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Abstract: Mycotoxins are a type of toxins harmful for not only animal but also human health.
Cooccurrence of multi-mycotoxins could occur for food infected by several molds, producing multi-
mycotoxins. It is necessary to develop corresponding determination methods, among which current
mass spectrometry (MS) dominates. Currently, the accurate identification and quantitation of myco-
toxins in complex matrices by MS with low resolution is still a challenge since false-positive results
are typically obtained. Here, a method for the simultaneous determination of 23 mycotoxins in broiler
tissues using ultra-high performance liquid chromatography-quadrupole/orbitrap HRMS was es-
tablished. After the extraction by acetonitrile-water-formic acid (80:18:2, v/v/v), the purification by
multifunctional purification solid phase extraction cartridges and the chromatographic separation on
a C18 column, representative mycotoxins were determined by HRMS in full scan/data-dependent
MS/MS acquisition mode. The quantitation was based on the external standard method. An MS/MS
database of 23 mycotoxins was established to achieve qualitative screening and simultaneous quan-
tification. Mycotoxins had a good linear relationship within a certain concentration range with
correlation coefficients (r2) larger than 0.991 as well as the limit of quantitation of 1.80–300 µg/kg.
The average recoveries at three different levels of low, medium and high fortification were 61–111%
with relative standard deviations less than 13.5%. The method was fast, accurate, and suitable for
the precise qualification of multiple mycotoxins in broiler tissues. 15 µg/kg zearalenone (ZEN) was
detected in one liver sample among 30 samples from markets including chicken breast meat, liver,
and gizzards. The result illustrated that the pollution of ZEN should not be neglected considering its
harmful effect on the target organ of liver.

Keywords: broiler tissue; orbitrap high resolution mass spectrometry; mycotoxins; rapid screening;
solid phase extraction

1. Introduction

Mycotoxins are secondary metabolites with low molecular weight, approximately of
<1000 Da, produced by fungus species during growth and proliferation. The corresponding
classification is difficult due to the complex structures and origins. Mycotoxins include
group 1 and group 2B carcinogens (for example, aflatoxins (AFs)) are considered as the
most toxic. In addition, there also exist modified and emerging mycotoxins. Mycotoxins
which are harmful for animal liver and decrease animal’ immunity and reproduction
capacity can enter animal derived foods including meat, egg and milk and lead to residue
through food chain, storage and processing, severely threatening human and animal
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health [1,2]. Currently, there are more than 400 mycotoxins, only a few of which are
daily regulated and routinely monitored [3]. The current research about the residue
determination of mycotoxins paid more attention to feed, grain, and oil to prevent them
from entering the food chain. However, the detection of mycotoxins in meat (especially
animal derived organs) was seldom reported. It was determined that the elimination time
of mycotoxin residue in liver and muscle reached the quantitative value within at least
11–18 d [4]. Zearalenone (ZEN) in chicken serum was completely eliminated after 7 d with
oral administration of the feed polluted by mycotoxins. However, there existed ZEN in both
liver and faeces [5,6]. Mycotoxin residue in liver, kidney, muscle and milk of animal derived
from food was mainly due to oral intake of the feed polluted by mycotoxins. Through food
chain, mycotoxins entered the human body, threatening the human health [7–9]. Mycotoxin
pollution which was widespread and uncontrollable has become a crucial aspect of animal
derived food safety.

Over the last two decades, considering the determination of mycotoxins, MS including
tandem MS and HRMS dominated (as high as 55%). The determination methods of myco-
toxins mainly included HPLC [10,11], GC [12,13], and LC-MS/MS [14–19]. Tandem MS for
mycotoxins has been widely studied, focusing on multi-mycotoxin residue analysis and
quantitation which was “golden standard”. Tandem MS such as triple quadrupole (QQQ)
of unit resolution MS selected multiple reaction monitoring (MRM) for the quantitation.
The ion transitions and related parameters were necessary to be optimized sequentially,
which were labor and time consuming when aiming at a large number of targets. The
unit resolution MS was susceptible to the isobaric ion, allowing potential false positive
phenomenon [19].

