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Abstract
The 2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)-pyran-4-one (DDMP), 5-hydroxymethylfurfural (HMF), furfural, and 5-
methylfurfural (MF) are the components of caramel colors with intense bitterness. In this study, a practical and simple method
for the simultaneous analysis of these four bitter compounds in caramel colors and beverages was proposed using high-
performance liquid chromatography–diode array detector–atmospheric pressure chemical ionization–mass spectrometry
(HPLC-DAD-APCI-MS). For the sample preparation, the extract efficiencies from different extract solvents and quick, easy,
cheap, effective, rugged, and safe (QuEChERS) salt pockets were compared. The correlation coefficients (R2) of all analytical
curves were ≥ 0.9914. The satisfactory recoveries ranged between 70.1% and 101.5%, with relative standard deviations ranged
from 1.7% to 9.1%. The matrix effect was evaluated, and HMF, furfural, and MF showed signal enrichment. This method was
successfully applied to the analysis of bitter compounds content in several caramel colors and beverages from a local market in
China. Four compounds were found in eight samples, with concentration ranging from 0.5 to 1058.1 mg kg−1.
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Introduction

Taste is one of the most important factors influencing the food
people choose to eat. For many years, humans mainly per-
ceive five different taste modalities: sweet, salt, umami, sour,
and bitter (Rodgers et al. 2006). Recently, 2,3-dihydro-3,5-
dihydroxy-6-methyl-4(H)-pyran-4-one (DDMP) and 5-
hydroxymethylfurfural (HMF) were identified as key bitter
compounds in bread (Jiang and Peterson 2013; Bin and
Peterson 2016). Furfural and 5-methylfurfural (MF), as bitter
compounds, were also isolated and identified from caramel

colors by our group. Bitter compounds are rejected, because
they are considered to be associated with toxicity and against
being eaten. The European Commission has set a threshold
concentration for HMF at 40 mg kg−1 for general type honey,
80 mg kg−1 for honeys of tropical origin or after blending, and
15 mg kg−1 for honey with low enzymatic levels (European
Commission 2001). The maximum levels of furfural con-
sumed as a flavor ingredient in ready-to-eat products is 50.0,
44.3, 63.2, 52.6, 32.8, 28.4, 7.0, 4.2, 21.0, and 56.4mg kg−1 in
baked food, frozen dairy, meat products, soft candy, gelatin
puddings, non-alcoholic beverages, alcoholic beverages,
gravies, hard candy, and chewing gum, respectively (Adams
et al. 1997). Therefore, it is necessary to establish a method to
assess the amounts of bitter compounds and thus to improve
the food quality. These compounds were commonly found
from sugary food products, such as sugar (Polovkova and
Simko 2017), honey (Verissimo et al. 2017), caramel colors
(Guan et al. 2011), alcoholic beverages (Monakhova and
Lachenmeier 2012), soy sauce (Wu et al. 2018), and heated
pear (Hwang et al. 2013). They also formed in various
Maillard reactions (Yu et al. 2013; Kim and Baltes 1996) via
different reaction pathways. Up to now, gas chromatography–
mass spectrometry (GC-MS) was frequently used for the de-
termination of DDMP (Zhou et al. 2014) and furfural (Moreira
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et al. 2019), while high-performance liquid chromatography–
diode array detector (HPLC-DAD) and capil lary
electrophoresis-ultraviolet were commonly used to analyze
HMF (Wu et al. 2018; Akpinar et al. 2011; Murkovic and
Pichler 2006).

Due to the complexity of the matrix, efficient sample prep-
aration and trace-level detection and identification are impor-
tant to obtain reliable results. Sample pretreatment methods to
detect these compounds commonly employed include head-
space–solid-phase micro-extraction (HS-SPME) (Verissimo
et al. 2017), solid-phase extraction (SPE) (Murkovic and
Pichler 2006), and liquid-liquid extraction (Akpinar et al.
2011; Durmaz and Goekmen 2010). In order to detect HMF
in high ionic strength samples like vinegar and soy sauce, a
two-step ultrasonic-assisted liquid-liquid micro-extraction
was reported byWu et al. (2018). Since 2003, the quick, easy,
cheap, effective, rugged, and safe (QuEChERS) method was
firstly developed by Anastassiades et al. (2003) to detect
multi-class pesticide residues. There are many follow-up re-
ports using QuEChERS to determine pesticides (Moreno-
González et al. 2018; Li et al. 2018; Tette et al. 2016) in many
food products. These food matrixes include honey, chicken,
pork, beef, egg, milk, grapes, tomatoes, wheat, melons, and
fruits. QuEChERS coupled with HPLC-MS was used to de-
tect HMF and pesticides (Tomasini et al. 2012). Kasiotis and
Machera (2017) employed QuEChERS coupled with HPLC-
DAD to determine HMF and related furfurals in honey.

