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A B S T R A C T   

As a medicine-food homology herb, Dendrobium spp. has versatile applications in modern med-
icine and food industry. Herein, an ultra-performance liquid chromatography tandem mass 
spectrometry (UPLC-MS/MS) based method was established for simultaneous quantification of six 
active components, including gigantol, erianin, naringenin, quercetin, rutin, and p-coumaric acid 
in Dendrobium spp., on the basis of optimized sample preparation, mass spectrometry conditions, 
and chromatography conditions. Sample extraction was carried out using methanol at a tem-
perature of 60 ◦C, followed by separation on a T3 C18 column utilizing a gradient eluting pro-
gram. The results demonstrated excellent linearity (r > 0.999) for the six active components 
within a specified concentration range. The average recovery rates ranged from 84.7 % to 106.9 
%, and the precision (RSD) was within 7.4 %. The detection and quantification limits of this 
method ranged from 0.34 to 4.17 ng mL− 1 and 1.12–13.91 ng mL− 1, respectively. The established 
method demonstrates high accuracy and reliability and is applicable in practical sample detec-
tion. Different Dendrobium spp. exhibit specific variations in compound composition, with D. 
fimbriatum Hook. having a higher content of benzyl compounds and D. crystallinum. Rchb. f. 
having a higher content of flavonoids. This study provides experimental evidence for the quality 
and safety regulation of Dendrobium spp.   

1. Introduction 

Dendrobium, a member of the Orchidaceae family, is a rare and valuable traditional Chinese medicinal herb. Globally, it comprises 
between 1500 and 2000 species, predominantly found in the tropical and subtropical regions of Asia and northern Australia [1]. In 
China, Dendrobium spp. have been used for more than 2000 years and is believed to have the effects of balancing Yin and Yang, 
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nourishing gastrointestinal tract, promoting body fluids, and relieving coughs [2]. Contemporary pharmacological research has 
revealed that Dendrobium species harbor numerous bioactive compounds, including alkaloids, polysaccharides, amino acids, and 
p-coumaric acids. These compounds exhibit significant medicinal properties, including antioxidant, anti-aging, anti-tumor, and hy-
poglycemic effects [3]. Additionally, Dendrobium spp. are also used as tea, salad and fermented food to satisfy people’s needs for health 
and wellness [4]. Given the high nutritional and economic value of Dendrobium spp., there is a high demand for these herbs in the 
market place [5]. 

Quality evaluation of Dendrobium spp. has been a topic of significant concern in both industry and academia [6]. With the further 
exploration of its value, the artificial cultivation industry of Dendrobium spp. has experienced unprecedented development. However, it 
still fails to fully meet the demands of the Dendrobium products market. Some unscrupulous producers use non-authentic Dendrobium 
materials as substitutes for genuine ones, resulting in intermingling of the good and the bad, which seriously affects the efficacy of 
Dendrobium and the health of consumers [7]. Additionally, due to the extensive distribution of Dendrobium spp. and the influence of 
germplasm resources, geographical environment, climate, epiphytes, etc., it exhibits various morphological differences. Furthermore, 
the lack of cultivation standard and certification standard, as well as immature production techniques, have led to highly unstable 
quality of Dendrobium products [8]. Given the importance of medicinal Dendrobium in traditional Chinese medicine, it is imperative to 
develop a comprehensive set of verification methods for authenticating Dendrobium-derived components. This is crucial for ensuring 
the safety and clinical effectiveness of Dendrobium-based medicines during quality evaluation [9]. 

