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Abstract: Floral fragrance, as one of the evaluation indicators for ornamental plants, influences
people’s perception of these plants. To explore the volatile compounds and their application value in
different parts of Iris typhifolia and to investigate the contributions of each part to the floral aroma, an
AIRSENSE electronic nose, principal component analysis (PCA), linear discriminant analysis (LDA),
and loading analysis (Loading) are employed to study the differences in floral components among
the various parts. Samples from the stamen, pistil, flag petal, and pendant petal are qualitatively and
quantitatively analyzed using solid-phase microextraction (SPME) and gas chromatography-mass
spectrometry (GC-MS) techniques, combined with spectral library retrieval, cluster analysis, and Odor
Activity Value (OAV) calculation. The results show that the electronic nose significantly distinguished
the aromas from different parts, and there are significant differences in aroma composition. Through
cluster analysis and OAV calculation, it is found that the pistil makes the primary contribution to the
floral profile of Iris typhifolia, due to the presence of caproaldehyde, 2-methoxy-3-sec-butylpyrazine,
and abundant terpenes. This research provides a valuable reference for reconstructing the floral
aroma profile, extracting bioactive substances, and exploring aromatherapy with Iris typhifolia.

Keywords: Iris typhifolia; pistil; GC-MS; floral fragrance; odor activity

1. Introduction

Floral fragrances are composed of various secondary metabolites emitted by natural
flowers; thus, a unique aroma is given. Floral fragrance plays a crucial role in attracting
pollinators, communicating with them [1], enhancing plant esthetics, and contributing to
the secondary metabolism of ornamental plants. Iris, one of the “three root-rooted flowers
in the world”, is a well-known fragrant flower with significant decorative value [2—-4]. Iris
typhifolia Kitag, a perennial herb in the Iris family, is mainly distributed in Heilongjiang,
Jilin, Liaoning, and Inner Mongolia in China. Due to its landscape value, Iris typhifolia is
often used to decorate flower beds and edge meadows and can also be scattered in streams,
pools, and lakes. It has a prominent role in regulating the microclimate, soil and water
conservation, and wind and dust prevention and contributes to maintaining environmental
balance, improving urban ecological environment, and enhancing community stability [5].

It is worth noting that Iris typhifolia can also produce a unique floral fragrance, which
not only increases the ornamental value of flowers but also has high economic and medici-
nal value, such as being used to make perfume, soap, cosmetics, etc. As a tobacco additive,
irisone can improve the flavor and quality of tobacco [6]. Therefore, it is crucial to determine
the main fragrant parts of Iris typhifolia.

Currently, the primary methods for studying the components of Iris typhifolia are
distillation extraction, gas chromatography—mass spectrometry (GC-MS), solid-phase mi-
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croextraction (SPME), and electronic nose sniffing. For example, Baser et al. extracted the
flower essential oils of Iris seudacorus and Iris kerneriana by distillation and detected 52
and 54 volatile components by GC-MS, among which the contents of alkanes and acids
were the highest [7]. However, the distillation extraction process may lead to the loss of
some substances, which cannot reflect the original components of flowers. In contrast, the
solid-phase microextraction method simulates the release process of flowers in nature. This
method requires fewer samples but is more efficient, convenient, and sensitive, making it
promising to extract the volatile components of flowers [8]. A total of 75 compounds were
detected from yellow Iris [utescens by SPME combined with GC-MS, while 69 compounds
were detected from purple Iris lutescens, and it was found that terpenes were the main
volatile components [9]. Yuan et al. applied SPME-GC-MS and found that the main
volatile components of Iris barbata were caryophyllene, linalool, citronella, methyl cinna-
mate, 3-cydene, rohanperene, methyl myristate, linalool acetate, isosafrole, nerolol, and
geraniol [10].

So far, studies on the floral components of Iris typhifolia have only focused on the
whole flower, without examining the separation of different parts of the flower, which
greatly limits studies on the floral components of Iris typhifolia and is not conducive to
the development and subsequent utilization of different fragrance varieties. In this study;,
we used solid-phase microextraction (SPME), gas chromatography—mass spectrometry
(GC-MS), and an electronic nose to compare the volatile components of Iris typhifolia and
determine the source of the fragrance-releasing substances of Iris typhifolia. The research
results can identify the specific fragrance-releasing site of Iris typhifolia and lay a foundation
for the future breeding of new varieties. The data involved in this study can be found in
the Supplementary Materials.

