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Abstract

Traditionally in Korea, Protaetia brevitarsis seulensis (white-spotted flower chafer) has been
used as a medicine, and recently has attracted increased attention due to its antithrombotic
efficacy. Some of spent mushroom compost or fermented oak sawdust, a feedstock for P.
brevitarsis, were contaminated with three fungicides, carbendazim, dimethomorph, and
fenoxanil, which could be transferred to the insect. This study was aimed to optimize a sim-
ple extraction method combined with liquid chromatography tandem mass spectrometry
and apply it to the real samples. After the pulverized samples (5 g) were extracted with ace-
tonitrile (10 mL) and formic acid (100 pL), fat and lipids in the samples were slowly precipi-
tated at -20°C for 24 hours. After eight different clean-up methods were investigated, the
mixture of 150 mg MgS0,/25 mg PSA/25 mg C18 was selected due to optimal recovery of
the target compounds. Recovery (77.9%—80.8% for carbendazim, 111.2%—116.7% for
dimethomorph, and 111.9%-112.5% for fenoxanil) was achieved with reasonable relative
standard deviation (<5.5%) The analytical method developed in this study was used to ana-
lyze three compounds in the 24 insect samples donated by the insect farm owners but no
target compounds were detected. These results can provide important data for establishing
the pesticide safety standards for P. brevitarsis before the medical applications.

1. Introduction

Edible insects have attracted attention as a future food source due to their high nutritional
value of fat (11.88-25.14%) and proteins (44.23-58.32%) [1]. However, the priority issue of
food safety of edible insects must be addressed such that the insects may be considered as a
safe protein source or healthy supplements in future food industries. Possible contamination
by pollutants and pesticide residues derived from their feed is a concern. Our previous studies
optimized the analytical method for recovery of several pesticides from Tenebrio molitor larva
(mealworms) [2, 3]. However, an analytical method has not been developed for pesticide anal-
ysis in Protaetia brevitarsis seulensis (white spotted flower chafer).
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P. brevitarsis is one of several edible insects including beetles, grasshoppers, honeybees,
mealworms, and silkworms that have received the Korean government support as a promis-
ing future protein source or for medicinal purposes [4]. In particular, P. brevitarsis has been
used in Korean traditional medicines [5]. Recently, this insect has attracted more attention
because it has been reported in several Asian countries that insect-derived protein hydroly-
sates have anticancer, antidiabetic, antiobesity, antioxidative, and hepatoprotective effects [6,
7]. It was also demonstrated to have antithrombotic efficacy [8] to prevent neurodegenera-
tive disease [9]. Due to its medical effect, the fast analytical method of pesticide residue in P.
brevitarsis is required in order to use the insect as nutritional supplements or medicine. It is
challenging to extract pesticides from the flower chafer because P. brevitarsis contains fat
(15-17%), protein (44%-58%) [1, 10], and various minerals including phosphorus, calcium,
magnesium, sodium, and potassium [11], which also can be interference during instrumental
analysis.

In combination with liquid chromatography tandem mass spectrometry (LC-MS/MS)
and gas chromatography tandem mass spectrometry (GC-MS/MS), modified QuEChERS
(quick, easy, cheap, effective, rugged, and safe) methods have been reported for extraction of
pesticide multiresidues from different type of matrices [12-14]. Many studies used a single
sorbent, sorbent mixture, and low-temperature precipitation to effectively eliminate fat and
lipids from a wide range of fatty samples such as avocado [15], edible insects [2, 3], meat
[16], honey bees [17], peanut oil [18], soybean-based products [19], and vegetable oils [20].
Our previous study used low temperature precipitation (-20°C) to remove large amount of
fat and lipids derived from mealworms to analyze fenoxanil, deltamethrin, and chlorpyrifos
[2]. In the clean-up procedure, C18 mixture with magnesium sulfate (MgSO,) and primary
secondary amine (PSA) gave the best recoveries after various sorbents (C18, Zirconia based
sorbent (Z-sep), Z-sep+, and EMR lipid) were investigated. However, some issues derived
from high fat contents still remain due to the different behaviors of each pesticide in diverse
samples [21]. Previous studies improved the recovery of lipophilic compounds by changing
the ratio of solvent/sample to reduce matrix effects derived from a wide range of food matri-
ces [20].

In this study, three fungicides, carbendazim, dimethomorph, and fenoxanil were selected as
target compounds. After screening 320 pesticides in the feed made from spent mushroom
compost or fermented oak sawdust for P. brevitarsis, three compounds were detected in the
several feeds from the insect farms (not published yet). Of these fungicides, carbendazim has
been applied as a broad-spectrum fungicide, to control fungal diseases in agriculture (e.g.,
cereals, grapes, lettuce, and pome and stone fruits), forestry, and veterinary medicines [22].
Dimethomorph is also widely used in more than 100 fruits and vegetables including wheat,
onions, gingers, and cucumbers and fenoxanil is generally applied for rice in Korea based on
the 2020 Pesticide Handbook [23]. However, carbendazim has been classified in the hazardous
category of chemicals by the World Health Organization [22] and appears on the priority list
of endocrine-disrupting chemicals from the European Commission [24]. Recently, it was
reported that the nondegradable nature and extensive use of carbendazim have led to accumu-
lation of carbendazim residues in the environment. In this regard, carbendazim monitoring in
food commodities is urgently required [22, 25, 26]