To the best of our knowledge, each of these works just
reports the determination of only one or two compounds by
one method. HPLC-MS detection has been reported for the
analysis of HMF and MF, but has not been applied to DDMP
and furfural. No report was involved to simultaneously detect
these four bitter compounds using QuEChERS coupled with
HPLC-MS. Herein, this paper aimed to develop an acceptable
method for the determination of four bitter compounds in
caramel colors and beverages. In this study, the optimization
of experimental parameters for the modified QuEChERS was
carried out, and the method performances were evaluated
carefully.

Materials and Methods

Chemicals and Reagents

Furfural, 5-methylfurfural (MF), and 5-hydroxymethylfurfural
(HMF) were all bought from Aladdin Industrial Corporation
(Shanghai, China). The 2,3-dihydro-3,5-dihydroxy-6-methyl-
4(H)-pyran-4-one (DDMP) was isolated and purified using
semi-preparing liquid chromatography by our group. The iden-
tification of DDMP was in agreement with published reports
(Kim and Baltes 1996; Li et al. 2019). Methanol (≥ 99.9%) and
acetonitrile (≥ 99.9%) were all HPLC grade and obtained from

Merck (Damstadt, Germany). Dichloromethane, ethyl acetate,
acetone, and di-hydrate tri-sodium citrate (all analytical re-
agents) were all supplied by Sinopharm Chemical Reagent
Co., Ltd. (Shanghai, China). Anhydrous magnesium sulfate
and sodium chloride were all purchased from Tianjin
DAMAO Chemical Reagent Factory (Tianjin, China).
Sodium acetate anhydrous and disodium citrate were bought
from Tianjin FUCHEN Chemical Reagent Factory (Tianjin,
China) and Damas-beta International Co., Ltd. (Shanghai,
China), respectively. The water was purified on an ultrapure
water system (Millipore, Bedford, MA, USA) and used
throughout.

Caramel colors including class I, III, and IV were supplied
by Sethness-Roquette Food Ingredients Co., Ltd.
(Lianyungang, China). Various beverages with or without car-
amel colors addition were bought from local market randomly
(Guangzhou, China). All samples were stored at – 4 °C in a
freezer (BCD-610W, Qingdao Haier Co., Ltd., Qingdao,
China) for no more than 7 days before analysis.

Standard Solutions Preparation

Ten milligrams of each compound was dissolved in 10 mL of
methanol, respectively, to get stock solution of single com-
pound of 1000 mg L−1, which was stored in brown glass-
stopper bottles at – 18 °C in a freezer. Due to the different
response values of each compound in the l iquid
chromatography–mass spectrometer (LC-MS), the mixed
stock solution of four compounds in different concentrations
was prepared: 200 mg L−1 for DDMP, 100 mg L−1 for HMF,
500 mg L−1 for furfural, and 50 mg L−1 for MF. Mixed work-
ing standard solutions were prepared by appropriately diluting
the stock solution using methanol/water solution (v/v, 2080).
Successive dilutions of this working solution were prepared to
obtain a concentration gradient daily.

Sample Preparation by Modified QuEChERS

The following procedure was used to treat the caramel colors:
1.0 g caramel color was mixed with 50 mL of water in a
100-mL polypropylene tube. The mixture was vortexed with
a Vortex mixer (XW-80A, Shanghai Precision and Scientific
industrial Co., Ltd., Shanghai, China) for 1 min. Then, 2.0 mL
of the caramel color solution or beverage was mixed with 10
mL acetonitrile in a 50-mL polypropylene tube and the sample
was homogenized for 1 min. The sample was placed at − 18
°C for 10 min and then 4.0 g anhydrous magnesium sulfate
and 1.0 g sodium acetate anhydrous was added. Afterwards,
the mixture was vortexed again for 1 min and then ultrasoni-
cally extracted with ice water in the ultrasonic system
(KQ3200DA, Kunshan Ultrasonic Instruments Co., Ltd.,
Kunshan, China). The mixtures were centrifuged for 10 min
at 8000 rpm at 4 °C using a high-speed refrigerated centrifuge
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(CR22G Hitachi Limited Co., Ltd., Tokyo, Japan), and the
acetonitrile extract was collected by a 15-mL glass tube. The
extract was concentrated to dryness by gentle stream of nitro-
gen (99.0%) and the residue was dissolved by 2.0 mL
methanol/water solution (v/v, 20:80).

