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Quantitative detection of furosine in milk by microwave hydrolysis-ultra
performance liquid chromatography-tandem mass spectrometry

YAO Gui-Hong"*, LIANG Chao*, YAO Mei-Yi'? XING Shi-Ge'?, HAN Xu-Jie®,
WU Ming-Ge’, LING Yun'?", XU Xiu-Li"*"
(1. Institute of Food Safety, Chinese Academy of Quality and Inspection & Testing, Beijing 100176, China,

2. Key Laboratory of Food Quality and Safety, State Administration for Market Regulation, Beijing 100176, China;
3. National Center of Technology Innovation for Dairy, Hohhot 010110, China)

ABSTRACT: Objective To establish a method for the detection of furosine in milk by microwave hydrolysis-ultra

performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The optimal conditions
for microwave hydrolysis were optimized by single factor experiments and response surface methodology. The
hydrolysis solution obtained under the optimal hydrolysis conditions was filtered to a constant volume. The
hydrolysate was diluted 10-fold with 6.0 g/L ammonium acetate solution and then analyzed. Gradient elution was
performed with 0.1% formic acid aqueous solution and methanol solution as mobile phases, and the separation was
carried out on a T3 liquid chromatography column (100 mmx2.1 mm, 1.8 pum). Under the positive ion mode of
electrospray ion source (ESI"), multiple reaction monitoring (MRM) mode was selected for detection and external
standard method was used for quantification. Results The optimal microwave hydrolysis conditions for
furosine in milk were hydrolysis temperature of 160 °C, hydrochloric acid concentration of 8.1 mol/L, and
hydrolysis time of 52 min. The primary-to-secondary order of influencing factors was hydrochloric acid
concentration>hydrolysis time>hydrolysis temperature. Furosine in milk showed a good linear relationship within
the range of 0.005-0.500 pg/mL, with a correlation coefficient () of 0.9958. The limit of quantitation (LOQ) and
limit of detection (LOD) were 0.20 pg/mL and 0.07 pg/mL, respectively. The average recoveries were
89.09%-97.33%, with relative standard deviations (RSDs) of 3.37%-7.02% (n=6). Conclusion This method is
efficient and accurate. Compared with the traditional hydrolysis methods (12-24 hours), microwave hydrolysis
shortens the hydrolysis time to 52 minutes, and there is no significant difference (P>0.05) in the detection results
compared with the conventional hydrolysis methods in the industry standard NY/T 939—2016 Identification of
reconstituted milk in pasteurized and UHT milk. It can provide technical reference for quality control and heat
treatment process evaluation of dairy products.

KEY WORDS: microwave hydrolysis; ultra performance liquid chromatography-tandem mass spectrometry; milk;

furosine; response surface optimization
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RS AEAR . SRR RS SR, Ak 90, ME & M W JE 3 8 £ CEPSS/NF-xB/PI3K/AKT/

R b B B RO IR B JEOR L A A R R R
W1, FE L UEA TR U B EC R R L TR KR AR R
DA 5 i 2 s Rnkese Bl SR, B 1451 & L hifE
SN, AR R 5 9 S 2 e SRR R A AR R (R AL R
N, AR ORI RO S S ), SRR MBI AR K
TR, I AT R BE S SR 0 A B 08 2 P i TE
B, TEERLFER N P, BEBRA -2 LI 5 A JRObE
(AN 7481 25 55 /Y 3 3 & AR O, AR RS e, i T 28 0t
Amadori FHER W IE B, Amadori 7=, 488 7K A% 45 B R
FaE AR T Wi S W E Ay 2P 1 S R ) = k= 4

FOXO1/TNF-a 8 %t A S Redi - A B vk VE FH,
1L RIPK1/RIPK3/MLKL 3 5| & A4 SR st T,
WESE TR B R . B Bk AR B A
TR I 2 25 2L AR R Y 3 AL, W 2 3 R AR 2L o T
EEHEAEEE L,

