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Abstract: Volatile composition is an important feature that determines flavor, which actively af-
fects the overall evaluation of chrysanthemum tea. In this study, HS-GC-IMS (headspace-gas
chromatography-ion mobility spectrometry) was performed to characterize the volatile profiles
of different chrysanthemum tea subtypes. Forty-seven volatiles of diverse chemical nature were
identified and quantified. Partial least squares discriminant analysis (PLS-DA) revealed that four
chrysanthemum teas were distinct from each other based on their volatile compounds. Further-
more, this work provides reference methods for detecting novel volatile organic compounds in
chrysanthemum tea plants and products.
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1. Introduction

Chrysanthemum, which is a plant native to China, is one of the top ten traditional
flowers in China. It is well known for its various ornamental, medicinal, and edible proper-
ties [1-3]. For many years, this flower has been cultivated for consumption as food [4-7].
Globally, tea is one of the most preferred beverages [8], and in Asia, chrysanthemum tea
is popular because of its unique flavor [9]. Volatile composition is an important feature
contributing to flavor, and it directly influences the overall assessment of chrysanthemum
tea and its preference by consumers [10]. Much research has focused on the qualita-
tive aspects of chrysanthemum tea’s function [6,11-15], whereas its volatility remains
generally understudied.

As a flower-based tea, chrysanthemum is well liked because of its health benefits,
appealing taste, and unique smell, as determined by volatility [10]. Chrysanthemum
tea’s volatility and nutritional content are important factors determining its commercial
quality [16-18]. The common varieties of commercially available chrysanthemum tea
are mainly ‘Hangju’ and chamomile. There have been a large number of studies that
have analyzed the nutritional components in chrysanthemum tea, such as flavonoids [19];
chlorogenic acid is also a key nutrient in chrysanthemum tea [20]. Nevertheless, volatility
is a noteworthy feature of chrysanthemum tea, and it constitutes another direct sensory
feature that attracts certain consumers [21,22].

In chrysanthemum cultivars and their wild relatives, the primary volatile compounds
are monoterpenoids and oxygenated monoterpenoids, including camphor, x-pinene, chrysan-
thenone, safranal, myrcene, eucalyptol, 2,4,5,6,7,7ab-hexahydro-1H-indene, verbenone,
-phellandrene, and camphene [23]. The primary components in Chrysanthemum morifolium
volatile oil are monoterpene and sesquiterpene compounds, including hydrocarbons, esters, and
organic acids, and the most abundant volatile component is a-curcumene [24]. In C. morifolium
‘Boju’, the main volatiles are eucalyptol, fifolone, chrysanthenone, and cis-chrysanthenol
acetate, among others [25]. In various types of chamomiles, although the main compounds
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identified are monoterpenoids, sesquiterpenoids, and esters [26], the composition and
content of these volatiles are quite different from those in chrysanthemum.

Chrysanthemum tea’s volatility is crucial to consumer choice, and therefore, the de-
tection of volatile organic compounds (VOCs) with volatile components is significant.
Recently, there has been increased use of gas chromatography—ion mobility spectrometry
(GC-IMS), a new technology capable of detecting VOCs [27]. Specifically, GC-IMS is a rapid
detection technique for VOCs in samples, whereby gas chromatography is combined with
ion mobility spectroscopy [28]. This technology is based on the separation of complex com-
pounds by a gas chromatography column, where ionized compounds in a specific electric
field move through a fixed distance (drift tube) that requires differing drift times to achieve
the separation of distinct compounds [29]. Building on that, HS-GC-IMS is a technique
that combines GC-IMS with headspace sampling [30] to quickly detect and analyze the
VOCs in certain samples; the technique has a low detection limit but high selectivity [31].
HS-GC-IMS has been applied to analyze volatile compounds in grain [32,33], essential
oil [31], Chinese medicine [34], wines [35,36], and tea [37].

Herein, we investigated a new chrysanthemum variety, ‘Xiaokuixiang’, with a fruity
taste suitable for tea. The main purpose of this study was to compare and analyze the
volatile components and contents of ‘Xiaokuixiang’ vis-a-vis ‘Hangju’, ‘Huangju’, and
chamomile tea (Figure 1) by GC-IMS and establish their flavor fingerprints. Partial least
squares discriminant analysis (PLS-DA) was performed to compare the similarity in volatil-
ity between the four chrysanthemum teas. Our results mainly demonstrate that the four
chrysanthemum teas were completely separated based on their different volatile substances.
Furthermore, this work demonstrates that the different components and contents of volatile
substances led to the different aromas of the four chrysanthemum teas.

Figure 1. The four types of dry chrysanthemum teas: (A) Chamomile; (B) "Xiaokuixiang’; (C) ‘Huangju’; and (D) "Hangju’.

2. Materials and Methods
2.1. Materials

The "Hangju’, "Huangju’, and chamomile used in the experiment came from supermar-
kets, while “Xiaokuixiang’ was a self-bred variety. The latter was harvested and air-dried
during the flowering period, and then oven-dried at 40 °C to ensure it was completely dry
and, thus, fit for usability.

2.2. HS-GC-IMS

From each of the collected four types of dry chrysanthemum teas, we took 100 g
and immersed it in 100 mL of 100 °C drinking water and let the tea brew for 30 min.
Then, a 0.22 um filter (organic phase with a needle filter) was used for collecting the
chrysanthemum tea without impurities and placing it into an injection bottle (18 mm
precision thread vial, volume of 20 mL, 75.5 mm X 22.5 mm, clear glass, rounded bottom,
white marking spot, and CNW LOGO, Borosilicate Type I Class A) to determine the VOCs
of chrysanthemum teas.

The GC-IMS analysis was entrusted to the Application Shandong Hanon Scientific Instru-
ment Co., Ltd,, Jinan, China. Briefly, approximately 5 mL of each chrysanthemum tea type
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was placed into a 20 mL headspace bottle and incubated at 90 °C for 15 min at 500 rpm before
determination. The injection volume was 200 pL, and the injection temperature was 85 °C.

