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Abstract
A fast analytical method by direct analysis in real time ionization coupled to mass spectrometer (DART-MS/MS) has been
developed for the estimate the capsaicin (CAP) and dihydrocapsaicin (DHCP) concentration in fermented pepper paste. Firstly,
these mass fragmentation schemes of CAP and DHCP by DART-MS/MS are proposed, and compared with those of electrospray
ionization source (ESI). After conducting a series of optimizations, the samples were extracted by a simple procedure using
acetonitrile, the samples extracts were then directly evaluated by DART-MS/MS without chromatographic separation. A limit of
detection (LOD) of 0.0234 and 0.0510 μg/mL was achieved for CAP and DHCP, respectively. The results obtained with the
newly developed DART-MS/MS method are in good agreement with those by the conventional ultra-high-performance liquid
chromatography-electrospray ionization-mass spectrometry method. The results showed that DART-MS/MS is a high-
throughput tool for determination of CAP and DHCP concentration in food products.
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Introduction

Szechuan cuisine is one of the famous cuisines in China, and
is also popular around the word, such as the USA, Canada,
Brazil, Peru, and Europe (UK) (Wang 2017). It is character-
ized by its unique spicy flavor and rich taste. One of the basic
seasoning used in the Szechuan cuisine is locally fermented
pepper paste (FPP). FPP is a typical product of solid-state
fermentation, which is considered an efficient process to im-
prove the flavor of food. As the flowchart outlined in Fig. 1,
the preparation of FPP mainly consists of two stages. First,
fresh local varieties of red peppers (FRP) are washed,
smashed, and soaked in brine, and make the salted peppers
(SP). Next, the SP is allowed to undergo aerobic fermentation
for about 40 days to make the FPP. The spicy taste in FPP is
attributed to the lipophilic alkaloids known as capsaicinoids.
Among the many natural capsaicinoids found in hot peppers,

two compounds namely capsaicin (CAP) (trans-8-ethyl-N-
vanillyl-6-nonenamide) and dihydrocapsaicin (DHCP) (8-
methyl-N-vanillylnonanamide) contribute to around 80–90%
of the total pungency in most chili peppers (Eich 2008).
Interest in capsaicinoids is based on its various biological
properties beneficial to human health, such as great antioxi-
dant effect, antitumor, anti-mutagenic, and antibacterial prop-
erties (Luo et al. 2011). Positive effects of capsaicinoids
against cholesterol and obesity have also been reported (Lu
et al. 2017a, b). However, it can also be toxic due to the injury
to the nervous system at high dose.

Capsaicinoids are present in peppers and are often regarded
as an indicator of aroma quality of FPP. Therefore, a simple,
sensitive, and accurate method for the determination of
capsaicinoids is of importance for both food quality and health
benefit reasons. Several analytical techniques have been used
to determine CAP content in hot peppers. For example, high-
performance liquid chromatography (Al Othman et al. 2011),
gas chromatography (Krajewska and Powers 1987), UV spec-
trophotometry (Davis et al. 2007), and a colorimetric method
based on Gibbs reagent (2,6-dichloroquinone-4-chloroimide)
(Ryu et al. 2017) that have been developed for determining
capsaicinoid concentrations. The aforementioned chromato-
graphic analysis is the most popularly used method for the
quantification of capsaicinoids in food samples. However,
chromatographic approaches have drawbacks, such as weak
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qualitative ability, tedious pretreatment, and long-lasting sepa-
ration procedure. More recently, an ambient pressure desorp-
tion ionization technique, namely direct analysis in real time
(DART), has been presented as a simple, high-throughput tool
without the use of chromatographic separation (Hajslova et al.
2011). Moreover, the DART ion source provides an open at-
mospheric pressure interface, which enables direct introduction
of samples withminimal pretreatment and increases throughput
greatly. Several novel analytical methods based on DART-MS
have been proposed to quantify dietary supplements (Kerpel
dos Santos et al. 2018), herbs (Rajchl et al. 2018; Xu et al.
2015a), and mycotoxins (Busman and Maragos 2015).
However, approaches to determine capsaicinoid levels by
DART-MS/MS in food have not been reported until now.

