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ABSTRACT

Background. Dendrobium candidum/officinale (Dendrobium candidum Wall.ex
Lindl.; Dendrobium officinale Kimura et Migo) is an expensive medicinal plant used
mainly as a tonic in China. Tie-pi-feng-dou is the common name of the processed
medicinal Dendrobium candidum/officinale. The market prices of Dendrobium
sources vary significantly and it is difficult to identify different types of Dendrobiums
due to their similar appearances. The use of counterfeit Dendrobium candidum/offici-
nale is ubiquitous and problematic. Therefore, it is important to be able to discriminate
between the wide range of available Dendrobium.

Methods. In an effort to better distinguish between the varieties of Dendrobium,
Raman spectroscopy was used to detect specific Dendrobiums relative to their
source. Transport channel imaging of the microstructural sites by micro-computed
tomography (micro-CT) was used to identify the unique constitution and enrichment
status of dendrobines, which was determined mainly by the geographical source of
the Dendrobium. This implies that exclusive spectral traits may be unique to different
regions. The presence or absence of these traits differ among the geographical origins.
Results. We can identify several spectral traits for various Dendrobiums. An intense
peak at 1,525 cm~! was only found in Dendrobium candidum/officinale (Zhe-
jiang/Yun-nan/An-hui), while the characteristic Dendrobium candidum/officinale
bands were near 742 cm™!, 1,326 cm~! and 1,330 cm™!. A systematic method for
distinguishing between four geographical locations of Dendrobium (Zhe-jiang/Yun-
nan/An-hui/Gui-zhou) were established. This reveals that the origin of an unknown
Dendrobium may be identified by Raman spectroscopy and micro-CT imaging. This
method was shown to be efficacious, fast, and non-destructive.

Subjects Raman Spectroscopy, Surface and Structural Imaging
Keywords Dendrobium, Raman, Identification, I situ, Imaging

INTRODUCTION

In situ identification has been of great interest in a wide range of fields. Studies on in
situ Raman identification represent a growing field. Dendrobium candidum/officinale
(Dendrobium candidum Wall.ex Lindl.; Dendrobium officinale Kimura et Migo) has
been one of the most well-known traditional herbs in China for centuries. Dendrobium
is currently thought to boost human immunity, nourish the stomach, reduce blood sugar
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levels, prolong life, and has shown promising therapeutic effects in Alzheimer’s disease
(Nie et al., 2016; Lo et al., 2004; Luo et al., 2008; Bulpiit et al., 2007). In the last few decades,
there has been a surge of interest in the effects of Dendrobium for the preservation of
health. According to the traditional Chinese medicine (TCM) theory, health preservation
seeks to maintain health, prevent diseases, and prolong life expectancy for an individual.
However, the counterfeiting and the adulteration of herbal products have been reported
in a number of upscale suppliers of these treatments. In situ Raman identification can play
an important role in combating counterfeited Dendrobium. There is an urgent need to
address the safety problems caused by the adulteration of these products as the adulterated
and substituted species may have different or lower pharmacological action compared with
that of their authentic counterparts. At present, the identification of this kind of Chinese
medicine is difficult, and the majority of Dendrobiums purchased in the market are not
authentic Dendorbium candidum/officinale. The purpose of our work was to explore
whether in situ Raman spectroscopy can be used as a rapid analytical tool to evaluate the
quality of Dendrobium candidum/officinale. Raman spectroscopy is a relatively fast and
nondestructive technique and the spectra of Raman are easily reproducible with minimal
sample preparation.

As early as 200 B.C., the use of Dendrobium candidum/officinale had been recorded
in medical books, making it one of oldest traditional Chinese medicinal plants. In
modern times, many health characteristics of Dendrobium candidum/officinale have been
confirmed and it is commonly used to treat various sub-health conditions. In addition, a
broad spectrum of illnesses, irrespective of cause, were treated using Dendrobium as an
immunologic agent (Wang et al., 2013; Xie et al., 20165 Zha et al., 2014; Yang et al., 2014).
There are several different kinds of Dendorbium candidum/officinale (including Zhe-jiang,
An-hui, and Yun-nan varieties) and Dendrobium nobile (Gui-zhou) in China. The amount
of dendrobine from plants of different origins varies and we may be able to deduce the
origin of Dendrobium through the identification of their specific species. Dendrobium
candidum/officinale products are now available in many forms, such as granule, capsule,
tablet, and the whole stem. The variety of plant species and its growth environment
and storage conditions will have a great influence on the dendrobine proportions,
so it is plausible to use an analytical method to identify the origin of Dendrobium
candidum/officinale.