2.3. Statistical Analysis

The instrument analysis software of the GC-IMS equipment was used. The NIST
(National Institute of Standards and Technology, an official website of the United States
government) and IMS (ion mobility spectroscopy, G.M.S., Dortmund, Germany) databases,
which are built into this application software, can be and were used for the qualitative
analysis of substances encountered in the four tea types.

Data analyses were performed in MS Excel (pie graph), GraphPad Prism 8.0 (bar chart),
and Heatmap Illustrator v1.0 (CUCKOO Workgroup, Wuhan, China). All determinations
were performed in triplicate, and the results are expressed as the mean + standard deviation
(SD). One-way ANOVA (p < 0.05) was performed.

3. Results
3.1. HS-GC-IMS Topographic Plots for the Different Chrysanthemum Teas

The four chrysanthemum teas are shown in Figure 1. Their volatile compounds
were analyzed by HS-GC-IMS, and the ensuing data are depicted in a 2D topographical
visualization. As Figure 2 shows, the components and contents of volatiles clearly vary
among the different chrysanthemum teas. ‘Xiaokuixiang’ contained the greatest number of
volatile compound types, and by contrast, the volatile species of ‘Hangju” were the least
(Figure 2).
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Figure 2. The two-dimensional spectrum of VOCs from the four chrysanthemum teas.

To more clearly compare the differences in the volatile components between the four
chrysanthemum teas, the topographic plot of fresh stipes from ‘Hangju’ was selected as the
reference, from which the topographic plots of the other tea type samples were deducted
(Figure S1). Accordingly, if the volatile compounds were consistent, the background after
the deduction was white, whereas red or blue indicated that the substance concentration
was higher or lower than the reference value, respectively. Most of the signals in the
chrysanthemum tea’s topographic plot from the four tea types had retention times between
200 and 1000 s, with several different signals discernible in ‘Xiaokuixiang’. These results
showed that the volatiles of ‘Xiaokuixiang” had the most components and the highest
concentration, while ‘Hangju” had the least in both respects.
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3.2. Comparative Analysis of Common Volatile Compounds in Different Chrysanthemum Teas

A total of 150 volatile compounds were identified from the four chrysanthemum teas.
These compounds were characterized by comparing their IMS drift time and retention
index with those of the real reference compound. A total of 47 typical target compounds
from topographic plots were identified through the GC x IMS library (Tables 1 and S1).
As shown in Figure 3, qualitative and quantitative analyses were performed on the 47 iden-
tified compounds from the different tea samples (Figure 3). A stronger signal indicated a
higher volatile content. These results demonstrated that the compound types and contents
in “Xiaokuixiang’ surpassed those in the other three tea types (Figure 3B).

