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ABSTRACT

The orchid Dendrobium officinale is a medicinal herb that has increasingly been in demand in recent years.
It is mainly used for medicinal purposes, and other functional products from it are rarely developed. Here,
the volatile organic compound (VOC) composition and functional characteristics of the solid powders and
solvent extractives of D. officinale were expounded, and the laws of thermal weight changes of group and
surface microstructures were revealed. Many beneficial constituents were detected in the VOCs from
powders of the root, stem, and leaf of D. officinale. The roots, stems, and leaves were rich in vitamin E
and heptacosane, which can be used as nutritional supplements. The root also contains rich glycerol,
can be used as a sweetener and absorbent; the stem is rich in dimethyl phthalate, which can be used
to produce mosquito repellent oil; and the leaves contain abundant aldehydes, which can serve as food
additives and a component of orange flavoring. However, the root also contains a trace amount of pyrrole
(0.09%), which could be used as a negative indicator for the quality evaluation of D. officinale. In addition,
many other beneficial VOCs have been detected in extractives of D. officinale, such as phytol, melezitose,
hexadecanoic acid, associated esters, and other bioactive components. The total content trend is: ethanol
extractive > phenylethanol extractive > petroleum ether extractive, suggesting that the ethanol extractive
has the best development prospect. The infrared spectroscopy analysis showed that D. officinale contains
aromatic compounds, organic acids, esters, alcohols, aldehydes, and alkanes. It was further confirmed
that the alkanes detected in the volatile compounds of D. officinale are natural components of D. officinale,
and it was shown that an extraction of organic solvents can cause subtle compound group variation.
During the heat loss of D. officinale, there were three distinct stages: 30 °C-130 °C, 130 °C-400 °C,
400 °C-600 °C. The order of quality loss is: second stage > last stage > first stage. The microscopic influ-
ence of extraction treatment on D. officinale and the characteristics of microstructural changes showed
that the microscopic surface structure characteristics of solid particles of D. officinale, including aggrega-
tion degree, shape uniformity, and structure size, are slightly changed.
© 2020 The Authors. 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

tions, it is also used as a folk medicine. (He et al., 2015). In recent
years, as a result of overexploitation and great demand, the D. offic-

D. officinale is one of the most important traditional Chinese
medicines. which has a history of hundreds of years. Because of
its antipyretic, immune regulation, eye-benefiting and other func-

* Corresponding author.
E-mail address: zhangdangquan@163.com (D. Zhang).
! These authors contributed equally to this work.
Peer review under responsibility of King Saud University.

ELSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.jksus.2020.02.001

inale growing in the wild has become endangered (Li et al., 2008).
Dendrobium provides some beneficial functions to the body
including heat removal, improvement of eyesight, maintaining
stomach tension, increasing body fluid production, and beneficial
immunoregulation (Shen et al., 2017; Zhang et al., 2016). Recent
studies have found that D. officinale contains polysaccharides, alka-
loids, flavonoids, phenanthrene, amino acids, trace elements, and
many other nutrients with anti-tumor, antioxidant, hypoglycemic,
anti-aging, anti-bacterial, and other functions (Tsai et al., 2010).
Most previously conducted analyses of D. officinale have used
only instruments such as GC/MS to detect and analyze without
the use of an all-encompassing detection and analysis system.

1018-3647/© 2020 The Authors. 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/).
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There also have not been analyses conducted on the compositions
of volatile organic compounds (VOCs) of D. officinale at different
temperatures and that of D. officinale extractives from different
organic solvents, as well as the residues after extraction. In this
experiment, D. officinale solids were analyzed by thermal desorp-
tion gas chromatography (TD-GC/MS) and thermogravimetry
(TG), and the VOCs of the D. officinale extractives from ethanol,
benzene/ethanol, and petroleum ether were detected by GC/MS.
Their residues were analyzed by infrared (IR) spectroscopy and
scanning electron microscopy (SEM).

2. Materials and methods
2.1. Materials and reagents

Dendrobium officinale was provided by the Biotechnology Labo-
ratory of Central South University of Forestry and Technology.
After being dried at approximately 40 °C, D. officinale was ground
into powders with a Disintegrator (China). 200 meshes of powder
were screened by screening instrument (USA). All reagents are pur-
chased from Sigma Chemical Company (USA), unless otherwise
specified.

