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Abstract: A method was developed for the simultaneous determination of nine plant growth regulator (PGR) residues, such as uniconazole
and paclobutrazol, in whole banana fruit, banana pulp, and banana leaves by combining ultra-high-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) and multifunctional needle filter methodology, to provide a reference for the simultaneous determination of
multiple PGR residues in bananas. The analytes were extracted from a sample with 1% acetonitrile acetate, and purified by a multifunctional
needle filter; the purified sample solutions were analyzed through UPLC-MS/MS in the selective reaction
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monitoring (SRM) mode for the detection of uniconazole and other PGR residues in the samples. The concentrations of nine PGRs showed good

linearity with the corresponding peak area in the 0.001~0.50 mg/L range, and the correlation coefficient (r2) was more than 0.9992. The average

recoveries at the spiked levels of 0.05, 0.10 and 0.50 mg/kg for all target compounds in the samples were 80.50%~113.00%, with relative
standard deviations (RSD) between 0.40% and 5.60%. The limits of detection (LODs, S/N = 3) for the nine PGRs ranged from 0.20 to 10.00
ng/kg, and the limits of quantification (LOQs, S/N=3), (S/N=10) ranged from 0.70 to 33.50 pug/kg. The proposed method is quick, easy, sensitive

and accurate, and can be used for the simultaneous determination of the above-mentioned nine PGR residues in whole bananas, banana pulp, and

banana leaves.
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plant growth regulators (PGRs)
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Table 1 MS/MS analysis parameters for the 9 PGRs

PGR Precursor ion (m/z)  Production (m/z)., Declustering potential/V  Collision energy/V
Uniconazole 2922 125%,139 20,20 27,21
Paclobutrazol 294.1 125.17,70.2 30,30 38,20
Thidiazuron 221 101.9%,93.9 30,30 15,13

Diethyl aminoethyl hexanoate 216 100%,143 28, 28 16,18
Indolyl butyric acid 204 130.06", 143.98 2,2 24,20
Indolyl acetic acid 176 130.1% 103.0 30, 30 26,20
Brassinolide 481.2 95.0",315.2 36,36 26,16
Propiconazole 342 159.0", 69.0 40,40 34,22
Forchlorfenuron 248.1 93.0°,129.0 36,36 35,15

“E: *Quantitative ion.
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Fig.1 MRM chromatograms of 9 PGRs of mixed blank samples of banana whole fruit, banana pulp and banana leaf spiked at

0.1 mg/kg level
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Table 2 Matrix effects of 9 PGRs in matrix of banana whole fruit, banana pulp and banana leaf

Calibration equation Slope matrix/slope solvent

PaR Acetonitrile banana whole fruit banana pulp banana leaf Banana whole fruit bananapulp banana leaf
Uniconazole Y=10840.9X-1772.07 ¥=20724.6X+71607.1 Y=20857.5X+4302.45 Y=19254.8X+70420.7 1.912 1.92 1.776
Paclobutrazol Y=21985.8X-116591 Y=16680.1X+20530.2 Y=18653.8X+1029.59 Y=15017.7X+20679.1 0.759 0.848 0.683
Thidiazuron ¥=4594.18X-861.33 ¥Y=4 128.53X+541.0 ¥=3857.9X-1 026.3 Y=3 540.63X-547.22 0.899 0.840 0.771
Diethyl aminoethyl hexanoate ~ Y=46 286.3X-6 052.27  Y=55466.2X+2272.92  Y=49435.4X+17 507 Y=48 530X-16 397.6 1.198 1.068 1.048
Indolyl butyric acid ¥Y=3323.48X-2969.23  ¥Y=2288.71X+425.53 Y=2 768.04X-992.83 Y=1856.12X-363.74 0.689 0.833 0.558
Indolyl acetic acid Y=2 150.55X-2 174.07  Y=1 828.09X+14462.5 Y=1 805.49X+9460.86 Y=1 925.28X+5 120.41 0.850 0.840 0.895
Brassinolide Y=447.61X-194.967 Y=761.43X+948.696 ¥Y=802.18X+1 797.95 Y=459.92X-46.27 1.701 1.792 1.028
Propiconazole Y=66 348.8X+42.54 ¥=54 033X+8 350.12 Y=52934X+14268.2. < Y=50604.6X+29 093.2 0.814 0.798 0.763
Forchlorfenuron Y=60 662.6X+12748.4 Y=57 172.1X+15460.8 Y=56217.6X+21879.1 * ¥=40 751.2X+2 195.59 0.942 0.927 0.672
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Table 3 Average spiked recoveries and RSD (7#=6) of 9 PGRs in real samples