The price of authentic Dendrobium candidum/officinale is much higher than that of
a substituted species (including Dendrobium nobile), therefore, a producer may alter the
source of the Dendrobium candidum/officinale for financial reasons. Raman spectroscopy
has the ability to rapidly measure medicine and chemical reagents in situ, and its application
requires no chemical treatment of Dendrobiums. Raman spectroscopy is highly applicable
to the fields of forensic science and law enforcement (Sikirzhytski, Sikirzhytskaya ¢ Lednev,
20115 Bell et al., 2005; De Gelder et al., 2005) and may also facilitate the identification of
kinds of Dendrobiums.

Several spectroscopic methods can be used to discriminate Dendrobium officinale from
non-Dendrobium officinale, such as near-infrared spectroscopy (NIR) (Wang, Xiang ¢
Zhang, 2009; Hu et al., 2014; Wei et al., 2015) and the determination of total polyphenols
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content in Dendrobium officinale (Ma et al., 2016). HPLC has also been used to analyze
the acids and coumarin derivatives in Dendrobium stem powder (Zhang et al., 2006; Chen
et al., 2012). Gas chromatography (Wang et al., 2011), mass spectrometry (Wang et al.,
2016; Wu et al., 2016; Tao et al., 2015; Zheng et al., 2015), mid-infrared (Chen et al., 2015;
Luo, He ¢ Chun, 2013) and NMR spectroscopy (Gao et al., 2018) have also been applied
as spectroscopic methods in the process of instrument analysis. However, the use of in
situ precise micro-CT navigation has not been well-reported prior to Raman spectroscopy.
The aim of this study was to explore the validity of in situ Raman spectroscopy in the
discrimination of Dendrobiums and to distinguish Dendrobium candidum/officinale and
Dendrobium nobile by direct explication of the Raman spectra of Dendrobium. We also
sought to identify its exclusive features for the rapid identification of unknown samples of
Dendrobium.

Nevertheless, we observed Dendrobium tissue inhomogeneity due to the fibrous
component and local differences in cell density. In other words, measurement uncertainty
was amplified by the nonuniformity of the native tissue; that is, the tissue was not
homogeneous. Therefore, how to efficiently find the position of homogeneity of den-
drobine, has become particularly important. To improve the reliability and stability of in-
situ Raman detection, this work introduced the image navigation technique with computed
tomography reconstruction. And the detecting position could be identified easily on
the Micro-CT scan. The proposed method is extended here to combine in-situ Raman
spectroscopy with X-ray Micro-CT to allow image-guided Raman spectroscopy using
anatomical structures from CT as a priori knowledge.

MATERIALS & METHODS

Samples

Fresh strips of Dendrobium candidum/officinale samples of Zhe-jiang (Z]), An-hui (AH)
and Yun-nan (YN) origins (provinces of China) were obtained. Slices of Dendrobium
nobile (Gui-zhou, GZ, province of China) were also used in this study (Table 1).

Micro-CT navigation and positioning

The micro structure of Dendrobium was observed by using micro-computed tomography
(Micro-CT) (Quantum GX2; PerkinElmer Co., Ltd., Waltham, MA) with the following
parameters: scanning voltage 80 kV; scanning current 80 pA; and imaging was acquired
with a field of view (FOV) of 18 mm. Micro-CT reconstructions demonstrated the real
architecture (Fig. 1A), and the red rectangular boxes (Fig. 1B) outline a sagittal image of the
detecting site. This site demonstrates the microstructure characteristic of a long, perfectly
connected transmission channel through the entire Dendrobium. To ensure consistency
in the basic data, all Raman spectra were obtained using the same detecting site positioned
at the center of red rectangular box at the transversal section (Fig. 1A). The data were
untreated.

Raman spectroscopy
The Raman spectrum was obtained from direct scanning on the transversal surface of sliced
Dendrobium stem in situ. The Renishaw inVia (Gloucestershire, United Kingdom) Raman
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Table 1 The origin information of Dendrobium samples.

