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A B S T R A C T   

In this study, mangosteen peel based activated carbon was prepared and first applied as adsorbent in matrix 
solid-phase dispersion (MSPD) for simultaneously extraction of flavonoids from Dendrobium huoshanense prior to 
their separation and determination by ultra-high performance liquid chromatography coupled with quadrupole 
time-of-flight tandem mass spectrometry (UHPLC-Q-TOF/MS). The MSPD-UHPLC-Q-TOF/MS method was vali-
dated exhaustively. Good linearities (r2 ≥ 0.9929) were obtained for all target analytes. The limits of detection 
was in the range of 0.00387–0.159 μg/g. Satisfactory recoveries of six target compounds were between 80.02 and 
99.49% and 85.32–99.86% for the low and high spiked level, respectively. Furthermore, relative to other 
common sorbent, the prepared mangosteen peel based activated carbon was less expensive and more 
environmentally-friendly. Consequently, the proposed method was a simple, efficient, low-cost, eco-friendly, 
time-saving and sensitive approach that could be successfully applied to the extraction and determination of 
flavonoids compounds in complex matrix.   

1. Introduction 

Biosorbents have attracted many researcher’s interest in recent years 
for their low-cost and renewable properties (Volesky, 2007; Ali, 2012; 
Huang, Xiu, & Zhu, 2015). Nowadays, many biowastes from the agro- 
industry such as orange juice residue (Dhakal, Ghimire, & Inoue, 
2005) and persimmon peel (Inoue, Paudyal, Nakagawa, Kawakita, & 
Ohto, 2010) were used for much cheaper and more efficient biosorbents 
preparation. Among the numerous agricultural wastes, the mangosteen 
(Garcinia mangostana) fruit has been gaining attention as a biosorbent. 
Mangosteen, well known over the world as “Queen of fruits”, is a trop-
ical seasonal plant species widespread in South East Asian countries such 
as Thailand and Indonesia with many function for diseases treatment 
(Aizat, Jamil, Ahmad-Hashim, & Noor, 2019; Cui et al., 2010). However, 
60 wt% of the mangosteen fruit is mangosteen peel, generating a 
massive amount of agriculture waste (Chen, Huang, Huang, & Cai, 
2011). As a result, the mangosteen peel can be a suitable raw material 
for production of much cheaper and more efficient biosorbents because 
of the abundance and availability of this waste (Foo & Hameed, 2012). 
Mangosteen peel have been reported to be used as biomaterial for 

removal of heavy metals and as a suitable precursor for production of 
activated carbon with high profits, as they are sustainable, renewable, 
and low-cost materials (Foo & Hameed, 2012; Chen, Huang, Huang, & 
Cai, 2011; Zein, Suhaili, Earnestly, Munaf, & Hazard, 2010). To the best 
of our knowledge, the mangosteen peel based activated carbon was 
commonly used to remove toxic elements from water. No literature have 
been reported about the application of mangosteen peel based activated 
carbon in the extraction field, especially in the extraction of bioactive 
compounds from complex matrix. 

Matrix solid-phase dispersion (MSPD) is a simple and rapid sample 
pretreatment technique introduced by Barker in 1989 (Barker, Long, & 
Short, 1989). This technology can integrate sample extraction, homog-
enization, separation and clean-up into a single step (Capriotti, Cav-
aliere, Gubbiotti, Samperi, & Lagana, 2010). It can be applied for 
simultaneously extraction of target analytes from solid, semi-solid and 
viscous samples (Capriotti et al., 2010; Barker, 2007). In MSPD pro-
cedure, the sample is blended with a sorbent material to disrupt the 
sample and facilitate the interactions between the dispersant and sam-
ple. The obtained homogeneous mixture is transferred to a column and 
the target analytes are eluted by a small volume of elution solvent (Li 
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et al., 2017; Wang et al., 2015). Compared with conventional sample 
preparation methods, MSPD can extract samples under normal tem-
perature and pressure conditions without the need for special equip-
ment. Therefore, the MSPD technique has many advantages including 
less consumption of organic solvent and sample, easy operation and 
short extraction times (Capriotti et al., 2015; Ramos, Rial-Otero, Ramos, 
& Capelo, 2008; Hu et al., 2019). The MSPD technology has been suc-
cessfully applied to various fields such as food safety (Chen et al., 2017), 
drug analysis (León-González & Rosales-Conrado, 2017), and natural 
product extraction (Peng et al., 2016). Dispersant is an important factor 
in MSPD extraction procedure. Many different sorbent materials have 
been used in MSPD procedures such as carbon-based, silica gel, Florisil 
and nanoparticles (Capriotti et al., 2015). However, the application of 
biosorbent in the MSPD procedure is scant. Since the biosorbent is a 
renewable, cost-effective and environmental material, it is a better 
choice to use the biosorbent in MSPD. 

Dendrobium huoshanense (Orchidaceae), a Dendrobium species, also 
known as “soft gold,” is the most expensive species of Dendrobium (Zhao 
et al., 2017). It is an endangered medicinal plant distributed in Huoshan 
County, Anhui, China, because of its unique growth environment and 
slow growth rate. It has been used as traditional Chinese medicine and 
functional food for hundreds of years due to its various functions such as 
enhancing immunity, nourishing the kidney, inhibiting tumor growth, 
benefiting the stomach, prevent ophthalmic disorders, resisting cancer, 
and prolonging life (Wu et al., 2016; Wang, Luo, Chen, Zha, & Wang, 
2014; Tian, Zha, & Luo, 2015). Therefore, an effective and reliable 
analytical method is needed to systematically study its quality. Many 
studies revealed that Dendrobium huoshanense contains polysaccharides, 
alkaloids, flavonoids, and other compounds (Si et al., 2018; Yu et al., 
2017; Chang et al., 2010). The flavonoid is an important bioactive 
constituent for Dendrobium huoshanense. Thus, the flavonoid content can 
be a quality assessment criterion for Dendrobium huoshanense. Never-
theless, there are only a few reports on the identification and quality 
control of Dendrobium huoshanense, especially the determination of the 
flavonoids compounds. Therefore, it is necessary to develop a simple and 
effective method to identify and quantify the flavonoids in Dendrobium 
huoshanense. 

