Journal of King Saud University — Science 34 (2022) 101971

Contents lists available at ScienceDirect

] Journal of King Saud University — Science =
journal homepage: www.sciencedirect.com
Original article
Characterization of the volatile profile from six different varieties of )

Chinese chives by HS-SPME/GC-MS coupled with E. NOSE i

Medhia Hanif?, Bojie Xie ¢, Shouhui Wei?, Ju Li?, Chengfei Gao?, Rui Wang ?, Shahbaz Ali ¢, Xuemei Xiao >,
Jihua Yu®"*, Abdulrahman Al-Hashimi ¢, Marian Brestic ¢

2 College of Horticulture, Gansu Agricultural University, Lanzhou 730070, China

bState Key Laboratory of Aridland Crop Science, Gansu Agricultural University, Lanzhou 730070, China

¢ Department of Agricultural Engineering, Khwaja Fareed University of Engineering and Information Technology, RYK, Punjab, Pakistan
d Department of Botany and Microbiology, College of Science, King Saud University, P.O. 2455, Riyadh 12 11451, Saudi Arabia

€ Department of Plant Physiology, Slovak University of Agriculture, A. Hlinku 2, Nitra 94976, Slovakia

ARTICLE INFO

Article history:

Received 27 November 2021
Revised 23 January 2022
Accepted 9 March 2022
Available online 16 March 2022

Keywords:
Chinese chive
Agronomy
Quality property
Volatiles
HS-SPME/GC-MS
Electronic nose

ABSTRACT

Objectives: The Chive chives cultivars Han Yu Zi Gen, Fu Jiu Bao F1, Shouguang Du Gen Hong, Xue Jiu, Jiu
Xing 22, and Ma Lian Da Ye Bai Gen are recently evolved cultivars, and this would be the first study to
characterize for agronomy, quality, volatile profile and E-Nose for aromatic and textural quality.
Methods: These cultivars were selected based on their suitability for aromatic and textural qualities that
are desirable for food processing. The cultivars Han were analyzed for agronomy and quality indices by
methods in general use in modern laboratories, while their volatile profile was studied by HS-SPME/GC-
MS and E-nose analyses.
Results: The cultivars varied for agronomy and quality indices (P < 0.05). The volatile profile showed that
Esters, Heterocyclic polymers, Acids, Aldehydes, Hydrocarbons, Sulfides, Ketones, Ethers, Furfuryl deriva-
tives, and Phenols were dominating compound groups. High total volatile contents (17.75 and 17.54 ng/g)
were determined in Xue Jiu and Han Yu Zi Gen, respectively, more significant than Fu Jiu Bao F1, Ma Lian
Da Ye Bai Gen, Jiu Xing 22, and Shouguang Du Gen Hong (12.22, 11.70, 10.19 and 9.53 ng/g), respectively.
PCA showed that W5S and W2W were the farthest points of the first and second principal components,
respectively, while W5S, W1S, W3C, W1C and W2W were main sensors classifying cultivars; where sen-
sor W5S had larger contribution rate.
Conclusions: In this study, HS-SPME/GC-MS and E-nose methods accurately detected flavor differences
among cultivars. These analyses further suggested that Xue Jiu and Han Yu Zi Gen possessed strong over-
all flavor characteristics; while Shouguang Du Gen Hong was the lightest in flavor characteristics. Hence
it is for the general recommendation that Chinese chive cultivars Xue Jiu and Han Yu Zi Gen may be a
choice of the food industry for appropriate utilization.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

and is cultivated around the world (Friesen et al., 2006, Li et al.,
2010, Saini et al., 2013). Once A. tuberosum is planted, the fresh

Allium tuberosum Rottler. ex Spreng., is a plant species inherited
to Shanxi province of China, belongs to the family Amaryllidaceae,
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leaves can be harvested 3-4 times (Asavasanti et al., 2017). The
plant has a persistent short spathe that opens with 1-3 valves;
14-35 long and sub-equal pedicels; flowers are white-colored,
star-like, widely spread, and slight fragrant; also produces irregular
depressed spherical black colored seed, 3-4 mm in length. Globin
Med (2015) has proved its cultivation in this part in the 10th cen-
tury and provided evidence that A. tuberosum was cultivated in
China even as early as 200 BCE. Its cultivation is reported world-
wide now, but its use as a vegetable is more specific in East Asia
(China, Korea, Japan, and Mongolia) and South-East Asia (Vietnam,
Thailand, Indonesia, Malaysia, Philippines). The plant provides
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multiple cuttings, and flat leaves are often used to make dumplings
with a combination of egg, shrimp, and pork (Gao et al., 2019).

Because of its proven nutritional and therapeutic characteris-
tics, A. tuberosum is valuable in functional food and nutraceutical
products. It has been used as a traditional medicine to treat dia-
betes, hypertension, cancer, inflammation, gastrointestinal issues,
and microbial infestations since antiquity. The extracts may be uti-
lized to prevent and treat a variety of disorders (Bede and Zaixiang,
2020). The fresh leaves are cooked and utilized as a traditional
medicine for impotence, stomach ulcers, Dyspepsia, nocturnal
emission, stomach discomfort, and kidney protection
(Chandrashekar et al, 2011). Chandrashekara and Venkatesh
(2016) have described chive’s pharmacological and biological
activities, such as anticancer, antidiabetic, antioxidant, antibacte-
rial, aphrodisiac, cytoprotective, and hepatoprotective characteris-
tics. The Chinese chives have a potential future as antibacterial and
antioxidant reagents, and their crude extract might be a stepping
stone toward novel products in the culinary, cosmetic, and medical
industries (Lawthienchai et al., 2016).

A. tuberosum crude extracts are believed to have antimicrobial
and antioxidant activities, which are primarily associated with its
sulfur compounds (Asavasanti et al.,, 2017). The existence of
organosulfur compounds in Allium species has been extensively
reported, which mainly included alliin, allicin, ajoene, captopril,
etc. (Bede and Zaixiang, 2020). The primary chemical components
found in Chinese chives crude hexane extract are 3-Methyl-
cyclopentanol and Phenol (Lawthienchai et al., 2016). Sulfur-
containing compounds are the strongest odorants, depending on
their concentration, chemical purity, and compounds such as 8-
mercapto-p-menthan-3-one, p-menthene-8-thiol, 3-mercapto-
hexanol, and Oxane® have gained flawless supremacy in imparting
natural fruitiness and freshness (Goeke, 2002). Volatile compo-
nents isolated from Chinese chive by GC and GC-MS account for
88% of the total volatiles. In addition to commonly reported com-
pounds, 27 novels Sulfur-containing components were found in
Chinese chive which mainly included sulfide, disulfides, trisulfides,
and tetrasulfides with ethyl, butyl, etc. (Pino et al., 2001).