The purpose of the present study was to develop a novel
and rapid method to determine capsaicinoid levels in pepper
paste by DART-MS/MS during the manufacturing process
and to evaluate the quantitative performance of DART-MS/
MS in the measurement of CAP and DHCP levels during the
pepper paste manufacturing process.

Materials and Methods

Chemicals and Reagents

The CAP andDHCP standards were purchased fromChengdu
Herbpurify Co., Ltd. (Chengdu, China). Methanol, acetone,
acetonitrile, and formic acid (HPLC grade) were obtained
from Sigma-Aldrich (St. Louis, MO, USA). Ultra-high purity
helium (99.999%), used as ionizing gas, and high purity ni-
trogen (99.999%), used as MS collision gas, were obtained
from Sichuan Messer Gas Co. Ltd. (Chengdu, China).
Ultrapure water was filtered through a Milli-Q system
(Millipore, Billerica, MA, USA).

Sample Preparation

Fresh red pepper (Ejintiao variety) was procured from
Chengdu market in China. FPP samples were prepared

according to Fig. 1. In brief, a weight of 1.0 kg of pepper
was cleaned with drinking water and then drained. After re-
moving the pepper stems, it was cut into about 4.0-cm pieces.
Finally, these peppers were mixed with 12% sodium chloride
and 20% water, and ferment in a ceramic pot at 22–25 °C for
40 days. FPP samples were periodically collected at three
different stages: FRP (0 day), SP (1 day), and FPP (40 day).
Tabasco® pepper sauce and real THAI sweet chilli sauce were
obtained from a local market. About 10.0 g of each sample
was dehydrated to a constant weight using a LGJ-10N freeze
dryer (Yahuashunda Limited Liability Company, Beijing,
China). The lyophilized FRP was ground in a C-07129 labo-
ratory mill (Baozhen Limited Liability Company, Xian,
China) through a 100-mesh sieve. The powdered samples ob-
tained was stored in a freezer at − 20 °C until use.

Extraction of CAP and DHCP

A weight of 0.5 g of each lyophilized powder sample was
extracted with 10 mL of acetonitrile in a 15-mL centrifuge
tube. The extraction process was performed in a SB-
3200DTDN ultrasonic cleaning bath (Scientz Scientific,
Ningbo, China) with an output power of 180Wand irradiation
frequency of 40 kHz, followed by centrifugation at × 3000g
for 15 min at 4 °C. Subsequently, the extracted supernatant
was filtered through a 0.22-μm filter (Jinteng, Tianjin, China).

Preparation of Standard Solution

The CAP stock standard solution (106.0 μg/mL) and DHCP
stock standard solution (102.0 μg/mL) were prepared by dis-
solving each of these compounds in acetonitrile. All the stan-
dard solutions were stored at − 20 °C and brought to room
temperature before use.

DART-MS Analysis

All DART experiments were carried out on a DART SVP
ionization source (IonSense, Saugus, MA, USA) coupled to
a 3500 triple quadrupole mass spectrometer (SCIEX,
Framingham, MA, USA). A VAPUR interface was used to
guide ions from the ion source to the inlet of the mass spec-
trometer and reduce the influence of turbulence, thus improv-
ing sensitivity and reproducibility of the sample analysis. A
small diaphragm pump was used to create a vacuum in the
VAPUR interface. The direction of the DART source was
aligned with the ceramic tube leading into the Vapur interface
before the entrance to the mass spectrometer. In this study, the
distance between the exit of the DARTemitter and the ceramic
ion transfer tube connected to mass spectrometer was set at
2.8 cm. The operating conditions of the DART source were as
follows: positive mode, helium was used as the ionizing gas
and nitrogen was used in standby mode, gas temperature of

Fresh red pepper (FRP, 0 day)

Washing and smashing

Adding salt water

Salted pepper (SP, 1 day)

Fermented pepper paste (FPP, 40 days)

Fermentation

Fig. 1 The flowchart of fermented pepper paste production
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450 °C, grid electrode potential of 250 V, the input gas pres-
sure used was 0.5MPa. An acquiring module with a 12-DIP-it
sampler (IonSense) was used to introduce the samples, and
3 μL of liquid was pipetted into the glass sampling tube of
the module. Then, the 12-DIP-it module was moved into the
MS inlet at a speed of 0.6 mm/s.