HAT, 2L Ao 2R 00 A% I 3 % 3 T R K A Tk
P2 A 3l o M B AR AR R L R, BROK R AE
110 °C fOEAA PP EAT 12~24 h, FEH, MELIE 2 24 R Xt 4
LR R R A HT BT 2R UL, S B — R B A A
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HL G e A S ABE, SRR A PR S IR, T R R 4 e
AR )T WANG SO RGR I AR (A 40 min N 5E
BT AR FURE S B KA o SR, BREEIR & i A E A2
VTP A IRLIRE S AR I ) IR VA 32 1R S ), 1 e B TR 3R I
BT HMELUA U Z 2800 28 HAE, P RE S 8Os
SR 22 o e TR S —Fl s iR e A SR, T AE
ARG i BL A b A AT A DR R TR S EAE A, R g
SR ECARBRURAG & R A I A, R & ik R E
PEAIEREENS ) S — i, AR LT A A Cln s i
07 v A S ) X R SR AR A I R AR S R R Y T
(R BRSO €233 - FR B BT 59 (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
CIRGRIEROE EANE SRR UE R TR SR VS Rl R4 /S
BT, WORAREE ST 1 2R FLA R ER E 3 BT RS
A REpERO2,

ARG O W L S UPLC-MS/MS H AR ARZS 4,
FAT AL Ao R 5 5 o 3ok T o 7 T A A TR R A
WHMS BT R, B e E AR AR A, HET
SR FUHORR R Y PR . RS EASIN, Shy LA 5 4
LA IR TP PR AT S A AR S A

1 MR5ERE

1.1 (¢ MRS IRF

ACQUITY UPLC I-Class PLUS B! &30 M (03 R 55
Waters TQ-S Micro = PUMFTFFi%{Y . ACQUITY UPLC
HSS T3 WA FE (100 mmx2.1 mm, 1.8 pm)(GEE Waters
3 w]); DKN612C A (FE OISR A PR vl); MARS
6 BT TH AL (3 [ CEM 23 H)); Vortex-KB-3 IR & 4%
(32 [# Scientific Industries 23 F]); Advantage A10 Milli-Q %
B9 TK & AR 233 E Millipore 23 7]); ML104/02 H, K- (Ji%
it 0.1 mg, HnLAMERE-ER Z A BRA ).

A= FURE A (A M T B AR )

HE., HER. 2 (@ikai, 32E Thermo Fisher
Scientific 47 M2 H]); #hmR(orHral, 254 R k2l
FRZSTD); BB AR e & (LEE 98%, [ Panphy /A F]); it
6 17K % i Millipore 27K {3 %

1.2 REHE
1.2.1  ARAERRBLH

WA ARG & SRS R A e,
WS h 3.00 mol/L ) ER IR VA fif e 4 B il B o3 o Wk O
500.00 pg/mL FRIFRERE F5

HEZATRARE P THERIREI 1 mL R R bR &
#(500.00 pg/mL)F 10 mL 2 HHH, Ji1 3.00 mol/L #hFRA
WERZZE, R5)E, B85 50.00 pg/mL 1Bz RRIR
T ATV

MR RRARME TARR: B— & = IARiE T R, A2
B R B TR e, IRTC I
1.2.2 4 SUHE S ko K AR S AR AL

(DR %

DLER R Ry R g ), TR0 SRIBE M AR B0 2% 1500 W, FHIR
BHE R 20 min B&0FT, JHRAFE R, WRSHE
X A LA AR o R E A SR, AR, B
KRR E 160 °C . /KfEAF[E] 40 min, ZERERERIKIE6. 7.
8. 9 mol/LYWH 2[R & bl E 45 A2 e, IR IR Uk
B 8 mol/L, JKfi#itA] 40 min, ZEIKMILEE (110, 130,
150, 160, 170 °C)XJHEZ IR & I 8 25 R A5 ;. e
FRYEJE 8 mol/L, /KAFIEIE 160 °C, HEL/KAFIFE(10, 20,
30, 40, 60. 80 min)XHEZMR % il 2 45 A 5E I