2. Materials and Methods
2.1. Plant Materials

In this study, 8 Iris typhifolia bud stage samples, 8 bloom stage samples, and 8 decay
stage samples were collected and used, while there were 24 stamen samples, 8 pistil samples,
8 flag petal samples, and 8 pendant petal samples that were isolated from the bloom stage
of Iris typhifolia. Flower harvesting criteria during the bloom period: the flowers have
transitioned from bud stage, with fully extended petals, and their edges have not yet begun
to curl due to wilting.

Sampling methods: Wear disposable nitrile gloves and cut samples. Then, the samples
were loaded into 50 mL sterile transparent plastic centrifuge tubes, which were pre-cooled
with liquid nitrogen (centrifuge tubes and caps were deodorized with 75% ethanol in
advance), and sealed with tin foil. After that, these tubes were tightened, marked, and
placed in liquid nitrogen for temporary storage. Also, all samples were transferred to
—80 °C ultra-low temperature refrigerator for freezing as soon as possible. All samples used
in the experiment were collected from Cao Xinzhuang experimental farm of Northwest
A&F University in Yangling, Shaanxi Province. The experimental farm belongs to the
temperate continental climate, with an average altitude of 530 m and an average annual
temperature of 12.9 °C. Samples were collected on the mornings of 28 and 29 April 2023.
Experimental subjects were selected at the bloom stage, characterized by fully opened
petals, rather than in bud form, with no observable inward curling or signs of withering at
the petal edges. The plant specimens were in a healthy state, showing no indications of
infestation by pests or diseases.

2.2. Research Methodology
2.2.1. Electronic Nose

The samples were placed in 15 mL bottles at room temperature. Wearing gloves and
masks, the researchers were allowed to stand for 30 min in a quiet environment with no
odors and a small number of participants. The aroma compositions were determined by
the PEN3 electronic nose from AIRSENSE, Germany. The parameters of the electronic
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nose were set as follows: gas flow rate 400 mL/min, cleaning time 60 s, zeroing time 5 s,
preparation time 5 s, and measurement time 120 s. The built-in WinMuster software on
the PEN3 was used for data collection, measurement, and analysis. In the preliminary
experiments, it was observed that the curve of the G/GO0 ratio tends to stabilize toward the
end of the injection period, so the data were analyzed by averaging the response values of
the electronic nose from 115 s to 117 s. Three sets of replicates were made for each flowering
stage, and each experiment was conducted to ensure that the height and relative position
of the two probes in the bottle were as consistent as possible. In this context, the electronic
nose response value is defined as the dimensionless ratio of the resistance value, G, of each
sensor to the air resistance value, GO. The response of electronic nose sensors to different
types of compounds is shown in Table 1.

Table 1. Response characteristics of each sensor of PEN3 electronic nose.

Array Serial No. Sensor Name Performance Description
1 WiC aromatic
2 W5S broad range
3 W3C aromatic
4 W6S hydrogen
5 W5C arom-aliph
6 WI1S broad-methane
7 W1wW sulphur—organic
8 W2S broad-alcohol
9 W2wW sulph—chlor
10 W3S methane-aliph

2.2.2. SPME-GC-MS Analysis

SPME Condition: Place approximately 1.0 g of frozen stored sample in a 50 mL solid-
phase microextraction vial and record the exact mass. Add 15 mL of saturated saline
solution to immerse the sample. Seal the vial with aluminum foil and tighten the cap. And
then add 10 pL of 2-nonanone at a concentration of 0.008 uL/mL using a micro-adjustable
pipette against the wall at the bottom of the extraction bottle; after that, seal the mouth of
the extraction bottle with tin foil and cap the extraction bottle. Utilize the SPME extrac-
tion head from German company Supelco, model DVB/CAR/PDMS, with a diameter of
50/30 um. Place the extraction vial in the center of a preheated constant-temperature
extraction apparatus set to 40 °C and start the timer. After an equilibration period of 10 min,
adjust the extraction head support to the appropriate position and insert the extraction
head into the vial. Slide the knob to extend the fiber head 2 cm above the liquid surface and
allow it to adsorb for 30 min at 40 °C. When the time is up, retract the fiber head, swiftly
remove the adsorbed extraction head, and await injection into the gas chromatograph [11].

