Food Sci Biotechnol (2019) 28(4):1083-1092
https://doi.org/10.1007/s10068-019-00562-3

CrossMark

@

Comparison of volatile components in fresh and dried

Zanthoxylum bungeanum Maxim

Wenlin Zhang' - Si Tan? - Wanpeng Xi® - Jianlei Yang® - Qinhong Liao' -

Jianbin Lan' - Yukui Lv® - Jianmin Tang’

Received: 5 November 2018 /Revised: 19 December 2018/ Accepted: 15 January 2019/Published online: 23 January 2019

© The Korean Society of Food Science and Technology 2019

Abstract Fresh and dried Zanthoxylum bungeanum
Maxim volatiles of two main cultivars including Dahong-
pao and Meihuajiao, were determined through GC-MS and
compared. In all the tested samples, linalool, p-limonene,
eucalyptol, 3-nonanone, and B-myrcene were identified as
the five predominant components. The percentages of these
components in fresh Dahongpao were 23.89%, 21.04%,
7.46%, 5.63% and 5.87%, respectively. Similar percent-
ages, 27.28%, 17.62%, 6.39%, 1.66% and 7.8%, were
found in dried Dahongpao. In general, the contents of
linalool and B-myrcene in dried Dahongpao and Meihua-
jiao were slightly higher than those in fresh samples,
whereas the contents of bp-limonene, eucalyptol, and
3-nonanone were lower. Partial least squares discriminant
analysis results showed that the two cultivars could be
clearly differentiated based on volatiles, whereas, the fresh
and dried Zanthoxylum bungeanum Maxim samples could
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not. This demonstrated that the drying process had no
significant effect on the volatiles.

Keywords Zanthoxylum bungeanum Maxim - Volatiles -
Gas chromatography—mass spectrometry - Partial least
squares discriminant analysis

Introduction

Zanthoxylum bungeanum Maxim (Z. bungeanum Maxim)
belongs to the Rutaceae family and is generally referred to
as Huajiao in China. It is widely grown in the provinces of
Gansu, Sichuan, Hebei, Shanxi, and Shandong (Yang et al.,
2013; Song et al., 2017). It has also been widely employed
as a spice flavoring owing to its unique taste and aroma
(Feng et al., 2013; Tao et al., 2017). Huajiao contains many
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medicinal components and is used as a traditional Chinese
medicine (Lan et al., 2014; Abuajah et al., 2015). Cur-
rently, there is an increasing interest in Z. bungeanum
Maxim, because its flavor can stimulate saliva production
to increase appetite and it is effective for treating epigastric
pain, pruritus, dysentery, and eczema (Lan et al., 2014;
Zhang et al., 2017). In addition, the essential oils or specific
volatiles obtained from Z. bungeanum Maxim have
antimicrobial, antioxidant, and insect repellent and feeding
deterrent properties (Liu et al., 2009; Wei et al., 2011; Xia
et al., 2011).

Volatiles are considered as an important factors for
determining fruit quality, as well as sensory cues for the
nutritional makeup of plant products (Kader, 2008). The
unique smell of Z. bungeanum Maxim is mainly derived
from its volatile organic compounds (VOCs; Tao et al.,
2017). However, Z. bungeanum Maxim deteriorates rapidly
after harvesting leading to a loss of aroma. Drying is an
effective approach for maintaining the flavor of Z. bun-
geanum Maxim and prolonging its shelf-life by slowing
enzyme activity, preventing harmful microbial growth, and
slowing many water-mediated reactions (Andrés-Bello
et al., 2011; Tian et al., 2016). However, drying can change
the volatile profile of plant samples, and lead to a charac-
teristic aroma associated with the breakdown of proteins
into amino acids (Hiraide et al., 2004). This phenomenon
has been observed in thizomes of turmeric (Curcuma longa
Linn.; Kutti Gounder and Lingamallu, 2012), mango
(Mangifera indica L. cv. Kent; Adeline et al. 2016), and
shiitake (Lentinus edodes) mushrooms (Tian et al., 2016).