This study was designed to optimize the analytical method of fenoxanil, dimethomorph,
and carbendazim in P. brevitarsis using liquid chromatography tandem mass spectrometry
(LC-MS/MS). Eight different clean-up procedures were investigated to remove the large
amount of protein, fat, and minerals derived from the sample matrices. The optimized method
was applied to the 24 real samples donated by the insect farms across the nation.
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2. Materials and methods
2.1. Chemicals and solvents

Individual standards of carbendazim (98.5%), dimethomorph (98.1%), and fenoxanil (98.5%)
were obtained from Dr. Ehrenstéfer (London, UK). High performance liquid chromatography
(HPLC)-grade of methanol (MeOH), acetonitrile (MeCN), distilled water (DW), and formic
acid (CH,0,) were purchased from Merck KGaA (Darmstadt, Germany). Extraction packets
containing 4 g MgSQOy,, 1 g sodium chloride (NaCl), 1 g sodium citrate, 0.5 g disodium citrate
sesquihydrate and dispersive solid phase extraction (d-SPE) containing 1) Fatty-EN (150 mg
MgSO,4/25 mg PSA/25 mg C18), 2) Fatty-AOAC (150 mg MgSO,/50 mg PSA/50 mg C18), 3)
d-SPE-graphitized carbon black (GCB) (150 mg MgSO,4/25 mg PSA/25 mg C18/25 mg GCB),
mixture of 4) C18 20 mg/20 mg Z-sep, 5) 75 mg Z-sep alone, and 6) 75 mg Z-sep+ alone were
obtained from Supelco (Bellefonte, PA, USA). Captiva EMR—lipidTM (1 mL, 40 mg) cartridge
was from Agilent Technologies (Santa Clara, CA, USA). OASIS and a PRiME hydrophilic-
lipophilic balance (HLB) cartridge (1 cc, 30 mg) were from Waters (MA, USA). The contents
of the two cartridges are not revealed by the company.

Spiking and working calibration solutions for LC-MS/MS analysis were prepared through
dilution of the stock solutions with MeCN. All the prepared standard solutions were kept in a
freezer (-20°C) for the analysis.

2.2. LC-MS/MS analysis

A liquid chromatograph (AB SCIEX Exion LC) equipped with tandem mass spectrometers MS/
MS (AB SCIEX TQ5500) was operated for analysis of the target compounds. The analytes were
separated on a non-polar column (Halo®™ C18 2.1 mm i.d. x 100 mm L, 2.7 um particle size,
Waters, MA, USA) using mobile phase A (0.1% formic acid in DW) and mobile phase B (0.1% for-
mic acid in MeOH). Injection volume was 1 uL. The column oven temperature was operated at
40°C. The first program started with 85% of mobile phase A for 18 min. The program for fenoxa-
nil started with 75% of mobile phase B for 20 min. Detains of two different mobile phase gradient
programs displayed in S1 Table were used for analysis of carbendazim/dimethomorph (S1A
Table) and fenoxanil (S1B Table), respectively. The MS/MS was operated in negative electrospray
ionization mode and multiple reaction monitoring conditions for LC-MS/MS, as listed at Table 1.
The MS conditions were as follows: ionspray voltage of 5,500 V, nebulizer gas of 50 psi, curtain gas
of 25 psi, drying gas of 50 psi, collision gas of 10 psi, and drying gas temperature of 500°C.

2.3. Sample extraction and clean-up procedure

The sample extraction in this study was modified based on the QuEChERS method [12]. Five
grams of sample was added in a 50-mL tube and 10 mL of DW was added to the samples for

Table 1. Multiple reaction monitoring conditions of each target compound for LC-MS/MS analysis.

Target Compounds Retention Time (min) Qualitative Ion/ Confirmation Ion (m/z) CE* (V)
Carbendazim 3.4 192.1>160.1 25
192.1>132.0 41
Dimethomorph 7.1/7.6 388.0>301.0 24
388.0>165.0 14
Fenoxanil 17.0 329.0>302.1 17
329.0>86.0 31

*CE: collision energy.

https://doi.org/10.1371/journal.pone.0258266.t001
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moisturizing. The samples were left for half an hour before adding 10 mL of MeCN. Then,
samples were vigorously shaken by a Geno grinder (SPEX. Centiprep 1600 Mini G) for 1 min.
The extraction packet was added to the sample and vigorously shaken by the grinder for 1
min. After the samples were centrifuged at 3,500 rpm for 15 min, they were stored at -20°C for
24 hours to effectively remove fat and lipid before further clean-up.

Several different clean-up procedures were compared by obtaining recovery rates. Spiking
level was at 0.05 mg/kg. The eight methods are described as follows: 1) d-SPE Fatty-EN; 2) d-
SPE Fatty-AOAC; 3) d-SPE-GCB; 4) dSPE Z-sep/C18; 5) d-SPE Z-sep; 6) Z-sep+; 7) SPE
EMR-lipid; and 8) SPE PRiME HLB. For clean-up, 1 mL of the extract upper layer was trans-
ferred into d-SPE (from 1 to 7 clean-up procedure) tube containing the mixture and shaken by
vortexing for 1 min. Then, the samples were centrifuged at 12,000 rpm in 15 min. For SPE
clean-up (7 and 8), 1 mL of the extract upper layer was transferred into a SPE cartridge and
eluted into the 2-mL tube. All of the samples were filtered using a 0.22-pm syringe filter (PTFE
filter membrane, Techno Plastic Products, Switzerland) before the analysis by LC-MS/MS. Fig
1 shows the final optimized method in this study.