GC-MS Analysis: Insert the manual headspace injector into the GC-MS injection
port, and after a 2.5-min equilibration period at 250 °C, the aroma components were
fully released into the GC-MS system. The chromatographic column used was an Rix-
1IMS (30 m x 0.32 mm X 0.25 pm) column with the following temperature settings: inlet
temperature at 250 °C and initial column temperature at 40 °C for 2 min, followed by a
linear increase at a rate of 8 °C/min to 130 °C for 4 min, and then a further increase at
15 °C/min to 250 °C for 3 min [12]. Nitrogen (99.999%) was employed as the carrier gas
with a flow rate of 2.41 mL/min and a split ratio of 1:5. The mass spectrometry conditions
included an electron impact (EI) ionization mode with an electron energy of 70 eV, ion
source temperature of 200 °C, and interface temperature of 230 °C. Mass spectra were
acquired in a scanning range from 45 to 450 atomic mass units (amu,).

2.2.3. Identification and Analysis Methods

Qualitative method: Each individual component was retrieved and compared against
the NIST 2017 mass spectrometry and standard information database, and their identifi-
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cation was cross-verified with the relevant literature. They were identified and analyzed
together using the related literature. By using the carbon standard method and the same
column as well as rising and cooling procedure as GC-MS, the mixed standard of C7-C30
normal alkane was used as the standard to calculate the linear retention index (Formula (1))
of various aroma components of Iris typhifolia samples. The results were compared with
those of NIST spectrum database. Starting from the first stable peak according to the ion
peak diagram, the stable peak corresponds to the first place of a variety of substances under
the same RT value, and the selected substances should appear under the same RT value in
the three basic biological repeats and rank in the top three.

LRI = 100 z + 100 (RT — RT,)/(RT (, , ) — RT,) 1)

Quantitative method: Internal standard substance method. First, 2-nonone was se-
lected as the internal standard material, and the density was 0.82 g/mL. The volume of
the internal standard substance (uL) added was 10 times the sample mass (g) in numer-
ical terms. All kinds of aroma components in the Iris typhifolia sample were quantized,
(Formula (2)), and the average value was obtained after three biological repeats.

MiZCOXVOXAi+(A0XM) (2)

In Formula (2), Mi is the content of each aroma component (ng/g), and Cy is the
internal standard substance concentration (ug/uL), while Vj is the internal standard
substance volume (puL). A; is the peak area of the desired aroma component, A is the
internal standard substance peak area, and M is the sample mass (g).

OAV value: the ratio of the mass concentration of the substance (Formula (3)) to the
threshold value of the substance in water (Formula (4)) is regarded as a standard to evaluate
the contribution of the substance to the overall aroma profile of the sample, thus selecting
out the standard sample for aroma reconstruction from it, in which the substance with
OAV > 1 is the characteristic aroma component [13].

Ci=Cyp x A+ A 3)

In Formula (3), C; is the mass concentration of each aroma component (ug/mL), and
Cy is the internal standard substance concentration (nug/pL). Aj and Ag are the peak area
and internal standard substance peak area of the aroma component, respectively.

OAV =C; = OT; 4)

In Formula (4), OT; is the threshold value of the aroma component in water (pg/mL) [14].
If there is no numerical value for the threshold of a compound in water, then the value of
the closest medium by properties to water should be selected.

3. Results

Figure 1 shows the radar map of the characteristic response of Iris typhifolia during
the bloom stage and each part of Iris typhifolia in the bloom stage. The resistance ratio of
the response values of the volatile substances in the bloom stage and the different parts
in the bloom stage to the 10 sensors is significantly different, with the response values
ranging from 0 to 3.5. The response values of the volatile substances of the flag petal
to W1S (broad—-methane), W1W (sulphur-organic), and W2W (sulph—chlor) sensors are
higher than those of other sensors, indicating that the volatiles in this stage mainly contain
short-chain alkanes, inorganic sulfide, organic sulfide, and other substances. The response
values of the pendant petal substances to W1S, W1W, W2W, and W3C (aromatic) sensors
are relatively high, indicating that the volatiles in this stage include methyl compounds,
inorganic sulfides, organic sulfides, ammonia, and other substances. W3C shows high
response values only in the volatile material samples of the vertical lobe.
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Figure 1. Radar map of the characteristic response of the volatile components in Iris typhifolia.

The response values of the volatile substances in stamens to W1S, W1W, and W2W
sensors are relatively high, indicating that the volatile substances in this stage contain
methyl compounds, inorganic sulfides, and organic sulfides. The response values of pistil
volatile substances to W1S, W1W, and W2W sensors are relatively high, showing that the
volatile substances contain methyl compounds, inorganic sulfides, and organic sulfides in
this stage.