We then compared the volatile components of each chrysanthemum tea. This revealed
that the total amount of volatile compounds was highest in ‘Huangju’ tea, followed by
“Xiaokuixiang’, with the lowest content of volatile components in ‘Hangju’ (Figure 4).
“Xiaokuixiang” had the highest content of ester, ketone, and alcohols compounds, and
‘Huangju’ had the highest content of terpenoids and aldehyde compounds. Compared
with the other three chrysanthemums, ‘Hangju’ had the lowest content of ester, alcohols,
terpenoids, and aldehyde compounds. The variety of volatile compounds in “Xiaokuixiang’
was relatively uniform. Notably, the content of ketone compounds in chamomile was
relatively low, and almost no ester compounds were detected in ‘Huangju’ and ‘Hangju’
(Figure 4).
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Figure 3. Qualitative results of gas-phase ion mobility spectra for the four chrysanthemum teas:
(A) Chamomile, (B) "Xiaokuixiang’, (C) ‘Huangju’, (D) ‘Hangju’.
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Table 1. Properties of volatile compounds.
Compound CAS Formula MW RI Rt [s] [;.):.] Chamomile “Xiaokuixiang’ ‘Huangju’ ‘Hangju’
(E)-2-Hexenal dimer C6728263 CgH100 98.1 845 341.96 1.52 119.15 £ 13.38 75.51 £ 3.9 2584.61 + 200.04 164.85 £ 17.54
(E)-2-Hexenal monomer C6728263 CgH;0O 98.1 845.9 343.05 1.19 266.3 + 4.4 118.7 £13.32 1466.64 £ 58.49 460.29 £ 37.3
1,8-Cineole dimer C470826 Cy0H180 154.3 10394  668.17 1.73 2288.27 + 95.94 1703.92 + 33.27 10,356.01 4+ 304.58  269.45 4+ 17.21
1,8-Cineole monomer C470826 C10H180 154.3 1039.9  669.06 1.30 4666.11 + 33.93 2808.24 4 98.28 4684.26 +217.57  1709.26 + 147.07
1-Menthol dimer C2216515 Cy0H0O 156.3 1164.6  899.45 1.89 76.31 £+ 8.05 104.58 £9.7 611.43 + 445 95 £+ 8.35
1-Menthol monomer C2216515 C10H20O 156.3 1167.1  904.07 1.22 1523.09 £ 132.67 1832.42 £ 212.92 13,371.96 + 646.6  3336.42 £ 842.92
1-Octen-3-one C4312996 CgH140 126.2 980.7 559.80 1.27 147.74 +10.47 457.74 + 30.52 185.63 + 11.63 132.28 +£8.71
1-Propanol C71238 C3HgO 60.1 567.8 133.48 1.11 277.14 + 37.46 510.58 + 137.29 285.27 +70.16 120.95 £ 13.73
2-Butanone dimer C78933 C4HgO 72.1 598.6 148.07 1.25 66.32 £ 8.38 206.39 + 16.58 91.84 +11.82 56.38 + 2.7
2-Butanone monomer C78933 C4HgO 721 600.2 148.81 1.06 225.59 + 5.57 304.15 +£9.95 256.77 £ 17.37 224.55 +3.13
2-Methyl butanol dimer C137326 CsH,0 88.1 730.6 226.07 1.47 74.41 £+ 43.88 377.13 £+ 39.66 61.58 &+ 6.67 2473 +1.82
2-Methyl butanol monomer C137326 CsH1,0 88.1 732.1 227.38 1.22 233.41 4+ 45.94 738.55 + 36.4 173.98 £+ 10.38 90.78 +9.45
2-Methylbutanal dimer C96173 CsH10O 86.1 661.8 177.99 1.40 1432.09 £ 65.61 909.09 + 49.14 674.59 +72.26 495.8 £ 36.75
2-Methylbutanal monomer C96173 CsH;0O 86.1 659.7 177.00 1.16 401.75 + 14.95 301.28 4 4.45 443.43 + 6.92 49291 +20.22
2-Pentenal (E) dimer C1576870 CsHgO 84.1 745.3 238.45 1.37 54.63 + 6.98 120.37 £+ 5.89 243.18 + 31.99 33.63 +2.47
2-Pentenal (E) monomer C1576870 CsHgO 84.1 745.6 238.71 1.11 165.33 £ 11.36 200.09 + 3.45 426.63 £ 36.76 152.51 +7.41
2-Pentylfuran C3777693 CoH14,0 138.2 10019  598.78 1.24 212.31 +21.79 1327.04 £ 82.25 263.66 + 30.66 172.3 £2.81
3-Methylbutanal dimer C590863 CsH;00 86.1 652.4 173.54 1.41 979.83 1+ 46.43 458.85 + 29.25 219.49 + 28.19 218.41 +19.24
3-Methylbutanal monomer C590863 CsH10O 86.1 649.7 172.30 1.17 310.93 +22.26 252.22 + 6.09 251.21 +4.01 312.4 +14.22
3-Octanol dimer (589980 CsH;30 130.2 983.5 565.02 1.77 27.63 £ 0.35 109.59 £ 5.66 3229 £3.77 31.99 + 6.66
3-Octanol monomer (589980 CgH;30 130.2 984.2 566.23 1.39 218.74 +£9.55 437.37 £27.6 232.78 + 8.53 154.96 £+ 5.27
5-Methyl-2-furanmethanol dimer C3857258 CeHgOy 1121 954.5 511.57 1.57 197.92 £+ 22.36 59.33 + 1.58 149.97 £7.99 102.93 £ 8.99
5-Methyl-2-furanmethanol monomer C3857258 CeHgOy 112.1 955.8 513.98 1.26 511.85 +51.91 411.24 + 14.62 664.63 + 13.69 355.18 + 8.68
6-Methyl-5-hepten-2-one C110930 CgH140 126.2 994.7 585.52 1.18 2100.88 + 193.06 4922.49 + 108.53 8939.93 £ 89.23 6135.18 +243.3
Acetone C67641 C3HgO 58.1 541.7 121.11 1.12 307.59 + 31.17 3941.64 + 1000.18 279.57 +72.23 93.38 + 8.36
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Table 1. Cont.

Compound CAS Formula MW RI Rt [s] [a].):.] Chamomile “Xiaokuixiang’ ‘Huangju’ ‘Hangju’
benzaldehyde C100527 C;HqO 106.1 955 512.56 1.15 4229 + 56.36 129.43 + 5.64 251.34 £ 11.67 228.79 £1.29
Butyl acetate C123864 CeH120; 116.2 804.6 294.95 1.24 21.92 £1.42 97.13 + 4.61 38.21 + 6.31 21.04 +£24
Ethyl 2-methylbutanoate C7452791 C;H140, 130.2 841.7 338.13 1.66 4068.59 £ 54.94 6201.27 £ 149.74 105.39 + 241 45.64 £2.85
Ethyl 2-methylpropanoate C97621 CeH120; 116.2 749.8 242.27 1.57 45.89 £ 10.29 54437 +4.24 2353+ 1.3 23.09 £3.23
Ethyl butyrate C105544 CeH120; 116.2 800.4 290.03 1.21 13.06 + 0.52 79.82 +7.13 12.84 4+ 1.66 12.24 +£1.95
Heptanal dimer C111717 C;H14,0 114.2 899.4 410.27 1.70 684.87 £ 46.75 285.09 £ 14.02 780.97 £ 35.21 395.66 £+ 12.06
Heptanal monomer C111717 C;H14,0 114.2 899.3 409.93 1.33 281 + 21.65 212.67 £ 8.64 296.56 + 11.67 7112 +2.49
Heptanoic acid dimer C111148 CyH140; 130.2 1053 693.30 1.76 91.78 £ 6.98 1362.95 + 189.03 190.7 4+ 22.46 81.34 £ 6.96
Heptanoic acid monomer C111148 C;H140, 130.2 1051.6 690.58 1.36 217.9 £9.68 457.72 £ 51.97 86.71 £5.29 60.26 + 1.53
Hexanal dimer C66251 Ce¢H10 100.2 791.1 279.29 1.57 1899.55 + 72.68 2897.65 £+ 52.78 2694.57 + 86.19 1494.49 + 19.81
Hexanal monomer C66251 Ce¢H120 100.2 791.1 279.29 1.26 1088.22 + 49.57 1063.24 + 43.75 1230.44 £ 37.1 1166.24 +21.4
Isoamyl acetate dimer C123922 C;H140; 130.2 876 378.14 1.75 26.48 £ 6.98 144.48 + 13.61 20.43 £1.35 20.8 £2.31
Isoamyl acetate monomer C123922 CyH140; 130.2 876.6 378.85 1.30 66.4 +4.29 395.1 +12.85 102.52 + 8.51 54.28 +£ 6.8
Linalool oxide dimer C60047178 C10H1802 170.3 1076.6 736.77 1.82 89.87 £ 6.51 450.59 £ 73.39 63.83 £5.24 49.68 £5.15
Linalool oxide monomer C60047178 C10H180, 170.3 1077 737.67 1.26 326.91 £ 24.45 804.93 £ 72.82 74.35 £ 25.8 34.87 £2.02
Methyl 2-methylbutanoate dimer C868575 CeH120; 116.2 768.8 258.26 1.54 217.3 £9.99 252.67 £7.51 2462 +29 15.52 £ 1.03
Methyl 2-methylbutanoate monomer C868575 CeH120, 116.2 770 259.28 1.18 404.26 + 20.26 352.79 +23.05 211.43 4+ 8.69 146.93 + 5.49
Pentanal dimer C110623 CsH;00 86.1 694.6 195.77 1.43 1044.79 + 43.21 923.43 £ 31.09 1084.99 + 23.53 1093.19 £19.8
Pentanal monomer C110623 CsHq190 86.1 694.9 196.05 1.18 964.72 + 56.23 1044.44 £ 46.97 749.54 + 55.68 321.03 £ 3.04
Propylacetate dimer C109604 CsH190; 102.1 707.7 206.83 1.48 39.05 +£17.76 420.42 + 8.88 2748 £7.19 20.46 £0.21
Propylacetate monomer C109604 CsH190; 102.1 708.4 207.36 1.17 64.59 + 6.93 292.21 £ 5.69 71.38 £ 3.49 83.29 +£4.01
Propylsulfide C111477 CeH14S 118.2 884.7 388.21 1.16 427 +22 39.03 +£1.77 226.35 £+ 16.02 80.77 + 4.8
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Figure 4. The composition of VOCs in the four chrysanthemum teas. Error bars show the standard

