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Abstract: The false-positives to the detection of sodium saccharin in ice creams (according to the National Food Safety Standard GB
5009.28-2016 issued by the National Health Commission of the People's Republic of China) were examined, based on the ultra high
performance liquid chromatography-photo diode array detector/quadrupole-time of flight tandem mass spectrometry (UPLC-PDA/Q-TOF) and
the high resolution mass spectrometry-nontarget data acquisition-automatic spectrum peak identification strategy. It could be inferred that the
positive and negative molecular ion mass-to-charge ratios of the interfering compound were 180.0626 and 178.0506 respectively, through
UPLC-PDA positioning, MSE mode for full-scale online acquisition of mass spectrometric samples, UNIFI data processing software
comprehensive analysis of interferences; The compound was speculated to be hippuric acid based on further structural analysis. MSMS mode
along with the standard substance were used to verify the identification results, and it was found that the variation in retention time between
hippuric acid and the interfering substance was 0.02 min, with the same mass-to-charge ratios of molecular ions and fragment ions (178.0509
and 134.0623, respectively), and the same chromatographic and mass spectrometric behaviors. Thus, the interfering compound was identified as
hippuric acid. This work provided certain theoretical foundation and technical support for the detection of sodium saccharin and the qualitative
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study on unknown compounds, therefore, is of great significance for relevant dairy industries to control product quality.

Key words: sodium saccharin; interfering substance; identification; quadrupole-time of flight tandem mass spectrometry; hippuric acid
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Fig.1 The structural formula of sodium saccharin
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1 SEIwERsy

1.1 {YES. iWFISR
Agilent series 1200 =GR L BE A (FC 75 — AR5

FEZIRIIIZS), SEE Agilent 2A5]; Waters Xevo G2-XS
QTOF/UPLC R Zi (I % A& FEFI RN 2%), EHE
Waters 7~ ] ; MassLynx #4(V4.1), 35 [E Waters A ;
UNIFI 5 F(V1.9.4), 35 E Waters A7) ; Vortex-Genie 2
AIEE % 7%, 5 Scientific Industries 24 #]; CT15RT
EEA RN, TP E BRI ER R T
FEH B2 &) Millipore-Q 8 4 /K 15 kA%, 36 [
Millipore-Q A#]; AB135-S 73 #r K1, & 0.01 mg,
Hi+- METTLER TOLEDO A #l; DZKW-4 {EiR/KG
B, e A PR A F]; KH-500E # HiE bE
5, RILORAESEES AR AR AKABJER AR
YRR, 022 pm), REFPIENRBHEAARA A

BE RS BN b HE S (B X AR Y R e S
GBW(E)100008), [ iTERl =0 Fike: &IKIR(CAS
495-69-2), _Lifghufn | AR AR AT
(4, CAS67-56-1), %[ Fisher Scientific A ;
WS (S 4, CAS 67-56-1), 2% [H Honeywell
International 2 =] ; W8k FALH (o Hrai, CAS
13943-58-3), FHBEALA MG IR A s LR (5 Hr4k,
CAS 5970-45-6), PuBikl AR AR LEE Gy
frafi, CAS 631-61-8), PRl MmARAR: HIR
(rHr4l, CAS64-18-6), PRI =R AIRAR]: =
SRR (70 Hr4l, CAS 58822-25-6), F:[EH Waters
/A #; UPLC-PDA/Q-TOF R4 H/K(Jiitk4l, CAS
7732-18-5), Z=[E Honeywell International A& ; [
UPLC-PDA/Q-TOF R4tHI/KZAMA/KE EaiK, £
Millipore-Q AZHE/K H LAl 45 -

12 SCRasf4

1.2.1 HPLC-PDA &4

ik InertSustain® C18 (250 mmx4.6 mm, 5
pm); #if: 40 °Cs EREARAA: 10 uL; ik 1.0 mL/min;
WA A: HEE: 20 MM ZBRE I TR=5:95 (VIV),
SEREVEMNL 40 min; RANAE R B: HIRE: HIR- LR
Q2 mM HEE+20 mM 2 RER)=8:92 (VIV), 5Dk
Jii 20 min; ASIES: ARERESIRINAS s A
230 nm.,
1.2.2 UPLC-PDA/Q-TOF 44+
1.22.1 Sy

il MS® RNy Acquity UPLC® BEH
C18 (100 mmx2.1 mm, 1.7 um), MSMS REER N
Acquity UPLC® BEH C18 (50 mmx2.1 mm, 1.7 pum);
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FER: 40 °C; VishAH: HEE: 10 mM JFRE =595
(VIV), ZEREEGEME 5 min; Jid: 0.5 mL/min; RN
5 uLs RIS AR BESIR IS s RIS : 230 nm.
1222 JigEss