Code Province of China Longitude Latitude Place of collection
1 Yun-nan 104 23 Yun-nan Wen-shan
2 Zhe-jiang 121 29 Zhe-jiang Tian-tai
3 An-hui 116 31 An-hui Huo-shan

4 Gui-zhou 105 28 Gui-zhou Chi-shui

Sample ID:1

Sample Name:Dendrobium D:1
| study ID:2

Study Description:Dendrobium002-57min

Series 1D:2.001 Series094517

Study:Dendrobium002-57min

FOV:6.15599966mm
Pixel Size:12.0um

Figure 1 Transversal (T), sagittal (L), coronal (D) and reconstruction (top right) views of Dendro-
bium. The rectangular box indicates the position where Raman spectra were measured.
Full-size Gl DOI: 10.7717/peerjachem.18/fig-1

instrument was used to obtain Raman spectra using a semiconductor laser via a resolution
of four cm™! at 785 nm. Owing to the Dendrobium origin and sliced positon, the laser
power was adjusted to 10% at source. The exposure time was 10 s, the continuous spectrum
scanning was conducted three times, 50x objective lens, scanning range was 1,700-200
cm™!, and three points were selected randomly in a 3x2 mm field of vision for surface
scanning. In order to get reproducible average values, scans were conducted three separate
times at different points. To avoid Raman spectral line drift and ensure consistency, we
kept the laser power low in spectral measurements. Band assignments for normal Raman
spectra of Dendrobium candidum/officinaleare listed in Table 2.

RESULTS

Raman spectra of different positions of same Dendrobium stem
(same origin)

For reproducibility, three positions (top (T), middle (M) and bottom (B)) of the same
stem were sliced to obtain Raman spectra. The corresponding positions of the 17 peaks
marked in the Raman spectrum of dendrobine can be found in the Raman spectrum of
Dendrobium samples (Fig. 2). All of the marked peaks are the representative spectra of
dendrobine. The Raman peak intensity measured for different samples and locations was
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Table 2 The specific Raman shift and assignment of Dendrobium candidum/officinale.

Raman shift/cm™! Assignment
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Figure 2 Raman spectrum of dendrobine.
Full-size Cal DOI: 10.7717/peerjachem.18/fig-2

the ratio of integrating peak height. As the integrating peak height at 1,185 cm™! is relatively
stable compared with other peaks in the spectra of Dendrobium samples, we defined this
peak as the basic peak.

To compare the difference among the samples, we labelled the figures, and highlighted
the specific Raman peaks in Figs. 2, 3 and 4. The specific Raman assignments are shown
in Table 2. The spectra obtained from the Dendrobium specimens, Zhe-jiang (Fig. 3A),
An-hui (Fig. 3B), Yun-nan (Fig. 3C), and Gui-zhou (Fig. 3D), have analogous peaks.
Nevertheless, the slight distinctions in the peak shape and strengths of certain peaks still
exist owing to the inconsistent dendrobine contents of four sources of Dendrobiums and
diverse surrounding environments throughout the growth of Dendrobiums. In the three
positions (T, M, and B) of spectra for Z] and AH, the peaks at 742 cm~! are weaker than
others, whereas in the spectrum of YN, this peak was as intense as the others. The peak
area of this exclusive spectrum (742 cm™!) was shown to be unstable at different positions,
while the exclusive peak at 1,326-1,333 cm~! was stable. Figure 3D shows that there is
a clear decreasing trend at 742 cm~!. What is interesting about the data in this figure is
that the wavenumber of ring vibration (742 cm™!) was moved to 724 cm™!. This result is
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Figure 3 Raman spectra of Dendrobium candidum/officinale (ZJ/AH/YN) and nobile (GZ) at different
positions (B-bottom, M-middle, T-top). ZJ, AH, YN and GZ represent the origin of Dendrobium in (A)
Zhe-jiang, (B) An-hui, (C) Yun-nan and (D) Gui-zhou, respectively.

Full-size ) DOI: 10.7717/peerjachem.18/fig-3

significant at the GZ sample. Figure 3 reveals that four samples all generated well-defined
spectra and that the Raman peaks of three different positions are similar.

Raman spectra of different origins of same Dendrobium stem (same
position)
Spectra analysis was performed using the simple comparative analysis, with an 1,185 cm™!
peak serving as the comparator. We found that the difference of integrating peak height
reflected the difference of dendrobine in Dendrobiums from different origins. Figure
4 shows that, except for the top position, there were evident differences in dendrobine
content in the Raman spectra. The peaks at matching wavenumbers had the closet similarity
at the top stem, whereas the peaks at the middle and bottom of the stem had a number of
differences which were assigned to the different concentrations of dendrobine. Since the
spectra from the top position had a consistent relative peak intensity in each sample, the
top position was used as a fixed site for comparing different Dendrobiums.