(2) ] o7 T a6

iR N R 4558, K8 Box-Behnken F.00 851X
THERIE, BOEMEERR S B RAE, AR (). $hig
WP (X0) KRR I OG) o A 2R, w1 3 &R 3 KPR,
DI AR K R A5 o i o T B8 R 28 5 K- I3 1

F1 WNEREEKSKFET

Table 1 Factors and levels design of response surface test

K TXOKRIE)  GERRIKE)  XGOKERE)
/°C /(mol/L) /min
-1 150 7 20
0 160 8 40
1 170 9 60

1.2.3 Hama

B 2.0 mL 4-FUAE R TR O FEHEAE T, A
6.0 mL BRI, WIRIRAE, HiHRE BT CEM Mars
6 TR T A, R A DR 3 R ) 7 T 6 2% 1 R B IR
WERE L /KA S [R] AR K e TR RS A T RO T A . TH RS R R,
B T A o KA S L UE R A R, B HUE BRI, A
6.0 g/L M Z MRS RFRE 10 %, 1RAJEE 0.22 um /KA
UEIEE, UE VAL L HLAEI
124 &#EH

435k ACQUITY UPLC HSS T3 WAl i41:(100 mmx
2.1 mm, 1.8 pm), ¥E¥E: 30 °C, FEIAH A: 0.1%H R
W, wmEhA B: WEE, @GS ENET: 0~0.2 min,
5% B; 0.2~10 min, 5%~100% B; 10~13 min, 100%~5% B;
13~15 min, 5% B, ¥EEE 5.0 uL, WA 0.2 mL/min.
1.2.5 Fi#iht

HH, 5% 25 B - 5 IE B8 F 1% 3 (the positive ion mode of
electrospray ion source, EST") LA £ 5 i Wil (multiple reaction
monitoring, MRM) 734, & FIRIEE 150 °C, BAMEHE
3.0 kv, EEFISIRE 500 °C, H#EFLHEIE 30 V, REFIS =
1000 L/h, AREER Vi X AR RE S B LR 2.
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Table 2 Mass spectrometry analysis parameters of furosine

&Y BET(m/z) FETF(m/z) HZEIY
130 12
RN 255.1 84" 28
192 12
T EREEE T
1.3 MERIEUTE
AR EOIEAX DO T:
CXDXV
F= 1
v (D

Kb FOyREE 4 2R S PR & =, pg/mL; C
PR AR R EALT R EE, pg/mL; D A KRR R
$, D=10; V Ry/K W 2 BARFR, mL; Vo A= FLAR
FEE, 2 mL,

1.4 HIEALIE

K FBEALEC & ) MassLynx 4.2 844 UEA7AE S PR S
PR ) 2 M S AL A AT o R TR AR BT M A5 A 43 R
Design Expert 13.0 # i1t 54347, >R Word 2016 i#£47
FAK 2, il &R H OriginPro 8.6 3k 4.

2 EREHR

21 BERERHMRK
211 LB

FEET 0.2 pg/mL MR ERRTELE . B AT
WA IR Bl B T N SR B, 25 SR SRR AR AL 1E B8 T
T (miz 255 )WRAF 5508 . @t Z R, R
TR A BT S (3R 2). WA RRAR R (kLA 1

2.5x10° 1,50
2.0-10°F —255.1-84
——255.1-130
) 1.5x105 ——255.1-192
g 1.0x10° |
5.5x10° -
0 L
0 05 10 15 20 25 30
LR ER 1} 8] /min

BT BRI K (0.2 pg/mL) @11
Fig.] Chromatogram of the furosine standard solution (0.2 pg/mL)
212 EEFAERA
B TR A B W, AWETEX L T Waters
ACQUITY UPLC HSS T3 (2.1 mmx100 mm, 1.8 um), Waters
ACQUITY UPLC BEH HILIC (2.1 mmx100 mm, 1.7 pm)#

Waters ACQUITY UPLC BEH Cjg (2.1 mm=100 mm, 1.8 pum)
3 PG, 3 FIORIRI RS GG A I RIS AT R R 2 iR 0
R AW LR A T3 5, 2% G A & LKA &
% pH WAHEA B AN, JF BX By R R
TFRO LR B fE 12,