In this study, a carbonized biosorbent (mangosteen peel based acti-
vated carbon) was prepared and characterized by scanning electron 
microscope (SEM) and fourier transformed infrared (FT-IR). The bio-
sorbent assisted MSPD was first applied for the extraction of six flavo-
noids from Dendrobium huoshanense. A series of variables including the 
amount of sorbent, grinding time and the type of elution solvent were 
optimized. The analytes were identified and quantified by UHPLC-Q- 
TOF/MS. The sorbent used in this study was a cheap and 
environmentally-friendly material. Consequently, the proposed method 
was a simple, efficient, eco-friendly, and low-cost approach that could 
be used to extract and determine flavonoids in Dendrobium huoshanense. 

2. Experimental 

2.1. Reagents and materials 

Methanol, ethanol, acetonitrile, formic acid (HPLC grade), activated 
carbon, C18, and Florisil were all purchased from Sigma-Aldrich 
Shanghai Trading Co., Ltd. (Shanghai, China). Chromatography-grade 
ethyl acetate was obtained from Tianjin Siyou Fine Chemical Co., Ltd. 
(Tianjin, China). The Purified water used in this work was supplied by 
Hangzhou Wahaha Group Co., Ltd. (Hangzhou, China). Analytically 
pure K2CO3 and HCL were purchased from Sinopharm Chemical Reagent 
Co., Ltd. (Shanghai, China). Standards of schaftoside, isoschaftoside, 
vitexin-2-o-rhamnoside, violanthin, naringin and naringenin were pro-
vided by Shanghai Winherb Medical Technology Co., Ltd. (Shanghai, 
China), with purity of each standard higher than 98%. Each standard 
stock solution was prepared by dissolving each standard in HPLC grade 
methanol at a concentration of 1000 μg/mL. The working solutions were 

obtained by diluting the stock solutions with methanol. The Dendrobium 
huoshanense from Anhui, Dendrobium officinale from Zhejiang, Den-
drobium nobile from Guizhou, and Dendrobium chrysotoxum from Yunnan 
were acquired from a local drugstore (Zhejiang, China) and authenti-
cated by one of the authors, Prof. Jun Cao. The voucher specimens were 
deposited in the Medical College, Holistic Integrative Pharmacy In-
stitutes, Hangzhou Normal University, Hangzhou, China. The sample 
was crushed by a XB-HP pulverizer (Xiaobao Electric Appliance, Jinhua, 
China) and sieved through a no. 40 mesh. The mangosteen fruit was 
obtained from a local supermarket (Hangzhou, China). The mangosteen 
peel was acquired after its edible part was consumed. 

2.2. Instrumental conditions 

The sample was analyzed by an Agilent 1290 UHPLC system and a 
6530 Q-TOF mass spectrometry (Agilent Technologies, Santa Clara, CA). 
An Agilent Eclipse plus C18 column (1.8 μm, 50 mm × 3.0 mm i.d.) 
maintained at 35 ◦C was used to separate target analytes. The flow rate 
was set at 0.4 mL/min, and the injection volume was 2 μL. The mobile 
phase consisted of 0.1% formic acid in water (A) and methanol (B), the 
elution gradient was as follows: 0 min, 20% B; 3 min, 40% B; 5 min, 70% 
B; 6 min, 80% B; 8 min, 80% B; 9 min, 100% B. The operation conditions 
of Q-TOF MS equipped with a ESI source were as follows: drying gas 
temperature, 350 ◦C; drying gas flow, 5 L/min; nebulizer pressure, 45 
psi; sheath gas temperature, 350 ◦C; sheath gas flow, 11 L/min; capillary 
voltage, 3500 V; fragmentor voltage, 175 V; skimmer voltage, 65 V; and 
octapole RF Vpp, 750 V. Mass spectra were detected in the negative ion 
mode between m/z 100–1000. The data were recorded and analyzed 
using Mass Hunter Workstation software (version B 10.00 Qualitative 
Analysis). The morphologies of mangosteen peel powder and mango-
steen peel based activated carbon were characterized by using an SEM 
(HT7700, Hitachi, Tokyo, Japan). The infrared spectra of mangosteen 
peel powder and mangosteen peel based activated carbon were deter-
mined by FT-IR spectra, recording on a Thermo Scientific Nicolet iS5 
spectrometer (Madison, USA). 