A C18 cartridge (500 mg/3 mL, Beijing Ruifeng
Tongchuang Analytical Instrument Co., Ltd., Beijing,
China) was employed for cleanup procedure. Initially,
the cartridge was equilibrated with 3 mL methanol and
3 mL ultrapure water. The above extracts were passed
through the cartridge at a rate of about 1 drop s−1 until
air came through the column. Then, 0.5 mL of water and
0.5 mL methanol were orderly passed through the car-
tridge in order to eliminate any interference. The sample
was eluted by passing 6 mL of methanol and collecting
all of the eluate in a glass tube. The resulting extract was
evaporated to dryness under a stream of nitrogen follow-
ed by reconstitution in 1.0 mL methanol/water solution
(v/v, 20:80). Each extract was filtered through 0.45-μm
nylon membrane filter (Ameritech Technology Tianjin
Co., Ltd., Tianjin, China) prior to the analysis by LC-
MS. Each sample measurement was performed in
triplicate.

LC-DAD-MS Conditions

High-performance liquid chromatography (HPLC) analysis
was performed with a Waters 600 pump, a Waters 2707
auto-sampler, and a Waters 2998 diode array detector
(Waters, Milford, USA), connected to an LCQ-Fleet ion-
trap mass spectrometer (Thermo Fisher Scientific, San
Jose, CA, USA). The HPLC was equipped with a 5-μm
Waters Atlantis T3 RP C18 250 × 4.6 mm column
(Waters, Milford, USA). An aliquot of 20 μL of the sample
was injected into LC-DAD-MS system for analysis with UV
detection at 284 nm. The column oven was set at 30 °C.
Mobile phases A and B were water and methanol, respec-
tively. The gradient program was as follows: 10–40% B, 0–
15 min; 40–100% B, 15–20 min; 100–10% B, 20–21 min;
and 10% B, 21–25 min. The flow rate was 1.0 mL min−1.
MS was performed with an atmospheric pressure chemical
ionization (APCI) interface in the positive ionization mode
and using the following conditions: sheath gas flow rate, 35
arbitrary units (arb); aux gas flow rate, 10 arb; discharge
current, 3.00 μA; vaporizer temperature, 350 °C; capillary
temperature, 350 °C; capillary voltage, 17.5 V; and tube
lens, 64 V. Quantification of compounds was achieved by
external standard using HPLC-DAD (monitored at 284 nm).
Confirmation was performed by comparing the retention
time with those of the analytical standards and APCI/MS,
functioning in the selected ion monitoring mode (SIM),
monitoring the [M + H]+ ions of each analyte. The selected

ions of DDMP, HMF, furfural, and MF were 145, 127, 97,
and 111 m/z, respectively.

Validation of Method

Limit of Detection and Quantification

A signal-to-noise ratio (S/N) of three in the pure solution is
used to estimate the instrumental limit of detection (LODI)
and often is used to estimate the instrumental limit of quanti-
fication (LOQI), while a signal-to-noise ratio (S/N) of three in
the matrix (caramel colors class III) is used to evaluate the
methodological limit of detection (LODM) and often is used
to evaluate the methodological limit of quantification
(LOQM).