In the bloom-stage Iris samples, the response values of W1S, W1W, W25, and W2W
sensors are higher than those of other sensors, which indicates that the volatile components
in this stage mainly contain methane, inorganic sulfide, alcohol, and organic sulfide. The
above four parts made certain contributions to these results.

The principal component analysis (PCA) results of the flag petal, pendent petal,
stamen, and pistil of Iris typhifolia are shown in Figure 2. The contribution rate of the first
principal component is 87.42% and of the second principal component is 11.80%. Together,
the cumulative contribution rate of the two principal components is 99.22%. Therefore,
these two principal components basically represent the main information characteristics of
the sample. As can be seen from Figure 2, the stamen and pendent petal of Iris typhifolia
cannot be clearly distinguished by principal component analysis. That is because the floral
odors of the stamen and pendent petal are close to each other. The pendant petal, pistil,
and flag petal can be distinguished in this model. It turns out that the floral scents of the
pendant petal, pistil, and flag petal of Iris typhifolia are different.

Electronic nose loading analysis is a research method for electronic nose sensors
to distinguish volatile substances in samples, which mainly aims to investigate which
gas substances in the sample play a major role in distinguishing and determining the
contribution rate. The bloom stage of Iris typhifolia and the electronic nose load analysis
results of each part in the bloom stage are shown in Figure 3. Sensor W1W (sensitive to
sulfides and terpenes), sensor W2W (sensitive to organic sulfides and aromatics), sensor
WIS (sensitive to methane), sensor W5S (sensitive to nitrogen oxides), and sensor W2S
(sensitive to alcohols and some aromatics) are far from the origin. This shows that the five
sensors, W1W, W2W, W1S, W5S, and W2S, are important sensors to distinguish volatile
components in different parts. It also shows that the difference in the floral components
in different parts is mainly related to volatile substances such as sulfide, terpenes, organic
sulfide, aromatic compounds, methane, nitrogen oxides, and alcohols [15].
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Figure 3. Loading result of the volatile components in Iris typhifolia.

The results of linear discrimination analysis (LDA) of Iris typhifolia at the bloom stage
and of different parts at the bloom stage are shown in Figure 4. The contribution rate of
the first-line discrimination factor is 85.97%, and the contribution rate of the second linear
discrimination factor is 8.72%. The cumulative contribution rate is 94.69%. Therefore, it
basically represents the main information characteristics of the sample. As can be seen
from the figure, linear discriminant analysis can completely distinguish the aroma of each
part. Compared with principal component analysis, the distribution areas that linear
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Figure 4. LDA result of the volatile components in Iris typhifolia.

The volatile components of Iris typhifolia were qualitatively and quantitatively de-
termined with gas chromatography-mass spectrometry (GC-MS) and the spectroscopic
retrieval method [16-18]. A total of 75 substances were detected in the four parts of Iris
typhifolia, with some substances yet to be named. In total, 34 substances were detected
in the pendant petal, 24 in the flag petal, 16 in the stamen, and 55 in the pistil. Figure 5
shows a Venn diagram about the floral fragrance components of different parts. All four
parts contain eight of the same floral components. The pendant petal has 8 kinds of floral
components, the stamen has 3 kinds of floral components, the pistil has 28 kinds of floral
components, and the flag petal has 4 kinds of floral components. It can be found that the
pistil has the largest contribution to the floral material types of Irises. Figures 6 and 7
respectively illustrate the types and mass fractions of various volatile components present
in four different parts of Iris typhifolia.

A total of 62 named compounds were detected in Iris typhifolia using the GC-MS
technique. Among them, aldehydes, terpenes, and alkanes were the most abundant
chemical classes across different parts of the plant. Moreover, the pistil contained as many
as 20 different terpene compounds. Aldehydes showed relatively higher mass fractions in
all parts, with the pendant petal’s aldehyde mass fraction constituting 87.60% of the total.