Previous studies have investigated the volatile compo-
sitions of the pericarp and essential oil of dried Z. bun-
geanum Maxim (Yang, 2008; Gong et al., 2009; Wei et al.,
2011; Diao et al., 2013; Liu et al., 2017). Yang (2008)
compared the aromatic constituents of dried red and green
Huajiao (Z. bungeanum and Z. schinifolium). Whereas, Liu
et al. (2017) analyzed the volatiles in essential oils derived
from six dried Z. bungeanum Maxim cultivars. However,
both fresh and dried Huajiao are widely used as flavorings,
to the best of our knowledge, the differences between their
volatiles compositions are still unknown.

In this work, gas chromatography-mass spectrometry
(GC-MS) was used to investigate the volatiles in fresh and
dried Z. bungeanum Maxim, specifically the Dahongpao
and Meihuajiao cultivars. A partial least squares discrim-
inant analysis (PLS-DA) approach was employed to ana-
lyze the differences in their volatiles profiles and to identify
the characteristic components in the samples.
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Materials and methods
Plant materials and chemical reagents

Mature fruits of the Dahongpao and Meihuajiao cultivars
of Z. bungeanum Maxim were collected from Longnan
(Gansu Province, China) in August 2017. The external
color and morphological features, as well as average single
panicle weight and hundred grain weight for each cultivar
are shown in Fig. 1 and Table 1, respectively. Cyclohex-
anol was obtained from Sigma (St. Louis, MO, USA). All
other analytical grade reagents were were purchased from
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China).

Sample treatment

For each cultivar, one portion of raw material was frozen in
liquid nitrogen and ground into a fine powder using a 6750
freezer-mill apparatus (Glen Creston). The powder was
subsequently stored at — 80 °C until analysis. Another
portion of raw material was dried in shade for 5 days and
then powdered using a mechanical grinder. Every experi-
ment was performed in triplicate.

Determination of volatile components

The volatile contents were determined as previously
reported with some modifications (Xi et al., 2014; Zheng
et al., 2016). Typically, 1.5 g pulp powder was homoge-
nized in 3 mL saturated NaCl solution, and 20 pL cyclo-
hexanol was then added as an internal standard to quantify
VOCs. The solution was incubated at 40 °C for 30 min. A
solid-phase microextraction needle with a 1 cm long fiber
(Supelco Co., Bellefonte PA, USA) was used for volatile
extraction.

A GC-MS-QP2010 gas chromatograph-mass spec-
trometer system (Shimadzu Corporation, Kyoto, Japan)
with a Rtx-5MS capillary column (30 m x 0.32 mm X
0.5 pm, J&W Scientific, Folsom CA, USA) was used to
identify the VOCs. The injection port temperature was
240 °C and the injection volume was 1 pL. Ultrapure
helium was employed as the carrier gas with a flow rate of
1.0 mL/min. The GC oven temperature was programmed
to hold at 40 °C for 3 min, increase to 250 °C at a rate of
4 °C min~!, and then hold at 250 °C for 5 min. Mass
spectra were obtained by electron ionization at 70 eV in the
scan range of 40-500 mass units. The transfer line, ion
source, and detector were held at 250, 200, and 150 °C,
respectively. The chromatograms and mass spectra were
analyzed using GC-MS Postrun Analysis software (Shi-
madzu, GC-MS-QP2010, Japan). The compounds were
identified by comparing their mass spectra with those in the
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Fig. 1 Dahongpao and
Meihuajiao used in the present
study

Table 1 Average single panicle weight and hundred-grain weight of
Dahongpao and Meihuajiao at mature period

Cultivars Average single panicle Hundred-grain
weight (g) weight (g)

Dahongpao 392 + 1.18 5.80

Meihuajiao 4.96 + 2.15 5.38

Data are expressed as mean =+ standard deviation (n = 9)

data system library (NIST08). Semi-quantitative determi-
nations were obtained by using cyclohexanol as the internal
standard. The contents of the volatiles were calculated
from their GC peak areas relative to the GC peak area of
the internal standard. Three replicates were done for each
sample.

Statistical analysis

All data were expressed as the mean =+ standard deviation
of three replicates. A multivariate PLS-DA approach
(mixOmics package; L€ Cao et al., 2011) was used to
analyze the differences among the volatile compositions of
fresh and dried Z. bungeanum Maxim.