2.3. Preparation of mangosteen peel based activated carbon 

The mangosteen peel was first washed thoroughly with deionized 
water to remove adhering dirt and inorganic matters from the surface. 
Then it was dried at temperature of 110 ◦C in an oven for 24 h. The dried 
mangosteen peel was cut, crushed and screened to a particle size of 
0.2–0.4 mm. The carbonization process was carried out in a muffle 
furnace at 450 ◦C for 2 h in a self-generated atmosphere. The obtained 
mangosteen peel biochar was ground with K2CO3 solid with the same 
mass (1:1 wt ratio) in a pestle and mortar, and then transferred to a 100 
mL porcelain crucible with cover. The mixture were burned at 900 ◦C for 
2 h under their self-generated atmosphere in the muffle furnace with a 
heating rate of 10 ◦C/min to activate the char. The obtained product was 
neutralized by boiling with 0.5 N HCl solution. Then, the sample was 
repeatedly rinsed and filtered by hot and cold distilled water until the 
pH of their filtrate approached 7.0 (Chen, Huang, Huang, & Cai, 2011). 
Finally, the activated carbon was dried at 110 ◦C for 24 h and cooled in a 
desiccator for further application. 

2.4. MSPD procedure 

A certain amount of dried Dendrobium huoshanense powder and 
activated carbon were put into an agate mortar and ground together for 
a certain time with a pestle to obtain a homogeneous mixture. Then, the 
mixture was transferred into a 1 mL SPE cartridge prefilled with a sieve 
plate at the bottom. Another sieve plate was covered on top of the 
sample mixture and gently compressed. Target analytes were eluted 
with 0.2 mL of elution solvent by using an SPE vacuum manifold. The 
eluate was collected into a 1.5 mL Eppendorf tube and centrifuged at 
13,000 rpm for 5 min before UHPLC-Q-TOF/MS analysis. 
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3. Results and discussion 

3.1. Identification of analytes 

In this study, six main components in Dendrobium huoshanense sam-
ple, including schaftoside, isoschaftoside, vitexin-2-o-rhamnoside, vio-
lanthin, naringin and naringenin were identified by UHPLC-Q-TOF/MS. 
The MS data of the six target compounds are listed in Table 1 in the 
terms of molecular formula and experimental m/z for the precursor ions, 
collision energy and characteristic fragment ions obtained by MS/MS in 
negative ion mode. The fragmentation pathway of four typical analytes 
are displayed in Fig. 1. As can be seen from Table 1, the schaftoside 
generated a [M− H]− ion at m/z 563.1400, and four major product ions 
were observed at m/z 353.0668, 383.0775, 443.0981 and 473.1085 in 
the MS/MS mode at a collision energy of 40 V. The product ions at m/z 
443.0981 and 473.1085 were obtained by losing a C4H8O4 and C3H6O3 
from [M− H]− ion by the loss of a glucose residue at different position, 
respectively. Other two product ions at m/z 353.0668 and 383.0775 
were obtained by the further loss of C4H8O4 and C2H4O2 from the 
fragment [M− H− C4H8O4]− ion at m/z 443.0981, respectively. Iso-
schaftoside presented a precursor ion at m/z 563.1402, four fragment 
ions at m/z 353.0669, 383.0778, 443.0983 and 473.1089 were ob-
tained. The fragmentation behaviours of these daughter ions were 
similar to that of schaftoside, which could be observed from Fig. 1. 
Vitexin-2-o-rhamnoside gave a molecular ion peak at m/z 577.1561, its 
MS2 data showed a predominant fragment ion at m/z 293.0459, corre-
sponding to a succession loss of C4H8O4 and C6H12O5 from the depro-
tonated molecule. The minor product ion at m/z 311.0563 was 
fragmented by the loss of C4H8O4 and C6H10O4 from [M − H]− . The 
molecular ion of violanthin at m/z 577.1555 generated a daughter ion at 
m/z 353.0662 appeared by the successive loss of C4H8O3 and C4H8O4 
from the molecular ion. Another key fragmentation ion at m/z 383.0769 
was obtained corresponding to the loss of C3H6O2 and C4H8O4 from the 
deprotonated ion. As for the naringin and naringenin, the deprotonated 
ions [M− H]− at m/z 579.1716 and 271.0613 were observed, respec-
tively. Characteristic fragment ions at m/z 271.0603 and 151.0039 were 
formed by the loss of C12H20O9 and C8H8O from the deprotonated ions, 
respectively. 

3.2. Characterization of materials 

FT-IR spectra of mangosteen peel powder and activated carbon are 
showed in Fig. 2. The FT-IR spectrum of mangosteen peel powder 
showed a broad intensive band located at around 3413 cm− 1 which due 

to the O–H stretching vibration, indicating the presence of hydroxyl 
functional groups (curve 1). The adsorption peaks at 2921 cm− 1 and 
2852 cm− 1 corresponded to the alkyl stretching vibration of C–H 
groups. The band obtained at 1743 cm− 1 was attributed to the stretching 
vibration of C––O groups. The presence of the bands at 1612 cm− 1 was 
resulted from the aromatic stretching vibration and C––C stretching 
vibration, indicating the existence of aromatic ring in the mangosteen 
peel powder. A band at 1452 cm− 1 belonged to the bending vibration of 
C–H in = CH groups and the C–C stretch (in ring) of the aromatic 
groups. A band at 1282 cm− 1 was ascribed to the bending vibration of C- 
CO. The adsorption peaks at 1157 cm− 1 and 1060 cm− 1 are character-
istics of C–C stretching vibrations and C–O stretching vibrations. As 
can be seen from the spectrum of mangosteen peel based activated 
carbon (curve 2), the spectrum of activated carbon almost showed no 
typical absorption features, only three week adsorption peaks at around 
2921 cm− 1, 2852 cm− 1 and 1093 cm− 1 can be observed. The disap-
pearance and reduction of many bands in activated carbon spectrum 
compared to mangosteen peel powder was attributed to the carboniza-
tion and activation process by high temperature and chemical reaction, 
indicating the decomposition of certain functional groups and release of 
their byproducts as volatile matter. 