EFANHMER L, AT 0.1%FBK-FEE, 0.1%
FER/K-CE « 7K-FBERNK - 2 VR b R sl A o iR e a3
SR . S5 FRM, T R S AH R AR AR 1tk
Wi o7 5 3 B 05 o MU B AR AR, A R A R AR R Bh
AH AT TE X RR, MR R R R, ASHIRSR SR
0.1% H 7K - H B i s AR IR &R
2.2 WBEEMEHBEREHRT
22,1 FRFRABLER

(L)Fh FRvfe 3 XA 22 1R 7% eI 2 1195 T

WAL K FETF 6 mol/L A, ABEMIBEEIR 7T
Ay es o2 R, ASBIRST 8T K A R vk JEE
BREZ R & B E RS2 . 7RO IS IR EE A 160 °C, TH
fif B 1] 40 min B2 1F T, AR R = Y ER RV, fHiK
R R ER R R E4Y Bh 6. 7. 8. 9 mol/L, HEEARELR
i T o A R R B e S I . S5 SRAN BT 2A R, BEE R
WREMIER, MRER S BB E FEIR, ARy
8 mol/L B}, MR & i ik # de KAA, ik meuk i it — 25
T D b R M N PR . DRI, 3EBR 7. 8. 9 mol/L bR
YR BAES BN TG S5 -

(27K figp IR R X A 1R 5 22T 2 1 52

2 mL ARZURE S I AR R K AR R R vk B R
8 mol/L, TE/KABHTAIA 40 min AT, BEE U TH iR
BE4RHIS 110, 130, 150, 160, 170 °CH}, FFAS3IAEE S,
MR S RN ESS R 2B i, B KIREET S
£ 160 °C, B o BN, W LA E#T 160 °C
Ji, AT TR, Rk, 50k 8K iR s s
150, 160, 170°C.

(3)7K fige i i) %o A 2 18 5 22T 2 1 52 T

2 mL ARZURE NS AR R K AR R R VR R
8 mol/L, ¥ B KARIRE A 160 °C, 47l f-HFRR K iR
WA 10, 20, 30, 40, 60, 80 min, % HLHIE K T
V)Xo 2 R 2 TR s, S5 AR LI 2C KA B R) SE K
40 min B, BEZEBR &R R . MK AR ] — 203
i, MER BT R, e n AR i i
o, ROV BRI 20, 40, 60 min,

222 vhREEEAKIE LR

TR RIRIGEE R, 15 5 Box-Behnken iREG K 11t
AR R FEE R 3 PR @R mE A5 2R R
TR SRR CG) . FRERUR I OG) R A A5 8] () ) 1T )
FHERX N 1=6.07-0.2128X,+0.4290.X,+0.3473X3+0.006.X, Xo—
0.0245X,X35—0.0665X,X5—0.2642.X,>-0.4102X,°-0.4347.X;%,
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A 5. B 6 C
~ e A ¢ 10¢ d d
= c 2 5t /E\! 3l b dc
£ 41 b E 4L E
) 2 b oh c
= P =
Ujﬂ’ﬂ a 37 ﬂﬂ
ul & T 41 b
g 3 [ -
i ® 1 ® 21 a
L : s : AN P oL - .
6 7 8 9 110 120 130 140 150 160 170 0 10 20 30 40 50 60 70 80 90
LRIV JE /(mol/L) IKFFIRIE/PC JK i 18] /min

T AEING FRE RS B 2 25 55 (P<0.05).