The data in Table 2 represent the percentage of mass concentration of a specific
volatile substance relative to the total mass. As can be seen, 2, 4-di-tert-butylphenol is the
substance whose mass fraction is greater than 1% in all detected parts. Some certain volatile
components are relatively high in one part of Iris typhifolia but low or even undetectable in
the other parts. For example, the mass fractions of 3-carene and 2-pinene are 1.98% and
3.96% in the stamen, respectively, but are not detected in the pistil, flag petal, or pendant
petal. The mass fractions of (-) -alpha-pinene and n-tetradecane are 1.08% and 2.03% in
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the stamen, respectively, but cannot be detected in the pistil, flag petal, or pendant petal.
Terpenes are the main aroma source of a large number of ornamental flowers, and they can
be detected in almost all plant floral components, such as basil with its sweet fragrance and
o-pinene with its fresh grass flavor. In this study, D-terpendiene is detected in the stamen
and pistil of Iris typhifolia, and the mass fractions are 9.26% and 3.75%, respectively, while
the pistil is rich in terpenes such as basil.

Stamen Pistil

Pendant Petal Flag Petal

Figure 5. The Venn diagram of the numbers of volatile components in Iris typhifolia.
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Figure 6. The number of volatile compounds in different parts of Iris typhifolia.
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Figure 7. The mass fraction of volatile compounds in different parts of Iris typhifolia.
Table 2. The mass fraction of the compound in different parts of Iris typhifolia (%).
No. Case RT Compound Stamen Pistil Flag Petal Pendant Petal
Alcohol
1 616-25-1 3.25 1-pentene-3-ol 171 +0.8d 146 +042d 04+011c
2 1576-95-0 512 Cis-2-pentene-1-ol 0.77 £0.38 d
3 562-74-3 17.72 4-terpenol 0.31£0.15d
4 78-70-6 15.37 linalool 821 +315bcd  12.41+727b 6.38 & 7.18 cd
5 10482-56-1 18.11 alpha-terpinol 0.1+£0.07d
Heterocycle
6 3208-16-0 3.57 2-ethylfuran 0.35+0.14d 0.24 £0.03 c
7 24168-70-5  17.55 2-methoxy-8-sec- 0.24 +0.09d 0.14 4 0.04 ¢
butylpyrazine
8 29837-12-5 26.93 cadinadiene 0.09 £0.06 d
Aromaticity
9 108-88-3 4.99 toluene 3.66 £1.41d 0.61 £0.52d 056 £04d
10 527-84-4 13.01 O-isopropyl toluene 0.17 +£0.09 d
11 96-76-4 26.42 2, 4-di-tert-butylphenol 17.06 £ 5.82 a 1.09 £ 0.64d 17.73 £ 6.69b 123 +1.85¢
Aldehyde
12 4440-65-7 5.8 3-hexenal 20.07 +4.12a 2853 +219a
13 66-25-1 5.86 caproaldehyde 141 £48b 43.36 = 16.81a
14 6728-26-3 7.49 chlorophyllin aldehyde 502+49cd 2.66 £1.06 d 1935+ 7.18a 2853 +219a
15 111-71-7 9.02 enanthal 0.39 £0.13d 0.68 £0.26d 029 £0.13 ¢
16 505-57-7 7.43 2-hexenal 2.66 £1.06 d 28.53 +2.19a
17 124-19-6 15.48 nonyl aldehyde 8.44 £ 0.93 bed 1.53+£1.05d 6.68 £ 2.57 cd 1+£087c¢
18 122-78-1 13.56 phenylacetaldehyde 0.654+0.28 d 0.15 4 0.06 ¢
19 112-31-2 18.49 capric aldehyde 483 +228d 0.58 £0.44d 144 +0.82d 0.41+£0.22c¢

20 112-44-7 21.34 undecanal 0.65+046d 0.24 £0.17d 0.15+0.05¢
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Table 2. Cont.

No. Case RT Compound Stamen Pistil Flag Petal Pendant Petal

Terpene
21 13466-78-9 10.09 3-carene 1.98 +1.51d
22 80-56-8 10.09 2-pinene 396 +1.6d
23 5989-27-5 13.16 D-terpenediene 926 +4.07bcd 375+ 1.72cd
24 13877-91-3 13.78 ocimene 217 £0.62d 031 +0.25¢
25 18172-67-3 11.48 L-beta-pinene 0.41+0.21d
26 99-86-5 12.77 x-terpene 0.13 £0.06 d
27 3779-61-1 13.46 (E)-B -basil 0.34 £0.05d
28 18794-84-8 25.25 (E) -p-acacia 0.96 +0.38d 046 +0.31d
29 99-85-4 14.11 gamma-terpinene 0.26 £0.13d
30 586-62-9 15.04 terpinolene 0.13 4+ 0.06 d
31 17699-14-8 22.58 (-) -a-cubebeene 038 +0.14d
32 3856-25-5 23.31 a-pinene 224+0.85d 0.38 +0.14d 2.03+0.64d 0.12 £ 0.09 ¢
33 5208-59-3 23.55 B- Cyclobuta 03+0.29d
34 87-44-5 24.45 f-caryophyllene 1+0.77d
35 6753-98-6 25.3 alpha-trachene 0.754+0.57 d
36 10208-80-7 26.28 a-Naphthalene 0.21+0.17d
37 502-61-4 26.33 o-farnesene 144 +1.32d 0.14 £0.07 ¢
38 39029-41-9 26.58 I'-juniperene 048 £0.44d
39 483-76-1 26.74 A-juniperene 128 £1.14d
40 53585-13-0 26.88 (E) -y-diterpene 025+0.11d
41 24406-05-1 27.03 A-juniperene 0.38 £0.27d