The results of the comparative analysis were displayed in Figs. 4C, 4D and 5. All four
Dendrobium samples (Z], AH, YN, and GZ) owned an assigned peak between 1,326-1,333
cm™! (C-H deformation, isopropyl), which showed that the relative intensity was intense
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Figure4 (A-D)Raman spectra of top/middle/bottom stem from Dendrobium of different origins.
Full-size tal DOI: 10.7717/peerjachem.18/fig-4

and stable. Another assigned peak at 742 cm™~! was the ring structure vibration. This peak

was collectively intense in the bottom (AH and YN), middle (Z] and YN) and top (Z],
AH, and YN) sections. In addition, a stable and notable peak at 519 cm~! with medium
strength was appointed to S-S stretching, which indicates the existence of a protein including
cysteine (Tarakeshwar & Manogaran, 1995). The observation may be related to the viscous
proteins in Dendrobium, indicating that Dendrobium contains not only polysaccharides
and dendrobine, but also rich protein substances.

Aside from the assigned Raman peaks of Dendrobium, the Raman peaks were labeled
according to the sample, specifically those peaks that helped to delineate the differences
among different variants (Figs. 4C, 4D). Initially, at the top position, GZ is easily discerned
by eye. The peaks at 1,525 cm~! and 742 cm~! were strong peaks for the ZJ, AH, and
YN samples, while in the GZ sample, the intensity of those two peaks were weaker and
disappeared. The Raman specificity of GZ Dendrobium was obtained through this step. An
inspection of the spectra in Figs. 3A, 3B and 3C revealed that the peak was at 742 cm ™! with
relative intensity changes at different positions. For the Z] and AH samples, the peak shape
at 742 cm~! was found to be unstable in Raman spectra at different positions, however,
the YN sample did not lose its stability. The Raman specificity of the YN Dendrobium was
also obtained through this step. As for the remaining samples from ZJ and AH, they were
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Figure 5 The variation of identified peak intensity for different dendrobiums.
Full-size Gal DOI: 10.7717/peerjachem.18/fig-5

more heterogeneous and contained a splitting of two peaks at 1,330 cm ™! and 1,326 cm ™.
The results shown in Fig. 4A indicate that the peak located at 1,330 cm™! was from the ZJ
sample and the peak located at 1,326 cm™! was from the AH sample. Taken together, these
results suggest that there is an association between component spectra and Dendrobium
varieties.

Raman spectra of Dendrobium candidum/officinale and Dendrobium
nobile at top position

As seen in Figs. 4D and 5, the characteristic peak intensity of Dendrobium nobile (GZ)
was higher compared to the Dendrobium candidum/officinale (Z], AH, YN) except for
the peak at 897 cm~!. The peaks were very intense in the Dendrobium nobile spectrum.
This difference was clearly detectable to the naked eye. Meanwhile, there was no significant
change for the waveform appearance.

The peak at 1,332 cm™! in the C-H deformation was assigned to isopropyl. There
were also other peaks that were more closely matching Dendrobium candidum/officinale
spectra. Peaks at 1,185, 1,121, 1,093, 897, and 490 cm~! were identical to those peaks from
Dendrobium candidum/officinale (Fig. 4C). The peaks at 1,456, 1,376, 1,332 and 1,271
! were nearly identical to the peaks observed from Dendrobium candidum/officinale
specimens (Fig. 4C). Nevertheless, some differences were found. Surprisingly, only one
peak at 1,521 cm™! showed a significant difference. An intense peak at 1,525 cm™! in
Dendrobium candidum/officinale spectra did not appear in any of the Dendrobium
nobile spectra, and the peak intensity at 1,521 cm~! in Dendrobium nobile was very weak
or disappeared (Fig. 3D). When compared to normal Raman spectrum of dendrobine,
the peaks at 1,521 and 1,525 cm~! did not belong to dendrobine in the Dendrobium
samples. We were easily able to distinguish Dendrobium nobile from Dendrobium
candidum/officinale using the Raman spectra.

cm
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Table 3 Identification steps of Dendrobiums from different regions.

Step Appearance of spectrum YES NO

1 Peaks at 1525 cm™! and 742 cm™! Spectrum may be from Dendrobium Spectrum is from Dendrobium
(top position) with high intensity candidum/officinale. nobile (GZ).
(Figs. 4C and 4D).