2.4. Analytical method validation

The analytical method developed in this study was validated by obtaining mean recovery (%)
and relative standard deviation (RSD, %) for evaluation of its accuracy, precision, repeatability,
and reproducibility. All the experiments were carried out in triplicate at each spiking level.
Repeatability and reproducibility were also confirmed by conducting recovery tests in another
day (Intraday). At two spiking levels of 0.01 mg/kg and 0.05 mg/kg, recovery was obtained by
plotting matrix-matched standards for LC-analysis. The fortification levels were decided due
to the introduction of Positive List System (PLS) in Korea. Based on the PLS, in case that the
pesticide in some food does not have maximum residue level (MRL) yet, they should follow
one standard which is less than 0.01 mg/kg. Matrix-matched standards played an important
role in minimizing the error occurring by instrumental signal enhancement or suppression by
mixing blank matrix extracts with a solvent standard solution. For quantitative analysis of tar-
get compounds, the mixture of matrix-matched standards was prepared at the levels of 0.001,
0.0025, 0.005, 0.01, and 0.025 mg/kg. Linearity, limit of detection (LOD), and limit of quantita-
tion (LOQ) were evaluated by plotting each matrix-matched calibration curve. LOD and LOQ
were also calculated to be the lowest concentration having an S/N ratio with a peak of quantita-
tive ion above 3 and 10 respectively. Finally, the 24 insect samples collected from the farms
were analyzed using the method optimized in this experiment.

Matrix effect (ME) (%) was determined based on the following equation,

slope of matrix — matched standards curve

ME (%) = — 1) x100
( )

slope of solvent standards curve

When the ME is around 0%, there is no matrix effect on the analytical results. When the
ME is greater than 0%, there is ion suppression and when the ME is less than 0%, there is ion
enhancement.

3. Results and discussion
3.1. Selection of a gradient program

Simultaneous analysis of the three compounds using LC-MS/MS after using the same extrac-
tion method is ideal. Therefore, several gradient programs were investigated in this study, but
it is challenging to optimize one gradient program for simultaneous analysis. Finally, different
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S5g Pulverized Samples
in 50 mL tube

Add 10 mL DW

Moisturizing for 30 min

Add 10 mL MeCN

Shaking for 1 min

Extraction Packet

4 ¢ MgSO,

1 g NaCl

1 g Na3Cm2H20
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Shaking for 1 min
& Centrifugation
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(-20°C, 24 h)
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50 mg C18

Vortexing for 1 min
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(12,000 rpm, 10 min)
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Preparation of Matrix Matched
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LC-MSMS

Fig 1. Sampling procedure optimized in this study.
https://doi.org/10.1371/journal.pone.0258266.9001
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Fig 2. Chromatograms achieved with matrix-matched standards (0.01 mg/kg) of each compound after the clean-up procedure using a gradient program (A)
generally used for multiresidue analysis, and (B) used for fenoxanil.

https://doi.org/10.1371/journal.pone.0258266.9002

gradient programs with the same column and eluents were selected for carbendazim/dimetho-
morph (Fig 2A) and fenoxanil (Fig 2B). Using a multiresidue analysis program used in our
group, carbendazim and dimethomorph showed a Gaussian peak shape and good sensitivity.
Unlike the other two compounds, fenoxanil gave peak splitting, causing low response. Previ-
ous studies on multiresidue analysis generally quantified fenoxanil with a split peak even
though it was less sensitive [27, 28]. However, with a different program (S1B Table), fenoxanil
gave a Gaussian peak shape and better response while carbendazim showed peak fronting and
splitting. In this program, the amount of organic eluent in the beginning of program was
decreased from 85% to 75% and flow rate was also decreased from 0.3 mL/min into 0.1 mL/
min.

3.2. Investigation of clean-up methods

Recovery of carbendazim, dimethomorph, and fenoxanil achieved after eight different clean-
up procedures with the extract at the spiking level of 0.05 mg/kg is shown in Fig 3 and S2
Table. Protein and fat contents of edible insects proved the greatest interference challenge
when pesticide residues are extracted from P. brevitarsis. This study investigated various clean-
up methods, which have been applied for meal worms, because each pesticide responds differ-
ently when it is extracted from different samples. In this study, the mixture containing 150 mg
MgSO,4/25 mg PSA/25 mg C18 gave the best recovery for the target compounds, which is con-
sistent with the previous study that successfully removed fat and lipids from meal worms [2].
For the analysis of tryphenlylene and chrysene in a wide range of foods such as those of animal
origin with a moderate to high fat content, infant foods, and plant-derived products, the
Z-Sep, mixture of MgSO,/PSA/C18, and EMR-lipid were compared but the mixture was
selected for clean-up due to the cost-effectiveness and the availability of ready-to-use Kkits.
Fatty-AOAC contained more PSA (25 mg more) and C18 (25 mg more) but recovery did not
vary greatly from those of the Fatty-EN method. Several studies also investigated the efficiency
of the EMR substances in pesticide analysis in terms of fat removal [21, 29].