The morphological characters of pristine mangosteen peel powder, 
mangosteen peel based activated carbon and commercial activated 
carbon were observed by SEM images which are displayed in Fig. 3A–F. 
It can be observed that the raw material (mangosteen peel powder) 
exhibited fibrous surface and no discernible pores were on it (Fig. 3A–B). 
As can be seen from Fig. 3C–D, the SEM surface morphology of 
mangosteen peel based activated carbon was much different from the 
precursor. The activated carbon exhibited a honeycomb-like structure 
which had many developed homogeneous pore structures on the sur-
face. Besides, the surface texture of derived carbon was dense and 
compact, and large specific surface area was also observed. The surface 
morphology of commercial activated carbon showed in Fig. 3E–F 
exhibited inhomogenous and unconspicuous pore structure. Compared 
with commercial activated carbon, the mangosteen peel based activated 
carbon possessed more small, homogeneous and compact pores. Com-
parison of two surface morphology verified substantial changes 
occurred due to carbonization and K2CO3 activation process. These 
morphological characteristics of activated carbon determined its good 
adsorption performance. 

3.3. Optimization of extraction and chromatographic conditions 

In order to obtain the satisfactory extraction performance, several 
experimental factors, including the amount of sorbent, grinding time 
and the type of elution solvent, which could influence the extraction 
efficiency of target analytes in MSPD procedure was investigated 
through single factor experiment. 

The UHPLC conditions including the elution gradient and the column 
were evaluated. The elution gradient was optimized as follows: 0 min, 
20% B; 3 min, 40% B; 5 min, 70% B; 6 min, 80% B; 8 min, 80% B; 9 min, 
100% B. The retention time of all analytes were in the range of 6–8 min. 
When increasing the elution rate, the resolutions of schaftoside and 
isoschaftoside, vitexin-2-o-rhamnoside and violanthin became worse. 
Further decreasing the elution rate, the retention time was prolonged 
with inapparent improvement of resolutions. As a result, the above 
gradient procedure was used. Two chromatographic column including 
Agilent Eclipse plus C18 column (1.8 μm, 50 mm × 3.0 mm i.d.) and 
Poroshell 120 EC-C18 column (2.7 μm, 4.6 mm × 100 mm i.d.) was also 
evaluated. When the Eclipse plus C18 column was used, the resolutions 
of analytes were much better than that of Poroshell 120 EC-C18 column. 
Thus the Agilent Eclipse plus C18 column was applied in this study. 

3.3.1. Amount of sorbent 
The amount of sorbent is a critical parameter that can influence the 

extraction performance of the MSPD process by influencing the contact 

Table 1 
The formula, molecular weight and MS/MS of six analytes in the negative ion 
mode.  

Analytes [M− H]− MS (m/z) Collision 
energy (V) 

MS/MS 

Schaftoside C26H27O14  563.1400 40 353.0668 (-C4H8O4 

-C4H8O4), 383.0775 
(-C4H8O4 -C2H4O2), 
443.0981 (-C4H8O4), 
473.1085 (-C3H6O3) 

Isoschaftoside C26H27O14  563.1402 40 353.0669 (-C4H8O4 

-C4H8O4), 383.0778 
(-C4H8O4 -C2H4O2), 
443.0983 (-C4H8O4), 
473.1089 (-C3H6O3) 

Vitexin-2-o- 
rhamnoside 

C27H29O14  577.1561 40 293.0459 (-C4H8O4 

-C6H12O5), 311.0563 
(-C4H8O4 -C6H10O4) 

Violanthin C27H29O14  577.1555 40 353.0662 (-C4H8O3 

-C4H8O4), 383.0769 
(-C3H6O2 -C4H8O4) 

Naringin C27H31O14  579.1716 40 271.0603 (-C12H20O9) 
Naringenin C15H11O5  271.0613 20 151.0039 (-C8H8O)  
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area and sample dispersion. The sorbent is used as a solid support to 
homogenize and break the sample, and also can be used to adsorb target 
analytes. A suitable amount of sorbent can provide a large interfacial 
area and strong intermolecular interaction between the sorbent and 

sample, which enables the complete adsorption of target analytes. In 
order to obtain the best extraction efficiency, different amounts of sor-
bent in the range of 10–50 mg were evaluated, the results are presented 
in Fig. S1A (see supplementary material). The other experimental 

Fig. 1. The fragmentation pathway of four typical analytes.  

L.-Q. Peng et al.                                                                                                                                                                                                                                 



Food Chemistry 365 (2021) 130545

5

parameters were fixed as follows: amount of sample, 30 mg; grinding 
time, 60 s; elution solvent, methanol. As can be seen from the graph, 
almost all the peak areas of target anayltes were increased when the 
amount of sorbent was changed from 10 to 30 mg. This might be due to 
the fact that the interfacial area and the interaction between the sorbent 
and sample were increased with the increasing of sorbent amount. The 
increased pore structure and interface area could facilitate a complete 
adsorption of sample components into sorbent, and improve the 
extraction efficiency. Besides, the insufficient dosage of dispersant made 
the dispersion of the samples difficult. However, further increasing the 
amount of dispersant from 30 to 50 mg resulted in the observation of no 
significant differences in the extraction yields. It might be possible that 
the extraction equilibrium was achieved at around 30 mg. Therefore, the 
optimum amount of sorbent was determined to be 30 mg. 