The mass spectral parameters were set as follows: curtain
gas (CUR) 35 psi, collision gas medium, ion source gas 1
(GS1) 15 psi, ion source gas 2 (GS2) 20 psi, interface heater
temperature 500 °C, entrance potential (EP) 10V, declustering
potential (DP) of 80 V, and collision energy (CE) of 17 V. The
mass spectra were recorded across the range of 200–400 m/z.

Ultra-High-Performance Liquid
Chromatography-Electrospray Ionization-Mass
Spectrometry (UHPLC-ESI-MS) Analysis of CAP
and DHCP

An ultra-high-performance liquid chromatography (UHPLC)
system (Acquity system consisting of a vacuum degasser,
autosampler, a binary pump, and a PDA detector, PerkinElmer
Technologies, Billerica, MA, USA) was equipped with a
PerkinElmer C18 analytical column (2.1 × 50 mm, 1.9-μm par-
ticle size) placed in the column temperature which was set at
35 °C. The mobile phase system was a mixture of solvent A
(0.1% v/v formic acid in water) and solvent B (acetonitrile) at a
flow rate of 0.3 mL/min using the following gradient elution
program. The proportion of solvent B was linearly increased
from 20 to 100% in 2 min and kept constant for 4 min, then
dropped down to 20% in 0.1 min, and eventually led to equili-
brate with 20% solvent B for 2 min. Thus, the overall runtime
was 8.1 min, and the injection volume was 3 μL.

The mass spectral information of the analytes was obtained
using a 3500 triple quadrupole mass spectrometer controlled
by the Analyst Software (SCIEX). An electrospray ion (ESI)
source interface was used in the positive ion mode using the
following settings: curtain gas (CUR) 35 psi, collision gas
medium, ion source gas 1 (GS1) 45 psi, ion source gas 2
(GS2) 50 psi, ionspray voitage +5500 V ion source tempera-
ture 500 °C, declustering potential (DP) of 80 V, and collision
energy (CE) of 17 V. The mass spectra were recorded across
the range of 200~400 m/z. In the multiple reaction monitoring
(MRM) mode, the ions with the highest responses, namely m/
z 306.1/136.9 for CAP and m/z 307.8/136.9 for DHCP, were
selected as the quantitative ions and giving the next response,
namely m/z 306.1/181.1 for CAP and m/z 307.8/184.1 for
DHCP, were selected as the qualitative ions. The MultiQuant
3.0.2 software (AB SCIEX) was used for data analysis.

Assay Validation

In order to ensure the applicability and reliability of the
method for routine analysis, the method was validated for

specificity, linearity, matrix effects, accuracy, precision,
limit of detection (LOD), and limit of quantification
(LOQ). To assess the linearity, six-point calibration curves
were prepared using standard samples. The CAP working
standard solutions ranging from 3.31 to 106 μg/mL were
prepared by diluting the CAP stock standard solution with
acetonitrile, and the DHCP working standard solutions
ranging from 0.80 to 102 μg/mL were prepared through
serial dilution with acetonitrile.

Due to the lack of blank matrix solution (without contain
CAP or DHCP), we approximately prepared the matrix-
matched calibration solution using spiked FPP extraction so-
lution (CCAP = 5.91 μg/mL and CDHCP = 1.95 μg/mL).
Finally, the concentration range of CAP and DHCP in
matrix-matched calibration solution is 11.54–95.91 and
6.64–76.95 μg/mL, respectively. Matrix effect for FRP matri-
ce was evaluated using the ratio between the calibration curve
slopes of matrix-matched calibration standards and solvent-
based standards as follows (Lu et al. 2017b):

Matrix effect %ð Þ

¼ Slope of matrix−matched curve
Slope of solvent calibration curve

−1
� �

� 100

Signal suppression would occur if the percentage of the
difference between these slopes was negative. If it was posi-
tive, it would be indicative of signal enhancement. The LOD
and LOQwere calculated as the concentrations corresponding
to the signal-to-noise ratio (S/N) of 3 and 10, respectively. The
precision was determined by analyzing six replicates, includ-
ing three levels of CAP (6.63, 26.5, and 106 μg/mL), namely
high, middle, and low level (n = 6), and three levels of DHCP
(1.59, 12.75, and 51 μg/mL) (n = 6). The precision was
expressed as the relative standard deviation (RSD %).
According to the reference method (Xu et al. 2015b), the
recovery of CAP and DHCP were calculated by the following
equation:

Recovery %ð Þ ¼ Csm−Cm=2
Cs=2

� 100

where Csm is the spiked measurement, Cm is the measurement
of the pepper sample, and Cs is the concentration of the spiked
CAP or DHCP standard solution.