Results and discussion
Volatile contents of selected samples

Representative total ion chromatograms of the samples are
shown in Fig. 2, and results are listed in Table 2. A total of
114 major VOCs including 50 olefins, 28 alcohols, 16
esters, 8 alkanes, 9 aldehydes, and 5 ketones, were tenta-
tively identified and semi-quantified through GC-MS. The
number of VOCs identified in our study was much greater
than that identified in previous reports on Z. bungeanum
Maxim (Yang, 2008; Wang et al., 2010; Wei et al., 2011;
Diao et al., 2013; Liu et al., 2017). Namely, 78 and 89
VOCs were found in fresh and dried Dahongpao, whereas,
79 and 80 components were identified in fresh and dried

Meihuajiao. It is worth noting that, although a greater
number of VOCs was observed in fresh samples than in
dried samples for both Dahongpao and Meihuajiao. Drying
did not remarkably change the number of VOCs observed
for these Huajiao cultivars. The total VOCs percentage
contents of fresh Dahongpao and Meihuajiao were 88.11%
and 87.70% of the total relative area (RA) and were lower
than those of dry samples (Table 2).

VOCs originate mainly from the enzymatic or chemical
oxidation of unsaturated fatty acids, which can further
interact with free amino acids, peptides, and proteins
(Dashdorj et al., 2015; Ho et al., 2015). Other VOCs are
derived from Maillard reactions and the Strecker degra-
dation of free amino acids (Scalone et al., 2015). The
proportion of the content of each chemical family of
volatile compounds in fresh and dried Z. bungeanum
Maxim samples are shown in Fig. 3. Olefins, alcohols, and
ketones were identified as the principal VOCs both in fresh
and dried Dahongpao samples. In fresh Dahongpao, olefins
were the most abundant component, accounting for 41.35%
of the RA, followed by alcohols (40.25%) and ketones
(5.93%). In dried Dahongpao, the proportion of olefins,
alcohols, and ketones were 57.28, 32.83, and 1.8% of the
RA, respectively. The percentage of olefins in dried Da-
hongpao was higher than that in the fresh sample, but the
percentages of alcohols, ketones and aldehydes were lower.
These findings were consistent with those from previous
studies (Deng et al., 2015; Zhang et al., 2015; Tian et al.,
2016), and indicated that the drying process had some
effect on VOC content. The reduction in the alcohol and
ketone contents may have been due to the evaporation or
thermal decomposition of these compounds during the
drying process. In fresh Meihuajiao samples as well, the
three major classes of VOCs were olefins (45.48%), alco-
hols (37.03%), and ketones (4.6%). The corresponding
percentages of the above compounds in dried samples were
61.5%, 32.51% and 0.86%, respectively. These results
showed a similar tendency as those for Dahongpao.
However, fresh and dried Meihuajiao contained more
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Fig. 2 Stacking chart of total (x10, 000, 000)
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olefins than Dahongpao, whereas their alcohol and ketone
contents were lower. Thus, the difference in VOC com-
position mainly depended on the cultivar.

The major VOCs in all the samples tested were D-
limonene, linalool, B-myrcene, eucalyptol, sabenene,
4-terpineol, B-ocimene, a-terpilene, y-terpilene, geraniol,
a-terpineol, terpinolene, a-thujene, and 3-nonanone. Lina-
lool, p-limonene, eucalyptol, 3-nonanone, and B-myrcene
were the most abundant VOCs in Dahongpao, accounting
for 23.89%, 21.04%, 7.46%, 5.63% and 5.87% of the RA,
respectively. Similarly, 27.28%, 17.62%, 6.39%, 1.66%
and 7.8% of these major VOCs were found in dried Da-
hongpao. The linalool and B-myrcene contents of the
samples increased significantly after drying, whereas the
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relative amount of p-limonene, eucalyptol, and 3-nonanone
decreased. Similar results were also observed for fresh and
dried Meihuajiao. Thus, the above results indicated that the
drying process had affected the VOCs contents of both
cultivars. Similar effects have been observed during the
drying processes of turmeric rhizomes (Curcuma longa
Linn.; Kutti Gounder and Lingamallu, 2012), mango
(Mangifera indica L. cv. Kent; Adeline et al. 2016), roasted
almonds (Prunus dulcis; Xiao et al., 2014), and shiitake
(Lentinus edodes) mushrooms (Tian et al., 2016).