2 Peak at 742 cm™! with relative intensity changes ~ Spectrum may be from Zhe-jiang (Z]) Spectrum is from Yun-nan (YN)
at different positions (Figs. 3A, 3B, and 3C). or An-hui (AH) Dendrobium Dendrobium candidum/officinale.

candidum/officinale.

3 Peak at 1330 cm™! on the basis of step 2 Spectrum is from Zhe-jiang (ZJ)
(Fig. 4A). Dendrobium candidum/officinale.

4 Peak at 1326 cm™! on the basis of step 2 Spectrum is from An-hui (AH) Dendrobium
(Fig. 4A). candidum/officinale.

Notes.

The relative intensity refers to the ratio of the intensity of any peak to the intensity of the basic peak at 1,185 cm™".

1

DISCUSSION

In the market circulation period, there is no accurate definition of Dendrobium
candidum/officinale. Despite a label of Dendrobium candidum/officinale, the quality
varies with its origins. Since natural Dendrobium candidum/officinale is very expensive
at present, this study hoped to use an in-situ method to determine the authenticity of
the product and subsequently reduce its cost without reducing its efficacy. Although the
Raman spectra have no obvious distinguishing morphological features, the differences in
specific peak characters were the biggest indicators between samples. For example, the
shift of the two peaks at 1,326 cm~! and 1,333 cm~! between the spectra from ZJ and AH
Dendrobiums differed (Table 2).

Through the direct comparison of different sources of Dendrobium, the spectra
from the YN Dendrobium specimens (Fig. 3C) contained almost all of the spectral
characteristics present from AH Dendrobium samples. Furthermore, it also displays
approximate characteristics to spectra from ZJ sample. The Dendrobium samples used
were unprocessed fresh samples, therefore, those spectral characteristics mainly reflected the
molecular vibrational information of the dendrobine. For example, the C-H deformation
peak between 1,326-1,333 cm~! demonstrated that the deformation could be assigned to
isopropyl C-H bonds (Table 2). By comparing a large number of spectral data, we found
that the dominant peaks appearing in the spectra from either AH or Z] Dendrobium
emerged in the spectra from the YN Dendrobium without exception (Figs. 4A, 4B, 4C).
There was an attempt to make a distinction for all three sources of Dendrobiums on the
basis of spectral differences, as well as with Dendrobium nobile, which could be done
using a step-by-step method to identify the origins directly (Table 3). The likenesses and
distinctions among the spectra from diverse Dendrobium specimens can be utilized to
discriminate the origin of Dendrobium. Based on above four steps (Table 3), we can easily
assign the origin of GZ, YN, ZJ, and AH Dendrobiums by comparing the Raman spectra,
respectively.

Forthcoming utilization of Micro-CT navigation approaches (experimental design and
analysis) enables wider application and impact from experimentally derived Raman data.
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Further research should be undertaken to confirm these results on a larger variety of
geographical origins. We should conduct more works on a wider species of Dendrobiums
from not only China but other Southeast Asian countries. To evaluate the accuracy
and practicability of distinguishing among sources of Dendrobiums, portable Raman
spectroscopic equipment should be used. We will provide a toolkit to disseminate our
findings and potentially impact facile screening and on-site detection on a wider scale
throughout China. Future studies could be improved to provide wider impact and a clearer
rationale. To achieve this goal, we have to add a chemometric package to a portable Raman
instrument for the purpose of screening abundant spectral data with minor forecasting
error.

CONCLUSIONS

The purpose of the experiment as shown in Table 3 was to illustrate the steps required to
provide an accurate identification of Dendrobiums from different origins. The novelty of
our study lies in the measurement position of dendrobine in conduction path (Fig. 1B) and
the relevance for in-the-field discrimination of Dendrobiums. Although this may seem to
be a superfluous exercise, we believe it is important in view of the recent report showing
that the price gap among Dendrobiums is quite significant, and can be 100-fold or even
higher. Currently, this assessment mainly relies on the subjective judgment of experienced
hands, which is inefficient and presents difficultly for the general population with low levels
of experience. Therefore, we provided an objective, systematic, non-invasive, and in-situ
method to help people distinguish diverse Dendrobiums from different sources. Through
our step-by-step approach, Raman spectroscopy was shown to be a potential method to
assess the authenticity of Dendrobiums. Although this method was not comprehensive, it
reflected the in-situ components from different Dendrobium candidum/officinale samples.