Recently, HRMS including Q/orbitrap and time of flight has been utilized in the
determination of mycotoxins, which mainly focused on method development for avoiding
matrix interference and accurate identification. Previous research work was more focused
on the determination of single or a type of mycotoxins with a relative narrow covering range.
Q/orbitrap HRMS has lots of advantages such as high resolution and high accuracy, which
can realize accurate screening. It can obtain accurate molecular weights of compounds as
well as the fragment ions under high resolution and with relatively strong anti-interference
capacity [20,21]. Its most attractive advantage is the feasibility with target, non-target,
and retrospective analysis. The current reported research about the determination of
mycotoxins in meat has been mainly based on the unit resolution MS. The combination of
UHPLC-Q/orbitrap HRMS has been utilized in the determination of pollutants in animal
derived food [21] and pesticide residue [22].

In addition, the pretreatment method of mycotoxins has been mainly coupled with
tandem MS. The corresponding coupling with HRMS was seldom. Currently, only QuECh-
ERS method has been coupled to HRMS. However, fumonisins (FBs) which were known to
be difficult to analyze with QuEChERS, were not considered by HRMS [23].

Considering the dietary habit of eating chicken meat as well as liver and gizzard in
China, it was crucial to develop methods for analyzing mycotoxins in different broiler
tissues and organs. In this work, A total of 23 mycotoxins including AFs (AFTB1, AFTB2,
AFTG1, AFTG2, AFTM1, AFTM2), deoxynivalenol (DON), 3-acetyldeoxynivalenol (3-
ADON), 15-acetyldeoxynivalenol (15-ADON), de-epoxydeoxynivalenol (DOM), T-2 toxin
(T-2), HT-2 toxin (HT-2), FBs (FB1, FB2, FB3), ochratoxin A (OTA), ochratoxin (OTB),
zearalanone (ZAN), zearalenone (ZEN), α-zearalanol (α-ZAL), β-zearalanol (β-ZAL), α-
zearalenol (α-ZOL) and β-zearaalenol (β-ZOL) in broiler tissues were determined by solid
phase extraction (SPE)-UHPLC-Q/orbitrap HRMS for rapid and accurate identification
and quantitation, providing supports for animal derived food safety.

2. Materials and Methods
2.1. Reagents

AFTB1 (2 µg/mL), AFTB2 (0.5 µg/mL), AFTG1 (2 µg/mL), AFTG2 (0.5 µg/mL),
AFTM1 (0.5 µg/mL), AFTM2 (0.5 µg/mL), FB1 (50 µg/mL), FB2 (50 µg/mL), FB3 (50 µg/mL),
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DON (100 µg/mL), DOM (25 µg/mL), 3-ADON (100 µg/mL), 15-ADON (100 µg/mL),
T-2 toxin (100 µg/mL), HT-2 toxin (100 µg/mL), STC (50 µg/mL), OTA (10 µg/mL), OTB
(10 µg/mL) were purchased from Romer Labs Co., Ltd. (Tulln, Austria). ZAN (100 µg/mL),
ZEN (100 µg/mL), α-ZAL (100 µg/mL), α-ZEL (100 µg/mL), β-ZOL (100 µg/mL), and
β-ZOL (100 µg/mL) were purchased from Anpel Co., Ltd. (Shanghai, China). Chicken
breast, liver and kidneys were purchased from local super market.

Methanol and acetonitrile were all HPLC grade and purchased from Fisher Scientific
(Pittsburgh, PA, USA). Water was purified by a Milli Q Advantaged A10 water purification
system (Millipore, Bedford, MA, USA). Formic acid for UPLC/LC-MS were from Anpel
Co., Ltd. (Shanghai, China). SPE columns with Captiva-EMR Lipid (600 mg, 6 mL,) and
Oasis PRIME HLB (600 mg, 6 mL) were from Agilent Technologies (Santa Clara, CA, USA)
and Waters (Shanghai, China).

2.2. Instrument Conditions

Separation and detection of mycotoxins performed in the Q-Exactive system combined
with Ultimate 3000 LC (Thermofisher, San Jose, CA, USA). Separation was fulfilled using a
CORTECS C18 column (2.1 × 100 mm, 1.6 µm; Waters, Wexford, Ireland). The injection
volume was set at 10 µL and the flow rate was maintained at 0.2 mL/min. The mobile
phase was composed of water (0.1% formic acid) as eluent A and methanol as eluent B. The
gradient elution program was shown in Table 1. The mass spectrometer was equipped with
a heated electrospray ionization (H-ESI) source. Data with positive and negative modes
were acquired through data-dependent acquisition, respectively. The mass spectrometer
parameters were as follows: spray voltage, 3000 V (±); auxiliary gas heater temperature,
350 ◦C; capillary temperature, 320 ◦C; sheath gas flow rate 40 Arb; auxiliary gas flow rate,
15 Arb; scan range, 50–600 m/z; collision energy (NCE): 20, 30, 40 V; the resolving power
for MS1 and MS2, 70,000 and 17,500, respectively.