2.2. Methods

2.2.1. D. officinale extraction by three solvents

D. officinale samples were extracted by reflux of solvent (etha-
nol, benzene/ethanol (2:1) and petroleum ether) for 5 h. After
12 h at room temperature, the samples were completely extracted
by FOSS Automated Soxhlet Extraction apparatus (Agilent, USA).
Place it at 70C for 5 h and then filter it with filter paper soaked
in ethanol for 24 h (Wei et al., 2011). The filtered extract was evap-
orated at 45C in 0.01 MPa, concentrated to 20 ml, transferred to a
sealed reagent bottle, and then dried at 50C to extract the residue
(Tian et al. 2015). Concentrated extracts and residues are stored in
refrigerators at 4C for the following determination (Liu et al., 2017).

2.2.2. Solid volatilization analysis by TD-GC/MS

After the samples had been refrigerated for several hours, they
were lyophilized with a freeze-drying apparatus (Yamato DC801).
Three different anatomical parts of D. officinale were each placed
into sample tubes. Then, the VOCs were released in a split mode
(ratio of 1:10) to a dimethyl polysiloxane capillary column (DB-
5MS, 30 m x 250 pm x 0.25 pm) coated with a neutral phase
(Hewlett-Packard-5 cross-linked 5% phenyl methyl silicone)
(Lukic, et al. 2016). GC/MS was carried out with an Agilent
GC7890B/MS5977A, which was linked to a mass selective detector
(MSD). The carrier gas was helium, the system gas pressure was
20 kPa, and the injection port temperature was 250 °C (Rong
et al., 2016).

The GC temperature program initiated at 30 °C and increased at
the rate of 10 °C/min until 50 °C,and then increased at the rate of
8 °C/min until 250 °C, followed by a temperature ramp of 5 °C/
min to 300 °C, which was then held for 5 min (Okazaki et al.,
2016) . The MS program scanned over 30-600 atomic mass units
(AMUs) (m/z), with an ionizing voltage of 70 eV and an ionization
current of 150 pA for electron ionization (EI)(Gil-Molto et al.,
2009). The flow velocity of helium was 1.2 ml/min, the ion source
temperature was 230 °C, and the quadrupole temperature was
200 °C (Tolgyessy et al., 2011).

2.2.3. Thermostability of D. officinale by TGA

Thermogravimetric analysis (TGA) was conducted using a ther-
mogravimetric analyzer (TGA Q50 V20.8 Build 34, USA), with a
sensitivity of 0.1 pg, using an empty crucible clamp as a reference.

The furnace temperature control ranged from 30 °C to 1000 °C. An
accurate mass of D. officinale sample (6606.00 1g) was placed in a
TG crucible (Jaiswal and Koul, 2013). The TGA temperature pro-
gram started at 30 °C and increased to 600 °C at 10 °C/min; the car-
rier gas used was high purity nitrogen with a flow rate of 40 ml/
min.

2.2.4. VOC analysis by GC/MS

For the GC/MS analysis of VOCs, 1.0 ml concentrated extractives
were aspirated into a 1.5-ml centrifuge tube, mixed with an appro-
priate amount of anhydrous sodium sulfate at room temperature
for 2 h, centrifuged at 1200 rpm for 2 min, and then 700 pL of
supernatant was removed and placed into a reagent bottle for
detection by GC/MS (Rohrmann et al., 2011). For the GC analysis,
a capillary column (30 m x 250 pum x 0.25 pm) was used. The ini-
tial temperature of 50°Cwas maintained for 0 min, then increased
at 8 °C/min to 200 °C, maintained for 0 min, increased at 5 °C/min
to 260 °C, and then maintained for 2 min. The carrier gas used was
high purity He (99.99%), the column pressure was 57.4 KPa, the
injection volume was 1 pL, no split mode was used, and the vapor-
ization chamber temperature was 280 °C (Jung et al., 2011). Detec-
tion with MS was controlled with a program that scanned from 30
to 600AMU (m/z); an ionizing voltage of 70 eV was used with an
ionization current of 150pA for electron ionization (EI). The flow
velocity of helium was 1.2 ml/min, the ion source temperature
was 230 °C, and the quadrupole temperature was 200 °C (van
Oort et al., 2017).