Both SPE (PRiME HLB and EMR lipid) cartridges are suitable for removal of a large
amount of fat, but the contents of both cartridges are proprietary. PRIME HLB has been
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Fig 3. Recovery (n = 3) obtained after eight different clean-up procedures with the supernatants of acetonitrile extract. Spiking level was at

0.05 mg/kg.

https://doi.org/10.1371/journal.pone.0258266.9g003

reported to successfully eliminate various sources of interference including protein and fat for
polar compounds such as glyphosate [30-32]. In this study, PRIME HLB gave low recoveries
(27.9%-44.9% =+ 1.6%-4.5%) for all of the target compounds. It was assumed that the material
in the cartridge can retain the analytes of interest as well as the interference.

The three d-SPE (C18/Z-sep, Z-sep and Z-sep+) also investigated in this study (Fig 3) gave
very low recoveries (33.5%-34.4% + 1.7%-3.6% with C18/Z-sep, 25.0%-35.9% * 2.4%-5.6%
with Z-sep, and 23.4%-37.7% * 2.1%-4.9% with Z-sep+). Z-sep is designed for removal of fat
matrices and pigments and Z-sep+ is an advanced version of Z-sep but it was concluded that
Z-sep and Z-sep+ absorbed the target compounds in this study.

GCB can effectively remove pigments (chlorophyll) [33]. A previous study showed that the
addition of GCB to PSA and MgSO, in the procedure of removal of chlorophyll from olive
extracts increased from 64% of co-extractives (by weight) to 75% without compromise of
recoveries [34]. However, it is not generally used in multiresidue analysis because it strongly
adsorbs pesticides with planar ring structures such as carbendazim, chlorothalonil, thiabenda-
zole, and hexachlorobenzene [35]. This study demonstrated that GCB completely retained car-
bendazim (no recovery obtained) but gave good recoveries for dimethomorph (96.6% + RSD
1.9%) and fenoxanil (95.4% + RSD 4.8%).

3.3. Matrix effect and method validation

MEs (%) are a major issue in quantitative analysis by LC-MS/MS because they can have a nega-
tive effect on accuracy, precision, and sensitivity of the analytical method applied. In this
study, the MEs were determined for each target compound in P. brevitarsis after eight different
clean-up procedures (Fig 4). The values of the matrix effect for all the target compounds are
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https://doi.org/10.1371/journal.pone.0258266.9004

shown in Fig 4 and S2 Table. The MEs obtained in this study showed signal suppression,
which is consistent with the fact that matrix co-eluting compounds in LC-MS/MS generally
cause signal suppression while those in GC-MS/MS mainly lead to signal enhancement [36,
37]. As other studies have demonstrated 35, 38, 39], the MEs in this study were variable from
compound to compound. Carbendazim gave the values from -65.4% to -31.4%. EMR Lipid
clean-up gave the largest value, -65.4% for carbendazim. The mixture containing 150 mg
MgSO,4/25 mg PSA/25 mg C18, which was selected for clean-up in this study gave -35.9%.
Comparing previous studies showing that ME of carbendazim was 30% in beewax [39] and
120% in rice [38], carbendazim in this experiment may not be greatly influenced by the sample
derived matrices. MEs of dimethomorph were in the range from -18.1% to 6.8% (-1.8% from
the Fatty-EN clean-up) which is insignificant, compared with the previous studies with over
100% in rice [38], brown rice, spinach, and orange with LOQ 1.0 ng/g [35]. MEs of fenoxanil
are ranged from -19.9% to 7.2%, which is not significant. Previous study showed that MEs of
fenoxanil in brown rice, spinach, orange, and potatoes were over 500% using modified QuE-
ChERS combined with GC-MS/MS [35]. The optimized clean-up process gave ME of -15.2%
for fenoxanil. It can be concluded that there was no significant interference from matrices,
indicating that MEs did not cause peak identification or quantification issues. Plotting matrix-
matched calibration curves played an important role in minimizing the matrix effect.

Recovery of carbendazim (77.0% + RSD 2.0%) was lower than those of other compounds
(106.9% + RSD 5.0%) for fenoxanil, and 103.6% + RSD 1.3% for dimethomorph; S2 Table). It
may be due to higher ME of carbendazim. Previous study showed that recovery for carbenda-
zim in beewax was 72% at the spiking level of 0.2 mg/kg and 78% at 0.1 mg/kg with 10 ng/g
LOQ [39].

After optimization of the analytical method for this study, recovery studies were performed
at two fortification levels of 0.01 mg/kg and 0.05 mg/kg for LC-MS/MS at replicates (n = 3) for
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Table 2. Recovery of the target analytes obtained at the two spiking levels (0.01 mg/kg and 0.05 mg/kg).

