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Abstract: In this study, a gas chromatography-tandem mass (GC-MS/MS) method was developed to determine the morpholine fatty acid
salt in fruits. Samples were analyzed using a modified QUEChERS (quick, easy, cheap, effective, rugged and safe) method, through being
extracted with 1% formic acid-acetonitrile, purified with ethylenediamine-N-propylsilane (PSA) and graphitized carbon black adsorbent (GCB),
derivatized with 5.5 mol/L HCI and 4.3 mol/L NaNO, in ice bath for 3 h, separated by HP-FFAP capillary column, and measured in electron
bombardment ion source (EI) and multiple reaction monitoring mode. Matrix calibration curve and external standard method were used for
quantification. The results showed that morpholine fatty acid salts can be derivatized into stable nitrosomorpholine (NMOR) through nitrosation.
The peak shape of the target derivative compound was good, The linearity in the analyte range of 1~800 pg/L was good, with the correlation
coefticient higher than 0.99, the limit of detection as 0.14~1.09 pg/kg, the limit of quantitation as 0.47~3.63 pg/kg, the recovery rate of spiked
standard as 73.6%~118.5%, and the relative standard deviation (RSD) as 3.6%~15.2% (n=6). This method is accurate and efficient, has a high
detection rate in actual samples, and is suitable for qualitative and quantitative detection of morpholine fatty acid salt in fruits.
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Table 1 The mass spectrometry conditions of N-nitrosomorpholine

Analyte  Retention time/min  Precursor ions (m/z)

Product ion (m/z)  Collision energy(CE)/V

116.10 86.12* 10
NMOR 10.44 116.10 56.12 25
86.12 56.10 15
JE: *: Quantitative ion.
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Fig.1 GC-MS/MS chromatogram in MRM mode of the
N-nitrosomorpholine
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Fig.2 Extraction effects of different extraction solvents
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Fig. 3 Extraction effects of different sorbents
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Table 2 Analytical performance of the proposed method for NMOR

Matrix Linear range Calibration curve Matrix Coefﬁci@t of , LOD/ LOQ/ Inter.dz.l}./
/(ug/L) effect/% Determination (R%) (ug/kg) (ug/kg) reproducibility/%
Solvent 1~800  y=1.02x10"x+5.84x10° 0.9986
Whole citrus ~ 1~800  y=4.71x10°%+3.48x10°  -53.8 0.9925 0.85  2.85 10.5
Citrus peel 1~800  y=6.14x10%+3.07x10%  -39.8 0.9978 1.09  3.63 132
Citrus pulp 1~800  y=1.98x10°%+2.29x10%  -80.6 0.9954 0.47 1.57 8.8
Whole pear 1~800  y=5.59x10°x+2.86x10°  -45.2 0.9967 0.16  0.54 9.1
Pear peel 1~800  y=7.25x10°%+3.07x10°  -28.9 0.9915 035 116 113
Pear pulp 1~800  y=4.11x10%+1.07x10°  -59.7 0.9923 0.14 047 7.1
Whole apple ~ 1~800  y=4.61x10%+2.79x10°  -54.8 0.9914 0.56  1.87 10.1
Apple peel 1~800  y=6.79x10°x+3.07x10°  -33.4 0.9907 061  2.04 8.6
Apple pulp 1~800  y=2 14x10%+3.07x10°  -79.0 0.9951 035 116 6.0
14.000 | detection, LOD) H 3 f5EMELLAFH (S/N=3); &K

12,000
10,000
8000
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4000
2000
0
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Time /h
El6 T4 LE B FRt )%t i RS2 R

Fig.6 Influence of the derivatization reaction temperature and

time on the nitrosation reaction
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Table 3 Average recoveries (n=6) and relative standard deviations (RSD) at three spiking levels

Add 4 ng/kg Add 8 ng/kg Add 40 pg/kg
Matrix Average  Intra-day Average  Intra-day Average  Intra-day
recovery/%  RSD/% recovery/%  RSD/% recovery/%  RSD/%
Whole orange 110.5 13.2 86.7 7.8 90.6 9.3
Orange peel 118.5 15.2 73.6 8.6 80.8 103
Orange pulp 107.6 9.5 88.6 5.7 94.1 6.6
Whole pear 109.7 8.5 86.1 59 90.1 6.1
Pear peel 115.7 10.1 80.5 6.6 85.1 7.5
Pear pulp 106.5 7.8 90.4 4.1 92.7 3.9
Whole apple 108.7 10.5 82.5 7.5 80.1 9.3
Apple peel 116.7 12.1 78.5 72 75.1 8.3
Apple pulp 89.2 8.5 90.7 3.6 91.5 4.1
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