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B OE: BE R R A % - 8 BT % (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS )l 9545 Hr 25 FH iR (benzoic acid) & AU 7. ik FESMGUKIREUS, ¥
Waters Acquity UPLC BEH Cg f4i5%4E (2.1 mmx50 mm, 1.7 pm), AR EERD 0. 1%Z K AE A i sh AR gE4 746 B DRI,
LIS 25 25 F-fb (electrospray ionizatio, ESI-); 22 = Jij Wi A= (multi-reaction monitoring, MRM)#A T E, MR
PEd, BROKWIRALE 0.04~2.00 pg/mL BT A, 2Pk R BAF(7=0.9996), Ff b ks =i
94.92%~109.31%, & LA 0.06 ug/g, 45 RMMHIFIRUERmZE R 1.69%~6.90%. 451 1% kAT FLRI 5, o
PERTATSEE LY, BA RAFAEMERUE B HTRE ), & T Tk o 2R FH R & 5 A A

KRB R B RO % BRI BT S Wk

Determination of benzoic acid in milk powder by ultra performance liquid
chromatography-tandem mass spectrometry

DING Yang, JIANG Yong*, JI Yun, DING Lan, WANG Xi-Qing

(Synutra Nutrition Food Co., LTD, Qingdao 266400, China)

ABSTRACT: Objective To establish a method for the determination of benzoic acid in milk powder by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods After the sample was
extracted by water, it was separated with a Waters Acquity UPLC BEH Cjg column (2.1 mmx50 mm, 1.7 um) by
gradient elution using methanol and 0.1% ammonia as mobile phase, performed by electrospray ionization (ESI-) and
multi-reaction monitoring (MRM), and quantified by external standard method. Results Benzoic acid had a good
linear relationship in the concentration range of 0.04-2.00 mug/mL (*=0.9996). The recoveries of the spiked samples
were 94.92%-109.31%, the limit of quantification was 0.06 pg/g, and the relative standard deviations of the results
were 1.69%-6.90%. Conclusion This method has simple pretreatment, good stability and reliability, good
qualitative and quantitative analysis ability, and is suitable for detecting benzoic acid content in milk powder.
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11 21 D A PR I 2R O 1, BELLE S BERTE A 465 R, i
BB PR FAUT . B AR YR S — Rl LA 22 4 1 5 G 71,
A RLSE R RSN, ERACEA R, MR 2 X A
HEEEEMAR BA E R R4 H (Food and Agriculture
Organization of the United Nations, FAQ)FIH 7 T34 24 41
(WHO) ¥ #i % B 2 1t 5 H 7217 % A & (acceptable daily
intake, ADI){E & 0~5 mg/kg AFEM, GB 2760-2014 { &/
LA AR T SRR P v ) COOLE WA AR 1R
IR, (B FLH] PR B R e RARAFTE R, HORIEA
2, BAl LA SRR TEFLRR I S5 R Ak ini R, d
T p A 4 DR AR A ), TS e e 2 PR R T A
TR ENFFL AR, BRoh, — BRIk T REAE W K B 5
JE& 5 TRV TR Hh S T Y R A B S B AT A o TR
IRy vh o R A 5 e R

LR H FE A 048 R R 14 A TRORH (3010 =
MR ikt A QR R
U9 GB 5009.28-2016 £ I 4 G bR £ thoR
R . L ALER AR S I 2 ) VTR A 2 RO € i R
ARG EaE e E Ty TRAT PR ERR SR, H
e HUETERE 1B E, BB LRI r ik s S E s IR
Wi woKAEEY) . dEER . 0 RESFE TR, FE
S5, (TG N R AR 5 AR PR 5 SR 0 i
ARG TE B IB BE B RBUZ S . EVERE RS, AT
LA 20k I F A 48 R 1 1 3L v OBORH € 33% AR K
J&: (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)#&; #7545 H 2 F R 5 3 i 9%
AR o PRI A SZ BT T e BR3P BB i i
AGEI 45 A58 T A R R 5 ek ) BT 5, T I e o e
R PR i FROFI AR B2 2 AT 7 e A, O R A
sty P A R TR PR D AGI S L2 25 4l

2 MH5REE

21 iR, NEEHES

2 R BR U L (41 = 99.5%, 2 Sigma AHl); Z
fiE . HEL(E %4, 3% E Thermo Fisher A H]); Z % (o
i, M Tedia /A w)); ZUK(EIELE) WAL (S Hrat) |
SRR (O BT 2 (R LTI B4 B 2 3500 AT BRA wl); 7Kk
FFE GBIT 6682 ( i WA E ZhRUE 434 9256 %8 F /KBRS
FR g ik ) VO i — 2K .