B2 EhBRUREE(A) . WK R B (B)FI LI 7K A s ] (C) ol A e R 1% S ) 119 5 1

Fig.2 Effects of hydrochloric acid concentration (A), microwave hydrolysis temperature (B) and microwave hydrolysis time (C) on the
determination of the content of furosine

Ry MRmR R RAHEE DA BB I Fe 4.t 4 T, ) F
Table 3 Design and test results of response surface scheme
— 9 64.82, P<0.01, FIIZFIEE  JAUT Pl 0.4786>0.05,
5 X/°C  Xo/(mol/L) Xy/min 2R/ (ng/mL) . e I "
1 = 5 0 T30 R, RO TR AR A 25 ] SR, B R
5 5 2 " 15 HURY R D E R B(R ag) 7351 0.9915 il 0.9762,
3 160 7 60 5.193 frMEE A 24.3610, SR T ERIGEUA 4, RWISLPREE
4 170 3 20 4.804 LA Ehd 22 (B A0 22 AR /DS, AL TIE B T AR TR %) o ot T
5 160 8 40 6.056 M4 P Ef%ﬂ, — IR ER X1, X X 731ty @UliSE 3 X12\
6 160 7 20 4.452 Xyt X" SRR o e M i K F-(P<0.01) o B F T L, 5%
7 150 7 40 5.168 M 2 R 1% ek P9 PR ZR PRI e R BR MK B (X)> K A Hisf 1]
8 150 9 40 6.072 ORISR IVEACOR
9 170 3 60 5536 &l 3 AN R 28 5 R 5 B T R S 2 £ 0 )3 T
10 160 9 60 5360 HERLE, WRTE 3D B BE SRR A4 i 4 A R R
1 160 3 20 5994 JET LRI 45 TR A8 AR IR 55 o FLASRUE, 25 i 1o 1T
12 150 8 60 5.982 3D EIMRBEMY, &5 mgk FR R REEDR, 2B R 2 5g BAE
13 170 7 40 4.702 2800 &l 3 Rl 3 [N R Z RIS AR TR A 3D i
14 160 9 20 5.385 N TE TR, HAF R I TRE, RHSHEEZLE
15 160 8 40 6.152 YERX IR & Sy A B3 . 53R 4 I EZ0Irs R —30
T4 FEIMREEHRBER
Table 4 Results of analysis of variance and significance test
5 254U -5 A A ¥ F P BT
Y 4.20 9 0.47 64.82 0.0001 ok
X 0.36 1 0.36 50.30 0.0009 o
X, 1.47 1 1.47 204.54 <0.0001 o
X; 0.96 1 0.96 134.01 <0.0001 o
XX, 0.01E* 1 0.01E 0.02 0.8930
XX 0.24E* 1 0.24E 0.33 0.5886
XoX; 0.02 1 0.02 2.46 0.1778
X2 0.26 1 0.26 35.79 0.0019 o
X2 0.62 1 0.62 86.30 0.0002 o
X2 0.70 1 0.70 96.91 0.0002 o
k% 0.04 5 0.72E 2
A 0.02 3 0.78E 1.23 0.4786
aliiR 2% 0.01 2 0.63E
Bk 4.24 14
R=0.9915 R?44=0.9762 {5 H=24.3610

T #* RN 4

R B35 (P<0.01),
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R A A3 M 25 T, TN e A K 8 554k K R IR S PR K ARIRE 160 °C, EHFERIKEE N 8.1 mol/L, K fifkHIA]
A 159.376 °C, #hFERME A 8.068 mol/L, K fiF i [A] A A 52 min, FERLARIFT, PRI S & N 6.30 pg/mL. 5
52.046 min, IR B|SCBREAERIIATYE, BEBBOKARAME OB 6.16 pg/mL I, GESE T A AT A AL A AT 2

YOBEZ R 7 #)/(ng/mL)
9.0
A
7
) 8.5
S 2
’a °
8.0
& <
2 &
= k)
75
X, (HhBHe ) (mol/L) > [ 155 160 165 170
X, OKf#IREE)/°C
YOBRZ(R % it)/(ng/mL)
B
z
)
=) g
S g
| =
: :
% ==Y
K E
g =
= ><m
30 155 ) 150 155 160 165 170
X, UK AR ] )/min 20950 X, (KAL) C X CkfRIEC
¢ 6.5 60 YOREZ R & )/ (ng/mL)
3 60
S 5.5 _ 50
= £
ﬂé]m 5.0 —T | §
g E 40
= 45 +— ] =
= ¥
4.0 ’,,-—/ ] ><"‘
30
9.0
8.5
°0 S T, 75 59 20
X, (KA A y/min 20 70 X, GRRRWRIE)/(mol/L) ~5 75 8.0 8.5 9.0