To date, a few studies have investigated the VOCs of Z.
bungeanum Maxim (Yang, 2008; Gong et al., 2009; Diao
et al., 2013). A previous study showed that the major VOCs
of Z. bungeanum Maxim included 4-terpinenol (19.7%),



Comparison of volatiles in fresh and dried Huajiao 1087
Table 2 Volatile components in fresh and dried Dahongpao and Meihuajiao
No. Volatile components RA (%)
Dahongpao Meihuajiao
Fresh Dried Fresh Dried

Aldehydes
1 (E)-2-hexenal 0.05 £ 0.00 nd 0.06 £ 0.02 nd
2 (E,E)-2,4-hexadienal 0.02 £ 0.00 0.03 £ 0.02 0.02 £ 0.01 0.01 £ 0.00
3 Citronellal 0.12 £ 0.00 0.11 £ 0.04 0.11 £ 0.00 0.10 £ 0.03
4 (E)-2-nonenal 0.04 £ 0.00 0.03 £ 0.02 0.03 £ 0.00 0.02 £ 0.02
5 Decanal nd nd nd 0.02 £ 0.00
6 Undecanal 0.01 + 0.00 nd 0.01 £ 0.00 0.01 £ 0.00
7 2-Undecenal nd nd 0.02 £ 0.00 nd

Sum 0.24 £ 0.00 0.16 £ 0.08 0.23 £0.03 0.16 £ 0.05
Alcohols
8 Eucalyptol 7.46 £ 1.09 6.39 £ 0.17 6.79 £ 0.17 591 £ 0.31
9 B-Terpineol 0.52 £ 0.09 0.83 £ 0.25 0.59 £ 0.07 0.76 £ 0.14
10 (Z)-nerol 0.06 £ 0.01 0.09 £ 0.00 0.04 £+ 0.00 nd
11 Linalool oxide 0.02 + 0.01 0.10 + 0.07 0.02 £ 0.01 nd
12 Cis-p-2-menthen-1-ol 0.21 £ 0.01 0.29 + 0.11 0.20 £ 0.02 0.14 £+ 0.06
13 8-Hydroxylinalool nd 0.01 £ 0.00 nd 0.03 £ 0.02
14 Neoiso-isopulegol 0.04 £ 0.02 0.05 £ 0.04 0.03 £ 0.00 0.02 £ 0.00
15 2,7-Dimethyl-1-octanol 0.02 £ 0.00 0.03 £ 0.02 0.01 £ 0.00 0.02 £ 0.02
16 4-Terpineol 4.10 £ 0.22 4.33 £ 0.16 4.03 £ 0.12 4.55 £ 043
17 (s)-(—)-perillyl alcohol nd 0.06 £ 0.00 nd nd
18 3,7-Dimethyl-2-octen-1-ol nd 0.10 = 0.01 nd 0.02 £+ 0.00
19 Ethanol 0.21 £ 0.00 nd 0.21 + 0.02 nd
20 Linalool 23.89 £+ 1.02 17.62 £ 0.40 21.29 £+ 0.38 18.29 £ 0.84
21 a-Terpineol 1.94 + 0.25 1.29 + 0.04 1.50 + 0.04 1.22 £ 0.09
22 8-p-menthene-1,2-diol 0.05 £ 0.02 0.01 £ 0.00 0.06 £ 0.01 0.02 £ 0.00
23 1,8-cineole 0.11 £ 0.01 0.13 £ 0.01 0.1 £ 0.00 0.11 £ 0.00
24 Citronellol 0.07 £ 0.01 0.10 £ 0.00 0.06 £ 0.00 0.04 £ 0.01
25 Geraniol 1.34 £+ 0.07 1.11 £ 0.06 1.81 £ 0.03 1.24 £ 0.12
26 Tetrahydrolavandulol nd 0.06 £ 0.01 nd 0.02 £ 0.00
27 Trans-nerolidol nd nd 0.02 £ 0.00 nd
28 Nerolidol 0.03 £ 0.00 0.04 £ 0.02 0.02 £ 0.00 0.02 £ 0.00
29 1-Cadinol 0.07 £ 0.02 0.04 £ 0.01 0.07 £ 0.01 0.03 £ 0.00
30 B-Eudesmol 0.03 £ 0.00 0.03 £ 0.01 0.02 £ 0.00 0.01 £ 0.00
31 a-Cadinol nd 0.05 £ 0.00 0.07 £ 0.02 0.04 £ 0.01
32 T-Muurolol 0.05 £ 0.00 0.03 £ 0.01 0.07 £ 0.00 nd
33 a-Bisabolol nd nd nd 0.02 £ 0.01
34 Carotol 0.03 + 0.00 0.02 £ 0.01 0.02 £ 0.00 nd
35 Epiglobulol nd 0.02 + 0.00 nd nd