ACQUITY i /55 RO A 035 43 (T2 AR A8 B 1) Ao DU
7). Xevo TQ-S = F PUZRAF T it A% (L Hi 155 55 2 U5 (3
Waters 2\ 7); KQ-700DE ## 75 I 15 Ve A (R TR 75 A48

il

FRATD); 3K15 @i U 2 D AL(EE E Sigma /A 1]); Classic
UV MK2 #4i7K Y (¥ [E Elga labwater 23 7]); BSA224S %!
BT RV (B E FE 2 R A ).

S RS JLBC 5y Wk « BN EC 7 R A4 e A 1
VAT ST BT, mmELEN . &k . BEM . 26
B IR BRI AR L A SR 10 P P 4at
2.2 HmETmaE

HEBRFRE 2 gORE B3] 0.001 g)fRilAE 5 (L35 A IR HS
AR . T4 T 50 mL HZESLOA5 T, A 25 mL
Lk, WIEIRS], 5 20 minJ5 A 2 mL RS AL
WM 2 mL ZFREEAE, 151, T 6000 t/min 2.0> 5 min, H4
ARG 2 50 mL 285 firh, 754 20 mL 4K #1242
1R, BEOEH AR — AR, Bk eEsE
ZIPE, RAIRBUSBUT 0.22 um KR IEMESIE, TH# Rk
TR0 33 B IR T T D R
23 @iExRHF

A Waters Acquity UPLC BEH Cjg #:(2.1 mmx
50 mm, 1.7 pm); WA A: 0.1 %ZEUK, B: HIEL BEEEVEDL,
95% A(0~0.5 min)—50% A(1.2 min)—50% A(2 min)—95%
A(2~3 min); iE: 0.3 mL/min, PHEEARL 10 uL; FEE: 30 °C.
24 FRIEERH

BT B TR ESL HEE R BT
BEHEIE: 2.5 kv, BTIRIRE: 150 °C; BiER<EE:
350 °C; BRI 800 L/h; Mi#% % /1: 0.31 Pa; #
M7= £ /W Wil (multiple-reaction monitoring, MRM);
HALSHOLE 1.

3 HER5HH

3.1 RBEEESEIEREMRK

ARSI Waters Acquity UPLC BEH Cs (it 743
B, AL T BRSO, R R R AT R B TR
MG, B, ARG . HBE-K . ZE-10 mmol/L Z,
iRtk . HIEE-10 mmol/L LR . LJiE-0.1%20K . HIEE-0.1%
2K 6 FMARZ NI AHCA P 5K A AT LR 5:95),
ANTFTIAE S AHC FXT A R H 04 2 1 ) UPLC-MS/MS &1 I,
B1, e 1 FoR, §i 2 FhRS AR R R R, S 4
Fofv i S0 HE G R R R A B R AT, AL 0.1% ZUK IR R B
10 mmol/L ZFREAR Z W AK W b fhi s, ELAHULARZE ] 20
oA R 2L 5, RIS DR B RN, ARG, Rt
T FH -0 1% 2K AR SE A T Ak o 3 3 28 45 LA ALK A
R LA, 8 R BE BRI 77 =, A HUAH LN 5%z i
F| 50%, 2K ER N 3k B T B pE i K OF, G BRI R
0.87 min, Jf H. @k 55t b B ARigedr & 0 B 0 2% o T4,
AR A 6 5 A F R A i T ANl 2 s



55 24 1)