At present, quality detection methods for Dendrobium include morphological identification, DNA barcoding technology, and 
spectroscopic analysis techniques [10–12]. Traditionally, Dendrobium identification is mainly based on morphological and microscopic 
identification, which involves the recognition and classification of plants through the observation and comparison of their morpho-
logical characteristics. However, this method is highly subjective and requires a significant number of professional taxonomists, 
making it challenging to be widely adopted. DNA barcoding possesses advantages such as efficiency, accuracy, and automation, but its 
application is constrained by limitations in databases, genomic complexity, phylogenetic distance, and sample quality [13]. Spec-
troscopic analysis techniques encompass a diverse array of methodologies, including various chromatography techniques, mass 
spectrometry, and their intricate coupling strategies. Among these, UPLC-MS/MS stands out for its remarkable attributes such as 
unparalleled sensitivity, unparalleled stability, extensive detection capabilities, and swift analysis speed. These exceptional features 
enable UPLC-MS/MS to achieve exceptional qualitative and quantitative analysis of numerous components present in complex sam-
ples, thus making it a powerful tool in modern analytical chemistry [14–16]. Mu et al. successfully developed an efficient UPLC-MS/MS 
technique specifically tailored for the quantitative determination of phenolic compounds in D. officinale, which exhibited remarkable 
potential in exploring and analyzing bioactive compounds present in this herb [17,18]. Wu et al. utilized UPLC-MS/MS for profiling 
and differentiating D. huoshanense, which effectively demonstrates its applicability in ensuring the quality control of this herbal 
medicine and its derived products [19]. The selection of appropriate quality markers is critical for quality control of Dendrobium using 
UPLC-MS/MS. With the development and application of modern analytical chemistry techniques, the chemical components contained 
in Dendrobium are gradually becoming known, and polysaccharides, flavonoids, alkaloids, organic acids, amino acids, and trace ele-
ments have been identified as the pharmacologically active components of Dendrobium through modern pharmacological research. 
Previous studies have explored the quality of Dendrobium based on the characteristics of polysaccharides, but the complexity of 
chemical structure and the lack of specificity of polysaccharides in Dendrobium limit its usefulness as a quality marker [20]. Finger-
printing studies have shown that the metabolites with small molecular weight in Dendrobium are influenced by factors such as origin, 
variety, environment, and age, and these specific characteristics are potential markers for different Dendrobium spp [21]. 

In this study, flavonoids (naringenin, quercetin, rutin), bibenzyl compounds (gigantol and erianin), and phenolic acid (p-coumaric 
acid) were selected as quality markers because these compounds are relatively abundant in Dendrobium and their multiple beneficial 
effects have been approved in previous research [22]. A convenient and comprehensive Dendrobium spp. identification and evaluation 
method was established based on UPLC-MS/MS, which was used to detect and identify four different Dendrobium spp. The findings of 
this study provide experimental support and theoretical basis for the detection of bioactive components in Dendrobium spp. 

2. Materials and methods 

2.1. Materials and reagents 

The chemical standards of gigantol (purity ≥98 %) and naringenin (purity ≥98 %) were bought from Weikeqi Biotechnology Co., 
Ltd. (Sichuan, China). The erianin (99.7 %) and rutin (purity ≥91.4 %) were provided by the China National Institute for Food and 
Drug Control. The quercetin (purity ≥97.1 %) and p-coumaric acid (purity ≥98.8 %) were provided by Anpel-Trace Standard Technical 
Services Co., Ltd. (Shanghai, China). The HPLC grade reagents, such as methanol, formic acid (FA), and ammonium formate (AF) were 
provided from Shanghai Aladdin Biochemical Technology Co., Ltd. 

The stems of D. officinale Kimura et Migo, D. Devonianum, D. catenatum Lindl., D. compactum Rolfe ex W. Hackett, D. fimbriatum 
Hook., D. chrysotoxum Lindl., D. crystallinum. Rchb. f., D. aphyllum (Rohb.) C. E. Fishcher. were bought from local market and verified 
by Zhejiang Provincial Institute for Food and Drug Control (Hangzhou, China). 

2.2. Instruments 

The Shimadzu LC 30A UPLC system was equipped with a 8050 triple quadruple detector (Shimadzu, Japan). This system was 
complemented by a reciprocating shaker bath (Julabo Labortechnik GmbH, Germany), a KH-500DV ultrasonic cleaner (Kunshan 
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Hechuang Ultrasonic Instrument Co., Ltd., China), and a Multifuge X1R high-speed refrigerated centrifuge (Thermo Fisher Scientific, 
USA). Additionally, high-purity water with a resistivity of 18.2 MΩ cm at 25 ◦C was obtained from a Millipore Milli-Q water system 
(Bedford, MA, USA). 