deviation between three biological replicates (1 = 3).

3.3. Comparative Analysis of Unique Volatile Compounds in Different Chrysanthemum Teas

To clarify the specific differentially occurring substances in the comparison samples,
all peaks obtained by gas-phase ion mobility spectroscopy were selected for a fingerprint
comparison. The results showed that the volatile compounds for the four chrysanthe-
mum teas were quite different. Figure 5 shows the visual information pertaining to the
types and the corresponding contents of volatile compounds in the chrysanthemum tea
types studied. The greatest variety of volatile compounds was found in ‘Xiaokuixiang’,
while there were fewer varieties of volatile compounds in “‘Huangju’ as compared to
“Xiaokuixiang’. Chamomile exhibited fewer types of volatile compounds than ‘Huangju’,
while “Hangju” showed the fewest varieties of volatile compounds (Figures 5 and S1).
Additionally, we analyzed the primary volatile components and main compounds in
each chrysanthemum tea. We found that, in chamomile, the primary volatile compo-
nents consisted of ethyl 2-methylbutanoate in esters and 1,8-cineole monomer in alcohols
(Figure 6A), and for those in “‘Huangju’, it was 1-menthol monomer and 1,8-cineole dimer
in terpenoids (Figure 6B). Likewise, those in “Xiaokuixiang” were ethyl 2-methylbutanoate
in esters and 6-methyl-5-hepten-2-one in ketones (Figure 6C), and those in ‘Hangju” were
6-methyl-5-hepten-2-one in ketones and 1-menthol monomer in terpenoids (Figure 6D).
Hence, the volatile components of each chrysanthemum tea were not the same.
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experiments were performed and error bars indicate standard deviations. Letters indicate significant
differences which were determined by Duncan’s multiple range test (p < 0.05).
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Our quantitative analysis of the identified compounds showed that there were high
amounts of some of them in chamomile, such as 1,8-cineole monomer, ethyl 2-methylbutanoate,
1,8-cineole dimer, 6-methyl-5-hepten-2-one, and hexanal dimer. Likewise, high amounts of
ethyl 2-methylbutanoate, 6-methyl-5-hepten-2-one, hexanal dimer, and 1,8-cineole monomer,
as well as acetone, were found in ‘Xiaokuixiang’. In ‘Huangju’, high amounts of 1-menthol
monomer, along with 1,8-cineole dimer, 6-methyl-5-hepten-2-one, 1,8-cineole monomer,
and hexanal dimer were present, and finally, high amounts of 6-methyl-5-hepten-2-one,
1-menthol monomer, 1,8-cineole monomer, hexanal dimer, and hexanal monomer were
present in ‘Hangju’ (Figure 6). We determined that ‘Hangju’, chamomile, “Xiaokuixiang’, and
"Huangju’ contained the highest levels of 6-methyl-5-hepten-2-one, 1,8-cineole monomer, ethyl
2-methylbutanoate, and 1-menthol monomer, respectively (Figure 7 and Table S1).
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Figure 7. PLS-DA of the four chrysanthemum teas. (A) PLS-DA of the four chrysanthemum teas, (B) the variable importance

in projection (VIP) scores.

3.4. PLS-DA Analysis of the Four Chrysanthemum Teas

PLS-DA is a multivariate statistical analysis method with supervised pattern recogni-
tion. PLS-DA was performed to separate the four chrysanthemum teas based on the volatile
compounds after data normalization. As shown in Figure 7A, the four groups of chrysan-
themum teas could be completely separated. The relationship between groups chamomile
and ‘Hangju’ was more similar, and the relationship between groups ‘Xiaokuixiang” and
‘Huangju’ was weaker. Furthermore, ‘Xiaokuixiang’ and ‘Huangju’ were distinct from
chamomile and ‘Hangju’, respectively. A score plot displays clear separation between the
samples. The samples could be separated into four classes with preferably explained vari-
ance (R%Y = 0.666, Q2 = 0.512). The variable importance in projection (VIP) scores are the
estimate of the importance of each variable in the PLS model. Among the important volatile
compounds that contributed to the separation were ethyl 2-methylbutanoate, (E)-2-hexenal
dimer, acetone, ethyl 2-methylpropanoate, 1,8-cineole dimer, heptanoic acid dimer, methyl
2-methylbutanoate dimer, propylacetate dimer, linalool oxide monomer, 1-menthol dimer,
1-menthol monomer, (E)-2-hexenal monomer, 2-pentenal (E) dimer, and 2-methyl butanol
dimer (Figure 7B). Taken together, these results revealed that the volatile fingerprints of
different chrysanthemum teas were successfully established through GC-IMS.