2.2.5. D. officinale solid and extracted residue analysis by FTIR

Fourier transform infrared spectroscopy (FTIR) is widely used to
identify chemical bonds and functional groups of various com-
pounds (Mi et al., 2019). A sample of D. officinalis and its three
extractive residues was dried continuously at 100 °C for 4 h, then
stored with desiccant to prevent moisture absorption, thereby
reducing any adverse effects on backward. It was placed in a drying
pot and dried in a muffle furnace at 150 °C for 5 h. Then it was
removed under a heating lamp shade. Then 200 mg potassium bro-
mide is ground to a smooth surface with agate mortar. The sample
of 0.5-2 mg is fully mixed with potassium bromide and ground to a
smooth surface with mortar. The powder mixture is then put into a
tablet press and compressed into tablets (Savchenko et al., 2017).
The pressed samples were tested by infrared spectroscopy.

2.2.6. D. officinale solid and extracted residue analysis by SEM

For SEM analysis, a sample of D. officinale and its extracted resi-
due were baked at 70 °C for 12 h. A small amount of the sample
was spread onto double-backed cellophane tape attached to a stub
before coating with gold-palladium at room temperature 32 °C for
1 min (De Basanta et al., 2009). Scanning electron micrographs of
the samples were taken with a JEOL scanning electron microscope
(JSM-6380LV) at an acceleration voltage of 15.00 kV and a distance
of 100 pum; particles were imaged between 200x and 2000x nom-
inal magnification (Ku et al., 2016).

3. Results and analysis

3.1. Characteristics of volatile constituents in different organs of
D. officinale

A total of 57 substances was detected in different organs of
D. officinale by TD-GC/MS, of which 35 species were detected in
the root, 33 species in the stem, and 31 species in leaves (Fig. 1).
The components of the stem and leaf were similar, but the content
was different. It was found that 11 types of substances were jointly
detected in three parts, and 14 types of substances were jointly
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Fig. 1. Gas chromatograms of different organs of D. officinale. (A) Root; (B) stem; (C) leaf.

detected in two parts. The most common substance in three organs
of D. officinale was phthalic acid (hex-3-yl isobutyl ester) (Table 1).
Its physiological activity and pharmacological toxicity have not
been researched yet, only detected in Chinese bayberry, Myri-
carubra cv. DingAo Orient Pearl.

Abundant vitamin E was detected in D. officinale. Vitamin E is a
fat-soluble antioxidant, although it has many other biological
functions (Peng et al., 2017a). As an antioxidant, vitamin E is a
fat-soluble antioxidant, although it has many other biological
functions. As an antioxidant, vitamin E acts as a peroxy radical
scavenger, reacts with them to form tocopherol groups and cannot
produce harmful free radicals in tissues, and then returns through

hydrogen donors (such as vitamin C) to return to a reduced state
(Traber and Stevens, 2011). Vitamin E has also been found to be
a commercial antioxidant and biocompatible modifier for biomate-
rials and medical devices, such as ultra-high molecular weight
polyethylene (UHMWZPE) for hip and knee implants and for adrenal
glands hemodialysis therapy (Piroddi et al., 2012).

4 h-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl- (root
7.13%, stem 4.57%, leaf 4.81%), a pharmaceutical intermediate,
can be used in the synthesis of edible essence and flavors (Peng
et al., 2017b). Oleic acid (6.56% root, 3.87% stem, 0.97% leaf) is an
essential nutrient in animal foods, and its lead salt, manganese salt
and cobalt salt can be used as paint desiccant. In addition, it can
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Table 1
Analysis of different organs of D. officinale by gas chromatography.
No. Component names Relative content/%
Root Stem Leaf

1 Pyrrole 0.09
2 Acetic acid 7.50 523 4.06
3 Hexanal 0.68
4 Pyrazine, methyl- 0.37
5 1 h-Pyrrole, 2-methyl- 0.12
6 Acetamide 2.57 1.92 0.39
7 2-Furanmethanol 0.38 0.17