Sum 40.25 + 2.85 32.83 £ 141 37.03 £+ 0.90 32.51 £ 2.06
Esters
36 Isobutyl acetate 0.06 £ 0.02 0.11 £ 0.00 0.08 £ 0.01 0.11 £ 0.00
37 Isobutyl propionate nd 0.01 £ 0.00 nd nd
38 Methyl 3-methylpentanoate nd 0.02 £ 0.02 nd nd
39 Methyl isocaproate 0.01 £ 0.00 0.01 £ 0.01 0.01 £ 0.00 nd
40 Methyl 4-methyl-2-pentenoate 0.01 £ 0.00 0.01 £ 0.02 0.01 £ 0.00 0.01 £ 0.00
41 Hexyl acetate nd nd 0.01 £ 0.00 0.02 + 0.03
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Table 2 continued

No. Volatile components RA (%)
Dahongpao Meihuajiao
Fresh Dried Fresh Dried
42 Hexyl propionate 0.02 £ 0.01 nd nd nd
43 Nonyl acetate 0.04 £ 0.01 0.03 £ 0.01 0.03 £ 0.00 0.04 £ 0.02
44 Methyl phenylacetate 0.01 £ 0.00 0.01 £ 0.01 0.01 £ 0.00 0.02 £ 0.02
45 2-Phenylethyl acetate 0.01 £ 0.00 0.09 £ 0.00 0.02 £ 0.00 0.08 £ 0.00
46 Bornyl acetate 0.03 + 0.00 0.02 + 0.00 0.02 + 0.00 nd
47 Myrtenyl acetate nd 0.01 £ 0.00 nd nd
48 a-Terpineol acetate 0.04 + 0.01 0.04 + 0.00 0.05 + 0.01 0.04 £ 0.00
49 Linalyl octanoate 0.01 £ 0.00 0.01 £ 0.00 0.02 £ 0.01 0.01 £ 0.00
50 Trans-carveyl acetate 0.05 £+ 0.02 nd 0.04 £ 0.00 nd
51 Trans-farnesol acetate 0.02 £ 0.01 0.02 £ 0.00 0.02 £ 0.00 0.03£0
Sum 0.27 £ 0.06 0.35 £ 0.08 0.26 £ 0.02 0.29 £+ 0.07
Alkanes
52 1,2-Diisopropenylcyclobutane 0.03 £ 0.00 0.04 £ 0.00 0.06 £ 0.00 nd
53 7-Propylidene-bicyclo[4.1.0]heptane 0.01 + 0.00 nd nd 0.01 £ 0.00
54 8-Methylene-3-oxatricyclo[5.2.0.0(2,4)Jnonane nd 0.05 £ 0.00 nd nd
55 Decane 0.03 £ 0.00 nd 0.03 £ 0.00 nd
56 4-Methyl-dodecane nd nd nd 0.01 £ 0.00
57 1,2-Epoxy-p-menth-8-ene nd 0.03 £ 0.02 0.01 £ 0.00 0.02 £ 0.02
