated with accumulation of alpha- 

phellandrene, which was shown characteristic dill 
flavor [25]. Kurt et al. [26] showed that the hydro
gen bonds and hydrophobicity between 1,4-diox
ane and antioxidant enzymes (such as superoxide 
dismutase and catalase) resulted in a strong inter
action and binding affinity; therefore, Grace may 
have higher clearance rates for DPPH· and ·OH 
may due to its higher 1,4-dioxane levels. 
Nevertheless, the unique flavor profiles of three 
asparagus cultivars have not been determined.

Identification of VOCs between the three 
cultivars using HS-GC-IMS

Then, the VOCs of three asparagus were also ana
lyzed by HS-GC-IMS to determine the differences 
in flavor profiles. Three-dimensional (3D) topo
graphic plots of three different asparagus is 
shown in Figure 2(a). We assessed VOCs from 
three perspectives: retention time, drift time, and 
peak intensity. The number of VOCs and the 
signal intensity of the peaks differed slightly 
among the three samples. Moreover, a two- 
dimensional (2D) topographic spectrum (plan
form of the 3D plot) was also obtained (Figure 2 
(b)). In this plot, the red vertical line at the x-axis 
1.0 is the reactive ion peak (RIP, normalized) and 
each node represents a VOC. In the asparagus 
samples, many VOCs were concentrated in the 
area with a drift time of 1.0–1.5 s and retention 
time of 100–500 s. Meanwhile, the spectral signals 
were marked by numbers.

A total of 50 VOCs were detected among the 
three cultivars of asparagus, including 23 alde
hydes, 11 alcohols, two esters, two acids, seven 
ketones, three terpenes, one furan, and one 
ether. The specific characteristics of each VOC 
are listed in Table 3. The fingerprint of VOCs 
corresponding to each sample was displayed in 
Figure 3. In brief, the level of aldehydes 
(decanal and nonanal), alcohols (1-heptanol, 
1-hexanol-D, and ethanol-D), ketones (2-penta
none, 2-butanone-D, and acetone), and ethyl 
acetate were highest in Paladin than in other 
cultivars. The level of aldehydes (benzaldehyde 
and acetal), isopentanol, 2-propanol, methyl 
benzoate, styrene, dimethyl sulfide, and acetoin 
were highest in Grace than in other cultivars. 
Moreover, the levels of aldehydes ((E)-2- 
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Figure 1. Volatile organic compounds (VOCs) of three cultivars of asparagus identified by electronic nose (E-nose).

Table 2. VOCs detected by E-nose from three asparagus cultivars.

No. Compounds

MXT-5 MXT-1701

Odor descriptions Odor thresholds

Material content (peak area)

RT (s) RI RT (s) RI Paladin Grace Jinggang red

1 Propanal 21.79 520 22.69 555 Cocoa, earthy, ethereal 0.12(air) 10,425 90,872 266,840
2 2-Propenol 23.40 551 - - Mustard, pungent 3.30(air) 41,891 35,332 46,439
3 3-Methylpentane 25.35 589 22.75 556 - 3.1e+1 (air) 67,568 52,900 33,846
4 Methylcyclopentane 32.08 640 32.17 657 Gasoline 5.80(air) 3515 9037 5647
5 1,4-Dioxane 42.54 706 56.50 793 Faint, pleasant 4.5e+1(air) 1833 8391 2219
6 Methyl methacrylate 48.69 735 54.14 782 Acrid, aromatic, fruity 0.41(air) 4658 1219 186
7 1-Pentanethiol 69.99 836 74.18 880 Fatty, garlic, paint 4.5e-4(air) 21,927 15,226 10,083
8 Nonane 82.99 902 78.73 903 Alkane, fusel, gasoline 1.21e+1(air) 1882 2839 1049
9 1S–alpha–Pinene 89.33 942 90.81 976 Fresh, herbaceous, pine 1.67(air) 5711 6276 3140
10 (+)-alpha-Phellandrene 99.69 1011 99.79 1037 Dill 0.37(air) 2478 5191 1152
11 alpha-Phellandrene 100.28 1015 96.87 1016 Citrus, green, minty, woody 3.40(air) 1529 610 650