Table 1. Gradient elution programs.

Acquisition
Mode

Time
(min)

Gradient (%) Acquisition
Mode

Time
(min)

Gradient (%)

A B A B

Positive
mode

1 70 30

Negative
mode

1 97 3
6.5 45 55 2 45 55
8.5 45 55 9 30 70
10 20 80 10 1 99
12 20 80 11 1 99

12.1 70 30 11.1 97 3
16.1 70 30 15 97 3

2.3. Sample Preparation

Weigh 2.00 ± 0.05 g of the minced sample into a 50 mL centrifuge tube. 10 mL
acetonitrile/water/formic acid (80/18/2, v/v/v) were added. The mixture was vortexed
for 1 min and processed the ultrasonication at 30 ◦C for 20 min, followed by centrifugation
at 8000 rpm for 10 min. 5 mL of the supernatant was transferred to the Captiva-EMR Lipid
and controlled at the eluting rate of 3 drops/s. Right after the solution flowed through the
column, 1 mL acetonitrile/water (80/20, v/v) was added. Both of the elution solutions
were collected and nearly dried through the nitrogen flow at 40 ◦C. The dried eluents
were redissolved in a mixture of methanol/water/formic acid (250 µL, 30/70/0.1, v/v/v),
vortexed for 1 min, ultrasonicated for 5 min, and centrifuged at 12,000 rpm for 10 min. The
supernatant was transferred into a vial for analysis.

2.4. Method Validation

Linearity, sensitivity, accuracy, and precision were investigated according to Criterion
on quality control of laboratories—chemical testing of food (GB 27404). Calibration curves
were constructed through the responses versus the concentrations spiked in the blank ma-
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trix. The limit of detection (LOD, S/N = 3) and the limit of quantification (LOQ, S/N = 10)
were calculated in light of the blank matrix with the lowest spiking level. Recoveries
and stability were investigated using blank samples fortified with three different levels.
Samples of each level were prepared in six replicates. The recovery of each mycotoxin was
calculated as the ratio of the mean peak areas between the samples spiked before extraction
and the samples spiked after extraction. The relative standard deviation (RSD) of peak
areas in six replicates for each mycotoxin at three spiking levels represented the stability of
the method.

3. Results and Discussion
3.1. The Optimization of LC-HRMS Conditions

In the optimization procedure of the chromatography conditions, the column type
and the mobile phase were investigated. Compared with Thermo Scientific Accucore C18
column (2.1 mm × 100 mm, 2.6 µm), the separation efficiency of CORTECS-UPLC-C18
(2.1 mm × 100 mm, 1.6 µm) was higher, which could guarantee the good peak shape of each
target compound. Besides, the analysis time was shorter and the resolution was relatively
higher. Thus, analysis of 23 mycotoxins could be fulfilled within a shorter time. In this
experiment, methanol was selected as the organic phase. Modifiers of 0.1% formic acid and
5 mmol/L ammonium formate in aqueous phase were investigated. The addition of formic
acid in aqueous phase resulted in better responses of target mycotoxins since the formic
acid could facilitate the protonization of some mycotoxins. Thus, methanol-0.1% aqueous
formic acid (v/v) was chosen as the mobile phase. The extracted ion chromatograms of
mycotoxins were shown in Figure 1.
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Figure 1. Extracted ion chromatograms of the 23 mycotoxins at positive mode (a) and negative
mode (b).