ACKNOWLEDGEMENTS

We deeply thank Professor Lei Zhang from the Zhejiang University of Science and
Technology for providing the Dendrobium samples.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the National Natural Science Foundation of China (No.
81503198), the National Key Research and Development Program of China (No.
2017YFC1703101) and the Xinglin scholar project for Changchun University of Chinese
Medicine. The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
The National Natural Science Foundation of China: 81503198.

Zhang et al. (2022), PeerJ Analytical Chemistry, DOI 10.7717/peerj-achem.18 10/14


https://peerj.com
http://dx.doi.org/10.7717/peerj-achem.18

PeerJ

the National Key Research and Development Program of China: 2017YFC1703101.
The Xinglin scholar project for Changchun University of Chinese Medicine.

Competing Interests
Chang-Qing Liu is an employee of Guangzhou Zeli Pharmaceutical Technology Co., Ltd.

Author Contributions

e Wei Zhang performed the experiments, analyzed the data, performed the computation
work, prepared figures and/or tables, authored or reviewed drafts of the article, and
approved the final draft.

e Yu-Ting You performed the experiments, prepared figures and/or tables, and approved
the final draft.

e Jian-Ying Guo performed the experiments, prepared figures and/or tables, and approved
the final draft.

e Si-Ming Wang analyzed the data, prepared figures and/or tables, and approved the final
draft.

e Chang-Qing Liu conceived and designed the experiments, authored or reviewed drafts
of the article, and approved the final draft.

e Da-Qing Zhao conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.

e Jia-Wen Wang analyzed the data, prepared figures and/or tables, and approved the final
draft.

e Xue-Yuan Bai conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplementary Files.
The micro-CT raw image and reconstructed image are also available at MorphoSource,
media IDs:
- 000411361, DOI 10.17602/M2/M411361
- 000411367, DOI 10.17602/M2/M411367
https:/www.morphosource.orgiconcern/media/000411361¢locale=en
https:/www.morphosource.orgiconcern/media/000411367¢locale=en

Supplemental Information
Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj-achem.18#supplemental-information.

REFERENCES

Bell SEJ, Fido LA, Speers SJ, Armstrong WJ. 2005. Rapid forensic analysis and identifi-
cation of lilac architectural finishes using Raman spectroscopy. Applied Spectroscopy
59:100-108 DOI 10.1366/0003702052940404.

Zhang et al. (2022), PeerJ Analytical Chemistry, DOI 10.7717/peerj-achem.18 1114


https://peerj.com
http://dx.doi.org/10.7717/peerj-achem.18#supplemental-information
http://dx.doi.org/10.17602/M2/M411361
http://dx.doi.org/10.17602/M2/M411367
https://www.morphosource.org/concern/media/000411361?locale=en
https://www.morphosource.org/concern/media/000411367?locale=en
http://dx.doi.org/10.7717/peerj-achem.18#supplemental-information
http://dx.doi.org/10.7717/peerj-achem.18#supplemental-information
http://dx.doi.org/10.1366/0003702052940404
http://dx.doi.org/10.7717/peerj-achem.18

PeerJ

Bulpitt CJ, Li Y, Bulpitt PF, Wang J. 2007. The use of orchids in Chinese medicine.
Journal of the Royal Society of Medicine 100:558-563 DOI 10.1258/jrsm.100.12.558.

Chen ND, Chen H, Li ], Sang MM, Ding S, Yu H. 2015. Discrimination and simi-
larity evaluation of tissue-cultured and wild Dendrobium species using Fourier
transform infrared spectroscopy. Journal of Molecular Structure 1086:255-265
DOI 10.1016/j.molstruc.2015.01.027.

Chen XM, Wang FF, Wang YQ, Li XL, Wang AR, Wang CL, Guo SX. 2012. Dis-
crimination of the rare medicinal plant Dendrobium officinale based on narin-
genin, bibenzyl, and polysaccharides. Scienice China-Life Sciences 55:1092—1099
DOI 10.1007/s11427-012-4419-3.

De Gelder J, Vandenabeele P, Govaert F, Moens L. 2005. Forensic analysis of automotive
paints by Raman spectroscopy. Journal of Raman Spectroscopy 36:1059-1067
DOI 10.1002/jrs.1408.

Gao YX, Hu XL, Wang YR, Jiang ZH, Zhang HY, Zhang M, Hu P. 2018. Primary
structural analysis of Dendrobium officinale polysaccharide. Chemical Journal of
Chinese Universities-Chinese 39:934—940 DOI 10.7503/cjcu20170464.