T, A R RORAN @ R

TEAGI AT b PR Y i 8275

F1 FHENRBFERRIEHSTSH
Table 1 Retention time and mass spectrometric parameters for benzoic acid
{4 B Bt 7] /min BEES T (m/z) T BT (m/z) HEAL LR /V fili 1% 5e/eV
0.87 121.01 121.01>76.95%, 121.01>121.01 32,32 12,5
W * T
" 121.01 > 76.95 (bjs) b 0.810.85 121.01 > 76.95 (bjs)
4.71e6 Y 1.31e6
0.520.55
g, £,
0 n 0 L !
1.00 0.50 1.00 1.50
A5} 8] /min A5} 8] /min
: & 121.01 > 76.95 (bjs) d 0.88 121.01 >76.95 (bjs)
4.95¢e5 3.35e5
E E
0.02 0.02
707 038058 086 | 112 148 1
4 vty P oy~ . ) ) ; AL i
0.50 1.00 1.50 0.50 1.00 1.50
HF 8] /min HsF (] /min
R 0.70 121.01 > 76.95 (bjs) £ 0.65 121.01 > 76.95 (bjs)
[ 108e7 I 1.37¢7
£l £ %l
4 . . . 2 . . .
0.50 1.00 1.50 0.50 1.00 1.50
[t ] /min 5t ] /min

W KPR SIHEC 90 a: ZIE-/K, b: =K, ¢: ZE-10 mmol/L ZlRé%, d: FIEE-10 mmol/L Z %, e: ZE-0.1%4K,
£ FPEE-0.1 Y%%K,

P 1 ASTRIAL B AT B HE Xk H R i

Fig.1

g FHMMm e SERRES S FRHIEE

KRR RRIEAEY, 55K ETFH— AT
fir, P CECR B AR, W BST 6 ARl 2
FRERIEATHI4, FRATHSRAIUEST T8 TV m/z 121.01(ANE] 3-a
F7R), S AT SR AnE 3-b FioR), Sk B, F
BT m/z 76.95 EAEH FRTEE T m/z 121.01 3858 225 COOH 75
B, HATBREAART R, SRHEREA ] 12 eV AR K

3.2

-

R ] UPLC-MS/MS 1% K]

UPLC-MS/MS spectrogram of the influence of different mobile phase ratios on the peak of benzoic acid

{8, MHAFE PG ERE, R, HRNEE m/:
76.95 %, IR m/z 76.95 VR FRH R I E g 712021,
33 BAEERERFEFER

FEFEMENES
ARG HAS T 2 PRSI ARERRER A I, B 1 PR EREH
RLIK LT RN B RIPRER, 55 2 AR R Ak
Mk, 762 g Wi B o B AFARARER R B bR A,

3.3.1
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BEi e 4 0, 1. 2. 5. 10, 20, 50 pg/g IFEFHRAI R
N EHLAEE R 0. 0.04, 0.08, 0.20, 0.40, 0.80, 2.00 pug/mL)
SRIGHE AR 2.2 PG TAREE, HeAR ka9 UPLC-MS/MS 4544
PEATIGE . SEEAB, RS 1 Rk PR I h
70.06%~90.93%; TiRHE 2 Fioikit, [ UPLC-MS/MS fYR
MRRE R, R R IR, FESEBRN R, ARMERR S A
I RTRITF IR, Ak LR R R TR A
IR EEVE AR AR, A AR TR 2 T e P AL T 7 e
BUWERGAAsER, ENrbRERRLR, IRy =R P iR e [l
B 94.92%~109.31%. 45 2 Rl EISCREH BT 1
ROk, SR ] RS TR A S v 2R R TR
P AR ISR (150, AT TS s &, Rk
55 2 A AR 2R Y
0.87 121.01 > 76.95 (bjs)

1.00e7

%

a6/ %

"

025 050 075 100 125
18] /min

B2 LR Yk AL A B R Y UPLC-MS/MS 5[]
Fig.2 UPLC-MS/MS spectrogram of benzoic acid in milk powder
after optimization

UEAN, ARSI T HAR VO 2o 2 Kt
FR(limit of detection, LOD)FIE t fR(limit of quantitation, LOQ),
AR PR AN E S BRI 3 A5 (R EL(S/N)FI 10 fi5{E15
FE(S/NYXT L FGR B B o 255046 2 IR, MR 2 Al IR H,
FEHIRAY FHLATRTE 0.04~2.00 pg/mL JEFEPN, MR RIF
("=0.9996), [FlRt, i FRATE BRI T GB 5000.28" Hig

ML BRG ngg im0 ng/g), Bz A
T R N FE AOZE T BRAGIINGE, RENSIAEIN FHRYEDR .