Different spray voltages of 2.8, 3.0, and 3.5 kV for heated ESI (HESI) were studied for
the ionization of targets, illustrating that 3.0 kV led to better ionization efficiency of target
compounds. According to accurate identification of HRMS, two ions of mass tolerance
within 5 ppm are required. One of these ions is required to be a fragment ion while the
second ion should be the (de-) protonated molecular ion or an adduct ion thereof. In this
work, full MS/data dependent-MS2 (full MS/dd-MS2) mode would be chosen and would
give the information of precursor ions and MS/MS spectra. Retention time, accurate m/z
of molecular ion and accurate m/z of the fragment were listed in Table 2. Within 14.0 min,
satisfactory separation and detection were realized. According to the structure and the
properties of mycotoxins, both positive and negative ionization modes were used.

3.2. The Optimization of SPE Pretreatment

The extraction solvent directly influenced recoveries of compounds. To obtain higher
recoveries and decrease matrix interference, considering characteristics of protein and
lipid contents in broiler tissue, different extraction solutions were optimized in order
to realize simultaneous extraction of 23 mycotoxins. Methanol/formic acid (98:2, v/v),
acetonitrile/formic acid (98:2, v/v) and acetonitrile/water/methanol (80:18:2, v/v/v) were
investigated for preparation of broiler tissues including chicken breast meat, gizzards, and
liver. When acidified methanol was used, two phases of solid-liquid could not be well
separated, and the extraction solution was also in the muddy state even after centrifugation.
However, no such phenomenon would happen when acetonitrile was used. Thus, acidified
acetonitrile was used to extract 23 mycotoxins. The recovery comparison of two extraction
solutions were shown in Figure 2. Finally, acetonitrile/water/methanol (80:18:2, v/v/v)
was selected.
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Table 2. Qualification parameters of 23 mycotoxins.

Comment Ion Mode Measured Mass
(m/z)

Characteristic Ion
1 (m/z)

Characteristic Ion
2 (m/z) RT/min

AFB1 [M + H]+ 313.07111 285.07611 270.05267 9.68
AFB2 [M + H]+ 315.08661 287.09186 259.06024 9.22
AFG1 [M + H]+ 329.06577 243.06554 283.06055 8.42
AFG2 [M + H]+ 331.08191 313.07135 245.08141 7.86
AFM1 [M + H]+ 329.06577 273.07593 259.06036 7.68
AFM2 [M + H]+ 331.08008 273.07608 285.07596 6.70

T-2 [M + NH4]+ 484.25464 305.13736 185.09566 12.34
HT-2 [M + NH4]+ 442.24233 263.12665 235.10591 11.90
FB1 [M + H]+ 722.39337 704.38312 352.32013 11.75
FB2 [M + H]+ 706.3985 336.32513 688.38812 13.15
FB3 [M + H]+ 706.3985 336.32523 688.38812 12.82

DON [M + H]+ 297.13287 249.11194 203.10658 2.35
DOM [M + H]+ 281.13724 235.10661 137.05975 4.18

15-ADON [M + H]+ 339.14368 323.12293 137.05972 6.28
3-ADON [M + H]+ 339.14368 231.10149 279.12253 6.28
α-ZAL [M − H]− 323.17032 277.18048 303.15970 9.45
β-ZAL [M − H]− 323.17041 277.1806 303.15982 11.29
α-ZOL [M − H]− 319.15454 275.16489 160.01656 11.76
β-ZOL [M − H]− 319.15463 275.16495 160.01651 10.13
ZAN [M − H]− 319.1546 275.16501 205.08682 11.91
ZEN [M − H]− 317.13907 131.05017 175.03992 12.14
OTA [M − H]− 402.07407 358.08435 231.01634 12.23
OTB [M − H]− 368.11105 324.12436 280.09824 10.06
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Figure 2. The effect of different extracts on the recovery of each mycotoxin.

Chicken breast meat which was cheap and easily available were widely consumed.
Chicken liver and gizzard were the characteristic Chinese food. Considering 1.4 billion Chi-
nese people, the method development was of great importance. As for different matrices
of chicken breast meat, liver and gizzard, a great certain of proteins, lipids and minerals
would be retained in the extraction solution, which brought in interference to mycotoxin
determination. Besides, different mycotoxins would have different physicochemical prop-
erties. Therefore, it would be of great necessity to develop the method which would be
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suitable for multiple mycotoxins. In this study, two multifunctional purification cartridges
were investigated for the purification effect of 23 mycotoxins, such as Oasis PRIME-HLB
and Captiva-EMR Lipid purification cartridges, whose purification effects on mycotoxin
recoveries were shown in Figure 3. Both of those two columns allowed direct sample
loading without equilibrium and activation and belonging to filtering SPE cartridge for
the impurity removal, which greatly simplified the procedures of SPE and effectively de-
creased sample treatment time [24,25]. Captiva-EMR Lipid purification cartridge also had
a higher absorptive capacity and removal efficiency of lipids. According to the response
after the purification by Captiva EMR Lipid and Oasis PRIME-HLB cartridges, recoveries
of 23 mycotoxins with the pretreatment of Captiva EMP Lipid cartridge were acceptable,
namely 61–111%, wherein FBs also demonstrated good results. Thus, in this work, the
Captiva-EMR Lipid purification cartridge was chosen.
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3.3. Matrix Effect