3.3.2. Grinding time 
In MSPD procedure, the sample should be homogenized and breaked 

by the sorbent to form a homogeneous new phase. The homogenization 
procedure of the sample with the adsorbent is laborious, and the 
grinding time can directly influence the homogenization process. Hence, 
for the purpose to acquire the maximum extraction efficiencies of tested 
compounds, the influence of grinding time in the extraction process was 
evaluated using six different grinding times (30, 60, 90, 120, 150 and 
180 s) in this study, with the invariability of the rest of experimental 
conditions (amount of sample, 30 mg; amount of sorbent, 30 mg; elution 
solvent, methanol). The result showed in Fig. S1B revealed that the 
extraction yields of all the target compounds were increased with the 
increasing of the grinding time from 30 to 150 s. The reason for this 
phenomenon might be that along with the increased grinding time, the 
surface contact area between sample powder and dispersant and the 
extended interaction between sample and sorbent were enhanced 
accordingly, thus the adsorption process of the tested compounds into 
the adsorbent was promoted. Besides, the homogenization procedure of 
the sample with the adsorbent was facilitated with the increasing of 
grinding time. Insufficient grinding time led to inadequate interaction 
and dispersion between the sample and solid phase during the blending 
process, which decreased the extraction efficiency of target compounds. 
Nevertheless, further increased the grinding time from 150 to 180 s, the 
chromatographic peak areas showed no significant differences for 
almost all the analytes. The possible reason was that a completed 
adsorption and the partition equilibrium of target analytes into the 
sorbent was reached at around 150 s. The peak area of violanthin was 
decreased a bit as the grinding time increased from 150 to 180 s, possible 

cause were ascribed to the excessive grinding time which could cause an 
overly strong adsorption of violanthin on the sorbent leading to the 
difficulty of the elution process. Accordingly, the grinding time was 
selected to be 150 s. 

3.3.3. Type of elution solvent 
The type of elution solvent is a crucial parameter in the MSPD 

extraction procedure. The selection of elution solvent was depended on 
many factors such as the target analytes and adsorbent. A suitable 
elution solvent can elute target analytes effectively from the MSPD 
cartridge. In order to achieve the maximal extraction efficiency of target 
compounds, the optimal elution solvent was determined by evaluating 
six kinds of elution solutions with different polarities including meth-
anol, methanol–water (80:20, v/v), methanol–water (60:40, v/v), 
ethanol, acetonitrile, and ethyl acetate in this study. The other experi-
mental parameters were fixed as follows: amount of sample, 30 mg; 
amount of sorbent, 30 mg; grinding time, 150 s. As can be observed from 
the experimental result presented in Fig. S1C, when methanol was used 
as elution solvent, the peak areas of five target analytes (schaftoside, 
isoschaftoside, vitexin-2-o-rhamnoside, violanthin and naringin) were 
higher than that of ethanol, acetonitrile, and ethyl acetate. The reason 
might be that the five target analytes are highly polar compounds, the 
polarity of methanol is higher than the polarity of other three elution 
solvent, thus, the target analytes could dissolve in methanol more easily 
according to the similarity-intermiscibility theory. The highest extrac-
tion yield of naringenin was obtained when using ethyl acetate as 
elution solvent. This was possible for the reason that the polarity of 
naringenin was much lower than other five target compounds, as a 
result, naringenin could be more easily eluted by ethyl acetate. Due to 
the high polarity, a mixed methanol–water solvent can provide good 
solubility for the five highly polar compound. As can be seen from the 
result, methanol–water (60:40, v/v) provided higher extraction yields 
than methanol–water (80:20, v/v) and methanol due to the higher po-
larity. However, the peak area of naringenin with weaker polarity was 
remarkably decreased when the methanol to water ratio decreased from 
80:20 to 60:40. What is more, when methanol–water (60:40, v/v) was 
used as elution solvent, the time of elution process was remarkably 
increased. Therefore, considering both the time saving and high 
extraction efficiency for all target analytes, methanol–water (80:20, v/v) 
was adopted as the elution solvent in the further study. 

Fig. 2. FT-IR spectra of mangosteen peel powder (1) and activated carbon (2).  
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3.4. Comparison with other adsorbents 

In order to evaluate the adsorption performance of mangosteen peel 
based activated carbon, the extraction efficiency of the biosorbent for 
the six target analytes was compared with that of commercial activated 
carbon, C18 and Florisil. The other experimental parameters were fixed 
as follows: amount of sample, 30 mg; amount of sorbent, 30 mg; 
grinding time, 150 s; elution solvent, methanol–water (80:20, v/v). As 

can be seen from Fig. S1D, the mangosteen peel based activated carbon 
provided higher or similar extraction yields for schaftoside, isoschafto-
side, vitexin-2-o-rhamnoside, violanthin and naringin comparing with 
other three sorbents, while the highest extraction yield of naringenin 
was obtained when Florisil was used as sorbent. Worst extraction effi-
ciency was observed when commercial activated carbon was applied. 
Considering the high extraction efficiency for all target analytes, the 
mangosteen peel based activated carbon was a suitable sorbent for the 

Fig. 3. The SEM images of pristine mangosteen peel powder (A, B), mangosteen peel based activated carbon (C, D) and commercial activated carbon (E, F).  
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extraction of target analytes from Dendrobium huoshanense. Therefore, 
the mangosteen peel based activated carbon not only had unique ad-
vantages including sustainable, renewable, cost-effective and 
environmentally-friendly properties, but also provided higher or similar 
extraction yields than common commercial adsorbent. 