(1) MSERAERR

BRI : 120 C; JBVAREE: 550 C;
AT SALE: 1000 Lh; HEFLSURLE: 50 Lh; E4H
EHE: 25 kV; HEFLHEIE: 40 eV; BFE: ESI;
TARRER: IEE R A B s it R
R TG miz 100~1200; FFEA]: 0.2's;
MRS & (ICRERE RS B off, iRl A & 10~50 eV
SER AR IETR : s e B HERK , 1 857 2% m/z 556.2771,
BB T 264 miz 554.2615.

UNIFI B2 80E: mReE N E{E: 50,
fIKRERE TN (A : 250; FETATEWZERIE: 3 mu;
AFRRIRIE I AT U EFE+H . +Na. +NH, -H
s SERPRZIEW: SeEERmIHERR, BT miz
556.2766, 171 B2 1 m/z 554.2620.

(2) MSMS KA

BRI : 120 °C; JBVATREE: 550 C;
AT SALE: 1000 Lh; HEFLSURLE: 50 Lh; E4H
EHIE: 25 kV; HEfLHEIE: 20 eV; B ESI;
TARREA: AT Bt R B
fHYEHE: m/z50~400; HiFfTEL: m/z 178.05; 4
IHA]: 0.2's; Rf#AEE: 10eV; SENKIEWR: &R
FimERk, m/z 554.2615.
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K 147 E i B NS AR S S G, YT,
BT, %
1.4 FERARIRMEE

VEREFRELZ) 2 g(FsHE) 0.1 mg)islbf: T 50 mL H.%8
B, IIKZ) 25 mL, WREEIRA], 50 CKIGHE R
20 min; AEE=IRE, MZFAHERO2 g/L)2
mL I ZEREFE (183 g/L)2 mL, &%), T 8000 r/min
B0 5 min, K BIEWEFEE 50 mL FEImF, Tk
Bk 20 mL EERRE, SIHEROR, FKERS
ZIRE, RS BUERITIEEFE, Rt

15 SR

AHETELS K PV ERERE OISR 10 FIOASTR] ik
AR 8, WK 1 R

1.6 #UEAHE
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Table 1 Sample list of 10 kinds of ice creams

F5 ook R
1 gaovk IC-1
2 MebH+73 35,77 aek IC-2
3 A E A ek IC-3
4 ZlAF ok IC-4
5 ik A oy IC-5
6 25 iy A v ok IC-6
7 AN T ok IC-7
8 A4 o ok IC-8
9 FAkEARFME L 0 ok IC-9
10 INF AR 2k IC-10

1.6.2 TR &L RIIE
£ MSIMS 30T, R TR ABRAE i ) LA
JVEAT AT ILEL, BRE 1.6.1 TR S e 45

2 ZER5iHE
21 FHYIRFE

6
5 FERSEH, 22.29 min
4 -
- L
p 3
E
r FERHIC-1~4 FEARIC-5~10
'| -
0 — = e ]

Time / min
2 RENEA T A BTPERS SRR R (10 weg/mL) FORER
1C-1~10 B TE[E
Fig.2 The HPLC chromatograms of 10 pg/mL sodium
saccharin standard solution and 1C-1~10 samples under mobile
phase method A
Wk 2 frs, AEIRENAHTT A, R bR e
VBRI i 1C-1~10 21 GB 5009.28 HEAT i uBiAH
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Wb GERRWL, ERS B A A T VUL OR B I 1]

(Retention Time, RT)J 22.29 min Hilg, 5 1C-1~4

FEHIMIT G, RT V40 %E T 2.64%(<5%) (% 2), 1

FEfh 1IC-5~10 A HHIg. [RIt, A0 Wi IU=E  FE

e 1) VAT | U R

3R 2 #EM 1C-1~4 TFHUEREERT ) & H SHEE MR Rt alExs
Tz

Table 2 The RDs of RTs between 10 pg/ml sodium saccharin
standard solution and interference substance in 1C-1~4 samples

. Bt ARG
o {%jﬂjﬁmm REHE BE
" FasHE £1% T HE%
IC-1 21.70 2.65
1C-2 21.72 2.56
2.64
IC-3 21.72 2.56
1C-4 21.67 2.78
10
RN, 13.80 min
o
<
=
FEGhIC-1~4
16 1718