58 2-Methylene-4,8,8-trimethyl-4-vinyl-bicyclo[5.2.0]nonane nd nd nd 0.02 + 0.01
59 Hexadecane nd nd nd 0.01 £+ 0.00
Sum 0.07 £ 0.00 0.12 + 0.02 0.10 + 0.00 0.07 £ 0.03
Olefins
60 p-Cymene 0.27 £ 0.01 0.33 £ 0.01 0.25 £ 0.04 0.23 £ 0.10
61 a-Cubebene 0.20 £ 0.06 0.25 £ 0.03 0.26 £ 0.03 0.29 £ 0.07
62 v-Gurjunene 0.02 £ 0.01 0.05 £ 0.01 0.03 £ 0.01 0.02 £ 0.00
63 y-Cadinene 0.54 £ 0.11 0.46 £ 0.12 0.38 £ 0.25 0.39 £+ 0.07
64 Sabinene nd 0.37 £ 0.01 nd 0.30 £ 0.02
65 Azulene nd 0.03 + 0.01 0.01 &£ 0.00 nd
66 Tricyclene nd 0.01 + 0.01 nd nd
67 (—)-Camphene 0.02 £ 0.00 0.04 £ 0.02 0.02 £ 0.00 0.02 £ 0.00
68 Sabenene 3.21 £0.63 6.53 £ 0.10 nd 6.60 £ 0.01
69 B-Copaene 0.03 £ 0.00 nd nd nd
70 Styrene 0.01 £ 0.00 0.01 £ 0.01 0.01 £ 0.00 nd
71 1,3,5,7-Cyclooctatetraene 0.01 = 0.00 nd 0.01 &+ 0.00 nd
72 a-Thujene 0.60 £ 0.13 1.26 £ 0.02 0.78 £ 0.01 1.40 £ 0.04
73 a-Pinene 0.15 £ 0.03 0.54 £ 0.22 0.19 £ 0.00 0.34 £ 0.12
74 B-Phellandrene nd nd nd 0.05 £ 0.00
75 B-Pinene 0.16 £ 0.03 0.55 £ 0.17 0.18 £ 0.00 0.32 £ 0.02
76 2-Methyl-6-methylene-1,7-octadiene 0.01 £ 0.00 nd 0.01 £ 0.00 0.02 £ 0.00
77 B-Myrcene 5.63 £ 0.81 7.8 £0.29 6.56 £ 0.03 7.94 £ 0.19
78 a-Phellandrene 0.36 £ 0.03 048 £ 0.14 0.40 £ 0.01 0.46 £+ 0.07
79 3-Carene nd nd nd 0.07 £ 0
80 a-Terpilene 1.34 £ 0.18 1.47 £ 0.00 1.55 £ 0.03 1.62 + 0.04
81 D-limonene 21.04 £ 3.56 27.28 £+ 2.64 26.11 £ 0.18 31.98 £ 1.19
82 B-Ocimene 248 £0.75 4.27 £ 0.07 336 £0.14 4.30 £ 0.27
83 y-Terpilene 1.88 £ 0.26 2.22 £ 0.06 231 £ 0.04 248 £ 0.10
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Table 2 continued
No. Volatile components RA (%)
Dahongpao Meihuajiao
Fresh Dried Fresh Dried