2.3. Sample preparation 

The Dendrobium spp. was accurately weighed to 200 g, pulverized using a high-speed grinder, and placed in sample bags to obtain a 
powdered sample. Subsequently, 0.1 g of the sample was thoroughly combined with 10 mL of methanol. The mixture was agitated in a 
reciprocating shaker bath at 60 ◦C for 30 min, followed by cooling. Then, it was centrifuged at 6000 g for 5 min. The supernatant was 
carefully collected, while the precipitate underwent a second extraction process using 10 mL of methanol under identical conditions. 
The supernatants obtained were subsequently combined, and additional methanol was added to attain a final volume of 20 mL. Before 
analysis, the sample was filtered through a 0.45 μm organic membrane filter (Biosharp Co. Ltd., Hefei, China). 

For the preparation of standard curves, 10 mg of reference standards, naringenin, quercetin, rutin, gigantol, erianin, and p-cou-
maric acid, were separately weighed and dissolved in methanol (HPLC grade) to a final volume of 20 mL to obtain standard stock 
solutions, which were then stored at − 20 ◦C. Further dilutions of these six standard stock solutions were conducted with methanol to 
obtain five gradient levels of standard mixtures, including 2, 5, 20, 50, and 100 ng mL− 1. 

2.4. Conditions of UPLC-MS/MS 

A T3 C18 column (100 mm × 2.1 mm, 1.8 μm) was utilized for the separation of the target compounds. The mobile phases 
comprised of (A) deionized water with a mixture of 5 % FA and 5 mmol of AF, and (B) acetonitrile. The gradient elution was set as 
follows: from the initial point to 2 min, 5 % B; from 2 to 5 min, a linear increase from 5 % to 70 % B; from 5 to 8 min, maintained at 70 
% B; and from 8 to 10 min, a linear decrease from 70 % to 5 % B. The additional parameters were set at a column temperature of 35 ◦C, 
a flow rate of 0.3 mL min− 1, and an injection volume of 4 μL. 

During mass spectrometry, electrospray ionization was employed in both positive and negative ion modes. For the quantification of 
the target analytes, multiple reaction monitoring (MRM) was utilized. The capillary probe voltage was adjusted to 1 kV, while the cone 
gas flow consisted of nitrogen with a flow rate of 3 mL min− 1. The collision gas was set to high-purity argon at 270 kPa. Additionally, 
the interface temperature was set to 200 ◦C, the heating block temperature to 300 ◦C, and the desolvation temperature to 150 ◦C. The 
qualitative and quantitative ion pairs, as well as the optimized collision energy and other specific parameters for mass spectrometry 
detection can be found in Table 1. 

2.5. Method validation 

For method validation, the linearity, sensitivity, precision, accuracy, and stability were thoroughly evaluated. To assess linearity, a 
precise quantity of the mixed standard solution was measured accurately and diluted to create a series of standard curve solutions with 
concentrations spanning from 2 to 200 ng mL− 1, including 2, 5, 10, 20, 50, 100, and 200 ng mL− 1. A standard curve was constructed by 
plotting the peak area (y) of the analyte against its corresponding concentration (x, ng⋅mL− 1). The sensitivity of the method was tested 
by determining the limit of detection (LOD) and limit of quantitation (LOQ). A series of solutions derived from a 5 ng mL− 1 mixed 
standard solution and its diluted versions were analyzed. The LOD was defined as the point where the signal-to-noise ratio (S/N) 
reached or exceeded 3, while the LOQ was set at an S/N ratio of 10 or higher. The intra-day precision and inter-day precision of the 
method were both evaluated by analyzing sample solutions spiked with varying concentrations of 2, 4, and 10 ng mL− 1. The samples 
were injected six times within 0, 2, 4, 6, 8, and 10 h on the same day to determine the compound concentrations and calculate the 
relative standard deviation (RSD) based on the standard curve, representing the intra-day precision. Additionally, the spiked samples 
were repeatedly injected for three consecutive days, and the RSD of the target compound concentrations within these three days was 
calculated, representing the inter-day precision. The accuracy was evaluated by recovery. A sample with known quantity of the target 
substances was taken and mixed with standard solutions at three concentration levels (2, 4, and 10 ng mL− 1). The extraction and 
detection were performed under optimized experimental conditions. Each set of samples was conducted in triplicate. The fortified 
concentrations were calculated based on the standard curve, and the mean recovery rate and deviation were calculated. The stability of 
the targets was further examined in triplicate at a concentration of 10 ng mL− 1 under various conditions. These conditions 

Table 1 
The optimized parameters of UPLC-MS/MS for the determination of gigantol, erianin, naringenin, quercetin, rutin, and p-coumaric acid in Dendrobium 
spp.  