Target Compounds Spiking Level (mg/kg) Recoveries (%) RSD (%) LOD (mg/kg) LOQ (mg/kg)
Carbendazim 0.01 80.8 4.0 0.005 0.05
0.05 77.9 0.8
Dimethomorph 0.01 116.7 2.8 0.001 0.01
0.05 111.2 3.0
Fenoxanil 0.01 111.9 2.9 0.001 0.01
0.05 112.5 52

*RSD: relative standard deviation.

https://doi.org/10.1371/journal.pone.0258266.t002

two different days. Calibration curves presented linearity between 0.5-25 ng/mL for LC-MS/
MS. All calibration curves displayed linearity with r* > 0.99. All the pesticides studied gave
recoveries (Table 2 and S3 Table) between 70% and 120% with the RSD lower than 20% for
both fortification levels. In a different day, recovery at the two spiking levels (0.01 mg/kg and
0.05 mg/kg) for the target compounds was also achieved with 75% to 115% with the RSD less
than 5.5% (54 Table), demonstrating the intraday precision, reproducibility, and repeatability.
The 24 real sample analyses using the developed method (S5 Table) showed the concentration
of three compounds were lower than LODs, demonstrating that the target compounds
detected in the feed were not transferred into the insect.

4. Conclusions

Recently, P. brevitarsis has attracted attention due to its medicinal properties; therefore, it is
urgent to establish reliable analytical methods in order to monitor pesticide residues in this
edible insect. This study described the optimization of a simplified and effective method for
analysis of carbendazim, dimethomorph, and fenoxanil in P. brevitarsis using LC-MS/MS. The
results showed that the target pesticides exhibited different responses to the clean-up adsor-
bents. The simple ready-to-use kit containing 150 mg MgSO,, 25 mg PSA, and 25 mg C18 was
selected for clean-up after low precipitation due to the best recovery of the target. The analyti-
cal method optimized in this study can provide fast quantification for three fungicides on P.
brevitarsis to provide a safe medicinal material for human consumption. Considering that the
efficacy of P. brevitarsis has been demonstrated in many studies, this optimized analytical
method will contribute to development of the edible insect industry, providing new economic
opportunities to farmers in Korea.

Supporting information

S1 Table. A gradient program for (A) carbendazim/demethomorph and (B) fenoxanil.
(PDF)

S2 Table. Recoveries, regression, and matrix effects of three target compounds obtained
using 8 cleanup methods (at the spiking level of 0.05 mg/kg).
(PDF)

S3 Table. Final recoveries, regression, and matrix effect of three compounds at the two
spiking level.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0258266 October 14, 2021 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258266.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258266.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258266.s003
https://doi.org/10.1371/journal.pone.0258266.t002
https://doi.org/10.1371/journal.pone.0258266

PLOS ONE

Easy and effective analytical method of three pesticides from Protaetia brevitarsis seulensis using LC-MS/MS

S4 Table. Final recoveries, regression, and matrix effect of three compounds at the two
spiking level in a different day for intraday precision.
(PDF)

§5 Table. Concentration of three compounds in real samples after analyzing using the
developed method.
(PDF)

Author Contributions

Data curation: Sujin Baek.

Investigation: Chang Jo Kim.

Project administration: Hyun Ho Noh, Kyungae Son, Hee-Dong Lee.
Supervision: Leesun Kim.

Writing - original draft: Sujin Baek, Leesun Kim.

Writing - review & editing: Leesun Kim.

References

1. Ghosh S, Lee S-M, Jung C, Meyer-Rochow VB. Nutritional composition of five commercial edible
insects in South Korea. Journal of Asia-Pacific Entomology. 2017; 20(2):686—94. https://doi.org/10.
1016/j.aspen.2017.04.003.

2. KimL,BaekS, SonK, Kim E, Noh HH, Kim D, et al. Optimization of a simplified and effective analytical
method of pesticide residues in mealworms (Tenebrio molitor Larvae) combined with GC-MS/MS and
LC-MS/MS. Molecules. 2020; 25(15). Epub 2020/08/06. https://doi.org/10.3390/molecules25153518
PMID: 32752108; PubMed Central PMCID: PMC7435900.

3. ShinY, Kim CJ, Baek S, Kim L, Son KA, Lee HD, et al. Liquid chromatography-tandem mass spectrom-
etry for the simultaneous analysis of 353 pesticides in the edible insect Tenebrio molitor Larvae (Meal-
worms). Molecules. 2020; 25(24). Epub 2020/12/17. https://doi.org/10.3390/molecules25245866
PMID: 33322485; PubMed Central PMCID: PMC7764178.

4. Kim SY, Kwak K-W, Kim E, Park K, Kim NH, Song M-H, et al. Comparative analysis of nutrients and
hazardous substances in Locusta Migratoria from host plants. Korean Journal of Environmental Agricul-
ture. 2020; 39(3):253-62. https://doi.org/10.5338/KJEA.2020.39.3.30.

5. Pemberton RW. Insects and other arthropods used as drugs in Korean traditional medicine. J Ethno-
pharmacol. 1999; 65(3):207-16. Epub 1999/07/15. https://doi.org/10.1016/s0378-8741(98)00209-8
PMID: 10404418.

6. Ganguly K, Jeong M-S, Dutta SD, Patel DK, Cho S-J, Lim K-T. Protaetia brevitarsis seulensis derived
protein isolate with enhanced osteomodulatory and antioxidative property. Molecules. 2020; 25
(24):6056. https://doi.org/10.3390/molecules25246056 PMID: 33371481

7. KimT-E, Kim C-T, Sim H-J, Lee H-Y, Kim S-O, Kim D-K, et al. Production of protein hydrolysate from
Protaetia brevitarsis seulensis (Kolbe) larvae by enzyme treatment under high pressure. Food Science
and Biotechnology. 2020; 29(9):1187-94. https://doi.org/10.1007/s10068-020-00766-y PMID:
32802557

8. Choil-H, YuR, Lim Y-J, Choi G-S, Choi S-U, Hwang J-1, et al. Antithrombotic efficacy of Protaetia brevi-
tarsis extract. Journal of Environmental Science International. 2019; 28(7):639—43. https://doi.org/10.
5322/jesi.2019.28.7.639.