2-Propenamide 1.39
9 Butyrolactone 0.55 0.30
10 Pyrazine, 2-ethyl-5-methyl- 0.08
11 4-Pyridinamine, 2,6-dimethyl- 0.23
12 Alpha-l-rhamnopyranose 0.33
13 Glycerin 1.01
14 Maltol 0.27
15 4 h-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 7.13 4.57 4.81
16 Benzofuran, 2,3-dihydro- 1.40 0.56
17 11-0xa-dispiro[4.0.4.1]undecan-1-ol 0.18
18 Dodecanoic acid, 3-hydroxy- 0.10 0.22
19 Desulphosinigrin 0.32
20 2-Methoxy-4-vinylphenol 0.65
21 7-Methyl-z-tetradecen-1-ol acetate 0.98 2.70 2.67
22 2-(2-Butoxyethoxy)-ethanol, acetate 2.56 3.77
23 Propanoic acid, 2-methyl-, 3-hydroxy-2,2,4-trimethylpentyl ester 0.84 1.24
24 Estra-1,3,5(10)-trien-17. beta. -ol 0.74
25 1-Penten-3-one, 1-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 0.09
26 Benzene, 1,2,3-trimethoxy-5-(2-propenyl)- 1.90 0.95 1.00
27 Cedrol 0.40 0.81 0.90
28 Phthalic acid, hex-3-yl isobutyl ester 16.49 31.93 37.0
29 Oleic acid 6.56 3.87 0.97
30 9-Octadecenamide, (z)- 1.63 2.55 2.80
31 Heptacosane 11.50 16.00 13.46
32 Beta-sitosterol 1.86
33 Ethyl iso-allocholate 1.53 0.18
34 Gamma-sitosterol 1.45 1.32 1.45
35 Ethanone, 1-(1 h-pyrrol-2-yl)- 0.50 0.26
36 Furaneol 0.56 0.38
37 [1,3] Diazepan-2,4-dione 0.48
38 2-Pyrrolidinone 0.26
39 2-Hepten-4-one, 2-methyl- 0.42
40 Ethanol, 2-(2-butoxyethoxy)- 0.43
41 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate 1.74
42 Dimethyl phthalate 0.20
43 3-Buten-2-one, 4-(5,5-dimethyl-1-oxaspiro [2.5] oct-4-yl) 0.17
44 2,4-Di-tert-butylphenol 0.27 0.23
45 Tridecanoic acid, 12-methyl-, methyl ester 0.24 0.30
46 1,2-Benzenedicarboxylic acid, butyl cyclohexyl ester 0.23 0.75
47 Phthalic acid, butyl undecyl ester 0.62 0.97
48 Pentacosane 5.03
49 Formic acid, 3,7,11-trimethyl-1,6,10-dodecatrien-3-yl ester 1.39
50 Vitamin E 4.03 1.11 1.23
51 2-Hexenal, (e)- 0.27
52 Nonanal 0.21
53 Dimethyl dl-malate 0.28
54 2',4'-Dimethoxyacetophenone 0.42
55 Tetradecane, 2,6,10-trimethyl- 0.27
56 9,12-Octadecadienoic acid (z,z)- 1.31

produce many other products.9,12-Octadecadienoic acid (z, z)-
(leaf 1.31%), a nutrient fortifier, can be used as a lipid-lowering
drug and for the treatment and prevention of atherosclerosis.

The root, stem, and leaf of D. officinale contained a large amount
of heptacosane (Cy;Hsg), 11.5%, 16%, 13.46% respectively. Hepta-
cosane is a nutritional supplement that can increase sweetness
and improve the aftertaste, and also explains why the stem of D.
officinale is sweeter than the root and leaf. In addition, the root
was rich in glycerol (1.01%), which can be used as a sweetener
and moisture absorber; the stem was rich in dimethyl phthalate
(0.20%), which can be synthesized into an insect repellent. The leaf
was rich in nonanal (0.21%), which had a strong smell of sweet
oranges (Cullere et al., 2011). A dilute ethanol solution of Nonanal

contains vanilla aldehyde that confers a fragrance; it is often used
as a food additive and also can be used to manufacture the fra-
grance of roses, orange blossoms, violets, and other fragrances.
However, the root of D. officinale also contained traces of pyrrole
(0.09%), which is a negative indicator for the quality evaluation
of D. officinale (Heeba and Abd-Elghany, 2010).