The volatile sulfur-containing compounds in Allium genus have
been reported in many past studies (Morris and Thompson 1956,
Schwimmer and Mazelis 1963, Mackenzie and Ferns 1977, Block
1992, Block et al., 1992, Pino et al., 2001, Abu-Lafi et al., 2004,
Rose et al, 2005, Ledezma and Apitz-Castro 2006, Corzo-
Martinez et al., 2007, Kalayarasan et al., 2009). However, Yabuki
et al. (2010) characterized the composition of Sulfur-containing
constituents in 12 A. tuberosum varieties using GC-MS and HPLC
analyses and detected 5 disulfides (dimethyl, allyl methyl, methyl
1-(E)-propenyl, diallyl, and allyl 1-(E)-propenyl), 2 trisulphides
(dimethyl and allyl methyl), and 2 vinyldithiins (3-vinyl-[4H]-
1,2- and 2-vinyl-[4H]-1,3-) by mass spectral and GC-retention
data. Sulfides with a methyl group predominated over those with
an allyl group among the identified Sulfur compounds. Sulfides
and thiosulfinates found in Allium plants family are also known
to have antimicrobial properties against various bacteria and fungi
(Ledezma and Apitz-Castro 2006, Kim et al., 2008, Asavasanti et al.,
2017), such as H. pylori (Sivam et al., 1997). Sivam et al. (1997) and
E. coli 0157:H7 (Seo et al., 2001). Yabuki et al. (2010) used HPLC to
analyze methiin and alliin contents in Chinese chive cultivars, and
chromatogram acquired from extract (cv. Super Green Belt Nira)
confirmed clear separation of alliin and methiin. Fresh leaves of
all cultivars had higher methiin content (5-12 folds) than alliin.
Gitin et al. (2014) identified Allicin as a key Sulfur molecule com-
pound by GC- MS analysis of the leaf extract detecting disulfides as
major sulfur compounds and suggested the potential use of fresh
Allium leaves condiment and preservative in the food industry.
Although some sulfur compounds in Chinese chives have been
identified, unknown substances still need to be explored through
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a new method. The headspace solid micro-extraction gas-
chromatography mass spectrometry (HP-SPME/GC-MS) is an inno-
vative, more rapid, sensitive, and solvent-free method, and it was
first introduced in the 1990s and adopted extensively in air, water,
soil, and food analysis (Roberts et al., 2000). From gaseous or liquid
samples, the analytes are extracted using this method, by absorp-
tion on HS-SPME with a skinny polymer coating used to fix the
solid fiber surface in injection needle (Pragst, 2007). GC/MS enables
the identification of compounds and compares achieved mass
spectra of analytes. The method analyzed the volatile components
individually and identified compounds in extracted samples,
revealed the number of volatile components extracted, and evalu-
ated extraction efficiency in addition to sample amount and
extraction duration.

Choice of cultivar is the main way to ensure a high-quality
product. In chives, Thiosulphate composition varies significantly
in different cultivars due to changes in enzymes associated with
cellular factors, including water availability, temperature pH, etc.
(Brueckner and Perner, 2006). The varieties and intake typology
of Allium species may also vary significantly in chemical properties,
and even smaller variations may have importance in relative
description and diversity. In Allium cepa varieties, a significant dif-
ference in flavonol was determined, which were in the range of 7 to
700 mg kg~! in red and gold varieties, respectively (Bonaccorsi
et al.,, 2008). Yabuki et al. (2010) found dimethyl disulfide and
dimethyl trisulphide in all 12 Chinese chive varieties, and their
leaves have markedly higher contents of methiin than alliin.
Among six varieties screened, in variety Super-Green-Belt Nira a
clear separation of methiin and alliin was confirmed. The factors
that affect flavor intensity and quality include genetic, ecological,
and cultivation procedures. The chives cultivars showed great vari-
ation in their chemical composition and flavor intensities regard-
less of ecology and cultivation technique (Chen 2006).

The utilization of Chinese chives is most common in far-east
(Poojary et al., 2017), particularly in China due to its protective
human health effects (Putnika et al., 2019); in humans, its utiliza-
tion reduces the risk of breast cancer (Pourzand et al., 2016) and
cardiovascular diseases (Saljoughian et al., 2018); it is antiviral,
antimicrobial, (Bisen and Emerald, 2016), antioxidant, antimuta-
genic, antiasthmatic, antidiabetic (Nile et al., 2017); antiprotozoal
protozoal, antispasmodic, anticarcinogenic, anti-amnesic, anti-
inflammatory (Prakash et al., 2007; Santas et al., 2008); neuropro-
tective, hepatoprotective, hypotensive, hypoglycemic, immuno-
modulatory, urease/xanthine oxidase inhibitory, and prebiotic
properties (Wang et al., 2013). The mentioned properties are pri-
marily associated with the significant contents of organosulfur
compounds (Putnik and Bursa¢ Kovacevc, 2017; Fidelis et al,,
2018; Zhu et al., 2018); and many of them are tainted during pro-
cessing (Giacometti et al., 2018). The extract recovery particularly
for food and pharmaceutical use are broadly encouraged (Poojary
et al., 2017). The extracts rich in organosulfur compounds and
polyphenols possess antimicrobial properties (Barba et al., 2017).
However, knowledge about concentrations of organosulfur com-
pounds in newly evolved cultivars for bioavailability is yet to be
developed.

There have been fewer detailed studies that identify volatile
organic Sulfur compounds in Chinese chives, and no study has
compared the Sulfur-containing constituents among various geno-
types of Chinese chives developed and grown in the same locality.
The cultivars Han Yu Zi Gen, Fu Jiu Bao F1, Shouguang Du Gen
Hong, Xue Jiu, Jiu Xing 22 and Ma Lian Da Ye Bai Gen are recent
developments in China never these have been in-depth studied
before for agronomy, quality, volatile profile and E-Nose examina-
tions. These cultivars were included in this study to compare their
suitability for aromatic and textural qualities that are desirable for
food processing. Therefore, this investigation was aimed at charac-
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terizing the composition of volatile Sulfur-containing constituents,
quality characteristics, and agronomy of Chinese chive genotypes.

2. Materials and methods
2.1. Materials

Six Chinese chive genotypes (Han Yu Zi Gen [G4], Fu Jiu Bao F1
[G3], Shouguang Du Gen Hong [Gs], Xue Jiu [G4], Jiu Xing 22 [Gs],
and Ma Lian Da Ye Bai Gen [Gg]) were used as a genetic resource.
The genotypes were obtained from three markets, Gq, G3, G4, and
Gg from Alibaba Platform, G, from Henan Fusheng Seed Industry
Co. Ltd, and Gs from Henan Jiuxing Biotechnology Research Insti-
tute Co. Ltd. Initially, every 10 seeds were sowed in a nutrition
pot. After one month of sowing, in the middle of March 2020 when
seedlings became 10 to 15 cm height, they were transplanted in
pots using five pots for each genotype in recommended potting
media following three replicated CRD. In all, 90 pots were used
(Genotypes = 6x plants = 5x Replications = 3), where in each pot
2-3 seedlings were transplanted and after root development, the
normally healthy looking five plants were left, and the remaining
were removed. The insect pests and disease-free Chinese chive
plants were selected from the experimental pots of similar matu-
rity; leaves were picked and crushed for each variety to prepare
samples to detect volatile Sulfur-containing compounds. The
leaves were picked in such a way to avoid external impurities
(Yabuki et al., 2010).

2.2. Methods

2.2.1. Agronomic indices

Shoot, morphological indexes included plant height, number of
leaves plant™!, leaf sheath diameter, leaf sheath height, and leaf
width. Measurement of Chinese chives plant standing height,
length of leaves, and sheath height of six cultivars were evaluated
in the laboratory using a measuring tape (0.01 cm); while the leaf
width was measured by electronic Vernier caliper (0.01 mm); and
the number of plant leaves was counted by visual observation. Six
plants of each block were taken for one replication three replica-
tions for each variety. The chives’ standing height was measured
from the basal part of the leaf sheath i.e. from top of the bulb to
tip of the longest bulb. Leaf-sheath length was recorded from the
basal part of the leaf sheath to the beginning of the first leaf. The
largest diameter of the leaf sheath (around 1 cm above the top of
the bulb) was recorded as leaf sheath diameter. Shoot, morpholog-
ical indexes included (Plant height, number of leaves plant™!, leaf
sheath diameter, leaf sheath height, and width of leaf). Measure-
ment of Chinese chives plant standing height, length of leaves
and sheath height of six cultivars were evaluated in the laboratory
using a measuring tape (0.01 cm); while electronic Vernier caliper
measured the leaf width (0.01 mm), and the number of plant
leaves was counted by visual observation. Six plants of each block
were taken for one replication; three replication for one variety
chives standing height measured from the basal part of the leaf
sheath (i.e., the top of the bulb) to the tip of the longest bulb.
Leaf-sheath length has been recorded from the basal part of the
leaf sheath to the beginning of the first leaf. The largest diameter
of the leaf sheath (near 1 cm above the top of the bulb) will be
recorded as leaf sheath diameter.