Abbreviations: RT, retention time; RI, retention index 
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octenal, octanal, benzeneacetaldehyde, (E)-2- 
heptenal, heptanal, hexanal, (E)-2-pentenal, 
pentanal, and 3-methylbutanal), 1-octen-3-ol, 
acids (pentanoic acid and isovaleric acid), 2- 
heptanone, (E,E)-2,4-heptadienal, and 2-pentyl
furan were highest in Jinggang red than in 
other cultivars.

Unlike the overall information on VOC in aspar
agus provided by the E-nose, GC–IMS could provide 
the specific volatile profile of each sample. In parti
cular, the GC-IMS can intuitively and accurately 
distinguish the differences in characteristics of the 
VOCs between samples, which provided useful 
information for in-depth flavor research [27]. 
Meanwhile, we used a gallery plot to compare the 
differences in VOCs between different cultivars. 
Several VOCs with strong signal intensities were 
detected in Paladin, specially, decanal, 1-heptanol, 
ethanol, and ethyl acetate. A previous study indi
cated that characteristic aroma compounds, such as 
decanal, isolated from sweet orange oil constituted 
the flavor component of citrus; in addition, experi
mental results revealed that decanal had antioxidant 
and antibacterial properties [28]. Decanal, 1-hepta
nol, and ethyl acetate also have antimicrobial activ
ities, which account for several human health 
benefits [29,30]. Moreover, alcohols are produced 

by lipid oxidation and contribute little to the flavor 
profile of foods due to their high odor thresholds 
[31]. The levels of specific VOCs, such as methyl 
benzoate and dimethyl sulfide were highest in the 
Grace samples. Methyl benzoate is used as a spice 
and flavor enhancer owing to its pleasant aroma 
[32]; dimethyl sulfide is an effective odorant respon
sible for the flavor of a variety of foods particularly 
asparagus and cabbage [33]. This findings were also 
revealed by our analysis that Grace had a higher 
content of slight vegetal aroma than Paladin and 
Jinggang red. Furthermore, Jinggang red had higher 
level of aldehydes, acids (pentanoic acid and isova
leric acid), and ether (dimethyl sulfide) than others. 
These aldehydes have been identified in asparagus. 
Among these, benzeneacetaldehyde, octanal, and 3- 
methylbutanal are regarded as vegetable VOCs, and 
their aroma are associated with floral, fruity, and 
fresh [8,34]. These two acids were first reported in 
asparagus. Isovaleric acid has been determined in 
Hibiscus tea and its aroma attribute is cranberry- 
like flavor, which may cause the tea to have a deep 
red color [35]. Therefore, we speculated that the 
differences in VOCs may contribute to the unique 
flavor of each asparagus. However, the correlation 
between E-nose and GC-IMS is not performed, 
which will be the direction of our further research.

Figure 2. (a) Three- and (b) two-dimensional topographic spectra of VOCs in asparagus detected by HS-GC-IMS.
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Figure 3. Gallery plot for three asparagus cultivar samples.

Figure 4. Metabolite profiles of Paladin, Grace, and Jinggang red samples detected by LC-MS/MS.
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Differences in metabolite profiles between three 
cultivars detected by untargeted LC-MS/MS

To explore the metabolite profiles of the three 
cultivars of asparagus (n = 3 each), an untargeted 
LC-MS/MS analysis was performed. PCA plots 
showed a clear separation among Paladin, Grace, 
and Jinggang red in both the positive (Figure 4(a)) 
and negative modes (Figure 4(b)). Result showed 
that PC1 differentiated samples according to the 
cultivars. We also compared the three samples in 
pairs (Paladin vs. Grace, Grace vs. Jinggang red, 
and Paladin vs. Jinggang red). There were clear 
differences in the OPLS-DA results for each com
parison group. Specifically, Paladin could be sig
nificantly distinguished from Grace (R2Y = 1 and 
Q2 = 0.989 in positive mode; R2Y = 1 and 
Q2 = 0.605 in negative mode; Figure 4(c,d)). 

