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Determination of 11 p-phenylenediamine antioxidants and their oxidation products in milk by
ultra performance liquid chromatography-tandem mass spectrometry
LIU Guangchen'?, WANG Qingge’, ZHANG Lei*, LI Jingguang'*
(1. School of Public Health, Nanjing Medical University, Jiangsu Nanjing 211166, China;
2. China National Center for Food Safety Risk Assessment, Beijing 100021, China)

Abstract: Objective To establish the first method for the simultaneous determination of 11 p-phenylenediamine
antioxidants (PPDs) and their oxidation products in milk by solid-phase extraction (SPE) coupled with ultra performance
liquid chromatography tandem mass spectrometry (UPLC-MS/MS). Methods A 2. 00 g milk sample was weighed, freeze-
dried, and extracted with 10 mL of acetonitrile. The mixture was shaken, then centrifuged at low temperature. The
supernatant was purified using an Oasis HLB solid-phase extraction column. The combined sample and purified liquid
were evaporated under nitrogen and resuspended for injection and analysis. Chromatographic separation was performed
using a gradient elution with a mobile phase of 0. 1% formic acid aqueous solution and acetonitrile. The analysis was
carried out on a WATERS ACQUITY BEH C18 column (2. 1 mmx100 mm, 1.7 wm). Detection was conducted in positive
ion electrospray ionization (ESI") multiple reaction monitoring (MRM) mode, and quantification was achieved using the
internal standard method. Results The correlation coefficients (R?) for all 11 PPDs and their oxidation products were
greater than 0. 990 within the concentration range of 0. 1-50 pg/L.. The method detection limits ranged from 0. 004 to
0. 152 pg/kg, and the quantification limits ranged from 0. 013 to 0. 507 pg/kg. Recovery rates for three different spiked
concentrations ranged from 84. 4% to 121. 9%, with good intra-day and inter-day precision (RSD<14%). When applied to
28 milk samples from different countries and regions, the detection rate for 6PPD was the highest, with positive

concentrations ranging from 0. 05 to 2. 27 wg/kg. The detection rate for DTPD was 39%, with positive concentrations
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ranging from 0. 07 to 0. 79 pg/kg, and only two samples had 6PPD-Q concentrations above the limit of quantification.

Conclusion This method demonstrates excellent sensitivity, accuracy, and precision, making it suitable for detecting p-

phenylenediamine-based antioxidants and their oxidation products in milk samples.

Key words: p-Phenylenediamine antioxidants; solid phase extraction; ultra performance liquid chromatography-

tandem mass spectrometry ; milk
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Figure 1 MRM chromatograms of 11 PPDs and their oxidation products
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Figure 4  Elution curves of 11 PPDs under three elution solvents (n=3)
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K2 115 PPDs AL MR B KR R A2 i BR 5 4 A0
Table 2 Linear range, detection limit, quantification limit and matrix effect of 11 PPDs

pis/l Wi R TR R/ (ng/kg) J7 ik R/ (ng/kg) B R
DTPD-Q ¥=0.793 72x-0.001 78 0.994 0.010 0.032 0.83
6PPD-Q y=0.888 84x+0.012 62 0.999 0.004 0.013 0.76
CPPD-Q ¥=0.539 99x-0.003 01 0.993 0.007 0.023 0.79
DPPD-Q ¥=0.637 87x+0.030 92 0.991 0.013 0.043 0.89
DTPD ¥=0.088 89x+0.002 90 0.995 0.012 0.039 0.76
7PPD y=1.393 29x-0.032 13 0.999 0.015 0.051 1.16
6PPD y=1.550 38x+0.045 14 0.990 0.010 0.032 0.94
CPPD y=1.028 20x+0.003 94 0.998 0.045 0.151 0.92
DPPD y=0.836 76x-0.091 47 0.993 0.152 0.507 0.78
IPPD y=0.424 09x+0.774 74 0.999 0.005 0.016 0.94
IPPD-Q y=0.490 64x+0.096 25 0.992 0.012 0.040 0.82
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7 b A= 5 v R AT AR AR TR AT A W 0 T Y S R AR A
5o A H TR DN B T Y W ik B A AL (R
5 R FN AW T2 0 S BB AT REE ROk

3 11 FP PPDs £ 4= 4% rp (1) [a] ie S8 F AR X A o A 22 (n=6)

Table 3 Recovery and relative standard deviation of 11 PPDs

in milk (n=6)

P e T R
(pg/kg) KW/ % KWEEE/ %

7E 114.6 10.7 9.1

DTPD-Q 1 111.4 9.1 6.7

10 116.2 8.5 7.4

& fR 108.0 7.4 5.1

6PPD-Q 1 100.4 5.0 5.3

10 106.1 3.4 6.0

7 111.2 9.3 6.2

CPPD-Q 1 107.7 8.1 7.8

10 113.5 7.0 7.6

S R 113.8 10.3 13.7

DPPD-(Q 1 111.3 9.8 13.5

10 117.0 8.7 12.7

7 R 106.3 7.3 13.0

DTPD 1 104.9 7.6 12.9

10 86.6 7.9 10.9

7 fR 108.1 8.1 2.2

7PPD 1 84.4 2.2 3.0

10 79.8 13.9 5.6

2 1R 112.8 10.6 6.2

6PPD 1 90.0 1.6 5.2

10 81.5 12.1 5.7

7 B 105.8 7.3 6.2

CPPD 1 91.2 3.3 6.3

10 86.8 9.3 5.8

& fR 113.5 11.8 7.7

DPPD 1 101.5 9.9 8.3

10 117.1 9.2 10.4

7 T B 105.3 5.1 43

IPPD 1 88.7 0.9 22

10 121.9 10.2 3.1

5 R 111.4 9.0 11.1

IPPD-Q 1 111.6 10.0 12.3

10 112.5 6.9 12.8
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