4. Discussion
4.1. Volatile Compounds in Different Chrysanthemum Teas
Chrysanthemum tea is one of the most popular flower teas in China because of its

unique flavor and nutritional qualities [1]. Most studies have focused on the nutritional
and functional components of chrysanthemum tea [4,6,38], but the volatility is also an
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important trait that determines chrysanthemum tea’s overall quality and flavor [10]. To
fill this knowledge gap, in this study, we relied on GC-IMS to identify the volatile compo-
nents in different chrysanthemum teas. Furthermore, a cluster analysis based on volatile
components was used to distinguish chrysanthemum teas with different flavors. More-
over, ‘Xiaokuixiang’ could be a new type of chrysanthemum tea because of its unique
volatile components.

Currently, the main types of chrysanthemum tea on the Chinese market are chamomile,
‘Huangju’, and ‘Hangju’ varieties. We detected and analyzed the VOCs of chrysanthemum
teas made using those three types and also ‘Xiaokuixiang’. The main volatile compounds in
those chamomile tea infusions were aldehydes (34.87%) and terpenoids (30.92%; Figure 6A).
A previous study that also used GC-MS found differing components of main volatile com-
pounds in fresh German versus Roman chamomile teas; the former’s major compounds
were sesquiterpenoids and monoterpenoids, while the latter’s were esters [26]. In our
study, it was obvious that the components of the main volatile compounds are different
between the flower’s head and the brewed tea in chamomile. Our research group bred
“Xiaokuixiang’, and its exploratory potential is promising. Its levels of ketones, aldehydes,
esters, and terpenoids were 23.9%, 21.86%, 21.34%, and 18.73%, respectively; hence, the
volatile compounds’ distribution of each major category was relatively uniform (Figure 6C).
In stark contrast, for ‘'Huangju’, the main volatile compounds present in its tea were ter-
penoids (52.72%) (Figure 6B). To the best of our knowledge, no studies have investigated the
components of the main volatile compounds in ‘Huangju’ chrysanthemum tea. Sesquithu-
jene, nootkatene, 3-curcumene, cedrol, and B-bisabolol are the primary compounds in
‘Hangju’ [39]. Compared with the volatile compounds in dried chrysanthemum flowers,
the main volatile compounds in the ‘Hangju’ tea infusion were aldehydes (33.88%) and
ketones (31.69%) (Figure 6D). The components of the main volatile compounds were also
different between the flower’s head and tea infusion in ‘Hangju’, similar to the case in
chamomile. Therefore, different chrysanthemum teas harbor uniquely dominant VOCs.

4.2. Different Chrysanthemum Teas Differed in Their Flavor

We compared the VOC content and compounds in the four chrysanthemum teas.
A total of 150 volatile compounds were identified. Approximately 47 compounds were
identified in different samples by the qualitative and quantitative analyses (Table 1). As
seen in Figure 2, the VOCs for ‘Xiaokuixiang’ were the most abundant and had the highest
concentrations, and the lowest amounts of volatile components were found in ‘Hangju’.
The volatile compound present at the highest level was also different among the four tea
types: 1,8-cineole in chamomile, ethyl 2-methylbutanoate in ‘Xiaokuixiang’, 1-menthol
monomer in ‘Huangju’, and 6-methyl-5-hepten-2-one in ‘Hangju’. However, the most
abundant volatile compounds in the product may not be the most important factor that
contributes to their flavor, because the comprehensive performance of the composition,
type, and content proportion of volatile substances constituted the unique flavor of each tea.

Therefore, in this study, the formation of different flavors of the four chrysanthemum
teas did not necessarily result from highest amount of chemical compounds, but rather,
may have resulted due to the main contribution of volatile compounds present in very
low amounts, or the combination of multiple compounds. For example, in ‘Huangju’ and
‘Hangju’, although the amount of esters was low, esters are the main flavor compounds in
many fruits [40,41], and therefore, the effect of esters on flavor cannot be ignored. Thus,
the formation of the unique flavor of the four chrysanthemum teas was closely related to
the combination and amount of their volatiles and the perception threshold of individual
volatile compounds.

In this study, PLS-DA was performed as shown in Figure 7A, and ‘Hangju’, "Huangju’,
chamomile, and ‘Xiaokuixiang’ could be distinguished from each other. Thus, we deter-
mined that GC-IMS may be successfully used to distinguish chrysanthemum tea according
to the composition of volatile substances. In summation, we found a new type of chrysan-
themum tea with a unique flavor that can enrich the varieties of chrysanthemum tea and
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expand chrysanthemum’s economic value, while also providing new insights and ideas for
the study of edible chrysanthemum plant products.

5. Conclusions

In this study, we detected and quantified the variation in volatile flavor components
in infusions made with four types of chrysanthemum teas. HS-GC-IMS was used to ef-
fectively identify characteristic flavor compounds in the different samples. The volatile
components and their amounts differed among the tested chrysanthemum teas. The main
volatile components in chamomile were ethyl 2-methylbutanoate in esters and 1,8-cineole
monomer in alcohols; in ‘Xiaokuixiang’, they were ethyl 2-methylbutanoate in esters and
6-methyl-5-hepten-2-one in ketones. However, in both ‘Hangju” and "Huangju’, they were
6-methyl-5-hepten-2-one in ketones and 1-menthol monomer in terpenoids. The volatile
compounds’ PLS-DA analysis showed that the four chrysanthemum teas could be com-
pletely separated.