HuT, Yang HL, Tang Q, Zhang H, Nie L, Li L, Wang JF, Liu DM, Jiang W, Wang F,
Zang HC. 2014. Absolutely nondestructive discrimination of huoshan dendrobium
nobile species with miniature near-infrared (NIR) spectrometer engine. Spectroscopy
and Spectral Analysis 34:2808-2814 DOI 10.3964/j.issn.1000-0593(2014)10-2808-07.

Lo SF, Mulabagal V, Chen CL, Kuo CL, Tsay HS. 2004. Bioguided Fractionation and
isolation of free radical scavenging components from in vitro propagated chinese
medicinal plants Dendrobium tosaense makino and Dendrobium moniliforme SW.
Journal of Agricultural and Food Chemistry 52:6916-6919 DOI 10.1021/jf040017r.

Luo CP, He T, Chun Z. 2013. Discrimination and chemical phylogenetic study of seven
species of Dendrobium using infrared spectroscopy combined with cluster analysis.
Journal of Molecular Structure 1037:40-48 DOI 10.1016/j.molstruc.2012.10.048.

Luo JP, Wang Y, Zha XQ, Huang L. 2008. Micropropagation of Dendrobium den-
siflorum Lindl. ex Wall. through protocorm-like bodies: effects of plant growth
regulators and lanthanoids. Plant Cell Tissue and Organ Culture 93:333-340
DOI10.1007/s11240-008-9381-1.

Ma LH, Zhang ZM, Zhao XB, Zhang SF, Lu HM. 2016. The rapid determination of total
polyphenols content and antioxidant activity in Dendrobium officinale using near-
infrared spectroscopy. Analytical Methods 8:4584-4589 DOI 10.1039/c6ay00542.

NieJ, Tian Y, Zhang Y, Lu YL, Li LS, Shi JS. 2016. Dendrobium alkaloids prevent A
beta(-)(25-35) induced neuronal and synaptic loss via promoting neurotrophic
factors expression in mice. Peer] 4:€2739 DOI 10.7717/Peerj.2739.

Sikirzhytski V, Sikirzhytskaya A, Lednev IK. 2011. Multidimensional Raman spectro-
scopic signatures as a tool for forensic identification of body fluid traces: a review.
Applied Spectroscopy 65:1223-1232 DOI 10.1366/11-06455.

Zhang et al. (2022), PeerJ Analytical Chemistry, DOI 10.7717/peerj-achem.18 12114


https://peerj.com
http://dx.doi.org/10.1258/jrsm.100.12.558
http://dx.doi.org/10.1016/j.molstruc.2015.01.027
http://dx.doi.org/10.1007/s11427-012-4419-3
http://dx.doi.org/10.1002/jrs.1408
http://dx.doi.org/10.7503/cjcu20170464
http://dx.doi.org/10.3964/j.issn.1000-0593(2014)10-2808-07
http://dx.doi.org/10.1021/jf040017r
http://dx.doi.org/10.1016/j.molstruc.2012.10.048
http://dx.doi.org/10.1007/s11240-008-9381-1
http://dx.doi.org/10.1039/c6ay00542
http://dx.doi.org/10.7717/Peerj.2739
http://dx.doi.org/10.1366/11-06455
http://dx.doi.org/10.7717/peerj-achem.18

PeerJ

Tao Y, Cai H, Li WD, Cai BC. 2015. Ultrafiltration coupled with high-performance liquid
chromatography and quadrupole-time-of-flight mass spectrometry for screening
lipase binders from different extracts of Dendrobium officinale. Analytical and
Bioanalytical Chemistry 407:6081-6093 DOI 10.1007/s00216-015-8781-4.

Tarakeshwar P, Manogaran S. 1995. Vibrational frequencies of cysteine and serine
zwitterions—an Ab-initio assignment. Spectrochimica Acta Part A-Molecular and
Biomolecular Spectroscopy 51:925-928 DOI 10.1016/0584-8539(94)00233-2.

Wang YH, Avula B, Abe N, Wei F, Wang M, Ma SC, Ali Z, Elsohly MA, Khan IA. 2016.
Tandem mass spectrometry for structural identification of sesquiterpene alkaloids
from the stems of dendrobium nobile using LC-QToF. Planta Medica 82:662—670
DOI 10.1055/5-0042-103031.

Wang LL, Wang C, Pan ZF, Sun Y, Zhu XY. 2011. Application of pyrolysis-gas chro-
matography and hierarchical cluster analysis to the discrimination of the Chinese
traditional medicine Dendrobium candidum Wall. ex Lindl. Journal of Analytical and
Applied Pyrolysis 90:13—17 DOI 10.1016/j.jaap.2010.09.010.