The matrix effect was mainly due to endogenous components in the sample as well
as impurities introduced in the pretreatment process. In ESI, the response of different
mycotoxins was easily influenced by matrices, which was represented by the slope ratio
between linear regression equation in blank matrix and that in the solvent. As shown in
Table 3, most of the mycotoxins demonstrated relatively strong matrix effect. Thus, the
matrix-matched linearity was used in this study to make up for the influence of matrix
effect, guaranteeing the stability and accuracy of MS results.

3.4. The Method Validation

The recovery and repeatability assays were processed in three different blank matrices
(chicken breast meat, liver and gizzard), respectively. And they were investigated at three
spiking levels in six replicates. As shown in Table 4, recoveries of 23 mycotoxins were
between 61% and 111% with RSDs < 15%. The good recovery and repeatability verified
that the established SPE-UHPLC Q/orbitrap HRMS method was suitable for routine risk
monitoring of 23 mycotoxins in broiler tissues such as breast meat, liver, and gizzards.
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Table 3. Evaluation of matrix effect.

Mycotoxins
Matrix Effect/%

Breast Gizzard Liver

AFB1 88.64 71.29 59.10
AFB2 88.14 40.46 55.95
AFG1 90.35 62.03 85.96
AFG2 78.85 66.55 70.11
AFM1 80.98 59.78 87.02
AFM2 87.94 55.50 87.72

T-2 48.11 32.62 42.23
HT-2 46.24 35.27 46.98
FB1 15.96 16.00 46.82
FB2 38.38 20.79 54.17
FB3 48.29 73.76 39.81

DON 34.31 10.32 36.97
DOM 90.11 76.82 67.87

15-ADON 87.14 63.23 57.97
3-ADON 87.14 58.27 62.28
α-ZAL 21.54 40.17 23.75
β-ZAL 36.61 46.91 48.26
α-ZOL 32.47 47.98 37.62
β-ZOL 37.78 57.52 12.29
ZAN 40.42 26.37 50.35
ZEN 44.22 44.32 44.01
OTA 30.35 32.43 58.76
OTB 49.42 32.21 29.26

Table 4. Recoveries of 23 mycotoxins at 3 levels (n = 6).

Mycotoxins Added Concentration
(µg/kg)

Chicken Liver Chicken Gizzard Chicken Breast Meat

Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

AFB1

7.5 85 0.3 64 0.8 67 10.1
15 67 5.4 65 1.7 79 9.0

37.5 69 11.9 69 0.4 80 5.0

AFB2

1.875 68 1.3 62 2.4 101 3.6
3.75 65 2.6 68 3.2 77 10.9
9.375 73 7.6 81 1.4 69 3.9

AFG1

7.5 61 1.8 84 0.3 73 2.8
15 62 3.4 71 1.5 84 8.6

37.5 61 1.7 61 1.7 70 8.6

AFG2

1.875 69 0.8 67 0.6 67 1.3
3.75 67 4.1 61 1.3 72 10.5
9.375 63 4.1 66 12.5 73 5.5

AFM1

12.5 67 1.7 70 0.9 64 2.0
25 92 3.1 66 5.1 65 8.1

62.5 65 3.3 68 3.2 63 4.1

AFM2

10 78 3.3 87 6.2 63 2.0
20 91 1.3 89 8.9 62 2.0
50 88 5.4 82 3.6 66 6.1

T-2
37.5 75 5.9 80 9.2 70 10.9
75 97 9.4 67 12.6 67 9.0

187.5 67 2.4 67 4.1 75 4.0
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Table 4. Cont.