Supplementary Materials: The following are available online, Figure S1: Gas-phase ion mobility
spectra of VOCs from four chrysanthemum teas, Table S1: Total volatile compounds were identified
from the four chrysanthemum teas.

Author Contributions: Conceptualization, B.H., X.Z. and Z.G.; methodology, Z.W.; software, X.Z.;
validation, B.H., Z.G. and X.Z.; formal analysis, Y.Y.; resources, B.H.; data curation, Z.W.; writing—
original draft preparation, Z.G. and Z.W.; writing—review and editing, X.Z.; visualization, X.Z.
and Z.G.; supervision, B.H., X.Z. and Z.G.; project administration, B.H., X.Z. and Z.G.; funding
acquisition, B.H., X.Z. and Z.G. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was funded by the National Key R&D Program of China (grant
no. 2018YFD1000400), the Beijing Municipal Science and Technology Project (grant no. Z191100008519007),
and the National Natural Science Foundation (grant no. 32002072).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the Shandong Hanon Scientific Instrument Co.,
Ltd., Jinan, China, Charlesworth Author Services.

Conflicts of Interest: The authors declare that there is no conflict of interest.

Sample Availability: The chrysanthemum teasare available from the authors.

1. Liu, X; Zhou, B.; Yang, H.; Li, Y.; Yang, Q.; Lu, Y.; Gao, Y. Sequencing and Analysis of Chrysanthemum carinatum Schousb and
Kalimeris indica. The Complete Chloroplast Genomes Reveal Two Inversions and rbcL as Barcoding of the Vegetable. Molecules

2018, 23, 1358. [CrossRef]

2. Silva, J.A.T.; Kulus, D. Chrysanthemum biotechnology: Discoveries from the recent literature. Folia Hortic. 2014, 26, 67-77.

[CrossRef]

3. Wang, X.-G.; Wang, H.-B.; Chen, F.-D.; Jiang, ].-F; Fang, W.-M; Liao, Y.; Teng, N.-J. Factors affecting quantity of pollen dispersal
of spray cut chrysanthemum (Chrysanthemum morifolium). BMC Plant. Biol. 2014, 14, 5. [CrossRef] [PubMed]

4. Lai,J.-P; Lim, YH,; Su, J.; Shen, H.-M.; Ong, C.N. Identification and characterization of major flavonoids and caffeoylquinic acids
in three Compositae plants by LC/DAD-APCI/MS. |. Chromatogr. B 2007, 848, 215-225. [CrossRef]

5. Chu, Q. Fu, L.;; Guan, A.Y,; Ye, J. Determination and Differentiation of Flos Chrysanthemum Based on Characteristic Elec-
trochemical Profiles by Capillary Electrophoresis with Electrochemical Detection. . Agric. Food Chem. 2004, 52, 7828-7833.

[CrossRef]

6. Lin, L.-Z,; Harnly, ] M. Identification of the phenolic components of chrysanthemum flower (Chrysanthemum morifolium Ramat).
Food Chem. 2010, 120, 319-326. [CrossRef]

7. Miyazawa, M.; Hisama, M. Antimutagenic Activity of Flavonoids from Chrysanthemum morifolium. Biosci. Biotechnol. Biochem.
2003, 67, 2091-2099. [CrossRef]


http://doi.org/10.3390/molecules23061358
http://doi.org/10.2478/fhort-2014-0007
http://doi.org/10.1186/1471-2229-14-5
http://www.ncbi.nlm.nih.gov/pubmed/24393236
http://doi.org/10.1016/j.jchromb.2006.10.028
http://doi.org/10.1021/jf048933s
http://doi.org/10.1016/j.foodchem.2009.09.083
http://doi.org/10.1271/bbb.67.2091

Molecules 2021, 26, 7113 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Zhen, Y.; Chen, Z.; Cheng, S.; Chen, M. Medicinal and aromatic plants—Industrial profiles. In Tea: Bioactivity and Therapeutic
Potential; CRC Press: London, UK, 2002; p. 267.

Han, A.-R.; Nam, B.; Kim, B.-R.; Lee, K.-C.; Song, B.-S.; Kim, S.H.; Kim, J.-B.; Jin, C.H. Phytochemical Composition and
Antioxidant Activities of Two Different Color Chrysanthemum Flower Teas. Molecules 2019, 24, 329. [CrossRef] [PubMed]

Ryu, J.; Nam, B.; Kim, B.; Kim, S.H.; Jo, Y.D.; Ahn, J.; Han, A. Comparative analysis of phytochemical composition of gam-ma-
irradiated mutant cultivars of Chrysanthemum morifolium. Molecules 2019, 24, 3003. [CrossRef]

He, D.; Ru, X.; Wen, L.; Wen, Y,; Jiang, H.; Bruce, L; Jin, J.; Ma, X.; Xia, Q. Total flavonoids of Flos Chrysanthemi protect arterial
endothelial cells against oxidative stress. J. Ethnopharmacol. 2011, 139, 68-73. [CrossRef] [PubMed]

Kim, H.J.; Lee, Y.S. Identification of new dicaffeoylquinic acids from Chrysanthemum morifolium and their antioxidant activities.
Planta Med. 2005, 71, 871-876. [CrossRef]

Kim, S.J.; Lee, K.-T.; Choi, H.-E.; Ha, T.J.; Nam, ].H.; Hong, S.Y.; Chang, D.C.; Kim, K.S. Anti-inflammatory effects of flavonoids in
Korean Chrysanthemum species via suppression of inducible nitric oxide synthase and cyclooxygenase-2 in LPS-induced RAW
264.7 macrophages. Food Sci. Biotechnol. 2015, 24, 975-985. [CrossRef]