84 Terpinolene 1.51 £ 0.61 1.02 £ 0.00 1.23 £ 0.01 1.07 £ 0.02
85 1,3,8-p-menthatriene 0.13 £ 0.01 0.12 £ 0.09 0.11 £ 0.02 0.12 £ 0.08
86 1,3,6-Heptatriene nd 0.06 = 0.00 nd nd
87 Santolina triene 0.01 + 0.00 0.05 + 0.01 nd nd
88 Cosmene nd nd nd 0.03 £ 0.02
89 Dihydroocimen 0.04 + 0.00 0.08 + 0.00 nd nd
90 Copaene 0.05 £ 0.02 0.07 £ 0.01 0.05 £ 0.01 0.04 £+ 0.00
91 7-Tetradecene nd 0.03 £ 0.01 nd nd
92 Caryophyllene 0.35 £ 0.03 0.35 £ 0.04 0.29 £ 0.00 nd
93 Cis-limonene oxide nd 0.02 + 0.02 nd 0.01 £ 0.00
94 v-Elemene 0.04 £ 0.00 0.06 £ 0.01 0.02 £ 0.01 0.03 £ 0.00
95 Di-epi-o-cedrene nd 0.04 £ 0.00 nd 0.01 £ 0.00
96 (+)-Epi-bicyclosesquiphellandrene 0.03 + 0.00 0.07 + 0.04 0.03 £ 0.01 0.03 £ 0.01
97 a-Cubebene 0.02 £ 0.00 0.02 £ 0.00 nd nd
98 (Z2,2,7)-1,5,9,9-tetramethyl-1,4,7-cycloundecatriene 0.28 + 0.17 0.35 + 0.04 0.31 + 0.01 0.33 £+ 0.05
99 (E)-B-farnesene 0.13 £ 0.02 0.14 £+ 0.02 0.12 £ 0.01 0.11 £ 0.02
100 Isocaryophillene nd nd 0.15 £ 0.13 nd
101 2-Isopropyl-5-methyl-9-methylene-bicyclo[4.4.0]dec-1-ene 0.03 £+ 0.00 nd nd 0.03 + 0.02
102 a-Bergamotene 0.22 £ 0.05 0.21 £ 0.03 0.21 £ 0.02 0.22 £+ 0.04
103 a-Muurolene 0.04 £ 0.01 0.04 £ 0.01 0.05 £ 0.00. 0.05 £ 0.00
104 8-Isopropenyl-1,5-dimethyl-cyclodeca-1,5-diene nd 0.03 £ 0.01 nd 0.02 £ 0.00
105 B-Patchoulene nd 0.03 £ 0.00 nd 0.02 £ 0.01
106 B-Guaiene nd nd 0.01 £ 0.00 0.01 £ 0.00
107 a-Farnesene 0.31 £0.03 0.24 £ 0.03 0.27 £ 0.00 0.28 £ 0.05
108 Germacrene B 0.20 £ 0.13 0.27 £ 0.04 0.21 £ 0.02 0.24 £ 0.05
109 1-Hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene nd 0.03 + 0.02 nd 0.02 £ 0.00

Sum 41.35 + 7.68 57.28 + 4.37 4548 + 1.02 61.50 £ 2.68
Ketones
110 3-Nonanone 5.87 £3.79 1.66 + 0.3 451 £ 144 0.84 £+ 0.17
111 Trans-isopulegone 0.01 £ 0.00 nd 0.02 £ 0.01 nd
112 1,8-Epoxy-p-menthan-2-one nd 0.07 £ 0.00 nd nd
113 Piperitone 0.05 £ 0.00 0.07 £ 0.00 0.04 £ 0.00 0.02 £ 0.00
114 7-Geranyloxycoumarin nd nd 0.03 £+ 0.02 nd

Sum 593 £3.79 1.80 £ 0.30 4.60 £+ 1.47 0.86 £+ 0.17

Total 88.11 £+ 14.38 92.54 £+ 6.26 87.7 + 3.44 95.39 £+ 5.06

Data are expressed as mean =+ standard deviation (n = 3)

nd not detected, RT retention time, RA relative area

1,8-cineole (16.0%), p-cymene (7.9%), g-terpinene (7.3%),
and a-terpineol (7.2%; Gong et al., 2009). However,
another work reported that the major VOCs of Z. schini-
folium (green huajiao) were linalool (28.2%), limonene
(13.2%), sabinene (12.1%), myrcene (6.12%), linalyl

acetate (3.90%), 4-terpinenol (3.72%), and B-phellandrene
(3.38%; Diao et al., 2013). Moreover, yet another report
indicated that the major VOCs of green huajiao were
linalool (29%), limonene (14%), and sabinene (13%), but
linalyl acetate (15%), linalool (13%), and limonene (12%)
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Fig. 3 Percentage of different types of VOCs in Dahongpao and
Meihuajiao

were the main VOCs in Dahongpao (Yang, 2008). Liu
et al. (2017) also determined that the major VOCs in six Z.

(A) Volatile components

104
54 A 7
(@)
A
0.
A
-5 o
ﬁ‘]o.
-8 ' ; 4

X-variate 1: 21% expl. var

X-variate 2: 13% expl. var

O Fresh

bungeanum  Maxim  cultivars including Qin’an,
Danghongpao A, Danghongpao B, Danghongpao C, Mei-
fengjiao, and Shizitou showed obvious variations based on
the species, location of cultivation, and cultivar. The dif-
ferences in the reported VOCs contents were attributed to
the different cultivars investigated, as well as the different
geographic origins of the samples and their aging (Iseli
et al., 2007). In this work, we found that linalool, p-limo-
nene, eucalyptol, 3-nonanone, and B-myrcene were the
dominant volatiles in both fresh and dried Dahongpao and
Meihuajiao. Moreover, we found that the contents of these
VOCs were different for Dahongpao and Meihuajiao,
which indicated that the major VOCs in Huajiao were
mainly determined by the cultivar (Gong et al., 2009).