2.2.2. Quality indices

The coomassie brilliant blue method was used to estimate the
soluble protein content (Sedmak and Grossberg 1977, Wang
et al., 2021), while the anthrone-sulfuric acid assay method was
used to estimate the soluble sugar content (Wang et al., 2021).
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The Ascorbic acid (Vitamin-C) was determined by the 2, 6-
chlorophenol indophenol staining method (Wang et al., 2021),
while the Nitrate content in Chinese chive leaf samples was deter-
mined by Salicylic Acid Method using an ultraviolet spectropho-
tometer (Li et al., 2021). However, Chlorophyll content was
determined by the acetone extraction method, as suggested by
(Wang et al., 2021).

2.2.3. Characterization of volatile sulfur-containing compounds
2.2.3.1. HS-SPME/GC-MS (headspace solid-phase micro-extraction
combined with gas chromatography-mass spectrometry). Three ran-
domly harvested plants each of six Chinese chive genotypes were
soaked in water; and after smearing off the leaves, they were sep-
arately shredded gently, followed by crushing in a mortar with
10 ml of deionized water and a small quantity of sea sand to
achieve 10 g sample for each plant.

2.2.3.2. HS-SPME analysis. Univariate analyses were employed for
this purpose. The Chinese chive samples were taken out of liquid
N and ground swiftly to homogenize, and the 1.5 g of homogenate
was put in screw-head headspace vial (15 ml) with magnetic stir-
ring rotor and ultrapure water (2 ml) to stir fully. Later on,a 0.75 g
of firm Na,SO,4 quantity was taken and added 4 pL of difurfuryl sul-
fide internal standard; and sample vial was tightly fitted using
PTFE silicon stopper. Later, the headspace bottle was kept in equi-
librium at 70 °C for 15 min on a metal heating agitation platform
(500 rpm). After that, the removal and adsorption was performed
by inserting the pretreated 85 pum CAR/PDMS SPME fiber into a
headspace bottle for 50 min with uninterrupted heating and agita-
tion. When extraction completes, fiber was desorbed into GC injec-
tion port for 5 min and subject to GC-MS analysis.

2.2.3.3. GC-MS analysis of volatiles leaf extract. Characterization of
volatile sulfur-containing compounds was done by GC-MS analysis
of volatiles leaf extract (Yabuki et al., 2010). An Agilent 7890B Gas
Chromatograph coupled with an Agilent 7000D Quadrupole Mass
Spectrometric Detector (Agilent, USA); and standard mass Spec-
trometry Library (NIST, 2014) workstation were used for the sepa-
ration and identification of the Volatile organic compounds (VOCs).
ADB-WAX elastic quartz capillary column (30 m x 0.25 mm,
0.25 pum) was used as stationary phase (Agilent, USA).

The VOCs of Chinese chive were analyzed using an Agilent
7890B/7000D GC-MS under the following conditions: capillary
column, DB-WAX (30 m x 0.25 mm, 0.25 pm) with He
(>99.999% purity) as the carrier gas at a flow rate of 1 ml/min
and splitless mode; initial temperature 40°C held for 1 min, raised
to the 80°C at 8°C/min, then raised to 130°C at 2°C/min, and finally
raised to 220°C at 6°C/min held for 3 min; total analysis time,
49 min; MS ionization, EI, 70 eV; MS source, 230 C; scan area,
30-660 amu. After the program started, the VOCs were separated
and identified by the GC-MS with automatic Deconvolution Sys-
tem (AMDIS) and Mass Spectrometry Library (NIST, 2014). Com-
pared with the Mass Spectrometry Library, only those with a
matching score of >70 were identified. The concentration of VOCs
was analyzed by the standard internal method, using the formula:.

VOCs(ug/kg) = 2—; X % x 1000

Where A1 and A2 are the peak areas of determinant and the
internal standard, respectively; M1 and M2 are the internal stan-
dard and sample, respectively.

2.2.4. Electric-Nose analysis

The determination and analysis were performed with a com-
mercial PEN3.5 E-nose (Airsense Analytics, GmBH, Schwerin, Ger-
many). The system contained ten metal oxide sensors. Before
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detection, each sample (1.5 g of Chinese chives) was placed in a
15 ml headspace glass vial and closely capped with a PTFE-
silicon stopper. The samples were then kept at 70°C for approxi-
mately 65 min for equilibrium. The detection time of sample was
120 s, the cleaning time of sensor was 60 s, and the adjustment
time of automatic zero was 10 s. All samples were run with three
repetitions. Material type and performance description repre-
sented by sensors are shown in the Table 1.

2.2.5. Statistical analysis

The data are mentioned as mean * standard error (SE) for differ-
ent experiments, and the genotypes were assessed for their varia-
tion in morphological and quality traits by using ANOVA and
Tukey’s comparison test (P < 0.05).

3. Results
3.1. Agronomic characters in different varieties of Chinese chive

The agronomic record of the Chinese chive cultivars (Table 2)
showed that the plants of Jiu Xing 22 produced maximum leaves,
followed by Ma Lian Da Ye Bai Gen, Han Yu Zi Gen, Xue Jiu, Fu
Jiu Bao F1, and least in cultivar Shouguang Du Gen Hong surpassing
by 5.21,6.95, 13.11, 14.06 and 21.01%, respectively. Maximally tal-
ler plants were produced by cultivar Ma Lian Da Ye Bai Gen, fol-
lowed by Fu Jiu Bao F1, Jiu Xing 22, Han Yu Zi Gen, Xue Jiu, and
shortest plants were found in Shouguang Du Gen Hong exceeding
by 2.38, 4.60, 5.99, 7.14 and 14.56%, respectively. Similarly, cultivar
Ma Lian Da Ye Bai Gen had the longest leaves, followed by Fu Jiu
Bao F1, Jiu Xing 22, Han Yu Zi Gen, Xue Jiu, while shortest leaves
were noted for Shouguang Du Gen Hong; and Ma Lian Da Ye Bai
Gen showed superiority for this trait by 2.57, 5.03, 5.61, 6.74 and
15.20%, respectively. Maximum leaf sheath height was noted in
Fu Jiu Bao F1, while Jiu Xing 22, Han Yu Zi Gen, Ma Lian Da Ye
Bai Gen, and Shouguang Du Gen Hong ranked 2nd, 3rd, 4th, and
5th, respectively; whereas Xue Jiu remained least. Fu Jiu Bao F1
surpassed 2nd, 3rd, 4th, 5th, and least by 4.07, 4.88, 5.28, 10.98,
and 15.85%, respectively. Cultivar Xue Jiu had maximum leaf
width, followed by Han Yu Zi Gen, Ma Lian Da Ye Bai Gen, Jiu Xing
22, Fu Jiu Bao F1, and Shouguang Du Gen Hong remained least in
this trait; and Xue Jiu showed superiority by 2.78, 5.56, 8.33,
11.11 and 16.67%, respectively. The greatest leaf sheath diameter
was recorded in cultivar Shouguang Du Gen Hong, surpassing
Xue Jiu (11.57%), Han Yu Zi Gen (12.96%), and Fu Jiu Bao F1
(14.35%), Ma Lian Da Ye Bai Gen (28.24%) and Jiu Xing 22 (33.80%).