3.2. Vocs characteristics of D. officinale extractives

17, 16, and 9 VOCs were detected from three D. officinale
extractives that were obtained by solvents (benzene/ethanol
(2:1), ethanol, petroleum ether), respectively (Fig. 2, Table 2). The
substance detected at the 31.2 min peak was heptacosane



2024 X. Dong et al./Journal of King Saud University — Science 32 (2020) 2020-2028
A
2106 + TIC scan dx1.D
31.292
2 17.656
1.5
1
05 15.276
’ 8,419 12.449 |
0 1 1 1 1 ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 d 1 1 1 1 1 1
6 7 8 9101112 13141516 17 1819 20 21 22 23 24 25 26 27 28 29 30 31 32
Counts vs. Time(min)
B
108 +TIC scan dx2.D
2.51 31. 297
2
17. 661
1.5
20. 643
14 23.108
29, 680
0.5 19,272 2. 659
\\h wm sl |8
0 .
6 7 8 9 1011 121314151617181920212223242526272829303132
Counts vs. Time(min)
C
X106 +TIC scan dx3.D
17. 661 .l
2
1.5
1
15. 274 20,057 | 2888 28.438
0.5 X
26,995
4,297 6,858 12. 402 19, 020 ot a
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 56 7 8 91011121314151617 1819 20 21 22 23 24 25 26 27 28 29 30 31 32

Counts vs. Time(min) |

Fig. 2. Volatile extraction spectra of D. officinale with different organic solvents. (A) Phenylethanol; (B) ethanol; and (C) petroleum ether.

(Co7Hsg) (Peschel et al., 2007). All three extracts contained a large
amount of heptacosane. According to the results of TD-GC/MS
and GC/MS, the heptacosane content was indeed high, and it was
one of the main components of D. officinale. The combination of
the two instruments could be used to verify the results and reduce
interference. The largest amount of heptacosane was extracted by
petroleum ether. Melezitose is a nonreducing trisaccharide sugar
that can be partially hydrolyzed to glucose and turanose, the latter
of which is an isomer of sucrose (Peschel et al., 2007). Melezitose is
mainly extracted by ethanol. In addition, ethanol can extract

linoleic acid (9,12-octadecadienoic acid (Z, Z)-) and palmitic acid
(N-hexadecanoic acid) from D. officinale.

Most of the VOCs in ethanol extracts of D. officinale were
alcohols, the VOCs of ethanol and petroleum ether extracts were
alkanes and organic acids, and the VOCs extracted by ethanol were
esters. In addition, a variety of other beneficial VOCs, such as
phytol, melezitose, hexadecanoic acid, associate esters, and
other bioactive components, were also detected in the extracts of
D. officinale, but their relative content in the three solvents was
different. The order of the total content was ethanol
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Table 2
Analysis of volatile compounds extracted by different solvents.

No. Component names Relative content/%
Benzene/ethanol (2:1) Ethanol Petroleu-m ether

1 (1,4-Dimethylpent-2-enyl) benzene 1.08
2 Benzenemethanol, 3-hydroxy-5-methoxy- 0.18
3 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl- 2.47 1.26 2.64
4 3-Methyl-2-butenoic acid, tridec-2-ynyl ester 8.50 5.90 11.34
5 Phytol, acetate 1.42
6 Pentadecanoic acid 0.62 1.26 0.82
7 [1,1’-Bicyclopropyl]-2-octanoic acid, 2’-hexyl-, methyl ester 0.41 1.36

1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester 1.08
9 1,2-15,16-Diepoxyhexadecane 0.53
10 N-Hexadecanoic acid 3.98 6.36 2.51
11 Phthalic acid, butyl isohexyl ester 417 3.42 1.73
12 Hexadecanoic acid, ethyl ester 0.37 0.89
13 Phytol 1.80 1.81 1.80
14 9,12-Octadecadienoic acid (Z, Z)- 0.89 13.44
15 Linoleic acid ethyl ester 1.22
16 Gamma-Sitosterol 7.69
17 Heptacosane 14.06 13.80 14.98
18 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 2.84
19 Melezitose 1.97
20 Tetradecanoic acid 0.60
21 17-Octadecynoic acid 139
22 Dodecanoic acid, 3-hydroxy- 0.40 0.65
23 Ethyl oleate 1.43
24 Undec-10-ynoic acid, dodecyl ester 0.81

extract > phenylethanol extract > petroleum ether extract. There-
fore, in the actual processing and utilization, we can choose suit-
able solvents for extraction and preparation according to the
different VOC requirements, in which the development foreground
of ethanol extract is best.