Ketone
42 110-93-0 11.79 methyl heptenone 1148 £ 1.3 bc 6.05+21c¢ 71 +£093cd 5234+0.85b
13 689-67-8  25.07 6, 10-dimethyl'5, 0214023 ¢

9-undecene-2-ketone

Alkane
44 2984-50-1 9.14 octane oxide 027 £0.1d
45 112-40-3 18.36 dodecane 058 £0.3d
46 31295-56-4 20.64 trimethyldodecane 046 +047d
47 629-59-4 23.8 n-tetradecane 0.58 £+ 0.06 d 0.19 £ 0.08 d 1.09 +£0.23d 0.11 £ 0.06 ¢
48 544-76-3 27.99 n-cetane 0.88 +0.39d 0.22 +0.07 d 2.4 +0.88d 0.15 +0.05 ¢
49 3891-99-4 25.35 2,6,10-trimethyltridecane 0.37 £045d
50 593-45-3 26.11 n-octadecane 3.89 +1.54d 0.15+0.11c¢
51 504-44-9 26.12 tetramethylhexadecane 0.56 £ 0.69 d
52 629-78-7 29.48 n-heptadecane 0.82 +£0.29d 026 +0.1d 378 +1.61d 0.15+0.12¢
53 629-94-7 26.08 n-Heneicosane 0.09 +£0.11c¢
54 1921-70-6 29.53 pristane 0.1+0.12¢
55 638-36-8 30.85 phytane 0.13+0.12¢
56 629-62-9 26.14 n-pentadecane 144+03d 0.11 £0.06 ¢

Ester

57 119-36-8 18.2 methyl salicylate 0.81 £0.76 d 235+ 1.46d 1.03 +£0.22¢
58 110-42-9 21.76 methyl caprate 154 +042d 0.37 £ 0.21 ¢
59 110-38-3 23.62 ethyl caprate 0.23£0.17c
60 23986-74-5 25.92 (-) -permethrin D 0.29 £0.13d

Olefin
61 3016-19-1 16.65 (EE)-2, 6-dimethyl-2,4, 022+0.1d

6-octtriene

62 14912-44-8 23.19 alpha-ylangene 0.93+£0.59d

Note: The values in the table are the mean =+ standard deviation. The same letter within each row indicates no
significant difference (p > 0.05). The clustering heatmap of volatile compounds from different parts of Iris typhifolia
is shown in Figure 8. The intensity of color indicates the proximity between two metabolites, with darker shades
representing higher similarity.

There are also significant differences in the substances among different clusters, with
a total of four clusters identified. Cluster 1 exhibits compounds with the highest content
in the stamen and moderately high content in the pistil. In Cluster 2, compounds show
the highest content in the pistil. It is noteworthy that Cluster 2 contains a relatively higher
abundance of terpenes, which is often associated with attracting pollinators [19]. This
finding aligns with the function of the pistil. Cluster 3 demonstrates the highest content of
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compounds in the pendant petal. Lastly, Cluster 4 shows the highest content of compounds
in the flag petal [20].