Table 1
Material type and performance description represented by sensors.
Sensor Sensor  Sensor sensitivity and general Detection
number  name description limits (mg
kg )
1 Wi1C Aromatic organic compounds Toluene, 10
2 W5S Very sensitive, broad range NO,, 1
sensitivity, reacts to nitrogen oxides
3 W3C Ammonia, also used as sensor for Benzene, 10
aromatic compounds
4 W6S Detection on mainly hydrogen gas H,, 0.1
5 W5C Alkanes, aromatic compounds Propane, 1
6 W1Ss Sensitive to methane CH4, 100
7 Wiw Detection on inorganic sulfur H,S, 1
compounds
8 Ww2s Detection on alcohol CO, 100
9 wW2w Aromatic compounds, inorganic H,S, 1
sulfur and organic compounds
10 W3S Sensitive to methane and aliphatic CHs, 10

organic compounds
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3.2. Quality property in different varieties of Chinese chive

The quality profile of Chinese chive was determined, and data
(Table 3) revealed that soluble protein among six cultivars (0.37
and 1.97 mg/g) was higher in Shouguang Du Gen Hong than Han
Yu Zi Gen (10.15%), Xue Jiu (19.29%), Ma Lian Da Ye Bai Gen
(39.03%), Fu Jiu Bao F1 (73.60%) and Jiu Xing 22 (81.22%). The devi-
ation in soluble sugar (1.26 to 3.24%) among cultivars revealed
greater values Ma Lian Da Ye Bai Gen than Xue Jiu (35.80%), Fu
Jiu Bao F1 (49.38%), Han Yu Zi Gen (55.86%), Shouguang Du Gen
Hong (58.33%) and Jiu Xing 22 (61.11%). The vit-C among cultivars
(7.34-7.55 mg/g) was higher in Jiu Xing 22 than Han Yu Zi Gen
(0.66%), Fu Jiu Bao F1 (1.32%), Shouguang, Du Gen Hong (1.85%),
Xue Jiu (2.52%) and Ma Lian Da Ye Bai Gen (2.78%). Likewise,
nitrate among cultivars (7135.42-8974.23 ng/g) was higher in
Xue Jiu than Ma Lian Da Ye Bai Gen (9.22%), Jiu Xing 22 (19.79%),
Fu Jiu Bao F1 (23.89%); Shouguang Du Gen Hong (47.53%) and
Han Yu Zi Gen (53.92%). However, total leaf chlorophyll of six Chi-
nese chive cultivars (1.51-2.04 mg/g) was higher in Jiu Xing 22
over Shouguang Du Gen Hong (4.90%), Xue Jiu (6.37%), Han Yu Zi
Gen (14.22%), Fu Jiu Bao F1 (21.08%) and Ma Lian Da Ye Bai Gen
(25.98%).

3.3. Characterization of volatile profile in different varieties of Chinese
chives

3.3.1. Volatile components measured by HS-SPME/GC-MS

The volatile profile (Table 4) shows the characterization of vola-
tile compounds in six A. tuberosum genotypes using HS-SPME/GC-
MS analysis detected enormously higher count of constituents (97)
in 15 groups classified as: Aldehydes (10), Hydrocarbons (7), Esters
(11), Acids (10), Sulfides (7), Ketones (7), Ethers (6), Alkaloids (2),
Heterocyclic polymers (11), Cyclomethicone (5), Polyolefins (2),
Furfuryl and furan derivatives (5), Phenols (5), Diterpenes (2), Ter-
penoids (1) and others (5). The detected compounds varied among
genotypes and more compounds (56) were detected in Xue Jiu, fol-
lowed by Jiu Xing 22 (51) and Ma Lian Da Ye Bai Gen (51), Fu Jiu
Bao F1 (44), Shouguang Du Gen Hong (42) and least (40) number
of compounds was detected in genotype Han Yu Zi Gen. Total vola-
tile contents were almost equal in cultivars Xue Jiu (17.75 pg/g)
and Han Yu Zi Gen (17.54 pg/g) and greater than cultivars Fu Jiu
Bao F1 (12.22 ng/g), Ma Lian Da Ye Bai Gen (11.70 pg/g), Jiu Xing
22 (10.19 pg/g) and Shouguang Du Gen Hong (9.53 pg/g). Total
volatile contents of cultivar Xue Jiu was greater than cultivars
Han Yu Zi Gen (1.20%), Fu Jiu Bao F1 (45.25%), Shouguang Du
Gen Hong (86.25%), Jiu Xing 22 (74.19%), and Ma Lian Da Ye Bai
Gen (51.71%); whereas, total volatiles content of cultivar Han Yu
Zi Gen was greater than cultivars Fu Jiu Bao F1 (43.54%), Shou-
guang Du Gen Hong (84.05%), Jiu Xing 22 (72.13%), Ma Lian Da
Ye Bai Gen (49.91%).

The cultivar Han Yu Zi Gen contained 5 individual volatile com-
pounds with >1 concentration which included Diallyl disulfide
(1.179 pg/g), Sulfide, allyl methyl (1.75 pg/g), Dimethyl ether
(1.55 png/g), Dimethyl trisulfide (2.557 ng/g), and Disulfide,
dimethyl (1.279 pg/g). In cultivar Fu Jiu Bao F1, the concentration
of individual volatiles was >1 only in two constituents such as
Dimethyl trisulfide (2.843 pg/g) and Disulfide, dimethyl
(1.406 pg/g); while in cultivar Shouguang Du Gen Hong, also two
individual volatiles were determined with >1 volatile concentra-
tion including Dimethyl trisulfide (2.045 pg/g) and Disulfide,
dimethyl (1.106 pg/g). In cultivar Xue Jiu the concentration of four
individual volatile compounds was >1 which included Dimethyl
trisulfide (5.175 ng/g), (E)-1-Methyl-2-(prop-1-en-1-yl)
(1.108 pg/g), Trisulfide, methyl 2-propenyl (1.167 ug/g) and Disul-
fide, dimethyl (1.68 pg/g);. In contrast, in cultivar Jiu Xing 22, only
one volatile compound had concentration >1 (Dimethyl trisulfide
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Table 2
Agronomic characters evaluated for six varieties of Chinese chives.
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Variety Plant leaves (No.) Plant height (cm) Leaf length (cm) Leaf sheath height (cm) leaf width (cm) Leaf sheath diameter (cm)
(e} 5.89 + 0.056*° 29.64 + 0.282° 27.58 + 0.488° 2.34 £ 0.049% 0.35 + 0.010®° 1.88 + 0.054°>

G, 5.44 + 0.147" 30.78 + 0.487%° 28.47 + 0.389%" 2.46 + 0.080% 0.32 + 0.006" 1.85 + 0.066°™

Gs 5.00 + 0.167¢ 26.94 + 0.683¢ 24.78 + 0.701° 2.19 £ 0.094% 0.30 + 0.000¢ 2.16 + 0.0212

Gs 5.50 + 0.347°¢ 29.28 + 0.570° 27.25 + 0.500° 2.07 £ 0.065° 0.36 + 0.015% 1.91 £ 0.037%®

Gs 6.33 £ 0.167° 30.08 + 0.699%° 27.75 + 0.603° 2.36 + 0.099° 0.33 + 0.006%* 1.43 + 0.076°

Ge 6.00 + 0.096%° 31.53 + 0.282% 29.22 +0.338% 2.33 £ 0.096% 0.34 + 0.011% 1.55 + 0.062>

G; = Han Yu Zi Gen, G; = Fu Jiu Bao F1, G5 = Shouguang Du Gen Hong, G4 = Xue Jiu, Gs = Jiu Xing 22, Gg = Ma Lian Da Ye Bai Gen.

Table 3
Quality characteristics evaluated for six Chinese chives cultivars.

Vitamin-C (mg/g) Nitrate content (pug/g) Total Chlorophyll content (mg/g)

Variety Soluble protein (mg/g) Soluble sugar (%)
G; = Han Yu Zi Gen 1.77 £ 0.104° 1.43 + 0.091°¢

G, = Fu Jiu Bao F1 0.52 £ 0165° 1.64 + 166>

G3 = Shouguang Du Gen Hong 1.97 £ 0.142° 1.35 £ 0.121°¢

G4 = Xue Jiu 1.59 +0.178* 2.08 +0.171°

Gs = Jiu Xing 22 0.37 + 0.165" 1.26 + 0.105°¢

Gg = Ma Lian Da Ye Bai Gen 1.20 + 0.180%° 3.24 £ 0.162°

7.50 + 0.018% 413542 + 52.4° 1.75 + 0.026°
7.45 + 0.0125 6830.59 + 390.0° 1.61 % 0.023¢
7.41 + 0.007° 4708.88 + 248.8° 1.94 + 0.065°
7.36 + 0.038 < 8974.23 + 75.8° 1.91 + 0.0412
7.55 + 0.035° 7197.92 + 317.5° 2.04 + 0.016°
7.34 + 0.0749 8146.39 £ 219.4° 1.51 % 0.048¢

1.968 ng/g). The volatiles had their concentration >1 in cultivar Ma
Lian Da Ye Bai Gen included (E)-1- Methyl-2-(prop-1-en-1-yl)
(1.264 png/g), Dimethyl trisulfide (3.295 pg/g) and Disulfide,
dimethyl (1.00 pg/g). Cultivars Han Yu Zi Gen and Xue Jiu were
determined to have superiority in flavor substance due to higher
contents of sulfur and ether as compared to the rest of the tested
cultivars.