Paladin could be readily distinguished from 
Jinggang red (R2Y = 1 and Q2 = 0.627 in positive 
mode; R2Y = 1 and Q2 = 0.992 in negative mode; 
Figure 4(e,f)). Grace could be separated from 
Jinggang red (R2Y = 1 and Q2 = 0.706 in positive 
mode; R2Y = 1 and Q2 = 0.993 in negative mode; 
Figure 4(g,h)), indicating that our data analysis 
was reliability.

Next, we identified differential metabolites 
among the three cultivars. In total, 130 different 
metabolites were obtained in the positive mode 
(Figure 5(a)) and 71 in the negative mode 
(Figure 5(b)). The list of each different meta
bolite in the positive and negative modes is 
presented in Tables S1 and S2, respectively. In 
the positive mode, N-acetyl-D-sphingosine, 
quercetin, rutin, 3-hydroxypicolinic acid, and 

Figure 5. Results of identified different metabolites.
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N1-acetylspermidine with lower P value were 
considered to be important metabolites. In the 
negative mode, 2-(beta-D-glucosyl)-sn-glycerol, 
(-)-jasmonic acid, 10(E), 2,3-dimethylmaleate, 
and ureidoglycine with lower P values were 
regarded as important metabolites. Pathway 
analysis showed that these metabolites were sig
nificantly enriched in 10 KEGG pathways, 
including beta-alanine metabolism, ABC trans
porters, and cyanoamino acid metabolism 
(Figure 5(c)).

Some metabolites, such as quercetin and rutin, 
were upregulated in Grace samples. Quercetin 
and rutin are polymeric polyphenols that exert 
protective effects against alcohol-induced liver 
injury [36]. Quercetin is the most abundant fla
vonoid with antioxidant and antitumor effects 
[37]; rutin, the main polyphenol compound 
found in the spears of green asparagus, is 
a flavonoid derivative of quercetin [38]. 
Notably, ureidoglycine and asparagine were 
upregulated in the Jinggang red samples. 
Asparagine has been detected in asparagus dur
ing leaf senescence and in harvested spears, sug
gesting that it responds to senescence signals 
and carbohydrates [39]. In addition, asparagine 
synthesis-related genes may regulate sugar con
tent in asparagus [17]. We found that the total 
sugar content in Jinggang red was highest than 
that in others, which may be associated with the 
upregulation of asparagine.

We also explored the functional pathways of 
these metabolites. The results showed that these 
metabolites were significantly involved in metabo
lism-related pathways, such as beta-alanine meta
bolism, ABC transporters, and cyanoamino acid 
metabolism. Beta-alanine is a popular dietary sup
plement for competitive athletes and is associated 
with improved motor homeostasis and reduced 
neuromuscular fatigue [40,41]. Fermented Huyou 
juice can alleviate obesity by regulating several 
pathways, including ABC transporters [42]. 
However, the specific functions of these pathways 
in asparagus require further investigation.

Conclusion

This study is the first to comprehensively 
investigate the differences in VOCs and 

metabolomics between green (Paladin and 
Grace) and purple (Jinggang red) asparagus 
via combination of E-nose, GC-IMS, and LC- 
MS/MS. The VOCs fingerprint of three aspar
agus was established. The characteristic VOCs 
that may discriminate the unique flavors of 
each asparagus cultivar were also identified. 
Moreover, the metabolite profiles of Paladin, 
Grace, and Jinggang red were also constructed. 
Our study may confirm the potential applic
ability of the integration of three techniques 
for flavor evaluation in the food industry.
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