Statistical Analysis

All experiments were performed in triplicate, and average
values with standard deviation are reported. Duncan’s
multiple-range test was used to assess the statistical differ-
ences in the obtained quantitative data at α = 0.05 using the
SPSS statistical analysis software version 22.0 (SPSS Inc.,
Chicago, IL, USA).
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Results and Discussion

The Characterization of CAP and DHCP by DART-MS
and UPLC-ESI-MS

To evaluate the feasibility of quantifying the content of
CAP and DHCP in FPP by DART-MS, the results mea-
sured by DART-MS were compared with those obtained
using a classic UHPLC-ESI-MS method. First, the char-
acterization of CAP and DHCP were carried out by
DART-MS and UPLC-ESI-MS in positive ion modes
using a standard solution. The full-scan spectra of CAP
by the DART-MS method and UPLC-ESI-MS method are
shown in Fig. 2. In the DART-MS method spectrum, the
primary ion observed was [CAP+H]+(m/z 306) along with
several ion adducts as shown in Fig. 2a, the peak at m/z
323 maybe the product ion of m/z 306 plus an ammoni-
um, the peak at m/z 348 in the extract was tentatively
identified as the [CAP-2H + COOH]+ ion. The primary
ion of DHCP observed from Fig. 2b was [DHCP+H]+

along with some other adducts. The peaks at m/z 325
and m/z 368 are provisionally ascribed to [DHCP+
NH4]

+ and [DHCP+CH3COOH + H]+ ions.
Meanwhile, with the UPLC-ESI-MS method, the main ion

observed was also the parent ion at m/z 306 along with several
ion adducts (Fig. 2c), which may include [CAP+Na]+ (m/z
328), [CAP+K]+ (m/z 344), [CAP+MeCN+H]+ (m/z 347),
[CAP+MeOH+Na]+ (m/z 360), and [CAP+MeCN+Na]+ ion
(m/z 369). The [DHCP+H]+ was the main ion observed in the
spectrum shown in Fig. 2d, and there are several ion adducts,
probably including [DHCP+H2O + H]+ (m/z 326), [DHCP+
Na]+ (m/z 330), and [DHCP+K]+ ion (m/z 346). In general,
the MS spectra obtained by UPLC-ESI-MS are more compli-
cated, and the response intensity is much higher than those
with the DART-MS method. The ammonium was the typical
additive ion with the DART-MS method, whereas the metal
additive ions, such as sodium or potassium ion were present
with the UPLC-ESI-MSmethod. It is noteworthy that with the
UPLC-ESI-MS method, the m/z 301 and m/z 226 ions were
observed both in CAP and DHCP. According to the structural
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Fig. 2 The full scan mass characterization of capsaicin and dihydrocapsaicin standard solutions using the DARTsource (a and b) and ESI source (c and
d) respectively
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formula of CAP and DHCP, the fragmentation at m/z 301 may
be formed though a dimer of the vanillyl moiety (m/z 137) that
reacted with a carboxyl group to lose a water molecule.
Additionally, the m/z 226 ion may be obtained by the reaction
of the adduct ions (MeOH, K+ and H2O) of the background
ions with the vanillyl moiety (m/z 137).