The study also revealed that all the tested genotypes commonly
contain 17 volatiles such as (E)-1-Allyl-2-(prop-1-en-1-yl), (E)-1-
Methyl-2-(prop-1-en-1-yl), 2-Hexenal, (E), Benzaldehyde, 3-ethyl,
Cyclopentanecarboxaldehyde, Hexadecanoic acid, Diallyl disulfide,
Trisulfide, methyl 2-propenyl, Ethanone,1-(2-hydroxy-5-methyl
phenyl), Dimethyl trisulfide, Disulfide, dimethyl, Disulfide, methyl
2-propenyl, Styrene, Oxime-, methoxy-phenyl, Thiophene, 3,4-
dimethyl, Furfuryl sulfide and N,2,4,6-Tetramethyl-benzenamine.
Since, the genotypes had significant variation in identified com-
pounds as well as in their contents;. However, in Furfuryl and furan
derivatives group, Furfuryl sulfide [Bis(furan-2-ylmethyl)sulfane]
(Molecular formula: CioHip O,S, avg. mass 194.250 da) was
detected in all the genotypes in equal content (0.143 pg/g).

The volatile profile (HS-SPME/GC-MS analysis) of the Chinese
chives’ cultivars detected Aldehydes, Hydrocarbons, Esters, Acids,
Sulfides, Ketones, Ethers, Alkaloids, Heterocyclic polymers,
Cyclomethicone, Polyolefins, Furfuryl and furan derivatives, Phe-
nols, Diterpenes, and Terpenoids. The study showed that cultivars
Xue Jiu and Jiu Xing 22 had equally greater volatiles as compared
to Ma Lian Da Ye Bai Gen, Fu Jiu Bao F1, Shouguang Du Gen Hong,
and Han Yu Zi Gen; and 17 kinds of volatile were common to all
genotypes. The genotypes showed marked variation in identified
constituents and their contents. There was only constituent [Fur-
furyl sulfide [Bis (furan-2-ylmethyl) sulfane] found to have equal
content in all six genotypes (0.143 pg/g). This compound is based
on glucose, and it was present in an equal concentration in all
tested genotypes (Okaru and Lachenmeier, 2017). The furfural is
highly useful as a flavoring agent in many foods and alcoholic
and non-alcoholic drinks. The furfural in its numerous derivatives
occurs broadly as a natural constituent of the food supply. So, its’
consistent concentration in test crops regardless of genotypes is
symbolically the specialty of this plant to use or to add as a natural
constituent of certain foods (Eric, 2018).

3.3.2. Response curve and flavor radar chart

The curve (Fig. 1) shows the response of various sensor types
(W5S, W2W, and W1C), which are the main sensor types for six
cultivars. The response curve revealed that with the increase in
sampling time, the response signal of each sensor was gradually
stabilized. The sensors and their main applications used in E-
nose analysis distributed as W1C: Sensitive to aromatic com-
pounds, W5S: Very sensitive to oxynitride, W3C: Sensitive to
ammonia and aromatic compounds such as benzene; WES: Sensi-
tive to hydrogen; W5C: Sensitive to alkanes such as propane and
aromatic compounds; W1S: Sensitive to methane; W1W: Sensitive
to sulfur compounds such as hydrogen sulfide; W2S: Sensitive to
alcohols and aldehydes and ketones; W2W: Sensitive to aromatic
compounds and organic sulfur compounds; W3S: Sensitive to alka-
nes such as methane Cultivars Xue Jiu and Han Yu Zi Gen were rel-
atively superior in volatile contents than other tested cultivars and
characterized for aromatic, broad-methane, alkanes and sulfur-
organic compounds. Fu Jiu Bao F1 designated in broad-alcohol
and sulph-chlor groups; Shouguang Du Gen Hong was character-
ized as aromatic and methane-aliph; Jiu Xing 22 fell under broad
range and aroma-aliph categories, while Ma Lian Da Ye Bai Gen
was placed in hydrogen group (Fig. 2). The distinctive flavor con-
stituents befalling generally in Chinese chive or in individual culti-
vars are controlled by specific biologically active sulfur-organic
components. Some of the cultivars contained aromatic compounds
and organic sulfur compounds. Cultivars Xue Jiu and Han Yu Zi Gen
not only have aromatic and organic sulfur compounds, but their
contents were higher than the other four companion cultivars.
The fingerprint profiles of the six Chinese chives cultivars showing
similarity, and W5S is the largest sensor, followed by W2W. Fig. 2
concludes that Xue Jiu and Han Yu Zi Gen were stronger in overall
flavor characteristics than the rest of the evaluated cultivars.

3.3.3. Principal component analysis (PCA)

PCA is a clustering method of analysis of the dataset; it could be
derived from a two-dimensional PCA illustrated as Figs. 3A and 3B,
where six Chinese chives cultivars and ten sensors develop the
related groups of volatiles. The sum of the first two main compo-
nents reached 98.655%, out of which the main axis-1 characterized
93.06% of the total variance, while main exis-2 characterized 5.59%
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Table 4
Volatile compounds in the crushed leaves of six Chinese chive cultivars.

Group Name of compound RT Compound content in genotypes (pg/g) MS match index ~ Molecular CAS

(No.) (min) Gl 2 c3 ca Gs G6 (%) formula

Aldehydes

1 Benzene, 1,3-dimethyl- 5.83 0.056 0.122 0.082 - 0011 - 92.98 CgHio 108-38-3

2 Benzene, propyl- 7.04 0119 - - - - - 76.18 CoHq2 103-65-1

3 2-Hexenal, (E)- 7.47 0.626 0.347 0217 0.147 0.186 0.158 86.94 CeH100 6728-26-3

4 (E)-1-Methyl-2-(prop-1-en-1-yl) 8.37 0.640 0.720 0.483 1.108 0.445 1.264 79.79 C4HsS: 23838-19-9

5 Benzenamine, 3,5-dimethyl- 14.25 0.074 - - - - - 75.90 CgHiN 108-69-0

6 Undecanal 15.44 - - - 0.012 - - 70.11 Cy1H220 112-44-7

7 (E)-1-Allyl-2-(prop-1-en-1-yl) 15.57 0301 0.136 0272 0.701 0.215 0.129 82.03 CeH10S2 122156-02-
9

8 2,4-Heptadienal, (E,E)- 15.71 - 0.016 0.009 0.012 0.016 0.009 7147 C7H100 4313-03-5

9 Benzaldehyde, 3-ethyl- 25.37 0309 0.238 0.137 0.219 0351 0.148 89.01 CoH100 34246-54-3

10 Benzene, 1-(1,1-dimethylethyl)-3- 31.42 - 0.022 - 0.008 0.01 - 77.94 Ci2His 14411-56-4

ethyl-

Hydrocarbons

11 psi.,.psi.-Carotene 0.20 - - 0.011 0.06 0.006 0.008 80.44 C42Hg402 13833-01-7

12 Dodecane 6.40 - 0.044 0.023 - - - 84.33 CioHag 112-40-3

13 p-Xylene 6.70 0542 - - - - - 84.92 CgHio 106-42-3

14 Styrene 8.23 0338 0.791 0549 0.01 0.008 0.007 86.44 CgHg 100-42-5

15 Cyclopentanecarboxaldehyde 14.80 0.059 0.152 0.092 0.37 0403 0407 79.86 C8H120 1000154~
24-0

16 1H-3a,7-Methanoazulene 18.76 0.044 0.008 - - 0.005 - 80.29 Ci5Hog 469-61-4

17 Cyclohexene,1-methyl-3-(1- 21.25 - 0.022 - 0.028 0.012 0.053 76.20 CioHis 13828-31-4

methylethyl)-

Esters

18 Monomethyl carbonotrithioate 1.81 - 0.017 0.002 - - - 84.08 CoH,4Ss 1113-26-4

19 S-Methyl methanethiosulfinate 23.31 - - 0.022 - - - 75.14 C,Hg0S, 13882-12-7

20 3,7,11,15-Tetramethylhexadec 36.02 - 0.081 - - - - 77.83 CaoHyp0, 76337-16-1

21 3,7,11,15-Tetramethylhexadec-2 36.04 - - 0.132 0.261 0309 - 87.48 CpoHs20, 76337-16-1

