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Salting-out assisted liquid-liquid extraction coupled with
HPLC-MS/MS for determination of 13 kinds of bisphenols
and alkyl phenol compounds in liquid dairy products
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Abstract: Objective: An analytical method was established for
13 kinds and alkylphenol

determination of of bisphenols

compounds in liquid dairy products by salting-out-assisted liquid-

liquid extraction coupled with HPLC-MS/MS. Methods: The

salting-out-assisted liquid-liquid extraction pre-treatment method

was adopted, and the detection was performed in the mode of
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negative ion source multiple reaction monitoring ( MRM) by
triple quadrupole mass spectrometry, and quantitative analysis
was performed by matrix external standard method. Besides, the
effect of extraction solvent type, selection and the usage of
salting-out agents on the recoveries were studied and the
performance of the method was evaluated. Results: The liquid
dairy products were liquid-liquid extracted with acetonitrile as
extraction solvent and 0.4 g sodium chloride as salting-out agents.
The 13 kinds of phenols had a good linear relationship, and the
correlation coefficients were all > 0.99. The standard recovery
rates of milk and yoghurt were 81.5% to 118.1% and 80.8% to
107.6% , respectively, and the relative standard deviations were
1.89% to 12.3% and 1.12% to 11.9%. The detection limits were
0.15 to 0.75 pg/kg, and the quantification limits were 0.5 to
2.5 pg/kg. One of the commercially available liquid dairy product
was found to contain 4-NP, and the concentrations was 9.28 pg/kg.
Conclusion: The established method is suitable for the rapid
detection of 13 kinds of bisphenols and alkylphenol compounds in
liquid dairy products.

Keywords: salting-out; liquid-liquid extraction; HPLC-MS/MS;

liquid dairy products; bisphenol; alkylphenols; detection
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BPA FRifiE i (CAS 80-05-7) : 4 i 98 %, I it 4 1% 52
B BB R A R A T

BPB(CAS 77-40-7) \ XL AP(BPAP,CAS 1571-75-1)
FRfE 415 987,35 E TRC /A Hl;

BPS(CAS 80-09-1) . %l E(BPE, CAS 2081-08-5) .
W F(BPF, CAS 620-92-8) | 4-1F 3% £ B (4-n-OP, CAS
1806-26-4) \4-1F T- % i) (4-n-NP, CAS 104-40-5) | 4-T- %
W (4-NP, CAS 84852-15-3) g #E . 4li B 99%, dt 3¢
Bepure 2\ # 3

Wy Z(BPZ,CAS 843-55-0) ki 1 iy - 41 BF 99 % , 7[5
Dr. Ehrenstorfer GmbH 2\ ) ;

FHEW (OP, CAS 27193-28-8) , P 4 W B A (TCBPA,
CAS 79-95-8) frifi: it : 46 & 99% , 2 [H Accu Standard /A 7 5

TBBPA(CAS 79-94-7) . i i 99 %, 3& [ Chem Service
NEIF

ZNE EC be R A% 4l 75 E Merck 27 5
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(1) o 4 it 48 W = 53 o) A A R i & 1 & 10 mg,

%« 47 4 B i R ZEBX-HPLC-MS/MS ARl RS E A 13 MBI EB LY R

P 2 MR B ) 1 g/ L M BRARGE A . — 18 °C

(2) b TR ER I 1 /L B BABRE & 1 T A
— 2R BC B iR R R 1 mg/L(BPS Fl TCBPA
0.2 mg/L) MR A PR MERW .4 CIAE,
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MRHACNE R LW LB/ RV f Vg A1 1)
%5 mL, ZE/IECHE Ve 2 Viear N 1 D10 mL #47
PRI, e IE A AR BUA R . JF4r 318X 0.2,0.4,0.6,0.8 g
FAL A (NaCD HEA7 6 F i AL 4

1.3.3 FERVALHE MERAFREC 2 g IASFLENS T 15 mL B
FERLETMA S mL ZIERIENR Y 2 min, MA 0.4 g
SALE, W HE 2 min ZHEE .8 000 r/min .0 5 min, B
B WZ R,

1.3.4 USRS B

(1) {8 1% % . Waters Atlantis™ T, {4 3% #: X
2.1 mmX 150 mm X3 pm; A 40 Ci it AEE 5.0 pl; i
0.4 mL/min; Wi g A NEHE—FBEV, y ¢ Veg N
1+ DB WA B K #EERBRAEF:0~1 min,
20% A;1~4 min, 20% ~ 95% A, 4k % 4 min; 8§ ~
8.2 min,95% ~20% A;8.2~10 min,20% A, iz f7 0
[A] 10 min.,