Xie, Y.-Y,; Yuan, D.; Yang, J.-Y.; Wang, L.-H.; Wu, C.-F. Cytotoxic activity of flavonoids from the flowers of Chrysanthemum morifolium
on human colon cancer Colon205 cells. |. Asian Nat. Prod. Res. 2009, 11, 771-778. [CrossRef]

Yang, P; Feng, Z.; Yang, Y. Jiang, J.; Zhang, P. Neuroprotective caffeoylquinic acid derivatives from the flowers of
Chrysanthemum morifolium. Nat. Prod. 2017, 80, 1028-1033. [CrossRef]

Han, A.-R.; Kim, H.Y,; So, Y.; Nam, B.; Lee, I.-S.; Nam, J.-W,; Jo, Y.D.; Kim, S.H.; Kim, J.-B.; Kang, S.-Y.; et al. Quantification
of Antioxidant Phenolic Compounds in a New Chrysanthemum Cultivar by High-Performance Liquid Chromatography with
Diode Array Detection and Electrospray Ionization Mass Spectrometry. Int. J. Anal. Chem. 2017, 2017, 1-8. [CrossRef]
Kishimoto, S.; Maoka, T.; Nakayama, M.; Ohmiya, A. Carotenoid composition in petals of chrysanthemum (Dendranthema grandiflorum
(Ramat.) Kitamura). Phytochemistry 2004, 65, 2781-2787. [CrossRef]

Park, C.H.; Chae, S.C.; Park, S.-Y,; Kim, ].K.; Kim, Y.J.; Chung, S.O.; Arasu, M.V.; Al-Dhabi, N.A.; Park, S.U. Anthocyanin and
Carotenoid Contents in Different Cultivars of Chrysanthemum (Dendranthema grandiflorum Ramat.) Flower. Molecules 2015,
20, 11090-11102. [CrossRef]

Chen, S; Liu, J.; Dong, G.; Zhang, X.; Liu, Y.; Sun, W,; Liu, A. Flavonoids and caffeoylquinic acids in Chrysanthemum mori-folium
Ramat flowers: A potentially rich source of bioactive compounds. Food Chem. 2021, 344, 128733. [CrossRef]

Gauthier, L.; Bonnin-Verdal, M.; Marchegay, G.; Pinson-Gadais, L.; Ducos, C.; Richard-Forget, F.; Atanasova-Penichon, V. Fungal
biotransformation of chlorogenic and caffeic acids by Fusarium graminearum: New insights in the contribution of phenolic acids
to resistance to deoxynivalenol accumulation in cereals. Food Microbiol. 2016, 221, 61-68. [CrossRef]

Jones, PJ.; Jew, S. Functional food development: Concept to reality. Trends Food Sci. Technol. 2007, 18, 387-390. [CrossRef]

Heck, C.I; de Mejia, E.G. Teas and tea-based functional beverages. In Functional and Speciality Beverage Technology; Paquin, P, Ed.;
Woodhead Publishing Ltd: Boca Raton, FL, USA, 2009; pp. 396—417.

Sun, H.; Zhang, T.; Fan, Q.; Qi, X.; Zhang, F; Fang, W.; Jiang, J.; Chen, F,; Chen, S. Identification of Floral Scent in Chrysanthemum
Cultivars and Wild Relatives by Gas Chromatography-Mass Spectrometry. Molecules 2015, 20, 5346-5359. [CrossRef]

Kuang, C.; Lv, D.; Shen, G.; Li, S.; Luo, Q.; Zhang, Z. Chemical composition and antimicrobial activities of volatile oil extracted
from Chrysanthemum morifolium Ramat. Food Sci. Technol.-Mysore 2018, 55, 2786-2794. [CrossRef]

Peng, A.; Lin, L.; Zhao, M. Screening of key flavonoids and monoterpenoids for xanthine oxidase inhibitory activity-oriented
quality control of Chrysanthemum morifolium Ramat. ‘Boju’ based on spectrum-effect relationship coupled with UPLC-TOF-MS
and HS-SPME-GC/MS. Food Res. Int. 2020, 137, 109448. [CrossRef]

Yuling, T.; Chengcheng, L.; Chengxiang, W.; Huanhuan, W.; Ling, S.; Lin, Y.; Yi, Y. Analysis of terpenoid biosynthesis pathways in
German chamomile (Matricaria recutita) and Roman chamomile (Chamaemelum nobile) based on co-expression net-works. Genomics
2020, 112, 1055-1064.

Jin, J.; Zhao, M.; Zhang, N.; Jing, T.; Liu, H.; Song, C. Stable isotope signatures versus gas chromatography-ion mobility
spectrometry to determine the geographical origin of Fujian Oolong tea (Camellia sinensis) samples. Eur. Food Res. Technol. 2020,
246, 955-964. [CrossRef]

Natalie, G.; Markus, B.; Daniel, S.; Sascha, R.; Philipp, W. Resolution-optimized headspace gas chromatography-ion mobility
spectrometry (HS-GC-IMS) for non-targeted olive oil profiling. Anal. Bioanal. Chem. 2017, 409, 3933-3942.

Carl, T,; Fraser, L.; Stephen, P.S.; Edward, C.S.; Ian, A.F; John, R.D. Analysis of Listeria using exogenous volatile organic
compound metabolites and their detection by static headspace-multi-capillary column—-gas chromatography—ion mobility
spectrometry (SHS-MCC-GC-IMS). Anal. Bioanal. Chem. 2017, 409, 4247-4256.