3.5. Comparison of the proposed method with previously reported 
methods 

In order to evaluate the performance of the proposed carbonized 
biosorbent assisted MSPD combined with UHPLC-Q-TOF/MS method, 
the comparison among the proposed method and other five previously 
reported methods including pressurized liquid extraction combined with 
UPLC (Xu, Zhao, Qian, Guan, & Li, 2010), SPE combined with HPLC- 
DAD-MS (Yang et al., 2007), UAE combined with HPLC-DAD (Zhu 
et al., 2019; Zheng et al., 2018), and UAE combined with UHPLC-ESI- 
MS/MS (Zhou, Xie, Lei, Huang, & Wei, 2018) for extraction and deter-
mination of active compounds in Dendrobium samples was performed. 
The results are listed in Table S1. As can be observed from the table, the 
five previously reported methods required a large amount of sample 
(0.1–1 g) and organic solvent (4.14–60 mL), and long extraction time 
(15–120 min). The LODs of pressurized liquid extraction combined with 
UPLC and SPE combined with HPLC-DAD-MS methods were in the range 
of 60–2440 ng/mL and 40–600 ng/mL, respectively, indicating the low 
sensitivities of these methods. Whereas the proposed MSPD-UHPLC-Q- 
TOF/MS method consumed less amount of sample (0.03 g), less vol-
ume of organic solvent (200 μL), and less extraction times (2.5 min). The 
high sensitivity of the proposed method was obtained with the LODs in 
the range of 0.00387–0.159 μg/g. Moreover, a renewable, cost-effective 
and environmental friendly adsorbent, mangosteen peel based activated 
carbon, was used in the present method. Therefore, the established 
carbonized biosorbent assisted MSPD combined with UHPLC-Q-TOF/MS 
was a time-saving, cost-effective, sensitive and environmentally friendly 
method for extraction and determination of active compounds in Den-
drobium samples. 

3.6. Method evaluation 

3.6.1. Analytical performances 
The linearity, precision and sensitivity of the proposed method for 

extracting target compounds from Dendrobium huoshanense samples by 
MSPD coupled with UHPLC-Q-TOF/MS were evaluated under the above 
optimum experimental conditions. All evaluations were performed in 
triplicate. The results are summarized in Table 2 in terms of calibration 
levels, precisions (intra- and inter-day), limit of detection (LOD) and 
limit of quantification (LOQ). The calibration curve of each target ana-
lytes was obtained by plotting the areas of corresponding chromato-
graphic peaks versus a series concentrations of analyte over the range 
from 0.667 to 333 μg/g for schaftoside, isoschaftoside, vitexin-2-o- 
rhamnoside, violanthin and naringin, and 0.333–66.7 μg/g for nar-
ingenin, respectively. Good linearity for each analyte was obtained over 

the linear range of 0.667–333 μg/g for schaftoside, isoschaftoside, 
vitexin-2-o-rhamnoside, violanthin and naringin, and 0.333–66.7 μg/g 
for naringenin, with all the coefficient of determination (r2) values in 
excess of 0.9929. To evaluate the effect of real matrix on the extraction 
of target analytes, the matrix effect of the proposed MSPD method for 
the favonoids in real sample was studied. The matrix effect was evalu-
ated by the assessment of signal suppression or enhancement for each 
favonoids. The matrix effect that was defined as the ratio of the slope of 
calibration curve for spiked Dendrobium samples and the slope of the 
authentic standard solutions. The matrix effect (%) = Slope of tested 
favonoids in matrix-matched standards/Slope of favonoids in standard 
solution × 100%. as can be seen from Table 2, the matrix effect values 
were in the range of 95.32–101.3%, indicating no significant interfer-
ence for the sample matrix to the extraction of favonoids by the pro-
posed MSPD procedure. Therefore, the proposed method was suitable 
for extracting the favonoids in complex samples. The intra- and inter- 
day precision were assessed by measuring samples spiked with 3.3, 10 
and 30 μg/g of each analyte six times in one day and twice a day for 
three consecutive days, respectively. The intra- and inter-day RSDs were 
less than 2.104 and 7.760, respectively. The result indicated that the 
precision of the developed method was acceptable. The LODs and LOQs 
were the analytes concentrations giving a signal-to-noise ratio of 3:1 and 
10:1, respectively. The values of LODs and LOQs for six target analytes 
were in the range of 0.00387–0.159 μg/g and 0.0128–0.525 μg/g, 
respectively. This indicated that method used in this study was suffi-
ciently sensitive for determination of target analytes. 

3.6.2. Analysis of samples 
For the purpose to validate the applicability of the established MSPD 

coupled with UHPLC-Q-TOF/MS method, real sample Dendrobium 
huoshanense was analyzed to evaluate the accuracy and reproducibility 
of the method under the optimized conditions. The total ion chro-
matograms (TIC) and extracted ion chromatograms (EICs) of 10 μg/mL 
mixed standard solution and optimal MSPD extract of real samples are 
shown in Fig. S2 and Fig. S3. As can be seen from Table 3, the contents of 
schaftoside, isoschaftoside, vitexin-2-o-rhamnoside, violanthin, nar-
ingin and naringenin in Dendrobium huoshanense sample were 4.50, 3.60, 
0.827, 5.00, 21.3 and 13.8 μg/g, respectively. Other three samples 
including Dendrobium officinale, Dendrobium nobile and Dendrobium 
chrysotoxum were also analyzed to confirm this method, the content of 
six analytes in three samples are shown in Table 3. Recovery was 
examined to evaluate the accuracy of the proposed method, which was 
obtained by analyzing the sample fortified with six target standard 
compounds at concentrations of 3.3 and 10 μg/g in triplicate. The spiked 
samples were prepared by adding the six standard solutions to the real 
samples, and then the resulting samples were extracted and determined 
by the optimized MSPD-UHPLC-Q-TOF/MS method. The average re-
coveries for all the analytes in four samples at two spiked levels were in 
the range of 80.02–99.49% and 85.32–99.86% with the RSDs less than 
8.65% and 6.65%, for the low and high tested concentration, respec-
tively. The recoveries for all six components at two higher 

Table 2 
Linear regression data, precision, limits of detection (LODs) and limits of quantification (LOQs) of the investigated compounds.  

