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ere commonly used as the disinfectants to sterilize the production equipment

Abstract: Quaternary ammonium compounds (QACs)
during the production process of dairy products, whic re the QACs contamination in dairy products. A new method for the
determination of five QACs in milk powder was estd d_using QuEChERS purification coupled with ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). MilK powder samples were dispersed into pro-rated water to obtain the liquid
milk, and then precipitated by acetonitrile. The extract was analyzed in multiple-reaction monitoring (MRM) mode of MS/MS after purifying
with PSA and separating with hydrophilic column (HILIC). Consequently, the five QACs showed a good linear relationship in concentration

ranges of 0.2~50 pg/L, with correlation coefficients over 0.999. This method was validated in terms of linearity, sensitivity, precision,

accuracy. The limits of detectio:

0f 96.5% - 11

Ds, S/N=3) for milk powder samples were in the range of ranged from4.0-14.4 ng/kg, and the recoveries
were in the rai

4.3~6.7%, which

lative standard deviations (RSDs) of intra-day precision and inter-day precision were 3.1-7.5% and
icated that there were QACs residues in milk powder The proposed method demonstrated accuracy, sensitivity, rapidity,
simplicénd good precision, which was suitable for the analysis and detection of five QACs in milk powder and other dairy products.
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FrifEdfh: Cp-BAC (CAS 139-07-1, £1i/5>98.0% )+
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13 4 5&
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Table 1 Mass spectrometric parameters of 5 QACs

Compound Precursor ion (M/z) Daughter ion (m/z) Cone voltage/V  Collision energy (eV)
Ci-BAC 304 91%/212 30 25/22
Ci4-BAC 332 91*/240 30 30/25
Cis-BAC 360 91*/268 35 30/25

DDAC 326.2 186.1*/57 35 30/30
DTAB 228 60.1%/57 35 25/25
Ci4-BAC-ds (IS) 365 96 35 307
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2 #ER5itS
21 sEAHHMmL
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Fig.1 Chromatograms of 5 QACs and internal standard

extracted ion
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R, BN/ MER B E (RS RE R =3
N 600 pL. SZEGEE RN 2 Fis, WCX FEFHAEEUN
FEFT 400 mg PSA (R &, A RBOHR T 5L
HIRIN. . JRIEA WCX [ AHAE I AR 5 24 3 DA
BRI ES TR A, TR0 BRI 258 T (s T
PSA A LAWK B FER H A AL =525 1, HLE%E PSA H

DNZREER AR RS TBISCRAR AR, 25T WCX [
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FEIRIRT, AT REAAAET- I H AR RHIE RS 14 1
IR o N FIATTIFNS 37 NGk R ittt AT AT AL B
M, FEAERREE R P A I AT R 0 A, ERER
Rl BRI T ik, 1R EoR 5 Al QACs
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Table 2 Recoveries of samples with different purification conditions

\‘?’%7}‘3&

EILE (meantSD, %)

C-BAC C1-BAC Cis-BAC DDAC DTAB
EIRARE R 44.5+1.1 65.240.8 87.3+0.4 62.8£0.9 71.6+0.6

T4 39.2+1.5 58.8+1.6 81.2+1.3 555415 62.4+1.1

strata-X SPE 754423 78.342.0 89.142.5 80.2+1.7 86.342.2

WCX SPE 94.242.9 93.442.7 91.442.6 88.3+2.0 91.842.9

PSA-100 mg 41.843.1 60.4+3.6 84.242.6 53.6+2.4 69.042.5

HSAATRIVE  PSA-200 mg 54.2+1.9 64.242.5 852429 65.042.5 83.242.9
C18-100 mg 11.6+4.3 30.043.9 65.0+3.7 13.242.9 37.6+4.0