3.3. Chemical group changes of D. officinale and residues

In the range of 4000 cm~! to 400 cm™}, the FTIR absorption peak
mainly occurred between 1800 cm™! and 800 cm !, and a slight
change in the FTIR absorption peak was observed between D. offic-
inale and the extracted residue. (Fig. 3). A strong absorption peak
appears near 3300 cm™'(Fig. 3), indicating that there is an —-OH
bond. Consistent with the results of GC/MS, the VOCs of D. officinale
are abundant in ethanol and phenolic compounds (Chen et al.,
2011). The peak near 2900 cm~! corresponds to the C-H bond of
the alkane. Heptacosane is a major component of VOCs of D. offic-
inale (Taira et al., 2011).

At a wavelength of 2800 cm™', a peak can be observed from the
infrared spectrogram of D. officinale, while the residue does not
have this peak. According to the rule of infrared group peak posi-
tion, this region corresponds to alkanes. It was probable that the
alkane or aldehyde substances were proposed after extracting,
causing perssad changed (Filip et al., 2004). The peak near
1700 cm™! corresponding to the C = O indicates that VOCs of D.
officinale may contain aldehydes, ketones, acids, and esters. Consis-
tent with the result of GC/MS, the VOCs of D. officinale are abun-
dant in acids and esters (Wu et al., 2010).

At wavelengths near 1600 cm~!, the absorption peak corre-
sponds to olefins. The C-H bond in the double bond of olefins
has a bending vibration of 1500-1000 cm™!, which is insensitive
to the structure and less used. The vibration of the outer surface
is the most useful in the range of 1000-700 cm™!, the absorption
peak is obviously characterized, the intensity is larger, and it is
easy to recognize (Aramwit et al., 2010).

1

3.4. Volatility characteristics of D. officinale

In the differential thermogravimetric analysis (DTG) analysis
from 30 °C to 600 °C, D. officinale has three distinct heat loss stages.

(Fig. 4). The mass loss in the first stage occurred from an initial
temperature of 30 °C to 130 °C, a reduction of 5319.662 g at a
temperature of 130 °C and a loss of 3.92%. The loss of mass is likely
attributed to water evaporation but also could be caused by further
condensation between molecules. The quality of the second stage
was significantly reduced from 240 °C to 400 °C by 2640.089 pg,
with a loss of 51.33%. During the TG treatment from 30 °C to
600 °C, a distinct peak was observed in the corresponding DTG
curve, which reached its maximum at 319 °C, indicating that the
rate of mass loss of D. officinale was the fastest in this temperature
range. At 319 °C, the maximum weight loss rate was 0.4538834.
During the third stage, minor mass loss occurred starting at
400 °C, and at 600 °C, the pyrolysis of D. officinale was basically
complete. The quantity was reduced to 1.331679 mg, with a loss
of 20.7%. According to the DTG curve, the graded mass loss rate:
the second phase > the third phase > the first phase. In addition,
there were three critical temperature turning points at 130 °C,
319 °C and 400 °C during the TG treatment. At three temperature
points, the mass of D. officinale varies greatly, which may be caused
by significant chemical changes, such as pyrolysis of macro-
molecules into small molecules.

3.5. Microstructure change of D. officinale solid and extracted residue
by SEM

D. officinale and its extraction residues were scanned at multiple
sites at magnifications of 200x and 2000x (Grimsson et al., 2011),
and the sites that could represent the entire microcosmic morpho-
logical characterization were selected and photographed (Fig. 5).
At a magnification of 200x, D. officinale powder showed a variety
of different micromorphologies, such as spherical, ellipsoidal, mas-
sive, etc., and it was obvious that the sizes of the particles were dif-
ferent and that the surfaces were rough.

Extraction of the residues revealed massive particles that were
almost the same size, but the surface roughness did not
significantly change. With a magnification of 2000x, the surface
of D. officinale powder appeared uneven because it was composed
of all types of tiny particles that were adhered to one another. The
shapes and sizes of the particles were not obvious. Many tiny
particles were also adhered to the surface of the extracted residue,
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Fig. 3. (A) Infrared spectra of D. officinale samples; (B) infrared spectra of the
residue of benzyl ethanol extracts from D. officinale; (C) infrared spectra of ethanol
extracts from D. officinale; (D) infrared spectra of the residues of petroleum ether
extracts from D. officinale.
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and the shapes of the tiny particles were mostly spherical or ellip-
soidal with not much difference in the size of the particles
(Schemehorn et al., 2004).