(2) JEiE 4 e 35 B F R 7 3 (EST O A0
FHE—4500 V; B FIRIEE 550 C; AR 241 kPa; %
B 3 345 kPas Bl W i #4379 kPas £ [ B i
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Table 1 Mass spectrometry parameters of 13 kinds
of phenolic compounds
L&Y B RERE/RE O ETX KRR/
(m/z) R/ V (m/2) AR/ V
BPS 249.0/108.0 —100/—33 249.0/92.1 —100/—51
BPF 199.0/93.0 —95/—29 199.0/104.9 —95/—27
BPE 213.0/197.0 —70/—40 213.0/119.0 —70/—31
BPA 227.1/133.0 —100/—27 227.1/211.0 —100/—36
BPAP 289.0/273.0  —90/—40 289.0/195.0 —90/—35
BPB 241.1/211.0 —70/—39 241.1/147.0 —70/—31
BPZ 267.0/173.0  —90/—35 267.0/222.9 —90/—35
TBBPA 542.7/419.8 —100/—55 542.7/447.8 —100/—44
TCBPA 364.9/314.0  —90/—37 364.9/286.0 —90/—44
OpP 205.2/132.9  —80/—30 205.2/134.0 —80/—24
4-NP 219.1/133.2  —70/—43 219.1/147.0 —70/—38
4-n-OP 205.2/106.2 —80/—30 205.2/189.2 —80/—37
4-n-NP 219.1/106.0 —70/—28 219.1/119.0 —70/—45
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Figure 1 Total ion flow diagram of 13 kinds of

phenolics compounds

B 2548 | 20224 12 A | RSV

OBPA OBPB EBPE mBPF SBPS
140r zBPZ mBPAP @TBBPA &TCBPA 0P
©4-n-OP 04-NP  m4-n-NP
1201 )
o\\o 100 i B3
40r L
0 ?5‘ L]
ZH ZIENEC ki
R

Extract solvent
B 2 RIERNGH A
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Table 2 The linear equation, correlation coefficient, LOD and LOQ of phenolics

o R R/ 2 oy R LOD/ LOQ/
(pge LD (pg kg D (pg s kg D
BPA 1~75 Y=4.55X10"x+1.42X10° 0.995 7 0.75 2.5
BPAP 1~75 Y=1.33X10"x—1.93X10? 0.994 8 0.75 2.5
BPB 1~75 Y=5.82X10"x —4.87X10° 0.997 3 0.75 2.5
BPE 1~75 Y=1.08X10°x —1.14 X 10" 0.995 8 0.75 2.5
BPF 1~75 Y=9.21X10*x—2.41X 10" 0.999 1 0.75 2.5
BPS 0.2~15.0 Y=3.45X10%2+2.89 X106 0.995 7 0.15 0.5
BPZ 1~75 Y=5.42X10"2x+4.17 X103 0.998 6 0.75 2.5
TBBPA 1~75 Y=8.09X10%x—2.69X10° 0.992 6 0.75 2.5
TCBPA 0.2~15.0 Y=3.66X10"x—2.55X10" 0.995 8 0.15 0.5
oP 1~75 Y=6.14 X102 +1.16 X 10" 0.998 3 0.75 2.5
4-n-OP 1~75 Y=1.85X10"x+4.25X10° 0.998 9 0.75 2.5
4-NP 1~75 Y=5.78 X10"x +2.47X 10" 0.998 1 0.75 2.5
4-n-NP 1~75  Y=7.42X10'z—3.45X10° 0.998 5 0.75 2.5
x3 BMEVYRNEKRESEEE
Table 3 Recovery and RSD of phenolics
o Ik g/ S 8] o Tk / 15 8l
(pg+ kg™ D) EIYR/% RSD/ % R/ % RSD/ % (pg s kg™ ) [l #/% RSD/ % YR /% RSD/ %
5 87.6 5.23 103.4 4.56 5 111.9 1.89 102.1 6.53
BPA 50 82.1 6.98 96.6 6.42 TBBPA 50 100.3 9.24 92.4 2.90
150 85.7 11.70 106.2 4.88 150 118.1 3.47 94.3 5.47
5 89.7 7.35 98.7 4.57 1 85.3 5.67 89.2 11.90
BPAP 50 96.6 6.26 86.2 5.34 TCBPA 10 92.5 4.88 97.3 7.35
150 98.8 5.33 88.5 4.78 30 88.6 6.02 84.8 4.98
5 81.5 4.33 93.3 7.35 5 80.6 10.30 87.3 6.37
BPB 50 92.4 5.37 97.5 5.89 oP 50 94.3 5.78 95.4 5.97
150 86.1 8.42 103.3 4.27 150 83.4 7.34 104.5 4.56
5 90.8 6.64 90.3 8.46 5 93.9 3.44 92.6 8.44
BPE 50 83.9 2.31 82.1 10.80 4-n-OP 50 96.1 5.76 85.9 3.79
150 86.8 3.97 89.5 4.69 150 84.7 5.87 80.8 4.59
5 82.2 12.30 92.6 7.43 ) 91.9 8.25 94.6 2.87
BPF 50 82.9 9.01 86.3 2.87 4-NP 50 86.7 6.37 85.2 5.79
150 85.2 4.13 98.6 6.46 150 92.8 5.31 88.7 4.77
1 110.2 5.77 96.5 1.12 5 86.5 4.34 93.8 5.35
BPS 10 106.2 4.69 94.7 6.82 4-n-NP 50 85.4 6.49 87.5 7.58
30 92.9 5.31 85.4 7.44 150 84.7 7.41 107.6 5.46
5 81.9 7.49 100.1 5.78
BPZ 50 84.8 8.23 105.3 3.46
150 98.5 3.77 91.2 8.21
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