Analyte Calibration curve Precision (RSD%) LOD LOQ Matrix effects 
(%) 

Calibration levels (n = 6) Intra-day n = 6 Inter-day n = 6 

r2 Slopes Intercepts Linear ranges 3.3 10 30 3.3 10 30 μg/g μg/g 
μg/g μg/g μg/g μg/g μg/g μg/g μg/g 

Schaftoside  0.9972 5 × 106 − 547239 0.667–333  1.778  1.282  1.339  7.061  5.996  5.247  0.147  0.486  95.32 
Isoschaftoside  0.9969 5 × 106 58,771 0.667–333  1.284  1.006  0.892  5.118  4.763  5.006  0.104  0.343  98.44 
Vitexin-2-o- 

rhamnoside  
0.9947 4 × 106 1 × 106 0.667–333  2.104  1.825  1.653  7.447  6.541  6.459  0.159  0.525  96.87 

Violanthin  0.9988 5 × 106 − 411188 0.667–333  1.290  1.223  1.002  7.422  6.254  6.346  0.0259  0.0855  99.63 
Naringin  0.9979 5 × 106 472,096 0.667–333  1.054  0.988  0.895  7.642  6.886  6.447  0.0217  0.0716  101.3 
Naringenin  0.9929 2 × 107 5 × 106 0.333–66.7  1.301  1.117  1.156  7.760  6.143  5.986  0.00387  0.0128  100.2  
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concentrations were > 85% with RSD <9%. The extraction efficiencies 
at the lowest concentration were lower, around 70–80%. The satisfac-
tory recoveries illustrated that the method had certain trueness. The 
reproducibility of the approach was calculated by performing three 
parallel extracts of Dendrobium huoshanense under the optimal parame-
ters. The RSDs of retention time and peak area were in the range of 0.224 
to 1.007% and 1.655 to 5.591%, respectively. These results indicated 
that the developed method had satisfactory recovery and reproduc-
ibility, thus the method was reliable and accurate enough for the 
extraction and determination of target compounds in Dendrobium 
huoshanense. 

4. Conclusions 

A MSPD methhod combined with UHPLC-Q-TOF/MS, using 
mangosteen peel based activated carbon as dispersant, was first and 
successfully applied to extract and determine active compounds from 
Dendrobium huoshanense in this study. The proposed method possessed 
many advantages such as simple operation, low consumption of sample 
and sorbent, short extraction time, low consumption of organic solvent 
and high extraction efficiency. In addition, relative to other sorbent, the 
prepared mangosteen peel based activated carbon was more economi-
cally feasible and environmentally-friendly. The method validation re-
sults revealed that the proposed method had high sensitivity, 
satisfactory accuracy and precision, and excellent reproducibility. 
Consequently, the proposed method was a simple, efficient, low-cost, 
eco-friendly, time-saving and reliable approach which could be 
applied to extract and detect the active ingredients in the medicinal 
plants. 
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León-González, M. E., & Rosales-Conrado, N. (2017). Determination of ibuprofen 
enantiomers in breast milk using vortex-assisted matrix solid-phase dispersion and 
direct chiral liquid chromatography. Journal of Chromatography A, 1514, 88–94. 

Li, J., Li, Y., Xu, D., Zhang, J., Wang, Y., & Luo, C. (2017). Determination of metrafenone 
in vegetables by matrix solid-phase dispersion and HPLC-UV method. Food 
Chemistry, 214, 77–81. 

Peng, L.-Q., Li, Q., Chang, Y.-x., An, M., Yang, R., Tan, Z., … Hu, S.-S. (2016). 
Determination of natural phenols in olive fruits by chitosan assisted Matrix solid- 
phase dispersion microextraction and ultrahigh performance liquid chromatography 
with quadrupole time-of-flight tandem mass spectrometry. Journal of 
Chromatography A, 1456, 68–76. 

Ramos, J. J., Rial-Otero, R., Ramos, L., & Capelo, J. L. (2008). Ultrasonic-assisted matrix 
solidphase dispersion as an improved methodology for the determination of 
pesticides in fruits. Journal of Chromatography A, 1212(1-2), 145–149. 

Si, H.-Y., Chen, N.-F., Chen, N.-D., Huang, C., Li, J., & Wang, H. (2018). Structural 
characterisation of a water-soluble polysaccharide from tissue-cultured Dendrobium 
huoshanense CZ Tang et SJ Cheng. Natural Product Research, 32(3), 252–260. 

Tian, C.-C., Zha, X.-Q., & Luo, J.-P. (2015). A polysaccharide from Dendrobium 
huoshanense prevents hepatic inflammatory response caused by carbon 
tetrachloride. Biotechnology & Biotechnological Equipment, 29(1), 132–138. 

Volesky, B. (2007). Biosorption and me. Water Research, 41(18), 4017–4029. 
Wang, X.-Y., Luo, J.-P., Chen, R., Zha, X.-Q., & Wang, H.e. (2014). The effects of daily 

supplementation of Dendrobium huoshanense polysaccharide on ethanol-induced 
subacute liver injury in mice by proteomic analysis. Food & Function, 5(9), 2020. 
https://doi.org/10.1039/C3FO60629E. 