X, (BRFRHEE)/ (mol/L)

P 3 2% DR R S TR o o TR R4 o 2 2 B

Fig.3 Response surfaces and contour lines of the interaction effects of various factors
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X . A 2.5x10°

23 HER¥MNuEE 1.50

R JFH 356 5 WG e Ao o i 286 00 32 351 s o i 8 ) 2 L S 1Y) 2.0x10°
D7 VB VEAR T ik i ST SR o o8 24 L 3R T ) o v i 15x10° |
4 0.005. 0.010. 0.020, 0.050, 0.100. 0.200 1 0.500 pg/mL % '
B 2250 6 STAR v I TR o T) s T S A I e A5 e v 2 10x10°
W SR ER, SEFUNFRIMZ TR N Y=563.67X-4003.8, soxioch
RFARER R M R h ¥=954.03X+736.63, #AR (DIt ' k

0 — A

BIL TRV (matrix effects, ME):
ME/%=B/4x100% )

e B AR E I AR, 4 A aibr A it 2o RER

AR Q)G ME 4 59.1%, FWITELERLFRUM,
IEAE DU 3 A R P R ST bR o it 2k
24 FEFIIE
241 KMWEE. BEBREETEMR

I E W TE RN BTSN, R SR R 5 bR
AT T, 45530, 7E 0.005~0.500 pg/mL J5i & ¥k BE
P, B2 R A e 1 AR5 i B 2 ) S B R A R O
Zo. &R g7 RN ¥=563.67X-4003.8, AH % & %L
7=0.9958 . H3 i {5 M b (signal-to-noise ratio, S/N)JEI, 4341
BE S/N=10 B Y 5T 9k BE R 2 1 FR (limit of quantitation,
LOQ), S/N=3 B iy st Bk tH FR (limit of detection, LOD),
AJ5 LOQ 1 LOD 43424 0.20 pg/mL 1 0.07 pg/mL,
242 WK EfedsBE

R FHAE AR ZUAE bR DSORE &, 4333 075, 2.20
H14.40 pg/mL 3 ANUREEACE T iR IR BRbR e R, 1T
PRI, BT PATIE 6 YKo MR T35 =
WA 89.09%~97.33%, AH X A7 i 22 (relative standard
deviations, RSDs)N 3.37%~7.02% (n=6), M%7k BAH
B 1) TSR e T (35 5)

x5 FERBRMNAREWEFD RSDs (n=6)
Table 5 Spiked recovery rates and RSDs of furosine (n=6)

oy AR ORI WEE FEEICE RSDs
/(ug/mL)  /(ug/mL)  /(ug/mL) 1% 1%
1.89 0.75 2.62 97.33 3.37
AR 1.89 2.20 3.95 93.64 7.02
1.89 4.40 5.81 89.09 5.34

2.5 FEXTEE

I3 R PR W i@ 0 NY/T 939—2016 § EL R
FLURI UHT KA E AR SE ) o H ALK # 7 k% [F
— PRSI TR i, R ETEEIINE 4 BTN, R R
T WML E R, GRNE6 R, Ll (K i
R, MR e BAR S RGER LR EER
(P>0.05), BRI K fift ik AT S 30

0 2 4 6 8 10 12 14
{5 B Fs} 18] /min
2.5x10°1

w

.50
2.0x10°[

1.5x10¢[

1.0x106|

M S, 5 J3E

5.0x105|
ol

0 2 4 6 8 10 12 14
{4 E4 15t 8] /min
Vel 4 TR T R 0 (A R LA A Jr 125 (BT A LR ot ol
AR O
Fig4 Chromatograms of furosine detected in milk by using the

method of microwave hydrolysis method (A) and
conventional hydrolysis method (B)

R 6 WORKEEES RUAREEFKBEENEHRER S B
Table 6 Comparison of furosine content determination by
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