Recovery/% RSD/%
Sample Component Spiked level Multifunctional needle . Multifunctional needle .
A(mg/kg) filter extraction QuEChERS extraction filter extraction QuEChERS extraction
Uniconazole 87.90, 99.70, 92.20 91.01,90.73,97.64 1.91,1.42,1.51 1.71,2.92,1.90
Paclobutrazol 104.61,101.31, 100.10 89.62, 87.44,91.02 1.20,1.41,1.72 2.61,3.75,1.81
Thidiazuron 109.31, 99.42, 100.40 101.33,97.44,101.44 5.60,1.61,1.32 3.81,2.64,1.91
Diethyl aminoethyl hexanoate 101.51,101.22,87.22 98.52,100.21,97.23 2.32,2.33,1.21 3.33,2.91,3.22
Banana whole fruit Indolyl butyric acid 94.91, 95.62,98.71 90.92, 97.61,90.74 3.90,3.02, 1.11 4.90,3.61, 1.90
Indolyl acetic acid 80.50, 83.71, 87.62 82.11,84.74, 89.64 4.90,4.31,2.82 4.20,3.34,5.81
Brassinolide 97.50, 86.51, 80.62 96.13,96.52, 84.62 4.61,4.22,1.81 1.82,5.81,4.02
Propiconazole 101.72,98.91, 89.32 100.12,93.93,91.03 1.92,2.71,1.11 4.33,2.80,3.11
Forchlorfenuron 105.02, 103:02, 98.81 95.02,.101.01,93.80 1.42,1.51,1.02 3.22,5.90,3.81
Uniconazole 95.91,93.33, 8742 94.33,90.54, 89.22 0.91,2.51,2.91 431,3.62,2.54
Paclobutrazol 102.72,93.74,95.54 84.12;86.91,91.30 1.52,2.31,3.52 3.95,2.42,3.60
Thidiazuron 99.22,95.51, 96.14 82.01, 84.42,91.64 1.41,1.22,2.51 4.62,3.55,2.81
Diethyl aminoethyl hexanoate 113.00, 98.65, 89.01 81.33, 86.00, 86.41 0.72,1.04,2.11 5.52,3.30,4.23
Banana pulp Indolyl butyric acid 0.05,0.1,,0:5 99.12,99.31, 101.72 96.15,95.64,91.92 2.11,3.42,3.80 4.90,5.41,3.52
Indolyl acetic acid 90.50, 97.54,96.92 92.54,96.43,91.74 5.01,3.42,5.11 2.71,3.33,1.90
Brassinolide 88.91, 84.64, 80.71 89.62,85.71,87.23 5.40,4.61,2.52 2.91,3.32,4.11
Propiconazole 98.24,91.44, 83.72 93.65, 96.34, 88.52 1.70,2.01,2.72 4.22,3.25,3.02
Forchlorfenuron 100.22,95.53, 81.22 96.72, 88.43, 81.81 0.72,2.11,2.01 3.81,4.11,3.92
Uniconazole 89.11,107.44,93.12 91.85,94.52,95.01 0.60,0.74, 1.71 2.11,4.32,1.74
Paclobutrazol 98.32,106.33, 99.81 81.53,85.64,93.22 1.90,1.24, 1.61 4.90,1.31,4.62
Thidiazuron 105.91, 99.62, 99.93 85.54,89.32, 87.65 2.52,2.11,1.81 5.22,3.63,1.00
Diethyl aminoethyl hexanoate 93.91,94.82, 82.54 86.91, 88.63, 87.94 2.32,2.44,0.84 5.73,3.11,2.92
Banana leaf Indolyl butyric acid 106.44,100.10, 105.62 11230, 111.61, 107.14 5.50,2.41,0.64 3.84,3.14,2.24
Indolyl acetic acid 91.81,99.62, 100.22 111.81,102.60, 101.8 5.31,5.33,5.51 4.72,2.44,2.12
Brassinolide 85.73,101.33,99.01 80.70, 98.33, 102.02 5.10, 4.60,2.71 5.90,4.42,2.00
Propiconazole 97.72,100.20, 95.64 102.74,106.22,91.62 0.40,1.41,1.11 1.34,2.41,1.51
Forchlorfenuron 100.32,99.62, 89.33 99.33,109.62, 87.01 1.62,0.90, 1.71 1.81,3.43,2.92
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