Mycotoxins Added Concentration
(µg/kg)

Chicken Liver Chicken Gizzard Chicken Breast Meat

Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

HT-2
52.5 87 2.7 75 2.4 87 2.3
105 75 8.2 88 4.1 71 13.5

262.5 93 3.1 86 3.4 72 3.5

FB1

12.5 69 0.5 62 2.9 66 3.4
25 73 3.0 77 1.2 65 7.2

62.5 75 6.9 81 6.2 77 4.2

FB2

12.5 102 1.4 66 2.2 64 8.0
25 68 3.9 67 3.6 64 6.5

62.5 87 2.2 86 6.0 72 7.5

FB3

12.5 64 4.4 65 1.4 64 6.9
25 76 9.5 69 0.3 65 9.7

62.5 66 5.1 64 4.9 65 7.7

DON
350 67 1.2 64 2.6 66 1.1
700 68 2.8 67 3.8 68 7.9

1750 67 2.7 69 4.6 76 5.8

DOM
300 65 1.8 66 1.3 65 1.4
600 67 3.6 81 1.9 81 7.8

1500 75 1.1 75 2.1 69 1.0

15-ADON
300 63 3.1 69 1.1 94 9.2
600 68 7.9 74 3.1 111 5.3

1500 68 3.2 69 5.3 71 4.3

3-ADON
300 63 3.1 69 1.1 93 3.1
600 68 7.9 73 3.1 111 5.8

1500 68 3.2 69 5.3 78 3.8

α-ZAL
12.5 95 2.1 77 2.5 67 7.3
25 64 5.3 87 1.1 86 5.1

62.5 86 1.6 88 2.7 63 4.1

β-ZAL
12.5 94 2.0 76 2.4 65 6.6
25 66 5.3 87 1.1 80 3.8

62.5 83 1.5 88 2.5 62 3.8

α-ZOL
12.5 86 3.2 83 3.0 62 4.5
25 64 2.3 85 1.3 72 5.5

62.5 66 2.0 81 1.8 64 6.5

β-ZOL
12.5 71 1.9 79 3.1 66 8.4
25 75 9.4 95 1.0 83 6.7

62.5 87 3.4 95 0.8 65 5.7

ZAN
12.5 76 5.1 85 2.4 64 7.7
25 71 10.0 69 2.0 76 5.5

62.5 72 4.0 69 1.9 62 3.5

ZEN
12.5 84 0.6 78 0.2 64 5.0
25 96 2.1 68 0.4 77 3.6

62.5 79 8.2 71 0.6 68 4.6

OTA
3 83 3.7 74 3.5 70 6.5
6 69 3.7 102 2.3 85 5.5
15 95 5.1 61 1.4 66 7.5

OTB
3.75 66 2.3 66 1.1 77 6.1
7.5 66 8.1 73 0.9 72 5.7

18.75 70 5.9 71 0.7 89 4.7
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Mixed standard solutions of mycotoxins with different concentrations were obtained
in blank matrix solution. The linear regression equation was plotted through y of peak
area and x of concentration (µg/L) as shown in Table 5. Linearity of 23 mycotoxins with
correlation coefficients (R2) larger than 0.991 was obtained. LODs were in the range of
0.40–130.00 µg/kg and LOQs ranged from 1.20 to 350.00 µg/kg in those three matrices.

3.5. The Real Sample Analysis

With the optimized method, 30 samples including breast meat, liver and gizzard
purchased from different markets were determined. ZEN was detected in one of chicken
liver samples with the concentration of 15.29 µg/kg. Other samples’ determination results
were below the corresponding LOD. The MS/MS spectra of ZEN in the contaminated
liver sample was shown in Figure 4. The occurrence of the positive result was due to the
polluted feeds, which resulted in mycotoxin residue in animal. In addition, the pollution
during the processing, storage, and marketing processes of meat was also possible.
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Figure 4. MS2 spectra of ZEN in the standard solution (a) and contaminated sample (b).