C18-200 mg 9.4+3.0 272433 61.4+4.0 34.443.0 34.243.1

GCB-100 mg 0 0 0 32.443.6 26.0+3.5

GCB-200 mg 0 0 0 30.6+£3.4 20.0+1.9
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Table 3 Linear range, regression equations, correlation coefficient (r), MLODs , MLOQs) and matrix effects of 5 QACs

Analyte Linear range/(pg/L) Regression equations r MLODs/(ng/kg) MLOQs/(ng/kg) Matrix effect
C;»-BAC 0.2-20 y=0.4334x+0.0870 0.9991 4.0 12.0 0.98
Ci4-BAC 0.2-20 y=0.4526x+0.0699 0.9994 4.0 12.0 1.02
CicBAC 0.2-20 y=0.4403x+0.0965 0.9997 4.0 12.0 1.09
DDAC 1.0-50 y=0.1866x-0.0400 0.9991 14.4 48.0 1.00
DTAB 0.2-20 y=0.3299x+0.0001 0.9993 4.0 12.0 1.05
R4 EEFHEBENELER y
Table 4 Analysis of recovery and repeatability
Analytes Spiked/(ug/kg) Intra-day (n=6), Recovery (%, RSD) Inter-day (n=5),~Recovery (%, RSD)*
C;-BAC 12,24, 120 112(5.8), 105(4.2), 97.3(3.5) 101(5.5)
Ci4-BAC 12, 24,120 107(5.1), 98.8(4.0), 102(3.1) 99
Ci¢-BAC 12, 24,120 109(4.7), 96.5(3.3), 99.1(3.8) 98.9(4.
DDAC 48, 96, 480 115(7.5), 99.7(5.4), 98.6(4.2) 102(6.
DTAB 12,24, 120 97.7(4.5), 101(3.4), 99.0(3.2) | i W4 98.2(4.8)

F 2SS IR E N 0.2~50 pug/L RANEAHR
WE AR, 5 AR QACs DL e F B T AR
[ A bR Ca-BAC-ds [17E & 55T UE I AR LU AE A
bR Cy), DAAHRLAIRBEAMEARAR (x, pg/L) FEATIE
VA5MHT: 20 ILA 3 A5 A 10 f5 085 45 EE bRt f 25
(n=20) 53k vfk: i 4 PR At e () LU AR g 2k
P (MLODs) 177 2 R (MLOQs) . 5 Fifill QACS
(LRI et T RE L FH5C R %0 MLODs Al 1‘\‘/1
% 3.
HHE 3 AT L, AR RFIIRT 0.999, F&H
T QACs TEAH L[ P s [l 2k ¢ 3 R AT
D7 e BIRAE 12.0~48.0 ng/kg 2 1), REUE R, "L
k5 A RR B W SR
DABH PR b 2 T i

T

SHIIE L AL

T Hh 2R Rl e 5 Al s YEHIZE IR 2R 1) LUAE
FHILF Y (matrix effects ), ME>1 ALt

‘ &wﬂ%m 2 Tl B 5 R A L AR
R AL LR

26 FEWEREESE

IEERBAYE R RV AS FURE i, 42 ARSI T 1k
17 3 MREE/KT (1XxLOQ- 2xLOQ A1 10xLOQ) KR
INESCARS 25 B S8 (n=6), VLSS IRk k47
4 5d I HERESEEELEE (n=5). KILERIE 4, 5
FhEFIAD I TR ISR AE 96.5%~115% 2 18], H Pk
B (n=6) 1F 3.1%~7.5% 8], HIEFEEE (n=5)
TE 4.3%~6.7% 7], FEHITIEE ISR AR 5 R R i