Compounds Ionization mode Retention time/min Precursor ion (m/z) Product ion (m/z) CE MS1/V CE MS2/V 

Gigantol ESI+ 5.614 275.1 137.0*, 151.0 21 13 
Erianin ESI+ 5.938 319.2 151.0*, 195.1 13 13 
Rutin ESI- 4.447 609.1 299.9*, 270.9 37 60 
Quercetin ESI- 5.104 301.0 150.9*, 120.9 17 21 
Naringenin ESI- 5.330 271.1 119.0*, 150.9 25 13 
p-Coumaric acid ESI- 4.606 163.0 119.0*, 93.1 33 13  
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encompassed different storage periods at room temperature, spanning from 0 to 72 h in increments of 4, 8, 16, 24, 48, and 72 h. 

3. Results and discussion 

3.1. Optimization of sample extraction 

The overall process of this study is shown in Fig. 1. At the first stage, ultrasound-assisted extraction and water bath extraction were 
the commonly used sample preparation methods for extracting the components of Dendrobium. The extraction solvents used are mainly 
methanol and methanol-water solutions, with differences in proportion and temperature. In this experiment, the influence of different 
extraction temperatures and ratios of methanol in water on extraction efficiency was tested using MeOH-water mixtures in ratios of 7:3 
(v/v), 80 % MeOH-water (8:2, v/v), 90 % MeOH-water (9:1, v/v), and pure methanol under water bath conditions at 60, 70, and 80 ◦C, 
respectively. The concentrations of naringenin, quercetin, rutin, gigantol, erianin, and p-coumaric acid under different conditions were 
analyzed. The results (Table 2) demonstrate that solvent composition and temperature have differential impacts on the extraction 
efficiency of various compounds. For instance, the optimal extraction conditions for erianin, quercetin, naringenin, and p-coumaric 
acid were observed at 60 ◦C using methanol, yielding concentrations of 92.14, 0.68, 3.39, and 0.19 mg⋅100 g− 1, respectively. Gigantol 
and rutin showed optimal extraction at 60 ◦C using a MeOH-water (7:3, v/v) solution, with concentrations of 2.26 and 0.17 mg⋅100 
g− 1, respectively. Furthermore, it was noted that gigantol and rutin also exhibited satisfactory extraction efficiency under methanol at 
60 ◦C conditions, with concentrations of 2.17 and 0.17 mg⋅100 g− 1, respectively. Overall, methanol extraction at 60 ◦C was effective 
for most compounds, thus chosen as the pretreatment method. 

3.2. Optimization of UPLC-MS/MS 

The analysis of phenolic acids, flavonoids, and bibenzyl compounds in Dendrobium often utilizes Waters T3 C18 and BEH C18 
columns [23–25]. In this experiment, the performance of these two columns were compared in separation efficiency (Fig. 2). The 
results indicated that the T3 C18 column performed better than the BEH C18 column, with good peak shape and stable response of all 
the compounds. Consequently, the T3 C18 column (100 mm × 2.1 mm, 1.8 μm) was chosen as the optimal option for the experiment. 

The composition of the mobile phase plays a crucial role in the separation and detection of components. Therefore, the effect of 
varying mobile phase systems on separation efficiency was extensively studied, and relevant experiments were conducted using a 
mixture of aqueous and organic phases, where the organic phase was acetonitrile, and the aqueous phases were low-concentration FA 
and AF solution. Hence, in this experimental setup, the performance of three different combinations of mobile phase, water plus 
acetonitrile, water with 0.1 % FA mixed with acetonitrile, and water containing both 0.1 % FA and 5 mM AF along with acetonitrile, 
were evaluated for the detection of the Dendrobium sample, as depicted in Fig. 2. After a thorough analysis of the results, it was 
determined that employing water containing 0.1 % FA and 5 mM AF mixed with acetonitrile as the mobile phase yielded a stable 
chromatographic baseline, characterized by excellent peak shapes, stable retention times, and high separation efficiency. Therefore, 
this combination of water (0.1 % FA and 5 mM AF) + acetonitrile was adopted as the optimal mobile phase for this method. 