ZEN was one of the most important mycotoxins, which altered fertility and reproduc-
tion and influenced hepatic cellular immune response. After oral administration, ZEN was
difficult to be detected in vivo, which was not appropriate as the biomarker. However, in
this work, ZEN’s concentration in the positive liver sample was relatively high, illustrating
that liver was the target organ reported in some publications. Besides, in the risk assess-
ment report of ZEN from European Food Scientific Agency (EFSA) in 2011, the tolerable
daily intake (TDI) was 0.25 µg/kg body weight. According to the adult body weight of
60 kg, although the ZEN intake of this positive liver sample didn’t exceed the standard,
the long-term or large dose intake hazards had to be worried especially considering those
susceptible groups such as pregnant women or children.
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Table 5. Linear range, detection limit and quantification limit of 23 mycotoxins.

Mycotoxins

Chicken Breast Chicken Gizzard Chicken Liver

Linear Range
(µg/L) Linear Equation Correlation

Coefficient (R2)
LOD

(µg/kg)
LOQ

(µg/kg)
Linear Range

(µg/L) Linear Equation Correlation
Coefficient (R2)

LOD
(µg/kg)

LOQ
(µg/kg)

Linear Range
(µg/L) Linear Equation Correlation

Coefficient (R2)
LOD

(µg/kg)
LOQ

(µg/kg)

AFB1 15–600 Y = 1.774 × 107X + 1.826 × 108 0.994 2.5 7.5 10–400 Y = 6.18 × 107X − 5.973 × 107 0.994 2 6 10–400 Y = 1.115 × 107X + 1.125 × 108 0.99 1.6 5

AFB2 3.75–150 Y = 3.381 × 106X + 2.306 × 106 0.999 0.6 1.8 2.5–100 Y = 5.679 × 106X − 1.568 × 107 0.995 0.5 1.5 2.5–100 Y = 2.18 × 106X − 5.715 × 106 0.999 0.4 1.2

AFG1 15–600 Y = 1.189 × 107X + 4.353 × 106 0.999 2.5 7.5 10–400 Y = 7.338 × 106X − 1.415 × 107 0.998 2 6 10–400 Y = 8.478 × 106X + 7.596 × 107 0.993 2 6

AFG2 3.75–150 Y = 2.401 × 107X − 3.781 × 104 0.999 0.6 1.8 2.5–100 Y = 7.178 × 107X − 1.472 × 107 0.995 0.5 1.5 2.5–100 Y = 8.034 × 106X + 1.568 × 107 0.994 0.5 1.5

AFM1 25–1000 Y = 1.189 × 107X + 2.323 × 107 0.999 4.1 12.5 12.5–500 Y = 2.956 × 107X − 1.481 × 107 0.997 3 9 25–1000 Y = 9.161 × 106X − 3.877 × 107 0.998 4.1 12.5

AFM2 20–800 Y = 3.995 × 106X + 3.346 × 106 0.999 3.33 10 10–400 Y = 8.977 × 106X − 9.662 × 104 0.998 2.6 8 20–800 Y = 3.253 × 106X − 1.48 × 107 0.999 3.33 10

T-2 75–3000 Y = 5.261 × 106X − 8.745 × 105 0.999 12.5 37.5 37–1500 Y = 3.966 × 106X + 6.703 × 106 0.999 11 33 75–3000 Y = 3.699 × 106X + 3.321 × 106 0.99 12.5 37.5

HT-2 105–4200 Y = 6.596 × 105X − 4.328 × 105 0.999 17.5 52.5 52–2100 Y = 1.019 × 106X − 9.894 × 105 0.992 16 48 105–4200 Y = 1.244 × 106X − 1.584 × 106 0.999 17.5 52.5

FB1 12.5–500 Y = 1.496 × 107X − 2.147 × 107 0.997 3 9 12.5–500 Y = 1.781 × 107X − 2.425 × 107 0.99 3 9 25–1000 Y = 2.81 × 107X − 1.435 × 107 0.995 4.17 12.5

FB2 12.5–500 Y = 1.239 × 107X − 1.408 × 107 0.997 3 9 12.5–500 Y = 1.539 × 107X − 1.507 × 107 0.994 3.3 10 25–1000 Y = 2.66 × 106X − 1.205 × 107 0.992 4.17 12.5

FB3 12.5–500 Y = 1.781 × 107X − 1.608 × 107 0.999 3 9 12.5–500 Y = 4.025 × 107X + 2.219 × 107 0.994 3.3 10 25–1000 Y = 2.959 × 106X + 941 × 106 0.997 4.17 12.5