The electron microscopy image of the extracted residue is
brighter than that of the powder, indicating that the particle sur-
face of the extracted residue is smoother, which may be due to
some material being extracted from the powder surface. There
may be two reasons why the particle morphology of the extracted
residue is more unitary: one is the physical change caused by heat-
ing in the process of extraction, and the other is that the morpho-
logical change results because a great deal of the material is
extracted (Wallace et al., 2011).

4. Discussion and conclusions

In the direct VOCs of the solid powder of roots, stems, and
leaves f D. officinale, many types of beneficial components were
detected, but there was a great difference in the material category
and content from the different parts. For example, the roots, stems,
and leaves were rich in vitamin E, with the content of roots reach-
ing 4%, and all contained a large quantity of heptacosane (roots
11.5%, stems 16%, and leaves 13.46%), which could be used as a
nutritional supplement or made into a sweetener to improve taste.
In addition, the roots were also rich in glycerol (1.01%), which
could be used as a sweetener or absorbent; the stems were rich
in dimethyl phthalate (0.20%), from which insect repellent oil
could be produced; the leaves were rich in aldehyde (0.21%), with
a strong smell of sweet orange, which could be used as a food addi-
tive and could also be used to prepare the fragrance of roses,
orange blossoms, fragrant violets, and other fragrances. The roots
of D. officinale also contained trace amounts of pyrrole (0.09%),
although excessive amounts will reduce the quality of D. officinale
and can be used as a negative indicator for the quality of D. offici-
nale. In actual production, the different parts of D. officinale can be
used in a different manner according to the content of the sub-
stance, in order to achieve the maximum value (Rohrmann et al.,
2011).

Most of the VOCs in ethanol extracts of D. officinale were ethanol,
in the petroleum ether extracts were alkanes and organic acids, and
in the benzene ethanol extract were esters. All three extracts con-
tained a large quantity of heptacosane. In addition, a variety of other
beneficial VOCs, such as phytol, melezitose, hexadecanoic acid,
associated esters, and other bioactive components, were also
detected in the extracts of D. officinale, but their relative content
in the three solvents was different. The order of the total content
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Fig. 5. (A1) SEM image of D. officinale powder at 200x magnification; (A2) SEM image of D. officinale residue at 200x magnification; (B1) SEM image of D. officinale powder at

2000x magnification; (B2) SEM image of D. officinale residue at 2000 x magnification.

was: ethanol extract > phenylethanol extract > petroleum ether
extract. Therefore, in the actual processing and utilization, we can
choose the appropriate solvent for extraction and preparation
according to different VOC requirements, and the ethanol extract
has the best development prospect.

The results of infrared spectroscopy indicated that the extract
structure and extracted residue of D. officinale were consistent with
the structure contained in the chemical structure detected by GC/
MS. The samples of D. officinale contained aromatic compounds,
organic acids, esters, alcohols, aldehydes, and alkanes. It was fur-
ther verified that the alkanes detected in the volatile compounds
of the samples are natural components of D. officinale, which
showed that the extraction of organic solvents could cause subtle
changes in the compound perssads in D. officinale.

The differential thermogravimetric analysis of D. officinale
revealed that there were three obvious stages of thermal loss.
The first stage was 30 °C-130 °C, the second stage was 130 °C-4
00 °C, and the third stage was 400 °C-600 °C. The quality loss order
was second stage > third stage > first stage. During the thermo-
gravimetric process, the DTG curve reached the maximum at
319 °C and formed a spike, and there were three critical tempera-
ture turning points at130 °C, 319 °C, and 400 °C. At these temper-
ature points, significant changes in mass can cause significant
chemical changes, such as pyrolysis of macromolecules into smal-
ler, more volatile molecules.

Further ascertaining the microstructure of D. officinale, it was
observed that under the scanning electron microscope, the extrac-
tion process of volatile compounds could lead to a slight change of
the microstructure of the solid particles of D. officinale, which may

lead to changes in the structure of D. officinale and the uniformity
of particles as well as other subtle changes. Whether this was due
to the chemical changes caused by extraction or the physical
changes caused by the extraction process remains to be further
explored.
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