Linearity and Matrix Effect

The external standard and calibration curve method were
used for the quantitative analysis. Standard curves were
obtained by using seven concentrations (0.1, 0.2, 0.5,
1.0, 2.0, 5.0, and 10.0 mg L−1 for DDMP, 0.05, 0.1,
0.2, 0.5, 1.0, and 5.0 mg L−1 for HMF; 0.25, 0.5, 1.0,
5.0, 10.0, and 25.0 mg L−1 for furfural; and 0.025, 0.05,
0.1, 0.5, 1.0, and 2.5 mg L−1 for MF). However, due to
the lack of corresponding internal standards of several
analytes, it was necessary to evaluate the matrix effect
of target compounds. Matrix effect is the presence of co-
extractives that can affect the ionization of the target
compounds by reducing or enhancing the detector re-
sponse compared with that produced by the analytes in
solvent (Kebarle and Tang 1993). There is no
systematical investigation and analysis about the mecha-
nism of the matrix effect, but the majority of analytical
experts believed that it probably originates from the
competition between targeted compounds and the co-
eluting un-targeted components (Tomasini et al. 2012).
The interfering species can be components of the sample,
compounds released during the pre-treatment/extraction
process, or reagents added to the mobile phase to im-
prove chromatographic resolution (Gosetti et al. 2010).
It is generally recognized as a suppression or enhance-
ment of the analytical signal by comparing the slopes in
calibration solutions prepared in solvent and in matrix. A
concentration gradient of analytes in pure solvent and
spiking into the samples was injected in to HPLC system
to obtain three calibration curves. Matrix effects were
evaluated by the following equation (Eq. 1) according
to a published report (Economou et al. 2009):

ME ¼ 1−sm
ss

� �
� 100 (1)

where ME is the matrix effect (%), Sm is the slope of
matrix-matched calibration curve, and Ss is the slope of
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calibration curve in solvent. It is considered low when
the ME values were found between − 20% and + 20%; it
is considered medium when these values were found +
20% ~ + 50% or − 50% ~ − 20%; and it is considered
high when these values were found below − 50% or
above +5 0%.

Recoveries and Repeatability

The recovery and repeatability of the method were verified by
spiking standard solution in the sample (caramel colors III)
with three levels (1 × LOQM, 2 × LOQM and 5 × LOQM,
Table 1) of four standards in six replicate experiments. The
recoveries were obtained by the following equation (Eq. 2):

R ¼ mspikedþsample−msample

mspiked
� 100% ð2Þ

where R is the recovery (%), mspiked+sample is the total
amount of compounds in spiked sample (μg), msample is the
amount of compounds in the sample itself (μg); and mspiked is
the spiked amounts of compounds (μg). Intraday and interday
RSD were performed by spiking samples at three concentra-
tion levels with six replicates in 1 day and by repeating the
spiked level of 5× LOQM for five consecutive days,
respectively

Statistical Analysis

Data given in Table 3 and Fig. S1, and 2 were means and
standard deviations of triplicate experiments. Statistical anal-
yses were carried out using statistical product and service
solutions (SPSS) 13.0 (IBM spss Inc., NY, USA) analytical
software. For all data, different letters in the same system with
different treatments indicate statistically significant differ-
ences (p < 0.05).

Results and Discussion

Stability of Studied Compounds

It has been observed that instability of the calibration standard
solution may lead to significant deviation of the results. Three
standard solutions (1.0 mg L−1 for all compounds) were kept
at − 18, 4, and 25 °C, respectively, and injected into HPLC-
MS analysis for 15 consecutive days. All the four compounds
were stable at − 18 °C and the stability study is shown in Fig.
S1 (Supplementary material). The DDMP was stable for just
about 4 and 7 days at 25 °C and 4 °C, respectively (data not
shown). That may be caused by the self-degradation thermo-
labile DDMP (Huyghues-Despointes et al. 1994). Therefore,

the mixed stock solution of four compounds was stored at −
18 °C before analysis.

Modified QuEChERS

Originally, QuEChERS method involves an extraction of
10.0-g sample with acetonitrile, followed by liquid-liquid ex-
traction, freezing, and then partitioning formed by adding a
specific salt packet, and a clean-up step by dispersive solid-
phase extraction with primary-secondary amine (PSA)
(Anastassiades et al. 2003). Based on the stability and forma-
tion pathway of studied compounds, the heat may decompose
them or promote their formation. An exothermic process
could occur in QuEChERS method by adding the salts pocket
into aqueous; therefore, the freezing is necessary before addi-
tion of salts pocket. In this study, some parameters such as
extraction solvent and salt pockets were studied and optimized
due to different chemical properties of the studied compounds.