Utilizing UPLC-MS/MS in both positive and negative ion modes, standard solutions of the six target compounds were analyzed. 
Through parameter optimization, it was observed that gigantol and erianin exhibited comparatively good ionization efficiency, albeit 
with a slight edge in positive ion mode. Consequently, the positive ion mode was chosen as the preferred method for detecting gigantol 
and erianin. On the contrary, good responses were observed for naringenin, quercetin, rutin, and p-coumaric acid in negative ion mode, 
thus the negative ion mode was selected for these compounds. Based on the response intensities, characteristic parent and product ions, 
optimal collision energies, and optimal cone voltages were determined to establish the best mass spectrometry conditions. 

Fig. 1. The flow chart of UPLC-MS/MS based detection of gigantol, erianin, naringenin, quercetin, rutin, and p-coumaric acid in Dendrobium spp.  
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3.3. Method performance 

As evident from the validation results presented in Tables 3 and 4, all the tested compounds displayed remarkable linearity within 
the concentration range of 0.5–500 ng mL− 1, boasting correlation coefficients (R2) exceeding 0.999. In terms of sensitivity, the 
method’s LOD ranged from 0.34 to 4.17 ng mL− 1, while the LOQ ranged from 1.12 to 13.91 ng mL− 1. These results indicate that the 
method exhibits high sensitivity in detecting compounds in Dendrobium and is capable of detecting target substances with high 
sensitivity. The results of prevision demonstrated an intra-day precision of 5.2 % and an inter-day precision of 7.4 %. These results 
indicate that this method exhibits good precision and meets the requirements of the analytical determination. The accuracy of the 
method was assessed through recovery tests, revealing that the average recovery of the six target compounds ranged between 84.7 % 
and 106.9 %, with a deviation not exceeding 7.8 %. These experimental results indicate that the method possesses high recovery rates 
and excellent stability for the target compounds found in Dendrobium spp., thus fulfilling the experimental requirements. Further-
more, the stability test demonstrated that the samples remained stable, with a relative standard deviation (RSD) of ≤7.5 %, indicating 
no significant degradation of the target compounds during different storage periods. 

3.4. Sample analysis 

The collected samples were subjected to pre-treatment before being analyzed using the established UPLC-MS/MS method for the 

Table 2 
The effect of solvent composition and temperature on the extraction performance of the target compounds.   

Gigantol Erianin Rutin Quercetin Naringenin p-Coumaric acid 

MeOH-water (7:3, v/v), 60 ◦C 2.26 90.04 0.17 0.56 2.91 0.15 
MeOH-water (7:3, v/v), 70 ◦C 1.6 90.38 0.12 0.45 2.6 0.15 
MeOH-water (7:3, v/v), 80 ◦C 1.31 88.34 0.13 0.53 3.14 0.18 
MeOH-water (8:2, v/v), 60 ◦C 1.77 69.76 0.16 0.6 2.95 0.17 
MeOH-water (8:2, v/v), 70 ◦C 1.66 121.1 0.14 0.63 2.72 0.17 
MeOH-water (8:2, v/v), 80 ◦C 1.9 71.94 0.14 0.64 3.32 0.18 
MeOH-water (9:1, v/v), 60 ◦C 1.52 82.83 0.13 0.67 3.01 0.16 
MeOH-water (9:1, v/v), 70 ◦C 1.63 76.65 0.12 0.6 2.76 0.17 
MeOH-water (9:1, v/v), 80 ◦C 1.6 85.4 0.14 0.63 3.14 0.17 
MeOH-water, 60 ◦C 2.17 92.14 0.17 0.68 3.39 0.19 
MeOH-water, 70 ◦C 1.73 84.43 0.13 0.61 3.07 0.18 
MeOH-water, 80 ◦C 1.25 82.16 0.08 0.43 2.11 0.12 

Note: D. chrysotoxum Lindl. was used for optimization the extraction conditions. 