The MS2 spectra of CAP and DHCP are shown in
Fig. 3. The fragmentation pathway of DART-MS/MS is
depicted in Fig. 3a, the fragmentation m/z 137 is a char-
acteristic ion peak of CAP, which is obtained by cleavage
of the C7-N8 position and rearrangement of the double
bonds of the aromatic ring structure, and the fragmenta-
tion at m/z 170 is the part of the acyl chain that results
from removing the aromatic ring. Fragmentation m/z 182
is the acyl residue of the molecule resulting from cleavage
of the benzylic carbon bond (C1-C7). Also, the m/z 153 is
likely obtained by deionizing the ammonium ion from the
m/z 170 ion. As shown in Fig. 3b, the characteristic ion
peak of DHCP was also present at m/z 137, and the afore-
mentioned CAP fragmentation pathway can also be used
for DHCP. These fragmentation patterns of CAP and
DHCP obtained by DART-MS/MS are also consistent
with those of atmospheric pressure chemical ionization
(APCI) (Schweiggert et al. 2006), and ESI (Reilly et al.
2001) as ion sources.

Optimization of the Experimental Parameters
of DART-MS/MS

Gas Temperature of the DART Ionization Source

It was found that the helium gas temperature (Nilles et al.
2010) in DART is a key factor for the ionization of
analytes. The response intensity can be used as an indicator
to evaluate the gas heater temperature on the ionization

efficiency of CAP and DHCP. The gas temperature was
increased in increments of 50 °C from 200 to 550 °C.
The intensity of CAP and DHCP at different gas heater
temperatures are shown in Fig. 4a. The response intensities
of CAP and DHCP increased significantly with the in-
crease of the temperature from 200 to 300 °C, exhibiting
the highest response intensity at 450 °C, but decreased
from 450 to 550 °C.

At lower gas temperatures (200–250 °C), the signals of
CAP and DHCP were observed, but had low intensity and
high background (data not shown). At elevated tempera-
tures (300–450 °C), the rate of evaporation and desorption
of the analytes were accelerated, the degree of ionization of
the target substance got higher and higher, and the re-
sponse intensity of the corresponding target substance
was also higher. However, at 500–550 °C, the gas temper-
ature is so high that it causes excessive rapid thermal de-
sorption or irreversible degradation resulting in loss of
analytes and lower sensitivity. Accordingly, the gas heater
temperature was set to 450 °C in the subsequent
experiments.

Effect of the Grid Electrode Voltage

The grid voltage is another important factor for the ion-
ization of analytes in DART-MS/MS. The grid electrode
has several functions during the ionization of analytes,
including acting as an ion repeller and acting to remove
ions of the opposite polarity; therefore, it prevents signal
loss by ion-ion recombination (Cody et al. 2005). These
functions often have a significant effect on eliminating
reactant ions in the atmosphere, such as NO+ ion, and in
reducing the Bchemical background^ (Borges et al.
2009). The grid voltage was increased in increments of
50 V from 100 to 400 V. The intensity of CAP and

(a) (b) 

Fig. 3 The MS2 spectra of capsaicin (a) and dihydrocapsaicin (b) using the DART source
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DHCP at different grid voltages is shown in Fig. 4b. The
response intensity of CAP increased with the increase of
the grid voltage up to 200 V, but decreased from 250 to
400 V. The response intensity of DHCP was also affect-
ed by the grid voltages, and the highest intensities was
obtained at 200–250 V. Considering that both the highest
intensity of CAP and DHCP was obtained at 200 V, the
grid voltage was set to 200 V in the subsequent
experiments.

Optimization of the Extraction Solvent

The extraction solvent is very important to the response
intensity of analytes. On the one hand, the solubility of
analytes is influenced by the polarity of extraction sol-
vents. On the other hand, the solvent can significantly
affect the ionization of GABA. Accordingly, four com-
mon solvents, including acetone, acetonitrile, methanol,
and water were used to evaluate the response intensity
of CAP and DHCP. The results are shown in Fig. 4c.

The results revealed that when the acetonitrile was the
extraction solvent, both CAP and DHCP had the highest
response intensity, followed by acetone, methanol, and
water. Therefore, acetonitrile was chosen as the extraction
solvent.