Selection of Extraction Solvent

Four solvents including acetone, ethyl acetate, acetonitrile,
and dichloromethane were compared to assess their extraction
efficiency. The experiments were carried out on III-like cara-
mel colors by spiking standard (10.0 mg L−1 for HMF and
1.0 mg L−1 for other compounds) and then the recoveries were
obtained to select the extraction solvent. Fig. 1 shows the
effects of selected solvent on the recoveries of tested com-
pounds. The recoveries of compounds from III-like caramel
colors with solvents were analyzed by variance analysis and
results indicated that the recoveries extracted from ethyl ace-
tate and acetonitrile were apparently higher than that from
acetone and dichloromethane (p < 0.05 in all cases).
Published reports of a variety of foods have used acetonitrile
as the extraction solvent for its lesser co-extracts of matrices
components and satisfactory recovery (Tian et al. 2016; Rong
et al. 2018). In addition, the recovery of furfural from ethyl
acetate was less than 70% in comparison of acetonitrile, thus
the acetonitrile was selected as the extraction solvent.

Modified Methods Using Various Salt Pockets

The matrixes surroundings, especially for pH values, may
play an important role on the extraction of some pesticides
(Corta et al. 1999; Korta et al. 2001). Therefore, the influence
of pH on recoveries was often investigated in many reports.
The surroundings were commonly performed on the acidic,
alkaline, and the sample without pH adjustment. The glacial
acetic acid was often used to adjust the acidic medium, while
ammonium hydroxide and other alkali were used for adjusting
the alkaline medium (Korta et al. 2001). Tomasini et al. (2012)
used the ammonium hydroxide to adjust the pH values in
honey samples. However, because the addition of salt pocket
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into aqueous is an exothermic reaction, the NH4
+ inserted into

these samples may form extra DDMP andHMF fromMaillard
reaction and thus affect the analysis results. The Maillard re-
action may occur easily due to the addition of NH4

+ into these
samples consist of reduced sugar and dicarbonyl compounds
(Papetti et al. 2014). Hence, ammonium hydroxide might not
be a good option used to adjust sample pH values. In this

study, four modified methods using various salt pockets selec-
tion were employed to compare the extraction efficiency and
the results were seen in Fig. 2. The salt pockets buffered
method may affect the surrounding mildly and they were cho-
sen on basis of the commercial QuEChERS extraction prod-
ucts from Thermo Fisher scientific Co., Ltd., (San Jose, CA,
USA), the Association of Official Analytical Chemists
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Fig. 1 Effects of extraction
solvents on the recovery of
studied compounds in caramel
colors (n = 3)
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the recovery of studied
compounds in caramel colors (n =
3)
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(AOAC), and European Norm (EN). Method 1 consists of 4 g
anhydrous MgSO4 and 1 g anhydrous NaCl is the initial
QuEChERS method; method 2 consists of 4 g anhydrous
MgSO4 and 1 g anhydrous sodium acetate is the method from
AOAC 2007.01; method 3 consists of 4 g anhydrous MgSO4,
1 g anhydrous NaCl, 1 g di-hydrate tri-sodium citrate and
0.5 g disodium citrate is the method from EN 15662; method
4 consists of 4 g anhydrous MgSO4, 1 g anhydrous NaCl, and
0.5 g disodium citrate is modified according to method 3. As
seen in Fig. 2, the modified methods using different salts
pocket have significant effect on the extraction of four bitter
compounds. Recoveries of HMF obtained from four methods
were all satisfactory; however, the weak recoveries of DDMP
and furfural obtained from method 1, of furfural and MF ob-
tained from method 4, and of furfural obtained frommethod 3
were observed, which indicated that the method 2 had bal-
anced superiority to extract the studied compounds.
Therefore. the method 2 was selected to extract the studied
compounds in this study. Results also inferred that pH values
of samples may have significant effect on the recoveries of
studied compounds.

Validation of Optimized Method

Limit of Detection and Quantification

Figure S2 (supplementary material) shows the chromatogram
and mass spectrum of standard solution of 1.0 mg L−1 of four
compounds. The developed method was validated by study-
ing the LOD, LOQ, and linearity indifferent matrixes seen in
Table 1. The method showed good linearity with correlation

coefficients (R2) for four compounds between 0.9914 and
0.9996 for the analytical obtained from spiked samples after
extraction and analysis. These curves were also used for cal-
culation of the recoveries and precision.