9. LeeHJ, SeoM, Lee JH, Kim I-W, Kim SY, Hwang J-S, et al. Inhibitory Effect of Protaetia brevitarsis seu-
lensis Ethanol Extract on Neuroinflammation in LPS-stimulated BV-2 Microglia. Journal of Life Science.
2019; 29(10):1096—1083. https://doi.org/10.5352/JL.S.2019.29.10.1096

10. Chung MY, Kwon E-Y, Hwang J-S, Goo T-W, Yun E-Y. Analysis of general comosition and harmful
material of Protaetia brevitarsis Journal of Life Science. 2013; 23(5):664—-8.

11.  Kim S-K, Weaver CM, Choi M-K. Proximate composition and mineral content of five edible insects con-
sumed in Korea. CyTA—Journal of Food. 2017; 15(1):143-6. https://doi.org/10.1080/19476337.2016.
1223172

PLOS ONE | https://doi.org/10.1371/journal.pone.0258266 October 14, 2021 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258266.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258266.s005
https://doi.org/10.1016/j.aspen.2017.04.003
https://doi.org/10.1016/j.aspen.2017.04.003
https://doi.org/10.3390/molecules25153518
http://www.ncbi.nlm.nih.gov/pubmed/32752108
https://doi.org/10.3390/molecules25245866
http://www.ncbi.nlm.nih.gov/pubmed/33322485
https://doi.org/10.5338/KJEA.2020.39.3.30
https://doi.org/10.1016/s0378-8741%2898%2900209-8
http://www.ncbi.nlm.nih.gov/pubmed/10404418
https://doi.org/10.3390/molecules25246056
http://www.ncbi.nlm.nih.gov/pubmed/33371481
https://doi.org/10.1007/s10068-020-00766-y
http://www.ncbi.nlm.nih.gov/pubmed/32802557
https://doi.org/10.5322/jesi.2019.28.7.639
https://doi.org/10.5322/jesi.2019.28.7.639
https://doi.org/10.5352/JLS.2019.29.10.1096
https://doi.org/10.1080/19476337.2016.1223172
https://doi.org/10.1080/19476337.2016.1223172
https://doi.org/10.1371/journal.pone.0258266

PLOS ONE Easy and effective analytical method of three pesticides from Protaetia brevitarsis seulensis using LC-MS/MS

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.
24,

25.

26.

27.

28.

29.

30.

Anastassiades M, Lehotay SJ, Stajnbaher D, Schenck FJ. Fast and easy multiresidue method employ-
ing acetonitrile extraction/partitioning and "dispersive solid-phase extraction" for the determination of
pesticide residues in produce. Journal of AOAC International. 2003; 86(2):412-31. Epub 2003/05/02.
PMID: 12723926.

Kim L, Lee D, Cho H-K, Choi S-D. Review of the QUEChERS method for the analysis of organic pollut-
ants: Persistent organic pollutants, polycyclic aromatic hydrocarbons, and pharmaceuticals. Trends in
Environmental Analytical Chemistry. 2019; 22:e00063. https://doi.org/10.1016/j.teac.2019.e00063.

Lehotay SJ. Determination of pesticide residues in foods by acetonitrile extraction and partitioning with
magnesium sulfate: collaborative study. Journal of AOAC International. 2007; 90(2):485-520. Epub
2007/05/04. PMID: 17474521,

Chamkasem N, Ollis LW, Harmon T, Lee S, Mercer G. Analysis of 136 pesticides in avocado using a
modified QUEChERS method with LC-MS/MS and GC-MS/MS. J Agric Food Chem. 2013; 61
(10):2315-29. Epub 2013/02/01. https://doi.org/10.1021/jf304191c PMID: 23362971.

Yamaguchi T, Okihashi M, Harada K, Uchida K, Konishi Y, Kajimura K, et al. Rapid and Easy Multiresi-
due Method for the Analysis of Antibiotics in Meats by Ultrahigh-Performance Liquid Chromatography—
Tandem Mass Spectrometry. Journal of Agricultural and Food Chemistry. 2015; 63(21):5133—40.
https://doi.org/10.1021/acs.jafc.5b00170 PMID: 25656008

Calatayud-Vernich P, Calatayud F, Sim6 E, Picé Y. Efficiency of QUEChERS approach for determining
52 pesticide residues in honey and honey bees. MethodsX. 2016; 3:452-8. https://doi.org/10.1016/j.
mex.2016.05.005 PMID: 27331025

Su R, Xu X, Wang X, Li D, Li X, Zhang H, et al. Determination of organophosphorus pesticides in peanut
oil by dispersive solid phase extraction gas chromatography—mass spectrometry. Journal of Chroma-
tography B. 2011; 879(30):3423-8. https://doi.org/10.1016/j.jchromb.2011.09.016 PMID: 21963478

May MM, Ferronato G, Bandeira NMG, Prestes OD, Zanella R, Adaime MB. Determination of pesticide
residues in soy-based beverages using a QUEChERS method (with clean-up optimized by central com-
posite design) and ultra-high-performance liquid chromatography-tandem mass spectrometry. Food
Analytical Methods. 2017; 10(2):369-78. https://doi.org/10.1007/s12161-016-0593-4

He Z, Wang Y, Wang L, Peng Y, Wang W, Liu X. Determination of 255 pesticides in edible vegetable
oils using QUEChERS method and gas chromatography tandem mass spectrometry. Analytical and
Bioanalytical Chemistry 2017; 409(4):1017-30. Epub 2016/11/14. https://doi.org/10.1007/s00216-016-
0016-9 PMID: 27838755.