22 Cyclodecasiloxane, eicosamethyl- 37.49 - - - 0.041 0.035 0.046 79.66 C20He0010Si10 18772-36-6

23 Ethyl 13-methyl-tetradecanoate 40.36 - - - - - 0.051 80.07 C17H340, 1000336-
61-5

24 Ethyl 9-hexadecenoate 42.50 - - - - - 0.121 92.96 C18H340; 54546-22-4

25 Z-(13,14-Epoxy)tetradec acetate 47.24 - - - 0.036 0.021 0.05 78.28 Cq6H2503 1000131-
33-2

26 Ethyl 9,12,15-octadecatrienoate 47.38 - - - - - 0.153 92.46 Cy0H340; 1000336-
77-4

27 2,2-Dimethyl-6-methylene 47.68 0213 - - - - - 70.75 Cy4H2404 1000212~
02-6

28 Dasycarpidan-1-methanol, acetate 47.81 - - 0.066 - 0.013 0.002 73.73 C30H26N20, 55724-48-6

Acids

29 3-Pyridinecarboxylic acid 0.17 - 0.005 - - - - 73.71 C33H39NOq g 51906-00-4

30 Alanine 1.65 - 0.023 - 0.019 0.026 - 70.89 C3H;NO, 56-41-7

31 Tetradecanoic acid 38.29 - 0.265 - 0.037 - 0.146 83.89 C16H3202 124-06-1

32 Hexadecanoic acid 42.16 0466 0.224 0803 0.399 0.582 0.569 86.00 C15H3602 628-97-7

33 3-Hydroxypropanoic acid 4248 - 0.018 - 0.02 - - 73.01 Cq5H603 1000196
34-0

34 Oleic Acid 44.20 - 0.008 0.01 0.004 0.003 - 73.58 C15H3402 112-80-1

35 Z-8-Methyl-9-tetradecenoic acid 4420 - - - 0.037 - 0.029 78.37 Cy5H50, 1000130-
84-5

36 Linoleic acid 46.32 - - 0.068 0.044 0.09 0.131 86.80 C0H3602 544-35-4

37 Phthalic acid 46.52 - - - - 0.049 - 70.28 Cy0H2504 1000309-
06-9

38 9,12,15-Octadecatrienoic acid 47.37 - 0.03 0.109 0.102 0.099 - 81.82 C0H3402 1191-41-9

Sulfides

39 Sulfide, allyl methyl 333 1.04 - - - - - 77.89 C4HsS 10152-76-8

40 Ethylbenzene 5.62 0.049 0.061 004 0.014 - - 90.12 C8H10 100-41-4

41 Diallyl disulphide 15.34 1.179 0219 0207 0.786 0.191 0.276 90.63 CeH10S2 2179-57-9

42 Trisulfide, methyl 2-propenyl 19.94 0.625 0.892 0583 1.167 0.709 0.797 84.99 C4HsS3 34135-85-8

43 Tetrasulfide, dimethyl 26.84 0.102 0.026 0.054 - - - 77.43 CoHgS4 5756-24-1

44 Trisulfide, di-2-propenyl 28.53 0.74 0.085 0.167 0.833 0.232 0.047 75.26 CeH10S3 2050-87-5

45 (Z)-1-Allyl-3-(prop-1-en-1-yl) 29.17 - - - 0.051 - - 79.18 CeH10S3 382161-75-
3

Ketones

46 Acetoin 3.31 - 0434 0.175 - 0.048 - 73.54 C4Hs0, 513-86-0

47 Cyclohexanone, 2,2-dimethyl- 12.13 0.189 - - - - - 71.56 C8H140 1193-47-1

48 Cyclohexene,1-propyl- 18.48 - - - 0.014 - - 80.41 CoHi6 2539-75-5

49 6,6-Dimethylhepta-2,4-diene 19.06 0.103 - - - 0.012 0.011 72.28 CoHys 1000195-
03-3