The lower amounts of standards were spiked into blank
samples and submitted to the sample extraction procedure
detailed in BSample Preparation by Modified QuEChERS^
and then injected into HPLC-MS system until an signal to
noise (S/N) of 3 was observed to obtain actual LODs.
Compared with the LODs reported in other papers (Kasiotis
and Machera 2017; Tomasini et al. 2012; Teixido et al. 2008),
the LODs of this method is lower, which is in favor of the
determination of these compounds.

Recovery and Precision

Recovery studies were carried out using caramel color sam-
ples and cola with quantifiable compounds residues. Each
level of spiked concentration was performed six times to ob-
tain precision. The results were shown in Table 2. The recov-
eries of four compounds ranged from 70.1% to 101.5% and
intraday relative standard deviation (RSDs) from 1.7% to
9.1%. In this study, the slightly poor recovery (70.1%) of
DDMP in caramel colors was observed, suggesting the con-
cern of proposed method to monitor DDMP. This can be ex-
plained by the use of APCI as ionization source on the mass
spectrometry detector. The APCI are commonly used for the
analysis of non-polar molecules of high volatility, but DDMP
has relatively high polarity causing slightly poor recovery.
Furthermore, the European Commission (2002) criteria set
that the recovery ranged from − 50% to + 20% is acceptable

Table 1 Retention time, linearity equation, correlation coefficient, LODs, and LOQs of four compounds (n = 6)

Abbreviation Retention time
(min) ± SD

Matrix Linearity equation Correlation
coefficient/
R2

LODI/LODM
(μg L−1/μg kg−1)

LOQI/LOQM
(μg L−1/μg kg−1)

DDMP 9.16 ± 0.07 Pure solution y = 3069x + 106 0.9978 15.0 40.0

Caramel colors y = 3749x – 238 0.9963 30.0 85.0

Cola y = 3502x – 189 0.9970 20.0 60.0

5-HMF 10.65 ± 0.02 Pure solution y = 9721x − 110 0.9991 7.0 20.0

Caramel colors y = 7852x – 457 0.9955 15.0 50.0

Cola y = 8706x − 331 0.9960 10.0 30.0

Furfural 12.28 ± 0.12 Pure solution y = 3360x + 297 0.9957 25.0 65.0

Caramel colors y = 1770x – 89 0.9914 35.0 100.0

Cola y = 2242x + 144 0.9950 35.0 100.0

5-MF 17.90 ± 0.05 Pure solution y = 14,861x + 911 0.9996 4.0 15.0

Caramel colors y = 13,114x – 205 0.9964 8.0 20.0

Cola y = 14,092x + 482 0.9971 5.0 15.0

LODI and LOQI are corresponding to the LOD and LOQ of instrument in pure solution, respectively (μg L−1 ); LODM and LOQM are corresponding to
the LOD and LOQ of method in matrix respectively (μg kg−1 )
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when the spiking concentration < 1.0 μg. Therefore, this
method provides acceptable recoveries and good repeatability.
The inter-day precision was evaluated in 5 × LOQM levels
and the RSD was lower than 12.2% (data are not shown)..

Matrix Effect

Matrix interference was an inevitable factor in analytical sci-
ence field, especially in the complex food products. Fig. 3
shows the distribution ofmatrix effects for studied compounds
in caramel colors and cola with and without a cleanup step.
Results indicated that cleanup step can significantly reduce the
matrix effect of DDMP, HMF, andMF, but slightly reduce that
of furfural (still presented high signal enrichment effect in two
matrixes). After a cleanup step, Both HMF and MF showed
low signal enrichment but only DDMP presented medium
signal suppression. Except for furfural, low effects were ob-
served for other three compounds in cola. Both HPLC-electro-
spray ionization (ESI)-MS and HPCI-APCI-MS used in food
analysis revealed different matrix effects. Gosetti et al. (2010)
systematically reviewed the signal suppression or

enhancement in HPLC-MS and they concluded that the effect
is lower in APCI than ESI and a signal enhancement is mainly
observed. The high signal enrichment for HMF detection was
reported using HPLC-APCI-MS/MS in honey samples
(Tomasini et al. 2012). HMF and furfural were also deter-
mined in honey (Kasiotis and Machera 2017) and orange
juices, breakfast cereals, plum jams, biscuits, and oranges
samples (Teixido et al. 2008) using HPLC-MS, but they did
not discuss the matrix effects in detail. The calibration curves
prepared in different matrix (Table 1) were used to compen-
sate for the occurrence of ME.