Heatmap Plot
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Figure 8. The cluster analysis heatmap plot of volatile compounds in different parts of Iris typhifolia.
* The mass fractions of various volatile components were standardized in rows, meaning that
each value is subtracted by the row mean and then divided by the row standard deviation. This
standardization ensures that the resulting values are distributed between [—1, 1]. The color gradient
from blue to red indicates that the standardized values increase from smaller to larger magnitudes.
The Odor Activity Value (OAV) is the primary criterion used to determine the overall contribution of
volatile compounds to the aroma of a sample [21]. Based on previously reported aroma threshold
values, the OAV values for different parts of Iris typhifolia were calculated. In total, 15 compounds
were found to have OAV values greater than 1 in at least one part, including 7 aldehydes, 3 terpenes,
2 ketones, 1 alcohol, 1 ester, and 1 heterocyclic compound. These compounds significantly contribute
to the aroma profile of the sample.
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The four parts can be divided into three categories based on the first-level clusterings.
The flag petal is most similar to the pendant petal, and they are grouped together. In the
second-level clustering, the stamens are grouped with two types of petals and are ultimately
arranged alongside the pistil. From the heatmap, it is evident that there are significant
differences in both the types and quantities of volatile compounds among the four parts.
Moreover, in terms of the mass fraction, the pistil contains substantially higher levels of
volatile compounds compared with the other parts. The clustering analysis results are
consistent with those obtained from linear discriminant analysis (LDA), indicating a precise
classification of aroma compounds among the different parts of Iris typhifolia. Additionally,
the pistil is regarded as the primary contributor to the types and amounts of the volatile
compounds in Iris typhifolia.

The odor activity values, concentration thresholds, and aroma descriptors for the four
parts of Iris typhifolia can be found in Table 3. In the stamen, a total of 10 characteristic
aroma substances were detected and quantified. Among them, linalool, nonyl aldehyde,
and capric aldehyde had relatively high OAV values, giving the fragrances of lilac, fat, and
sweet orange, respectively. These compounds also constitute the main aromatic substances
in the flag petal, which includes five characteristic aroma compounds.

Table 3. The OAV of volatile compounds in different parts of Iris typhifolia.

OAV
No. Compound Odor Descriptions
Stamen Pistil Flag Petal Pendant Petal
1 caproaldehyde apple, fat, fresh, green, oil 18.99 214.73
2 trans-2-hexenal fresh, fruit 1.94 0.66 13.73 64.2
3 2-pinene pine, resin 1.91 0.64
4 methyl heptenone fresh, fruit 6.66 2.25 2.16 4.61
5 D-terpenediene pine, resin 2.44 0.63
6 2-hexenal sweet, fruit, apple 0.66 17.12
8 linalool coriander, floral, lavender, 317.34 37.34 12.66 43
lemon, rose
bitter almond, burnt
9 nonyl aldehyde matches, fat, floral 139.86 16.22 54.16 25.65
10 phenylacetaldehyde berry, geranium, honey, nut, 2.69 1.54
pungent
11 -pinene pine, resin 1.64 0.12 0.49 0.94
12 methyl salicylate almond, caramel, 0.79 1.46 1.54
peppermint, sharp
13 capric aldehyde citrus, fat, green, oil, 56.35 428 8.16 7.43
pungent
14 undecanal rose 2.71 0.65 0.95
15 2-methoxy-3-sec- fresh legumes 22255 316.88

butylpyrazine

In the pistil, a total of eight characteristic aroma substances were detected and quanti-
fied. Notably, 2-methoxy-3-sec-butylpyrazine and caproaldehyde had exceptionally high
OAV values, providing the aromas of fresh legumes and fruits, respectively. These two sub-
stances showed the highest OAV values among all the aroma components in the different
parts, emphasizing the significant contribution of pistils to the overall aroma profile.

In the pendant petal, a total of nine characteristic aroma substances were detected
and quantified. Among them, 2-hexenal and methyl heptenone were unique to this part,
giving the aromas of leaves and lemongrass, respectively. Additionally, 2-methoxy-3-sec-
butylpyrazine and trans-2-hexenal had relatively high OAV values, and the latter primarily
contributed to the apple-like aroma.

Among the characteristic aromatic compounds detected above, 2-hexenal can be
utilized in food additives and organic synthesis intermediates [22]. 2-methoxy-3-sec-
butylpyrazine exhibits physiological or pharmacological activity and can serve as a sensory
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stimulant [23]. Linalool can be utilized in the production of basil alcohol and is appreciated
for its anti-inflammatory and antimicrobial properties [21]. Nonyl aldehyde, capric alde-
hyde, caproaldehyde, and methyl heptenone are primarily employed in the preparation of
perfumes and flavorings.