Determination of Samples

Three types of pepper samples were collected at different
steps of the fermentation process, and were analyzed
using the established method. The contents of CAP and
DHCP in the analyzed samples were calculated by the
standard calibration curves. The results are listed in
Table 1. In the different steps of the fermented pepper
production process, the contents of CAP and DHCP were
significantly decreased (P < 0.05). This decrease is likely
due to the conversion of CAP and DHCP by the action of
microorganisms during the fermentation process (Yang et
al. 2018). The capsaicinoids can be oxidized by pepper
peroxidase and converted into other substances, such as 8-
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methyl-N-vanillylcarbamoyl-6(E)-octenoic acid, 2-meth-
y l -N-van i l ly lca rbamoyl -6 (Z) -oc teno ic ac id , N-
vanillylcarbamoylbutyric acid, ω-hydroxycapsaicin, N-
vanillyl-9-hydroxy-8-methyloctanamide, and some highly
polymerized dehydrogenation products (Bernal et al.
1993), which resulting in a decrease in the content of
capsaicinoids.

The pungency is usually expressed as the Scoville
heat unit (SHU). The concentration of CAP and DHCP
can be used to calculate SHU values as they are respon-
sible for 95% of the pungency. When the scale of pun-
gency needs to be used in quality control of chili pepper
products, rapid analysis of the content of the CAP and
DHCP by DART-MS/MS would be a very practical
method. As shown in Table 1, Tabasco sauce and Thai
chill sauce are the two popular chili sauces in the USA.
The pungency of these two kinds of sauces is 132,439
and 2014 SHU, respectively. Therefore, the pungency of
FRP (2588 SHU) is between the Tabasco sauce and Thai
chill sauce. This discrepancy in pungency could be at-
tributed to differences in the pepper species and process-
ing technology.

Assay Validation

Matrix Effect

When using DART-MS/MS and UPLC-ESI-MS/MS
methods for the quantitative analysis of complex sam-
ples, the presence of matrix effects tends to adversely
affect quantification. Therefore, the evaluation of the ma-
trix effect is of great importance for the analysis of the
experimental results. Depending on the value of this per-
centage, matrix effects were classified into different cat-
egories. A strong matrix effect would occur when |matrix
effect| > 50%, and a medium matrix effect would be
when the values were 20% < |matrix effect| ≤ 50%. |ma-
trix effect| ≤ 20% was considered to be no matrix effect

(Kaczyński 2017). As shown in Table 2, the matrix ef-
fects of CAP and DHCP on the fermented pepper were
− 8.80 and − 7.03%, respectively, using the DART-MS/
MS method, while the matrix effects of the CAP and
DHCP were − 9.02 and − 14.81%, respectively, by the
UPLC-ESI-MS/MS method. Therefore, there was consid-
ered to be no matrix suppression effect by both DART
and ESI sources. Since the matrix effect almost no influ-
ence the quantification by DART-MS/MS and UPLC-
ESI-MS/MS approaches, the quantification of each com-
pound was used for the standard calibration. Notably, the
DART-MS/MS method possesses a significantly lower
matrix effect than the UPLC-ESI-MS/MS method. This
may be due to the different ionization mechanisms in
these two ion sources.

Calibration, LOD, and LOQ

The equations of the calibration curves for CAP and
DHCP with different matrices using the DART-MS/MS
and UPLC-MS/MS approaches and their corresponding
determination coefficients (R2) are listed in Table 2.
Good linearity (R2 > 0.998) was obtained for the calibra-
tion curve for each compound. The LOD for CAP and
DHCP with the DART method were 0.0234 and
0.0510 μg/mL, respectively, and the LOQ for CAP
and DHCP were 0.0859 and 0.2494 μg/mL, respective-
ly, which are 10.68 and 14.71% higher than the ESI
method, respectively.

Accuracy and Precision

In order to evaluate the practicability of determining the
CAP and DHCP in peppers by the DART-MS/MS meth-
od, the results of the DART-MS measurements were com-
pared with those obtained with the UPLC-MS method. As
shown in Table 3, with the DART-MS/MS method, the
average recovery of CAP was in the range from 86.5–

Table 1 Content of CAP and
DHCP in the samples as
determined by DART-MS and
UPLC-ESI-MS

CAP (μg/g) DHCP (μg/g) Pungency (SHU)

DART ESI DART ESI DART ESI

FRP 537 ± 22 514 ± 16 191 ± 5 192 ± 8 11,715 ± 452c 11,365 ± 373c

SP 182 ± 12 173 ± 11 66 ± 1 56 ± 1 3942 ± 209b 3692 ± 200b

FPP 116 ± 6 118 ± 5 45 ± 1 39 ± 2 2588 ± 97a 2516 ± 53a

TAB 5254 ± 201 5375 ± 213 2967 ± 207 3083 ± 244 132,439 ± 3953d 133,302 ± 9450d

RTS 77 ± 5 79 ± 5 45 ± 1 44 ± 1 2014 ± 96a 1969 ± 75a

Different letters mean significant difference (P < 0.05)