Analysis of Real Samples

Once the method was established and validated, it was applied
to the analysis of four bitter compounds used for some caramel
colors and beverages. Fig. 4 displayed the typical mass spec-
trum of sample caramel colors IV. The concentrations of four
compounds in real samples shown in Table 3 suggested that
four compounds were found in eight samples. Unexpectedly,
there is too much HMF in sample of caramel color IV

DDMP HMF Furfural MF

-40

-20

0

20

40

60

)
%(

E
M

In the caramel colors without cleanup step

In the caramel colors with cleanup step

In the cola without cleanup step

In the cola with cleanup step

Fig. 3 Matrix effect observed for
the bitter compounds, employing
modified QuEChERS method
coupled with HPLC-DAD-APCI-
MS

Table 2 Recoveries and RSDs of
four chemicals with three
concentrations (n = 6)

Abbreviation Recoveries (RSDs)/% in cola beverage Recoveries (RSDs)/% in caramel colors

1× LOQM 2× LOQM 5× LOQM 1× LOQM 2× LOQM 5× LOQM

DDMP 74.9 (5.7) 80.7 (2.8) 81.3 (5.3) 70.1 (3.4) 73.3 (8.7) 80.4 (5.9)

5-HMF 94.1 (6.2) 89.0 (5.1) 91.1 (2.0) 101.5 (7.9) 98.1 (6.6) 94.2 (7.8)

Furfural 81.7 (5.9) 83.9 (9.0) 88.7 (8.5) 89.4 (9.1) 87.2 (7.6) 95.2 (7.2)

5-MF 91.5 (4.1) 89.4 (3.5) 95.5 (7.6) 88.5 (6.0) 90.4 (7.7) 91.1 (1.7)
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(1058.1 mg kg−1), dozens of times more than other com-
pounds, causing the limitation of this method in application
of the sample with extremely different contents. Hence, the
suitable diluted ratio was performed to balance all studied
compounds. DDMP was found in two caramel colors. The
sources of these two caramel colors may be related to the
caramelization or Maillard reaction between sugar and ammo-
nia. During the preparation of caramel colors class I, the sugar
would be thermal degradation into HMF (Table 3); while for
caramel colors class III and IV, carbonyl compounds could be
formed from the degradation of reducing sugars and reacted
with ammonia to form HMF or DDMP. HMF found in two

beverages may be explained by the addition of caramel colors.
In addition, furfural and MF was detected in caramel colors
and they might be the degradation products of HMF.

Conclusion

An efficient HPLC-DAD-APCI-MS method coupled with
QuEChERS extraction for the analysis of four bitter com-
pounds was developed and validated in terms of recoveries
(77.9%–107.3%) and RSDs (2.5%–9.6%). Sample prepara-
tion with an efficient extraction, followed by a rapid

Fig. 4 Samples with QuEChERS extraction pretreatment, C18 cleanup analyzed by HPLC-MS equipped with a 5 μm Waters Atlantis T3 RP C18
column. DDMP (9.16 min), HMF (10.66 min), furfural (12.28 min) and MF (17.90 min)

Table 3 Amounts of four bitter
compounds in caramel colors and
beverages (n = 3)

Samples Amounts of four compounds in caramel colors and beverages (mg kg−1)

DDMP HMF Furfural MF

Caramel colors I 1 – 0.5 ± 0.1 –

Caramel colors I 2 – 11.0 ± 0.8 NQ –

Caramel colors III 1 1.0 ± 0.3 211.0 ± 9.4 – –

Caramel colors III 2 – 77.1 ± 3.7 – –

Caramel colors III 3 – 50.4 ± 2.9 – –

Caramel colors IV 24.7 ± 1.5 1058.1 ± 52.7 10.2 ± 1.1 28.2 ± 1.5

Beverage 1 – 5.1 ± 0.4 – –

Beverage 2 – 6.8 ± 0.6 – –

Beverage 3 – – – –

– no detection, NQ have detection but lower than LOQ
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chromatographic determination to complete the entire analysis
in 25 min. This procedure is simple and shows good repeat-
ability, linearity, and sensitivity. The proposed HPLC-MS
method was successfully applied for determining the presence
of four bitter compounds in caramel colors and beverages.
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