4. Discussion

In this study, flag petals, pendant petals, stamens, and pistil samples of Iris typhifolia
in the bloom stage were used as experimental materials, and electronic nose technology
together with solid-phase microextraction (SPME) and gas chromatography—mass spec-
trometry (GC-MS) were used to explore the differences of floral components in different
parts. In order to explore whether volatile substances in different parts can be significantly
distinguished, this study used principal component analysis (PCA), linear discriminant
analysis (LDA), and sensor differentiation contribution rate analysis (Loading) for detection.
The results showed that the cumulative contribution rate of principal components 1 and 2
of the four parts reached 99.22% after principal component analysis, but, due to the simi-
larity of the pendant petals and pistil odor, they could not be significantly distinguished
by this method. By using linear discriminant analysis, the cumulative contribution rate
reached 94.69%, which could completely distinguish the floral components of each part.
According to the analysis of the contribution rate of sensor differentiation, it was found
that W1W, W2W, W1S, W5S, and W2S were the most sensitive sensors for the recognition
of flowers in different parts of Iris typhifolia and played the main role in differentiation. The
results showed that there were significant differences in floral odor, and the differences of
floral components were mainly related to sulfur compounds, terpenes, organic sulfur com-
pounds, aromatic compounds, methane, nitrogen oxides, alcohols, and other substances.
This conclusion provides the theoretical basis and evidence for the subsequent GC-MS.

Solid-phase microextraction and gas chromatography-mass spectrometry (GC-MS)
confirmed that there were significant differences in the volatile components of Iris typhifolia.
In addition, nonylaldehyde, capric aldehyde, and 2, 4-di-tert-butylphenol were the main
volatile substances in all phases. Pistil is rich in hexal, linalool, methyl heptenone, d-
terfenadine, and other substances. The mass fractions of 3-hexenal, trans-2-hexenal, and
2, 4-di-tert-butylphenol were higher in flag petals and pendant petals. Stamens contain 2,
4-di-tert-butylphenol, hexal, methylheptenone, and other substances. These high-content
volatile substances provide ideas and reference for extraction, utilization, and development.

In this study, the volatile substances detected in various parts of Iris typhifolia are
mostly aldehyde, aromaticity, terpene, alcohol, and alkane. In cluster analysis, the pistils
are grouped together with the other three parts only in the third-tier classification, due to
their higher content of terpenes. By calculating the Odor Activity Value (OAV)), it is found
that the two substances with the highest OAV values are contained in the pistils, indicating
that the pistils are the primary contributor to the aroma components and aroma profile of
Iris typhifolia.

In this study, the following compounds with higher mass fractions are detected in
various parts of Iris typhifolia during the bloom stage. 3-hexenal is commonly used as
a flavor because of its strong grass and apple aroma [24]; 2-hexenal can be utilized in
creating flavors of apple, strawberry, berry, and other fruits [22]. Chlorophyll aldehyde
has a fresh green leaf fragrance, which can be used in artificial flowers, essential oils,
and various kinds of floral fragrances [25]. Linalool is used in fragrances, deodorants,
anti-caries, and insecticides [26]; 2-pinene can serve as a solvent for paints and varnishes
and as a raw material for synthetic fragrances [27]. (+)-Dipentene and methylheptenone
are allowed to be used as edible flavors, mainly for the preparation of flavors [28,29].
2, 4-di-tert-butylphenol can be used as antioxidant, stabilizer, and ultraviolet absorber
intermediate [30]; nonylaldehyde is widely used in flavor formulations, and it can also
be used as a food flavor [31]. Basil can be used to produce the flavor basil enol, and it
can also be used for daily chemical flavor [32]; 1, 2-dichloroethane can be employed as a
solvent for oil, fat, gum, resin, etc., and can also be used as a raw material to synthesize
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fungicides, insecticides, and plant growth regulators [33]; methyl salicylate is the precursor
to synthesize aspirin [34]; phenylacetaldehyde is valued in the fragrance industry as an
important raw material for modulating floral flavors [35]. This proves that Iris typhifolia has
high economic and medicinal value in addition to its known ornamental value.

5. Conclusions

In the present study, two methods were used to corroborate each other to analyze the
floral fragrance components of Iris typhifolia at different flowering stages. Linalool, nonyl
aldehyde, and capric aldehyde had relatively high OAV values in the stamen. In the pistil,
2-methoxy-3-sec-butylpyrazine and caproaldehyde had exceptionally high OAV values. All
in all, the pistil is the main contributor to the fragrance of Iris typhifolia. The characteristics
of other Iris species, such as the fragrant-releasing position and rhythm, need further study.
Through the deeper investigation of Iris, the other characteristics of Iris can be studied
based on the findings of this research.
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