CAP capsaicin, DHCP dihydrocapsaicin, FRP fresh red pepper, SP salted pepper, FPP fermented pepper paste,
TAB Tabasco sauce, RTS real THAI chilli sauce
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88.8%, with an RSD below 7.0%. The average recovery
of DHCP in the three samples was in the range from
85.45–89.20%, with an RSD of less than 4.0%. Thus,
there was no significant difference between the accuracy
by the two methods, and the RSD values were within an
acceptable range. Moreover, the results in Tables 2 and 3
indicate that the validation parameters of the UPLC-ESI-
MS/MS method, such as precision, repeatability, and cor-
relation coefficient are better than those of the DART-MS/
MS method. Nevertheless, compared with the UPLC-ESI-
MS method, the DART-MS/MS method is feasible with
minimal sample pretreatment without the chromatograph-
ic separation procedure. In this work, it took 24 min (n =
3) to analyze a sample using the UPLC-ESI-MS/MS
method and less than 2 min (n = 3) to analyze the same
sample by the DART-MS/MS method. Therefore, the
DART-MS/MS method can be used to determine the con-
tent of CAP and DHCP in large batches of samples.
DART-MS/MS provides a simple, rapid, and high-

throughput method for the determination of CAP and
DHCP.

Conclusion

In this study, a high-throughput method based on DART-
MS/MS was developed for the simultaneous determina-
tion of CAP and DHCP in pepper samples obtained dur-
ing the fermentation process. The optimization of the
DART-MS/MS parameters enabled the detection of CAP
and DHCP at levels as low as 0.0234 and 0.0510 μg/mL,
respectively. The CAP and DHCP contents of the pepper
samples that were determined by the DART-MS/MS
method were consistent with those obtained with the
UPLC-ESI-MS method. This study indicated that DART-
MS/MS can be used to greatly simplify sample prepara-
tion without the need for chromatographic separation, and

Table 3 Mean recovery (%) and
repeatability (RSD, %) (n = 6) of
CAP and DHCP from pepper
samples at three fortification
standards levels (μg/mL) using
the DART-MS and UPLC-ESI-
MS method

Analyte Method Fortification level (μg/mL) Recovery (%) RSD (%)

CAP DART-MS 6.625 86.52 4.17

26.5 87.60 6.56

106 88.83 4.81

UPLC-ESI-MS 6.625 87.37 3.18

26.5 88.65 6.43

106 90.50 3.89

DHCP DART-ESI-MS 1.594 85.45 2.99

12.75 87.94 1.58

51 89.02 3.10

UPLC-ESI-MS 1.594 85.15 1.88

12.75 89.83 2.87

51 90.73 3.03

CAP capsaicin, DHCP dihydrocapsaicin

Table 2 The matrix-matched calibration and limit of detection

Analyte Matrix Method Equation of calibration curve R2 Matrix effect (%) LOD (μg/mL) LOQ (μg/mL)

CAP Acetonitrile DART-MS y = 2963.09x − 3157.17 0.9988 – 0.0234 0.0859

UPLC-ESI-MS y = 4415.31x − 5934.95 0.9983 – 0.0209 0.0740

FPP DART-MS y = 2702.28x − 21,944.18 0.9987 − 8.80
UPLC-ESI-MS y = 4016.94x − 949.49 0.9993 − 9.02

DHCP Acetonitrile DART-MS y = 2122.22x − 3226.51 0.9986 0.0510 0.2494

UPLC-ESI-MS y = 3827.80x −4517.35 0.9990 – 0.0435 0.1523

FPP DART-MS y = 1973.12x − 8116.63 0.9991 − 7.03
UPLC-ESI-MS y = 3260.74x + 1677.70 0.9992 − 14.81

CAP capsaicin, DHCP dihydrocapsaicin, FPP fermented pepper paste
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therefore can be used for large-scale and high-throughput
analysis.
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