Fig. 2. The chromatogram of gigantol, erianin, naringenin, quercetin, rutin, and p-coumaric acid detected using a MRM mode based UPLC-MS/MS 
under different conditions of chromatographic columns and mobile phases. 

Table 3 
The linearity and sensitivity of UPLC-MS/MS for the determination of gigantol, erianin, naringenin, quercetin, rutin, and p-coumaric acid in Den-
drobium spp.  

Compounds Linear range (ng⋅mL− 1) Regression equation Correlation coefficient (R2) LOD (ng⋅mL− 1) LOQ (ng⋅mL− 1) 

Gigantol 0.5–500 y = 28540x+45180 0.9991 3.96 13.20 
Erianin 0.5–500 y = 168060x+304545 0.9995 4.17 13.91 
Rutin 0.5–500 y = 18650x+49260 0.9996 2.87 9.57 
Quercetin 0.5–500 y = 19208x+44567 0.9993 1.22 4.05 
Naringenin 0.5–500 y = 52800x+101428 0.9996 0.34 1.12 
p-Coumaric acid 0.5–500 y = 53736x+110388 0.9994 1.43 4.76  
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detection of phytochemicals in Dendrobium spp. The results of the analysis of bioactive compounds in eight Dendrobium spp., including 
gigantol, erianin, naringenin, quercetin, rutin, and p-coumaric acid, are presented in Table 5. Among these species, phytochemicals 
such as gigantol were detected in all eight species, ranging in concentration from 0.24 to 15.12 mg⋅100 g− 1. Erianin was only detected 
in D. fimbriatum Hook., with high concentration of 92.14 mg⋅100 g− 1. Except for D. compactum Rolfe ex W. Hackett, rutin was 
detected in all species, exhibiting concentrations varying from 0.17 to 3.89 mg⋅100 g− 1. Similarly, quercetin was identified in all 
species, with concentrations ranging from 0.28 to 15.61 mg⋅100 g− 1. Among the eight Dendrobium spp., naringenin was present in 
concentrations spanning from 0.74 to 34.74 mg⋅100 g− 1. Furthermore, p-coumaric acid was detected in all species, displaying con-
centrations between 0.18 and 1.31 mg⋅100 g− 1. Overall, Den. chrysotoxum Lindl. exhibited higher levels of benzyl compounds, while 
D. crystallinum Rchb. f. had higher levels of flavonoids. These findings suggest that different Dendrobium spp. have distinct phyto-
chemical compositions, contributing to their unique medicinal value. In conclusion, this method enables accurate and efficient 
simultaneous quantification of gigantol, erianin, naringenin, quercetin, rutin, and p-coumaric acid in Dendrobium samples. 

4. Conclusions 

The established UPLC-MS/MS method enables accurate and convenient detection of key components, such as gigantol, erianin, 
naringenin, quercetin, rutin, and p-coumaric acid, in Dendrobium spp. simultaneously. It provides a reliable scientific basis for quality 
control and safety regulation of Dendrobium spp. Different Dendrobium spp. exhibit specific variations in compound composition, with 
Den. fimbriatum Hook. having a higher content of benzyl compounds and Den. crystallinum. Rchb. f. having a higher content of 
flavonoids. These variations contribute to the unique medicinal value of each species. This study has fully utilized the advantages of 
UPLC-MS/MS technology, including its efficiency, accuracy, and sensitivity, and optimized factors such as sample pretreatment, UPLC 
conditions, and MS conditions, thereby improving the efficiency and precision of the analysis of Dendrobium spp. components. 
However, further research is needed to expand the range of sample size and sources, including samples from different geographical 
regions and under different ecological conditions, in order to reveal the diversity and variations more comprehensively. Moreover, 
exploring additional techniques and approaches is necessary to deeply investigate the active ingredients and mechanisms of action of 
Dendrobium spp., providing more comprehensive scientific support for its extensive application in medicine and healthcare. 
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