50 N,2,4,6-Tetramethylbenzenamine 22.11 0.14 0.06 0.029 0.062 0.057 0.051 85.50 CioH1sN 13021-14-2
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Table 4 (continued)
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Group Name of compound RT Compound content in genotypes (ng/g) MS match index  Molecular CAS
(No.) (min) Gl G2 G3 c4 Gs G6 (%) formula
51 2-Pentadecanone, 6,10,14-trimethyl-  39.82 - - 0.042 0.069 0.063 0.027 76.11 Cy5H360 502-69-2
52 Ethanone,1-(2-hydroxy-5- 41.10 0.533 0.224 0.166 0.201 0.08 0.153 81.32 CoH1002 1450-72-2
methylphenyl)
Ethers
53 (R)~(-)-2-Amino-1-propanol 1.35 0.042 - - - 0.006 0.021 78.23 C3HoNO 35320-23-1
54 Dimethyl ether 3.16 1.55 0398 0.181 0.244 0.138 0.146 80.26 C,HgO 115-10-6
55 Methyl propyl ether 3.17 0.019 - - - - - 77.14 C4H100 557-17-5
56 Disulfide, dimethyl 491 1279 1406 1.106 1.685 0.906 0.993 88.52 C,HeS> 624-92-0
57 Disulfide, methyl 2-propenyl 8.81 0.659 038 0432 0.705 0.441 0438 81.86 C4HsS> 2179-58-0
58 Dimethyl trisulfide 11.77 2,557 2.843 2045 5.175 1.968 3.295 92.26 CoHeS3 3658-80-8
Alkaloids
59 Cyclooctasiloxane, hexadecamethyl-  26.10 - - - 0.107 - 0.124 80.32 C16H4505Sig 556-68-3
60 Cyclononasiloxane, octadecamethyl-  33.68 - - - 0.066 0.077 0.072 87.36 C18H5400Sig 556-71-8
Heterocyclic polymers
61 2-Propanamine 1.43 - - 0.008 - - - 75.60 C3HgN 75-31-0
62 2-Pyrrolidinone 522 0.746 - - - - 0.03 79.03 Cy1H19NO 14293-08-4
63 Thiophene, 3,4-dimethyl- 7.66 0.104 0.206 0.07 0.059 0.015 0.099 92.19 CeHsS 632-15-5
64 3H-1,2-Dithiole 16.53 - 0.003 - - - - 71.24 C3HaS; 288-26-6
65 2,4-Octadienal, (E,E)- 19.52 - - - - 0.158 - 72.76 CgH; 20 30361-28-5
66 2-Cyclohexen-1-one, 4-ethyl-3 19.93 - 0.012 - - - - 71.04 CioH160 17622-46-7
67 Oxime-, methoxy-phenyl- 29.80 0.895 0.918 0326 0.511 0384 0233 7493 CgHgNO, 1000222~
86-6
68 2-Vinyl-4H-1,3-dithiine 3143 - - 0.006 - - - 64.86 CeHsS> 80028-57-5
69 Butylated Hydroxytoluene 34.35 - 0.034 - - - - 79.87 Cy5H240 128-37-0
70 3-Buten-2-one 36.69 0113 - - 0.006 - - 72.16 C13H2002 23267-57-4
71 3-(4,8,12-Trimethyltridecyl) 45.21 - 0347 - - - - 71.22 CaoH36S 102037-89-
thiophene 8
Cyclomethicones
72 Cyclotrisiloxane, hexamethyl- 2.34 - - - 0509 0.213 0.042 86.84 CeH1503Si3 541-05-9
73 Cyclotetrasiloxane, octamethyl- 3.68 - - - 0.195 0.236 0.001 76.59 CgH»404Si4 556-67-2
74 Cyclopentasiloxane, decamethyl- 5.93 - - - 0.049 - 0.034 83.83 C10H3005Sis5 541-02-6
75 Cyclohexasiloxane, dodecamethyl- 9.67 - - - 0.114 0.155 0.133 92.49 C12H3606Si6 540-97-6
76 Cycloheptasiloxane, 17.20 - - - 0.134 0.035 0.168 88.84 C14H4205Si7 107-50-6
tetradecamethyl-
Polyolefins
77 (2-Aziridinylethyl)amine 1.33 - - - - - 0.009 72.89 C4H1oN; 4025-37-0
78 Cyclohexa-1,3-diene, 5,6-diethyl- 22.07 - - - 0.015 0.012 - 78.43 C10H16 1000154~
64-0
Furfuryl and furan derivatives
79 Furan, 2,3-dihydro- 4.44 0.186 - - 0.175 0.054 0.086 79.15 C4HgO 1191-99-7
80 Furan, 2-ethyl- 12.56 - - 0.029 0.066 0.064 0.061 89.35 CeHsO 3208-16-0
81 Furan, 2-hexyl- 19.45 - - - 0.138 - - 70.62 C10H160 3777-70-6
82 Furfuryl sulfide 41.58 0.143 0.143 0.143 0.143 0.143 0.143 80.85 Ci10H1002S 13678-67-6
83 2(4H)-Benzofuranone 43.46 0.144 - - - - - 73.05 Cy1H1602 17092-92-1
Phenols
84 Phenol, 2,6-bis(1,1-dimethylethyl)- 34.72 0.154 - - - - - 89.13 C17H,7NO, 1918-11-2
85 2,4-Di-tert-butylphenol 43,15 0.094 - - - - - 80.16 Ci4H20 96-76-4
86 Phenol, 2,5-bis(1,1-dimethylethyl)- 43.16 - 0.004 - - - 0.002 75.77 Cy4H5,0 5875-45-6
87 Phenol, 2-(1-methylethyl)- 45.96 - 0.116 0.046 0.07 - 0.059 74.99 C;1H1sNO; 2631-40-5
88 Pheno1,4-diol, 2,3-dimethyl-5 46.52 - 0.081 0.044 0.041 - - 70.84 CoHoF30, 1000127~
49-8
Diterpenes
89 Phytol, acetate 35.24 - - 0354 0.374 0478 0.252 83.28 CaHg20, 1000375-
01-4
90 Phytol 47.69 - - 0.123 0.221 0.366 0.269 82.98 C0H400 150-86-7
Terpenoids
91 trans-.beta.-lonone 35.23 - 0.036 - - - - 78.60 Cy3H,00 79-77-6
Others
92 1,5-Cyclooctadiene, 3-t-butyl- 14.14 0.159 - - - - - 78.03 Ci2Hyo 1000152-
17-9
93 (2E,4S,7E)-4-Isopropyl-1 18.84 0.033 - - - - - 73.03 Cy5Hz60 198991-79-
6
94 3H-1,2-Dithiol-3-one 35.88 0176 - - 0.03 0.008 0.012 7233 C4H40S, 3620-10-8
95 1,1'-Biphenyl, 2,2,5,5 -tetramethyl-  41.75 - - - 0.043 0.048 0.139 80.38 CieHis 3075-84-1

(continued on next page)
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Group Name of compound RT Compound content in genotypes (ng/g) MS match index  Molecular CAS

(No.) (min) Gl G2 G3 c4 Gs G6 (%) formula

96 3-n-Hexadecylthiophene 45.22 - - 0.068 - - - 76.85 CyoH36S 1000360-
37-5

Total content of volatile compounds (ug/g) - 17.54 1222 953 1775 1019 11.70 - - -

i. The isolated volatile constituents are cohesively organized with the GC-MS automatic deconvolution system and their comparison was made with standard mass spectrum

in the NIST 14 library (MS match index > 70%).

ii. The values of the volatile constituents associated with MS match index <70% were not included.

iii. RT or Retention time (min) of detected volatile compounds on capillary column DB-WAX.

iv. 06 Chinese chives cultivars are G; = Han Yu Zi Gen, G, = Fu Jiu Bao F1, G; = Shouguang Du Gen Hong, G4 = Xue Jiu, Gs = Jiu Xing 22, G = Ma Lian Da Ye Bai Gen.
v. The values for each volatile constituent are average of three replicates for each genotype.

vi. Total volatile contents in cultivars were almost equal in G4 (17.75%) and G, (17.54%) and greater than rest of the cultivars.

vii. Total volatile contents of G, was greater than G; (1.20%), G (45.25%), G3 (86.25%), Gs (74.19%), Gs (51.71%).

viii. Total volatiles content of G; was greater than G, (43.54%), G3 (84.05%), Gs (72.13%), G¢ (49.91%).

Fig. 1. Response curve represents the response signal of each sensor with the
sampling time of six Chinese chives cultivars.

of the whole variance. It suggests that the order difference of var-
ious Chinese chives cultivars can be highly distinguished. The sum
of these two components is >90%, so we distinguished them
according to six cultivars. The first principal component can be
divided into four categories. G1 and G2 are in the first group; G5
is in the second group; G3 and G6 in the third group; and G4 is
in the fourth group. Distinguished cultivars G1 and G2, G3 and
G6 by the second principal component, that is to say, first, it is dis-
tinguished by first principal component and indistinguishable is
distinguished by the second principal component.

Fig. 3B is the PCA of odor data of electronic nose showing a dia-
gram of the PCA analysis of genotypes with sensors W5S, W1S,
W3C, W1C, and W2W as primary sensors. It indicates that the far-
ther each sensor was from the origin of the coordinate, the greater
was the rate of contribution. Regarding the classification of six
tested Chinese chive cultivars, the sensor W5S had a larger contri-
bution rate. To increase recognition of the sensor, more sensors
were added to distinguish the mixed types. Using PCA analysis
for performance verification of sensor array, it is clearly seen that
WS5S is the farthest point of the first principal component and

W3S

WIw

WIS

WIW

WIS

Fig. 2. RFC (Radar fingerprint chart) of the volatile constituents in six Chinese chive
cultivars.

the intensity of the response is most significant. However, W2W
is the farthest point of the second principal component, and the
intensity of the response is the second. Therefore, sensors W5S
and W2W could be selected as sensor arrays for mixed types.

4. Discussion

The crop cultivars may potentially vary in agronomic and qual-
ity traits, but under similar soil and climatic environment, such
variation might have an association with the genetic makeup of
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(A): PCA (Principal component analysis) of six Chinese chives cultivars and 10

sensors, illustrating PCA scores scatter plot.

Fig. 3A. PCA (Principal component analysis) of six Chinese chives cultivars and 10 sensors, illustrating PCA scores scatter plot.
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(B): PCA of six Chinese chives cultivars and 96 volatile constituents demonstrating

PCA loading plot.

Fig. 3B. PCA of six Chinese chives cultivars and 96 volatile constituents demonstrating PCA loading plot.
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the parental materials. In leaves number, cultivar Jiu Xing 22 sur-
passed the rest of cultivars, Ma Lian Da Ye Bai Gen produced tallest
plants with longest leaves, maximum leaf sheath height was found
in Fu Jiu Bao F1, Xue Jiu had maximum leaf width, and Shouguang
Du Gen Hong surpassed rest of tested cultivars in leaf sheath diam-
eter. This suggested that Chinese chive cultivars tested in this
study showed significant (P < 0.05) variation in foliage and height
of the plants. (Gao et al., 2018) have observed significant differ-
ences (P < 0.05) between Chinese chive varieties for their physical
and chemical profiles. The experimental results reported by (Saini
et al., 2013) revealed that Chinese chive varieties varied signifi-
cantly for their agronomic profile.