Wang CY, Xiang BR, Zhang W. 2009. Application of two-dimensional near-infrared
(2D-NIR) correlation spectroscopy to the discrimination of three species of Den-
drobium. Journal of Chemometrics 23:463—470 DOI 10.1002/cem.1237.

Wang JH, Zha XQ, Pan LH, Luo JP. 2013. Structural characterization of an immunoac-
tive polysaccharide DNP-W1B from Dendrobium nobile Lindl. Chemical Journal of
Chinese Universities-Chinese 34:881-885 DOI 10.7503/cjcu20120883.

Wei YC, Fan W, Zhao XB, Wu W], Lu HM. 2015. Rapid authentication of dendrobium
officinale by near-infrared relectance spectroscopy and chemometrics. Analytical
Letters 48:817-829 DOI 10.1080/00032719.2014.963595.

Wu CF, Gui SH, Huang YC, Dai YF, Shun QS, Huang KW, Tao SC, Wei G. 2016.
Characteristic fingerprint analysis of Dendrobium huoshanense by ultra-high perfor-
mance liquid chromatography-electrospray ionization-tandem mass spectrometry.
Analytical Methods 8:3802-3808 DOT 10.1039/c6ay00232c.

Xie SZ, Liu B, Zhang DD, Zha XQ, Pan LH, Luo JP. 2016. Intestinal immunomodulating
activity and structural characterization of a new polysaccharide from stems of
Dendrobium officinale. Food ¢ Function 7:2789-2799 DOI 10.1039/c6f000172f.

Yang LC, Lu TJ, Hsieh CC, Lin WC. 2014. Characterization and immunomodulatory
activity of polysaccharides derived from Dendrobium tosaense. Carbohydrate
Polymers 111:856-863 DOI 10.1016/j.carbpol.2014.05.007.

Zha XQ, Zhao HW, Bansal V, Pan LH, Wang ZM, Luo JP. 2014. Immunoregula-
tory activities of Dendrobium huoshanense polysaccharides in mouse intestine,
spleen and liver. International Journal of Biological Macromolecules 64:377-382
DOI 10.1016/j.ijbiomac.2013.12.032.

Zhang GN, Zhang F, Yang L, Zhu EY, Wang ZT, Xu LS, Hu ZB. 2006. Simultaneous
analysis of trans- and cis-isomers of 2-glucosyloxycinnamic acids and coumarin

Zhang et al. (2022), PeerJ Analytical Chemistry, DOI 10.7717/peerj-achem.18 13114


https://peerj.com
http://dx.doi.org/10.1007/s00216-015-8781-4
http://dx.doi.org/10.1016/0584-8539(94)00233-2
http://dx.doi.org/10.1055/s-0042-103031
http://dx.doi.org/10.1016/j.jaap.2010.09.010
http://dx.doi.org/10.1002/cem.1237
http://dx.doi.org/10.7503/cjcu20120883
http://dx.doi.org/10.1080/00032719.2014.963595
http://dx.doi.org/10.1039/c6ay00232c
http://dx.doi.org/10.1039/c6fo00172f
http://dx.doi.org/10.1016/j.carbpol.2014.05.007
http://dx.doi.org/10.1016/j.ijbiomac.2013.12.032
http://dx.doi.org/10.7717/peerj-achem.18

PeerJ

derivatives in Dendrobium thyrsiflorum by high-performance liquid chro-
matography (HPLC)-photodiode array detection (DAD)-electrospray ioniza-
tion (ESI)-tandem mass spectrometry (MS). Analytica Chimica Acta 571:17-24
DOI10.1016/j.aca.2006.04.062.

Zheng SLA, Wu HZ, Li ZG, Wang JAM, Zhang H, Qian MR. 2015. Ultrasound/microwave-
assisted solid—liquid—solid dispersive extraction with high-performance liquid
chromatography coupled to tandem mass spectrometry for the determination of
neonicotinoid insecticides in Dendrobium officinale. Journal of Separation Science
38:121-127 DOI 10.1002/js5¢.201400872.

Zhang et al. (2022), PeerJ Analytical Chemistry, DOI 10.7717/peerj-achem.18 14/14


https://peerj.com
http://dx.doi.org/10.1016/j.aca.2006.04.062
http://dx.doi.org/10.1002/jssc.201400872
http://dx.doi.org/10.7717/peerj-achem.18