. 121.01 Scan ES—
6.36¢5
é
& %[
126.85
113.02116.93 134.88
0l . \I A || N . L
105 110 115 120 125 130 135
mlz
b 76.95 Daughters of 121ES—
1.55¢5
RS
i
S %
g 121,01
120.70
. | - 92.74120.44 12127
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mlz

VE:ar RHTIR—BUE, b: RHTER — RS,
P30 R R— T A R B ]

Fig.3 Primary and secondary mass spectra of benzoic acid

AR T ik ) Am AR
A S 53 A X VA A L R B 2R R R R AR i A 7 [
W g DAPEAR 3R ETR I . R0 S R A AR
W 3 R IR RO R, IERHEEE S  5.20,40 pg/g,
I B3R 2.2 i A RE S EA T AR SRR A3, AU R
ZIE 6 W, AR RIS, a8k 3 fin. M
Xt FRUE 2 (relative standard deviation, RSD) K 4.3%,

JrE M IERREE SR N, ATV AT 208 Z

332

®2 FHRBRMEMEXRREURMESR
Table 2 Linear range, LOD and LOQ of benzoic acid

HFR ey LIPS e oz H R/ (ng/g) PR/ (ng/g)
R Y=12310X+5283.6 0.9996 0.02 0.06
F*3 KRB MAREUE
Table 3 Standard recoveries of benzoic acid
IME/ (ng/g) Ef& A SH41E /% RSD/%

102.93 109.19

5 106.24 107.71 106.69 2.25
105.13 108.96
103.24 109.31

20 102.89 107.27 104.42 3.73
105.53 98.28
103.07 94.92

40 105.01 97.55 100.50 4.81
106.19 96.28
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AR S 38 2o A T S S T B SRR X bR A
ai R T E A I AP vk A 2 BE ), R R S
ABHIK(5. 20, 40 pg/g) MR ERETR . 5 1 dH 1
AN RAKTH) 6 ANERE, 552 dihis 1 A0 A
BT 6 NEE, BRIE 4 iR, 8 1 450
Hr A BUIE 5 55 RSD 4 1.69%~4.80%, &5 2 &30 A
W 5E S5 /G RSD H 2.05%~6.90%, X 3¢ HH 5 ik HA RIFH)
EEM, 2 dIMESRAAXTRER 1.71%~7.74%, VM
YRZENR 4.11%, REITIEEA RIFATFIE. EdP
A3, ULRHIZ T ok % R AT .
33.4 HMFiEARGERM

ASEIOWEER T BT Wik R R R AL R . AR
JERRRD . B A EFRREEFRYTIINbREICE, ARk —
AMRZRMERESS, INFRUEEE Jy 20 pgle, 45HRAIFE 5 R, MFS
BRI AR, O R AR A R R R Y [ R Ry

96.10%~113.05%, ULEHIZ ¥ BB0EE F TRy Wik Hh i 8
FEPNBTRIRI, R AR A B IR B R R A 1
3.4 Hmayen st
3.4.1  EARRFEMEAE 5o AT

AR PR T IO T W RE S, R R R A
T A I B, R YR A O B TR b A A o 1 0,
SR BT R 2% A RS, B S AR R A ARG 8 e U 4
BEFT50HT, GNEl 4-a, B4 TR . IR 1/4 WE ALY
AN TR W Wi 5 W BB 9 22 501), [ 2 88 7 g 1) iy 2 B
(K 4-byFnis s A 16 (] 4-0) 4l E, ME 4 nTRLE 1, R
WRAREETE BT, 28 B R ) R B B [R] b A7 A K 1) 24
T, B Ta R E, B AT AR AR
FR SR A3 0 T S R R AR, DA T B N BB 5E 4
Oy FF, WG FZ O R T 40T, BRI 5 4% T RE A o 4
SyEs, WE S FR, BBAA S IR ARG P4 TR
R R 1 1 3R 7 R AT