DON 700–28,000 Y = 1.773 × 105X + 1.106 × 108 0.991 130 350 350–14,000 Y = 1.986 × 105X + 1.826 × 108 0.993 100 300 700–28,000 Y = 2.81 × 105X + 3.715 × 107 0.994 130 350

DOM 600–24,000 Y = 7.032 × 105X + 4.598 × 108 0.996 100 300 300–12,000 Y = 3.986 × 105X + 2.436 × 108 0.995 93 280 300–12,000 Y = 4.19 × 105X + 2.715 × 108 0.991 93 280

15-AC-DON 600–24,000 Y = 3.089 × 106X + 1.774 × 108 0.999 100 300 300–12,000 Y = 8.444 × 106X + 3.126 × 107 0.993 93 280 300–12,000 Y = 7.35 × 106X + 5.715 × 107 0.992 93 280

3-AC-DON 600–24,000 Y = 3.089 × 106X + 1.774 × 108 0.999 100 300 300–12,000 Y = 7.544 × 106X + 3.126 × 107 0.993 93 280 300–12,000 Y = 8.19 × 106X + 5.715 × 107 0.996 93 280

α-ZAL 12.5–500 Y = 1.464 × 107X − 4.241 × 107 0.993 3.75 11 25–1000 Y = 2.452 × 107X − 2.507 × 107 0.99 4.1 12.5 12.5–500 Y = 1.183 × 107X + 1.52 × 106 0.999 3.75 11

β-ZAL 12.5–500 Y = 1.832 × 107X − 5.799 × 107 0.991 3 9 25–1000 Y = 3.451 × 107X − 2.62 × 107 0.99 4.1 12.5 12.5–500 Y = 3.541 × 107X − 2.079 × 107 0.996 3.75 11

α-ZEL 12.5–500 Y = 2.086 × 107X − 6.629 × 107 0.993 3 9 25–1000 Y = 4.01 × 107X − 1.722 × 107 0.999 4.1 12.5 12.5–500 Y = 3.344 × 100X − 2.162 × 107 0.993 3.75 11

β-ZEL 12.5–500 Y = 1.891 × 107X − 5.887 × 107 0.992 3 9 25–1000 Y = 4.45 × 107X − 1.826 × 1026 0.994 4.1 12.5 12.5–500 Y = 2.156 × 107X − 3.531 × 107 0.991 3.75 11

ZAN 12.5–500 Y = 2.555 × 107X − 7.456 × 107 0.993 3 9 25–1000 Y = 3.474 × 107X − 1.004 × 108 0.995 4.1 12.5 12.5–500 Y = 5.146 × 107X − 2.078 × 106 0.997 3.75 11

ZEN 12.5–500 Y = 2.361 × 107X − 6.68 × 107 0.994 3 9 25–1000 Y = 1.636 × 107X − 5.971 × 107 0.9958 4.1 12.5 12.5–500 Y = 4.224 × 107X − 3.686 × 106 0.9956 3.75 11

OTA 3–240 Y = 4.359 × 106X − 7.068 × 106 0.992 0.6 2 3–240 Y = 6.459 × 106X − 4.288 × 106 0.9989 0.6 2 6–480 Y = 1.057 × 107X − 8.878 × 1025 0.9926 1 3

OTB 7.5–600 Y = 4.373 × 106X − 1.36 × 107 0.991 1.25 3.75 3.75–300 Y = 6.785 × 106X − 1.826 × 106 0.9943 1 3 3.75–300 Y = 3.38 × 106X − 5.715 × 1026 0.9918 1 3
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Thus, to ensure the quality of broiler tissue, besides the safeguard of broiler feeds, the
possible mycotoxin pollution of broiler in the slaughter or storage process should also be
paid attention to.

4. Conclusions

An SPE-UHPLC Q/orbitrap method was established for rapid screening, accurate
identification and quantitation of 23 mycotoxins in broiler tissues. The screening database
of 23 mycotoxins was established, including retention time, accurate precursor m/z and
MS/MS fragment, and could facilitate the rapid screening of mycotoxins. In this work, new
multi-functional EMR column was applied in the removal of the lipids. Good recoveries
were obtained and were in the range of 61–111%. In addition, high accuracy and high
anti-interference capacity could be achieved in this method. ZEN at the concentration of
15 µg/kg was detected in one liver sample among 30 real broiler meat and organ samples,
showing the possible harmful effect on the target organ of liver.
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