Lépez-Blanco R, Nortes-Méndez R, Robles-Molina J, Moreno-Gonzalez D, Gilbert-Lopez B, Garcia-
Reyes JF, et al. Evaluation of different cleanup sorbents for multiresidue pesticide analysis in fatty vege-
table matrices by liquid chromatography tandem mass spectrometry. Journal of Chromatography A.
2016; 1456:89—-104. https://doi.org/10.1016/j.chroma.2016.06.019 PMID: 27328883

Ding T, Li W, Li J. Toxicity and metabolic fate of the fungicide carbendazim in the typical freshwater dia-
tom Navicula species. Journal of Agricultural and Food Chemistry. 2019; 67(24):6683—-90. https://doi.
org/10.1021/acs.jafc.8b06179 PMID: 31140797

2020 Pesticide Handbook [Internet]. Korea Crop Protection Association. 2020 [cited June 2020].

Lu SY, Liao JW, Kuo ML, Wang SC, Hwang JS, Ueng TH. Endocrine-disrupting activity in carbendazim-
induced reproductive and developmental toxicity in rats. Journal of Toxicology Environmental Health,
Part A. 2004; 67(19):1501—-15. Epub 2004/09/17. https://doi.org/10.1080/15287390490486833 PMID:
15371226.

LiJ, Zhou X, Zhang C, Zhao Y, Zhu Y, Zhang J, et al. The effects of carbendazim on acute toxicity,
development, and reproduction in Caenorhabditis elegans. Journal of Food Quality. 2020;
2020:8853537. https://doi.org/10.1155/2020/8853537

Singh S, Singh N, Kumar V, Datta S, Wani AB, Singh D, et al. Toxicity, monitoring and biodegradation
of the fungicide carbendazim. Environmental Chemistry Letters. 2016; 14(3):317-29. https://doi.org/10.
1007/s10311-016-0566-2

Kim J-H, Kim Y-J, Kwon Y-S, Seo J-S. Development of multi-residue analysis of 320 pesticides in apple
and rice using LC-MS/MS and GC-MS/MS. The Korean Journal of Pesticide 2016; 20:104—27. hitps://
doi.org/10.7585/kjps.2016.20.2.104

Improved LC/MS/MS pesticide multiresidue analysis using triggered MRM and online dilution [Internet].
Agilent Technologies. 2017 [cited August, 2020].

He Z, Wang L, Peng Y, Luo M, Wang W, Liu X. Multiresidue analysis of over 200 pesticides in cereals
using a QUEChERS and gas chromatography—tandem mass spectrometry-based method. Food Chem-
istry. 2015; 169:372-80. https://doi.org/10.1016/j.foodchem.2014.07.102 PMID: 25236240

Botero-Coy AM, Ibafiez M, Sancho JV, Hernandez F. Direct liquid chromatography—tandem mass spec-
trometry determination of underivatized glyphosate in rice, maize and soybean. Journal of Chromatog-
raphy A. 2013; 1313:157-65. https://doi.org/10.1016/j.chroma.2013.07.037 PMID: 23891211

PLOS ONE | https://doi.org/10.1371/journal.pone.0258266 October 14, 2021 11/12


http://www.ncbi.nlm.nih.gov/pubmed/12723926
https://doi.org/10.1016/j.teac.2019.e00063
http://www.ncbi.nlm.nih.gov/pubmed/17474521
https://doi.org/10.1021/jf304191c
http://www.ncbi.nlm.nih.gov/pubmed/23362971
https://doi.org/10.1021/acs.jafc.5b00170
http://www.ncbi.nlm.nih.gov/pubmed/25656008
https://doi.org/10.1016/j.mex.2016.05.005
https://doi.org/10.1016/j.mex.2016.05.005
http://www.ncbi.nlm.nih.gov/pubmed/27331025
https://doi.org/10.1016/j.jchromb.2011.09.016
http://www.ncbi.nlm.nih.gov/pubmed/21963478
https://doi.org/10.1007/s12161-016-0593-4
https://doi.org/10.1007/s00216-016-0016-9
https://doi.org/10.1007/s00216-016-0016-9
http://www.ncbi.nlm.nih.gov/pubmed/27838755
https://doi.org/10.1016/j.chroma.2016.06.019
http://www.ncbi.nlm.nih.gov/pubmed/27328883
https://doi.org/10.1021/acs.jafc.8b06179
https://doi.org/10.1021/acs.jafc.8b06179
http://www.ncbi.nlm.nih.gov/pubmed/31140797
https://doi.org/10.1080/15287390490486833
http://www.ncbi.nlm.nih.gov/pubmed/15371226
https://doi.org/10.1155/2020/8853537
https://doi.org/10.1007/s10311-016-0566-2
https://doi.org/10.1007/s10311-016-0566-2
https://doi.org/10.7585/kjps.2016.20.2.104
https://doi.org/10.7585/kjps.2016.20.2.104
https://doi.org/10.1016/j.foodchem.2014.07.102
http://www.ncbi.nlm.nih.gov/pubmed/25236240
https://doi.org/10.1016/j.chroma.2013.07.037
http://www.ncbi.nlm.nih.gov/pubmed/23891211
https://doi.org/10.1371/journal.pone.0258266

PLOS ONE Easy and effective analytical method of three pesticides from Protaetia brevitarsis seulensis using LC-MS/MS

31.