The quality profile indicated that cultivar Shouguang Du Gen
Hong showed superiority in soluble protein content, soluble sugar
was highest in Ma Lian Da Ye Bai Gen, Jiu Xing 22 contained high-
est vitamin-C and superior in total leaf chlorophyll; while Xue Jiu
was richest in nitrate among the tested Chinese chive cultivars. It
is notable that not a single cultivar showed linear dominance for
agronomic and quality traits. Alan et al. (2018); Alan et al. (2019)
reported that Chinese chive cultivars vary significantly for various
agronomic and quality traits such as foliage, nitrates and chloro-
phyll content. (Guohua et al., 2006) concluded that Chinese chive
seeds and leaves had high levels of nutritionally important compo-
nents such as minerals (Guohua et al., 2006); while (Alan et al.,
2019) reported that Chinese chive seed contained high amounts
of crude protein (12.3%); while in our study, the highest crude pro-
tein in leaves remained 1.97%. This indicates that the crude protein
widely differs in seed and leaves of Chinese chives. The variation in
crude protein may also be linked with the genetic makeup of cul-
tivars used by different researchers under different ecologies. Vola-
tile profile showed that esters, heterocyclic polymers, acids,
aldehydes, hydrocarbons, sulfides, ketones, ethers, furfuryl deriva-
tives and phenols were dominating compound groups. High total
volatile contents (17.75 and 17.54 ug/g) were determined in Xue
Jiu and Han Yu Zi Gen, respectively, greater than rest of the culti-
vars. The Furfuryl sulfide was detected in all the six tested cultivars
in equal content (0.143 ng/g). The fruits and vegetables are dried
before preservation to reduce water activity, but traditional drying
adversely affects thermally labile bioactive compounds (organosul-
fur compounds) which may affect functional qualities (Kathori
et al, 2020); these compounds are responsible for antimicrobial
and antioxidant activities (Niu et al., 2020); where flavonoids pos-
sess strong antibacterial and antioxidant activity (Gorniak et al.
2019). The utilization of Chinese chives affects human health pos-
itively (Putnika et al., 2019). Yabuki et al., (2010) characterized the
composition of Sulfur-containing constituents in Chinese chive
using 12 varieties and detected five disulfides, two trisulphides,
and two vinyldithiins. They also tentatively identified two novel
compounds. The results of (Goeke, 2002) and (Pino et al., 2001)
also showed similarity to our research findings.

E-nose analysis reveals that distinguishing volatiles were scat-
tered as aromatic, broad range, sulfur organic, hydrogen, arom-
aliph, broad methane, broad alcohol, and methane aliph. Among
genotypes, Xue Jiu and Han Yu Zi Gen were found to have greater
contents of the volatiles in addition to the quality of aromatic and
sulfur organic constituents. The fingerprint profiles suggested sim-
ilarity in Xue Jiu and Han Yu Zi Gen, and W5S is the largest sensor,
followed by W2W. This indicates that Xue Jiu and Han Yu Zi Gen
were genotypes with strong overall flavor characteristics as com-
pared to the rest of the tested genotypes. Similar study results have
been reported by (Welke et al., 2014). Generally, the practical con-
tribution of the volatile is considered more promising when its
concentration is >1 (Tchabo et al., 2017). However, in our study,
seven volatiles had contents greater than >1 pg/g. Wei et al.
(2021) detected 24 volatiles with >1 pg/g content to describe the
odor of the cabbage samples, and volatiles were categorically des-
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ignated as aromatic, pungent, fruity, fatty, and floral by the radar
fingerprint chart. The pungent odor could be considered as the
strongest scent, and ethers have the primary role in forming this
odor (Rajkumar et al., 2017). The odor descriptions of dimethyl
disulfide and dimethyl trisulfide are generally described as Allium,
and sulfurous aroma, and these were determined in entire samples
having a vital role in the development of fragrance in Allium spe-
cies. The aroma is mainly consisted of (E)-2-hexenal, hexanal, 3-
hexenal and (Z)-3-hexen-1-ol. (E)-2-hexenal and their contents
confirm green aroma that contributes to the fragrance of specific
Chinese chive genotypes (Yalcin and Kavuncuoglu, 2014). The dis-
tinctive flavor constituents befalling in Allium species or genotypes
are dominated by biologically active organosulfur compounds
(Gyawali et al., 2006, Yalcin and Kavuncuoglu, 2014). Using a scat-
ter diagram, one can purposely find potential volatile substances of
each cultivar, and then the difference information can be devel-
oped to help to make a broad level evaluation of volatiles of Chi-
nese chives cultivars (Khalil et al., 2018).

5. Conclusions

This study deals with the characterization of six Chinese chives
cultivars for their agronomy, chemical composition, organosulfur
compounds as well as textural and aromatic quality characteristics
(E-Nose analysis). The cultivars subjected to study included Han Yu
Zi Gen, Fu Jiu Bao F1, Shouguang Du Gen Hong, Xue Jiu, Jiu Xing 22
and Ma Lian Da Ye Bai Gen. Apart from the analysis of agronomic
and quality indices, these newly developed cultivars were first
time studied in depth to compare their suitability for aromatic
and textural qualities that are desirable for food processing. The
cultivars were analyzed for agronomy and quality indices by meth-
ods in general use in modern laboratories; while their volatile pro-
file was studied by HS-SPME/GC-MS and E-nose analyses. The
cultivars varied for agronomy and quality indices (P < 0.05). The
agronomic measurement of Chinese chive concluded that in leaves
number, cultivar Jiu Xing 22 surpassed rest of cultivars, Ma Lian Da
Ye Bai Gen produced tallest plants with longest leaves, maximum
leaf sheath height was found in Fu Jiu Bao F1, Xue Jiu had maxi-
mum leaf width, and Shouguang Du Gen Hong surpassed rest of
cultivars in leaf sheath diameter. In quality case, cultivar Shou-
guang Du Gen Hong showed superiority in soluble protein content;
soluble sugar was highest in Ma Lian Da Ye Bai Gen; Jiu Xing 22
contained highest vitamin-C and total leaf chlorophyll; while Xue
Jiu was richest in nitrate content. Thus, not a single cultivar
showed linear dominance for agronomic and quality traits. Fresh
leaf samples of six Chinese chive genotypes were analyzed to char-
acterize volatile profile by HS-SPME/GC-MS and e-nose tech-
niques. The major radicals in fresh leaves of Chinese chive were
(E)-1 Allyl, (E)-1-Methyl, Hexadecanoic acid, Diallyl disulfide, Sul-
fide allyl, Trisulfides, Dimethyl ether, Benzaldehyde, Hexenal,
N,2,4,6-Tetramethyl benzenamine, trans-beta.-lonone, Dimethyl
trisulfide, Disulfide, dimethyl, Oxime, and Furfuryl sulfide. The cul-
tivars showed marked variation in identified constituents and their
contents. There was only constituent [Furfuryl sulfide [Bis(furan-2-
ylmethyl) sulfane] found to have equal content in all six genotypes
(0.143 pg/g). The aromatic characteristic might be distinguished
based on PCA, electronic-nose and HS-SPME/GC-MS results. The
analyses suggested that Xue Jiu and Han Yu Zi Gen were cultivars
with strong overall flavor characteristic and these cultivars have
aromatic and organic sulfur compounds, but their contents were
higher than the other four companion cultivars. The study also
proved that HS-SPME/GC-MS and electronic-nose methods might
have the accuracy to detect flavor differences in Chinese chives cul-
tivars. It is suggestible that fresh Chinese chive could be viable to
utilize in the food industry based on their richness in physico-
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chemical properties, volatiles, and odor qualities. The volatile pro-
file and e-nose analysis suggested that Xue Jiu and Han Yu Zi Gen
were cultivars with strong overall flavor characteristic, while Shou-
guang Du Gen Hong was lightest in flavor characteristics among
tested cultivars.
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