F4 XPBRBEBRELS
Table 4 Precision results of benzoic acid

JNbRHE BE/(ng/g) %1 d W=/ (ng/e) 22 d MR E/ (ug/g) RSD 51 o/% RSD 5, 4/% AERF R 2E /%
FE it fr 0.59+0.01 0.58+0.04 1.69 6.90 1.71
5 5.92+0.12 5.63+0.37 225 6.57 5.02
20 21.47£0.77 19.87+0.43 3.69 2.16 7.74
40 40.79+1.93 39.99:+0.82 4.80 2.05 1.98
FEE - - 3.11 4.42 4.11

e WS R R 2208 o M PR UEN 25 RSD = FRUE2E/ T-I{E*100%, FXTR2E = |55 1 d WE(E - 55 2 d D /w6 K8 Yl
A x100%,

x5 EAN#MTEREFRYRYRPERI LR

Table 5 Recoveries of benzoic acid from common ingredients in formula milk powder

HC 5 Wik i FTE TR A7/ (nglg) K Z5 3R/ (ne/g) AT 2R /%
L R 3.57 26.18 113.05
B 1.42 20.64 96.10
JIE g A 1.52 23.00 107.40
ERERE 0 21.00 105.00

0.0
i
2 0.0

0.0

0.0

0.0
9 0 o o o o @ o @ o <o <9 <9
E 8 8 8 8 8 8 8 8 & 8 e 8 8 8 8 8 8 8 8 8 8
S &N Y ® oS o T YW «w o 5 X ]
- = = = =2 & &8 aO & aO & 2 94 I =2 2 &8 8 3 & & 7

TE:ar VR PUERTRL /4 W b i AN [ MR IS A Xoh I B9 IR A s e > B AN ] WA I < % 7 B S £
c: W b AN [) IR WA I8 K X6F L P I B
Pl 4 ORI R WA s FE A A8 A7) A DN e s 20
Fig.4 Analysis by diode array detector for peak purity of benzoic acid
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K5 WhKiE L R R UPLC-MS/MS 15 4
Fig.5 UPLC-MS/MS spectrum of benzoic acid in milk powder
samples

3.42 WERH T KT BEEHON

ARSI T B 4 LBC DT W« BN BT Wk AN 4 g
Wik 18 SRR B IR S A TR, S5 RWEE 6 Frow,
RH RS RAE 0.69~7.99 pg/g, IS I WA AR H R
(955 AL TR K, g H T BESE AR (R T R
R H ARV, (2, AR IR U A
[], R S 4y LR SR ST FT RE 2 SN ABCe, PRLt,
AT WX WA 2 R R A 5 S i M A T A

x6 MENMTERRIE

Table 6 Concentration of benzoic acid in milk powders in the

market
P L AR i AR i

A(ng/g) (ng/g) A(ng/g)
Wik 1 6.13 Wik 7 2.06 Wik 13 5.93
ik 2 2.40 ik 8 2.90 Wik 14 7.99
Wiky 3 2.67 Wik 9 4.07 Yiky 15 4.23
Wiky 4 1.62 Wik 10 6.72 Wik 16 4.12
Wik 5 0.69 Wik 11 4.43 WKy 17 4.41
Wik 6 1.83 Wk 12 2.69 k18 337
4 8 i

ABIE IS 1 v AR (5 - 3 I B A DU W
KRR Rk, A T BGE AR S, %5 AR
A RAFIIANE, BRI ARS H BRI E T B [RS8 P AT
TR A I AR FER VR iy 205310 P A0 A R B ARG s A%
THEAT o, AR ERBOAN O AR R T I B R,
AT LR A LS A2 TERE T, R A RlhE S 4% ) I 14
T, Fm, 25 R RIRE RS, HiAb B 7
i, AEAS TG AL W rp 4 ERAGI A 5K o [l X 38 2 i B
ks b A R B 5 e EAT A, AR B A ey R AR R
Y i ol AR R BT, (R ORT Ehie 4e
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