Cao, S.; Sun, J.; Yuan, X.; Deng, W.; Zhong, B.; Chun, J. Characterization of Volatile Organic Compounds of Healthy and
Huanglongbing-Infected Navel Orange and Pomelo Leaves by HS-GC-IMS. Molecules 2020, 25, 4119. [CrossRef]
Rodriguez-Maecker, R.; Vyhmeister, E.; Meisen, S.; Martinez, A.R.; Kuklya, A.; Telgheder, U. Identification of terpenes and essential
oils by means of static headspace gas chromatography-ion mobility spectrometry. Anal. Bioanal. Chem. 2017, 409, 6595-6603.
[CrossRef]

Fan, X,; Jiao, X.; Liu, J.; Jia, M.; Blanchard, C.; Zhou, Z. Characterizing the volatile compounds of different sorghum cultivars by
both GC-MS and HS-GC-IMS. Food Res. Int. 2020, 140, 109975. [CrossRef]


http://doi.org/10.3390/molecules24020329
http://www.ncbi.nlm.nih.gov/pubmed/30658439
http://doi.org/10.3390/molecules24163003
http://doi.org/10.1016/j.jep.2011.10.043
http://www.ncbi.nlm.nih.gov/pubmed/22108681
http://doi.org/10.1055/s-2005-873115
http://doi.org/10.1007/s10068-015-0125-9
http://doi.org/10.1080/10286020903128470
http://doi.org/10.1021/acs.jnatprod.6b01026
http://doi.org/10.1155/2017/1254721
http://doi.org/10.1016/j.phytochem.2004.08.038
http://doi.org/10.3390/molecules200611090
http://doi.org/10.1016/j.foodchem.2020.128733
http://doi.org/10.1016/j.ijfoodmicro.2016.01.005
http://doi.org/10.1016/j.tifs.2007.03.008
http://doi.org/10.3390/molecules20045346
http://doi.org/10.1007/s13197-018-3203-1
http://doi.org/10.1016/j.foodres.2020.109448
http://doi.org/10.1007/s00217-020-03469-0
http://doi.org/10.3390/molecules25184119
http://doi.org/10.1007/s00216-017-0613-2
http://doi.org/10.1016/j.foodres.2020.109975

Molecules 2021, 26, 7113 13 of 13

33.

34.

35.

36.

37.

38.

39.

40.

41.

Pu, D.; Zhang, H.; Zhang, Y.; Sun, B.; Ren, F,; Chen, H.; He, J. Characterization of the aroma release and perception of white
bread during oral processing by gas chromatography-ion mobility spectrometry and temporal dominance of sensations analysis.
Food Res. Int. 2019, 123, 612-622. [CrossRef]

Lv, W,; Lin, T;; Ren, Z; Jiang, Y.; Zhang, |.; Bi, F.; Gu, L.; Hou, H.; He, ]J. Rapid discrimination of Citrus reticulata ‘Chachi’ by
headspace-gas chromatography-ion mobility spectrometry fingerprints combined with principal component analysis. Food Res.
Int. 2020, 131, 108985. [CrossRef]

Yu, H.; Guo, W,; Xie, T.; Ai, L.; Tian, H.; Chen, C. Aroma characteristics of traditional Huangjiu produced around Winter Solstice
revealed by sensory evaluation, gas chromatography—mass spectrometry and gas chromatography—ion mobility spectrometry.
Food Res. Int. 2021, 145, 110421. [CrossRef]

Li, H,; Jiang, D.; Liu, W.; Yang, Y.; Zhang, Y.; Jin, C.; Sun, S. Comparison of fermentation behaviors and properties of raspberry
wines by spontaneous and controlled alcoholic fermentations. Food Res. Int. 2019, 128, 108801. [CrossRef]

Qi, H.; Ding, S.; Pan, Z.; Li, X.; Fu, F. Characteristic Volatile Fingerprints and Odor Activity Values in Different Citrus-Tea by
HS-GC-IMS and HS-SPME-GC-MS. Molecules 2020, 25, 6027. [CrossRef]

Yinjun, Y.; Xinguang, S.; Jinjun, L.; Liping, K.; Sibao, C.; Baiping, M.; Baolin, G. Quantitative and Qualitative Analysis of
Flavonoids and Phenolic Acids in Snow Chrysanthemum (Coreopsis tinctoria Nutt.) by HPLC-DAD and UPLC-ESI-QTOF-MS.
Molecules 2016, 21, 1307.

Jing, N.; Ling, X.; Lamei, Z.; Zhifeng, D.; Dan, L.; Jiewen, Z; Jinbo, F. An integration of UPLC-DAD/ESI-Q-TOF MS, GC-MS, and
PCA analysis for quality evaluation and identification of cultivars of Chrysanthemi Flos (Juhua). Phytomedicine 2019, 59, 152803.
Perez, A.; Sanz, C.; Olias, R; Rios, J.; Olias, ]. Aroma quality evaluation of strawberry cultivars in Southern Spain. Acta Hortic.
1997, 337-340. [CrossRef]

Larsen, M.; Poll, L. Odour thresholds of some important aroma compounds in strawberries. Eur. Food Res. Technol. 1992,
195, 120-123. [CrossRef]


http://doi.org/10.1016/j.foodres.2019.05.016
http://doi.org/10.1016/j.foodres.2020.108985
http://doi.org/10.1016/j.foodres.2021.110421
http://doi.org/10.1016/j.foodres.2019.108801
http://doi.org/10.3390/molecules25246027
http://doi.org/10.17660/ActaHortic.1997.439.53
http://doi.org/10.1007/BF01201770

	Introduction 
	Materials and Methods 
	Materials 
	HS-GC-IMS 
	Statistical Analysis 

	Results 
	HS-GC-IMS Topographic Plots for the Different Chrysanthemum Teas 
	Comparative Analysis of Common Volatile Compounds in Different Chrysanthemum Teas 
	Comparative Analysis of Unique Volatile Compounds in Different Chrysanthemum Teas 
	PLS-DA Analysis of the Four Chrysanthemum Teas 

	Discussion 
	Volatile Compounds in Different Chrysanthemum Teas 
	Different Chrysanthemum Teas Differed in Their Flavor 

	Conclusions 
	References