Characterization of VOCs in different samples
by PLS-DA

The multivariate PLS-DA method is generally used to
differentiate among several groups of samples. The tech-
nique is based upon linking two data matrices, namely, the
explanatory dataset X and the explicative dataset Y (Lé
Cao et al., 2016; Yang et al., 2018). In this work, a PLS-
DA model was developed based on the VOCs identified
and two treatments (Fig. 4). In the score plot, Dahongpao
and Meihuajiao formed clusters, as indicated by the blue
circle and yellow circle, respectively, regardless of whether
the samples were fresh or dried (Fig. 4A). This result
indicated that the variety was the main factor determining
the VOC composition of Z. bungeanum Maxim. However,
the volatiles of the fresh and dried samples were not sep-
arated clearly, revealing that the drying process did not
significantly change the VOC profile of Z. bungeanum
Maxim.

(B) 1,2-diisopropenylcyclobutane -

nerolidol [

a-terpilene

cis-p-2-menthen-1-ol -

a-thujene

y-terpilene

1,8-cineole -
p-eudesmol -

A Dried
piperitone -
® Dahongpao terpinolene
© Meihuajiao —TT

-0.1 0.0 0.1 0.2
Contribution on Comp 1

Fig. 4 Score plots (A) and loading (B) of PLS-DA for VOCs in Dahongpao and Meihuajiao
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The PLS-DA loading plot was employed to display the
specific VOCs to explain the differences between Da-
hongpao and Meihuajiao (Fig. 4B). In the loading model,
a-terpilene, a-thujene, y-terpilene, and terpinolene were
the main contributors for the composition of Meihuajiao,
while 1,2-diisopropenylcyclobutane, nerolidol, cis-p-2-
menthen-1-ol, 1,8-cineole, P-eudesmol, and piperitone
were the major contributors for Dahongpao. The results of
the PLS-DA loading analysis were in agreement with the
VOC contents. For example, several specific components
were located at positive positions of the loading plot,
indicating that these contents were higher in Meihuajiao
than in Dahongpao.

The VOCs in Z. bungeanum Maxim can undergo lipid
oxidation or degradation, Maillard reactions, and Strecker
degradation of free amino acids during the drying process
(Dashdorj et al., 2015; Deng et al., 2015; Scalone et al.,
2015). In addition to the species, geographic origin, and
aging, the drying conditions are an important factor
affecting the composition of VOCs via the Maillard reac-
tion and lipid oxidation (Wu and Mao, 2008; Zhang et al.,
2018). In present study, the dried samples exhibited lower
levels of alcohols and ketones due to the evaporation or
thermal decomposition during the drying process. There-
fore, results indicated that the Z. bungeanum Maxim cul-
tivar significantly influenced the VOC composition of the
resulting sample, but the drying process did not induce
remarkable changes in the VOCs of Z. bungeanum Maxim.

In this work, the effect of the drying process on the
VOCs in Z. bungeanum Maxim was identified and com-
pared using two red cultivars, Dahongpao and Meihuajiao.
Compared with fresh samples, the total content of VOCs
increased in dried Dahongpao and Meihuajiao. Olefins
were the major class of VOCs in the tested Huajiao sam-
ples, followed by alcohols and ketones. The percentages of
alcohols and ketones were higher in the fresh samples than
those in the dried samples, but the olefins content was
lower. The p-limonene, linalool, B-myrcene, eucalyptol,
and sabenene were the predominant VOCs in Dahongpao
and Meihuajiao. The contents of linalool and B-myrcene in
the dried Dahongpao and Meihuajiao samples were higher
than those of the fresh samples, whereas the p-limonene,
eucalyptol, and 3-nonanone contents were lower. However,
a PLS-DA model showed that the drying process had no
significant effect on the volatiles. Also, the different cul-
tivars can be characterized by their different volatile
component profiles. This study provides important infor-
mation for the food processing industry and the utilization
of Z. bungeanum Maxim.
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