32.

33.

34.

35.

36.

37.

38.

39.

Chamkasem N, Harmon T. Direct determination of glyphosate, glufosinate, and AMPA in soybean and
corn by liquid chromatography/tandem mass spectrometry. Analytical and Bioanalytical Chemistry.
2016; 408(18):4995-5004. Epub 2016/05/07. https://doi.org/10.1007/s00216-016-9597-6 PMID:
27150204.

Guo H, Wang H, Zheng J, Liu W, Zhong J, Zhao Q. Sensitive and rapid determination of glyphosate,
glufosinate, bialaphos and metabolites by UPLC-MS/MS using a modified Quick Polar Pesticides
Extraction method. Forensic Science International. 2018; 283:111-7. https://doi.org/10.1016/j.forsciint.
2017.12.016 PMID: 29291496

Hakme E, Lozano A, Ferrer C, Diaz-Galiano FJ, Fernandez-Alba AR. Analysis of pesticide residues in
olive oil and other vegetable oils. TrAC Trends in Analytical Chemistry. 2018; 100:167—-79. https://doi.
org/10.1016/j.trac.2017.12.016.

Cunha SC, Lehotay SJ, Mastovska K, Fernandes JO, Beatriz M, Oliveira PP. Evaluation of the QuE-
ChERS sample preparation approach for the analysis of pesticide residues in olives. Journal of Separa-
tion Science. 2007; 30(4):620-32. https://doi.org/10.1002/jssc.200600410 PMID: 17444232

Lee J, KimL, ShinY, Lee J, Lee J, Kim E, et al. Rapid and simultaneous analysis of 360 pesticides in
brown rice, spinach, orange, and potato using microbore GC-MS/MS. Journal of Agricultural and Food
Chemistry. 2017; 65(16):3387-95. https://doi.org/10.1021/acs.jafc.7b00576 PMID: 28345909

Kruve A, Kiinnapas A, Herodes K, Leito I. Matrix effects in pesticide multi-residue analysis by liquid
chromatography—mass spectrometry. Journal of Chromatography A. 2008; 1187(1):58—66. https://doi.
org/10.1016/j.chroma.2008.01.077 PMID: 18304557

Mastovska K, Lehotay SJ, Anastassiades M. Combination of analyte protectants to overcome matrix
effects in routine GC analysis of pesticide residues in food matrixes. Anal Chem. 2005; 77(24):8129—
37. Epub 2005/12/15. https://doi.org/10.1021/ac0515576 PMID: 16351165.

Melo MG, Carqueijo A, Freitas A, Barbosa J, Silva AS. Modified QUEChERS extraction and HPLC-MS/
MS for simultaneous determination of 155 pesticide residues in rice (Oryza sativa L.). Foods. 2019; 9
(1). Epub 2019/12/28. https://doi.org/10.3390/foods9010018 PMID: 31878165; PubMed Central
PMCID: PMC7022397.

Niell S, Cesio V, Hepperle J, Doerk D, Kirsch L, Kolberg D, et al. QUEChERS-based method for the mul-
tiresidue analysis of pesticides in beeswax by LC-MS/MS and GCxGC-TOF. Journal of Agricultural and
Food Chemistry. 2014; 62(17):3675-83. https://doi.org/10.1021/jf405771t PMID: 24712416

PLOS ONE | https://doi.org/10.1371/journal.pone.0258266 October 14, 2021 12/12


https://doi.org/10.1007/s00216-016-9597-6
http://www.ncbi.nlm.nih.gov/pubmed/27150204
https://doi.org/10.1016/j.forsciint.2017.12.016
https://doi.org/10.1016/j.forsciint.2017.12.016
http://www.ncbi.nlm.nih.gov/pubmed/29291496
https://doi.org/10.1016/j.trac.2017.12.016
https://doi.org/10.1016/j.trac.2017.12.016
https://doi.org/10.1002/jssc.200600410
http://www.ncbi.nlm.nih.gov/pubmed/17444232
https://doi.org/10.1021/acs.jafc.7b00576
http://www.ncbi.nlm.nih.gov/pubmed/28345909
https://doi.org/10.1016/j.chroma.2008.01.077
https://doi.org/10.1016/j.chroma.2008.01.077
http://www.ncbi.nlm.nih.gov/pubmed/18304557
https://doi.org/10.1021/ac0515576
http://www.ncbi.nlm.nih.gov/pubmed/16351165
https://doi.org/10.3390/foods9010018
http://www.ncbi.nlm.nih.gov/pubmed/31878165
https://doi.org/10.1021/jf405771t
http://www.ncbi.nlm.nih.gov/pubmed/24712416
https://doi.org/10.1371/journal.pone.0258266