Wang, Y., Sun, Y., Xu, B.o., Li, X., Wang, X., Zhang, H., & Song, D. (2015). Matrix 
solidphase dispersion coupled with magnetic ionic liquid dispersive liquid-liquid 
microextraction for the determination of triazine herbicides in oilseeds. Analytica 
Chimica Acta, 888, 67–74. 

Wu, C., Gui, S., Huang, Y., Dai, Y., Shun, Q., Huang, K., … Wei, G. (2016). Characteristic 
fingerprint analysis of Dendrobium huoshanense by ultra-high performance liquid 
chromatography-electrospray ionization-tandem mass spectrometry. Analytical 
Methods, 8(18), 3802–3808. 

Xu, J., Zhao, W.-M., Qian, Z.-M., Guan, J., & Li, S.-P. (2010). Fast determination of five 
components of coumarin, alkaloids and bibenzyls in Dendrobium spp. using 
pressurized liquid extraction and ultra-performance liquid chromatography. Journal 
of Separation Science, 33(11), 1580–1586. 

Yang, L.i., Wang, Y., Zhang, G., Zhang, F., Zhang, Z., Wang, Z., & Xu, L. (2007). 
Simultaneous quantitative and qualitative analysis of bioactive phenols in 
Dendrobium aurantiacum var. denneanum by high-performance liquid 
chromatography coupled with mass spectrometry and diode array detection. 
Biomedical Chromatography, 21(7), 687–694. 

Yu, Y., Ma, B.-j., Liu, J.-S., Yue, J.-y., Chen, H.-P., Liang, Y.-M., … Wang, G. (2017). Two 
new alkaloid metabolites produced by endophytic fungus Stagonosporopsis 
oculihominis isolated from Dendrobium huoshanense. Phytochemistry Letters, 19, 
266–270. 

Zein, R., Suhaili, R., Earnestly, F., Indrawati, & Munaf, E. (2010). Removal of Pb(II), Cd 
(II) and Co(II) from aqueous solution using Garcinia mangostana L. fruit shell. 
Materials, 181(1-3), 52–56. 

Zhao, Y., Han, B., Peng, H., Wang, X., Chu, S., Dai, J., & Peng, D. (2017). Identification of 
“Huoshan shihu” Fengdou: Comparative authentication of the Daodi herb 
Dendrobium huoshanense and its related species by macroscopic and microscopic 
features. Microscopy Research and Technique, 80(7), 712–721. 

Zheng, S., Zhu, Y., Jiao, C., Shi, M., Wei, L., Zhou, Y., … Cai, Y. (2018). Extraction and 
analysis of gigantol from dendrobium officinale with response surface methodology. 
Molecules, 23(4), 818. https://doi.org/10.3390/molecules23040818. 

Zhou, C., Xie, Z., Lei, Z., Huang, Y., & Wei, G. (2018). Simultaneous identifcation and 
determination of favonoids in Dendrobium ofcinale. Chemistry Central Journal, 12, 
40. 

Zhu, Y., Yu, J., Jiao, C., Tong, J., Zhang, L., Chang, Y., … Cai, Y. (2019). Optimization of 
quercetin extraction method in Dendrobium officinale by response surface 
methodology. Heliyon, 5(9), e02374. https://doi.org/10.1016/j.heliyon.2019. 
e02374. 

L.-Q. Peng et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0308-8146(21)01551-X/h0015
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0015
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0020
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0020
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0025
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0025
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0025
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0030
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0030
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0030
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0035
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0035
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0035
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0040
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0040
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0040
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0040
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0045
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0045
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0045
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0050
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0050
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0050
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0050
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0055
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0055
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0055
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0060
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0060
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0060
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0065
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0065
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0065
https://doi.org/10.1016/j.indcrop.2019.111752
https://doi.org/10.1016/j.indcrop.2019.111752
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0075
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0075
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0075
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0080
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0080
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0080
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0085
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0085
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0085
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0090
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0090
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0090
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0090
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0090
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0095
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0095
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0095
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0100
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0100
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0100
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0105
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0105
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0105
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0110
https://doi.org/10.1039/C3FO60629E
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0120
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0120
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0120
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0120
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0125
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0125
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0125
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0125
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0130
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0130
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0130
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0130
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0135
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0135
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0135
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0135
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0135
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0140
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0140
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0140
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0140
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0145
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0145
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0145
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0150
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0150
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0150
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0150
https://doi.org/10.3390/molecules23040818
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0160
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0160
http://refhub.elsevier.com/S0308-8146(21)01551-X/h0160
https://doi.org/10.1016/j.heliyon.2019.e02374
https://doi.org/10.1016/j.heliyon.2019.e02374

	Carbonized biosorbent assisted matrix solid-phase dispersion microextraction for active compounds from functional food
	1 Introduction
	2 Experimental
	2.1 Reagents and materials
	2.2 Instrumental conditions
	2.3 Preparation of mangosteen peel based activated carbon
	2.4 MSPD procedure

	3 Results and discussion
	3.1 Identification of analytes
	3.2 Characterization of materials
	3.3 Optimization of extraction and chromatographic conditions
	3.3.1 Amount of sorbent
	3.3.2 Grinding time
	3.3.3 Type of elution solvent

	3.4 Comparison with other adsorbents
	3.5 Comparison of the proposed method with previously reported methods
	3.6 Method evaluation
	3.6.1 Analytical performances
	3.6.2 Analysis of samples


	4 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