ity

2.7 SEPRAE R

COSRHARTENE 737 AL LT W R

8 DR REING HHZ4dh, TER T C-BAC, %
IR BN 423<178.4 pglkg 208, A 4 NHKFES
()25 ek A B A T R R 1) B PRAEL 0.1 mg/kgo

3 4Hig

K CREWATEZERANFREE 1, QuEChERS #Ht4%
RF UPLC-MS/MS HAR, #EA7 7 —FhPlus. &)
[ A 000 52 ks i R S Bl QACs THEERIRI AT ik T
EIRE RN CIEAREERCT 5 7 QACs, [FIRHEH
EABMEDERSZ: Ll PSA #H17 QUEChERS 44k,
PO R IR A MU SE A0, T8 T L R,
Hirf &S m I ER L, J7ka R
4.0~14.4 ng/kg 8], REFE s THERIVHN SRR,
TR BRI ESCR AR Z R . SEPRRE S bR
AR S L i TP A7 AE QACs THEEFTIVG Yt i«

BH bk

(1]

Nunez O, Moyano E, Galceran M T. Determination of
quaternary ammonium biocides by liquid chromatography-
mass spectrometry [J]. Journal of Chromatography A, 2004,
1058: 89-95

Castro R, Moyano E, Galceran M T. Determination of
quaternary ammonium pesticides by liquid chromatography-

electrospray tandem mass spectrometry [J]. Journal of

279



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.10

(3]

280

Chromatography A, 2001, 914: 111-121

C Zhang, F Cui, G M Zeng, et al. Quaternary ammonium
compounds (QACs): a review on occurrence, fate and
toxicity in the environment [J]. Science of the Total
Environment, 2015, 518-519: 352-362

Z E Mousavi, F Butler, M Danaher. Validation of a simple
spectrophotometric method for the measurement of
quaternary ammonium compound residue concentrations in
food production facility [J]. Food Analytical Methods, 2013,
6(5): 1265-1270

Nunez O, Moyano E, Galceran M T. Solid-phase extraction
and stacking-capillary electrophoresis for the determination
of quaternary ammonium herbicides in drinking water [J].
Journal of Chromatography A, 2002, 946: 275-282

H Y Liu, W H Ding. Determination of homologues of
quaternary ammonium surfactants by capillary electro-
phoresis using indirect UV detection [J]. Journal of
Chromatography A, 2004, 1025(2): 303-312

Miyauchi T, Mori M, Ito K. Quantitative determination of
benzalkonium chloride in treated wood by solid-phase
extraction followed by liquid chromatography with
ultraviolet detection [J]. Journal of Chromatography A, 2005,
1095: 74-80

M Song, M liu, et al. Separation and determination. of

quaternary ammonium compounds by high-perfo €
liquid chromatography with a hydrophilic polyme
and conductometric detection [J].Journal of Chromatog aphyf

A, 1999, 830(2): 321-328

&

(,\

[%]

[11]

[12]

[13]

Forda M J, Tetlera L W, White J, et al. Determination of alkyl
benzyl and dialkyl dimethyl quaternary ammonium biocides
in occupational hygiene and environmental media by liquid
chromatography ~ with  electrospray  ionization mass
spectrometry and tandem mass spectrometry [J]. Journal of
Chromatography A, 2002, 952: 165-172

Bassarab P, Willwams D, Dean J R, et al. Determination of
quaternary ammonium compounds in seawater samples by

solid-phase extraction and liquid: chromatography-mass

spectrometry [J]. Journal of Chromatography A; 2011, 1218
(5): 673-677
E Martiez-Carballo, A Sitka, C Gonza’le;

eiro; et al.

samples/in Austfia [J]. Environmental Pollution, 2007, 145(2):
489-496
Peng X T, Shi Z G Feng Y Q. Rapid and high-throughput

determination of cationi¢ surfactants in environmental water

samples automated on-line polymer monolith
microextracti coupled to high performance liquid
chromatography-mass  spectrometry [J]. Journal of

Chromatography A, 2011, 1218(23): 3588-3594

G Xindong, M Tongn, X Yanping, et al. Ultra-performance
liquid chromatography tandem mass spectrometry for the
rapid simultaneous analysis of nine organophosphate esters in

milk powder [J]. Food Chemistry, 2016, 196: 673-681