Time / min
3 SREMEA B ITHEIEIARERIR (10 1 g/mb) FIFEm
IC-1~4 B IEE
Fig.3 The HPLC chromatograms of 10 pg/mL sodium
saccharin standard solution and 1C-1~4 samples under mobile

phase method B

¥ GB 5009.28 23K, UFRRAEGBIAHIT R A 1)
T T AAERRS AN T PO Bl 75 B B e 1t i, mTRLR
FAIN BRI 18 24 y RE L7 ) slAf 7 38 B idE—25 47
Bre Wil 3 fiw, TEMIANRRRIVES T, PERbsiE
B AR B 1Ay 13.80 min, TiFEM 1IC-1~4 £
13.80+2 min (15 Bl Y FEA H 08, BERAIET 2 Fos A b
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IC-1~10 P NHEREEARIME . Z AT LA AR shAE 7 T
TR R E R, RN e 230
HrE e, ENAE pH RN RS N S [ e
FHZIAIVERT ), TSR OR BRI TR], TP ARALE
BEREEA R B I [R]B AT 0, 0 B A5 W RSB 55
TEER T AFAE 5 25 57, pH B IR P AR5 15
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221 UPLC-PDA 7rik# =

K 4 435125 HPLC-PDA F1 UPLC-PDA 7£ 230 nm
M RS ENPRIE A ORORE i 1IC-1 s . mTDE
i, UPLC 5 HPLC xRS & —, R
&, ERlZ A, UPLC 15 7 IR0 Bk .
I, i€ UPLC-PDA 4 &+ RT=2.04 min gy H
Lz L
6 HPLC-PDA
st 10 pg/mL HER§HY, 22.29 min

4

mAU

FESLIC-1, 21.70 min

10 12 14 16 18 20 22 24 26 28 30

Time / min
35000 F ypLc-PDA
30000 - 1 ug/mL FEHEHY, 2.20 min
25000
20000 -
- 15000 FESHIC-1, 2_04;n1in
< 10000 F
5000 1
0 b . R B
-5000 _____'_'_'_'_'_‘“_‘—‘—J | -

1.0 1.2 14 16 18 20 22 24 26 28

Time / min
4 FEREPIERER IR 1C-1 FEIEE (230 nm)
Fig.4 The HPLC-PDA and UPLC-PDA chromatograms of

sodium saccharin standard solution and 1C-1 sample at 230 nm
222 gD TAFAEERIR

¥ UPLC-Q-TOF 7E IE B ¥ Ffh s N oR4E
FORES 1IC-1 9 MST 4L SN UNIFI Bk, i i
SRl BEF B TGRSR TR L. IREAISTE. S
m&77 T AAEREENERE, B EYIRIAESS
JOF V125 S5 WA ) O s AR B R,
PDA 28 H BE/E Q-TOF KM /l, X+FF—4
Jit, Q-TOF A IR L W [ AR f - PDA i ]
TR R (R A 2.04 min, R SR
I [H]7E 2.04~2.10 min Y A T IV E R, W,
* 3.

MF 3 TLLEH, 7F 2.04~2.10 min JuE A, (£
BTN, HETETYRN, ERETFEET, R
A m/z 178.0506 7E 2.08 min A . [N, 4l 5 A
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N, SEBUE B FA1E T miz 180.0626 A6 212514
N H) m/z 178.0506 i ], 1) I fm M L i,
HH47E 2.08 min Hil%,

2 3 Q-TOF 7£ 2. 04~2. 10 min #&MBIAIHIFRTIZR
Table 3 Partial list of substances detected within 2.04~2.10 min

by Q-TOF
P %ﬁm%ﬁ%ﬁ%w@
JE&FAEX & TFAEX
2.04
2.05 362.2394
2.07 511.3959, 398.3111

202.0529. 624.4803.
340.2578. 344.2259,
208 180.0626. 475.3247. 178.0506

402.2319. 322.2470

2.09 453.3424. 588.4093

2.10 283.1731
:ggg_ 2OBIIR  ESI mik 178.0506
ol /( ,m/z 178, )
6000 - I (ESI'. m/z 180.0626)
5000 |

Intensity

4000 +
3000 -
2000 -
1000 2
0 L. _..I. . .I reaae -I_...........I........ .I ; -."...'.'-I' i . | ;
10 12 14 16 18 20 22 24 26 28 30

Time / min
&5 #& 161 MIREE T GikE

Fig.5 The extract ion chromatograms of IC-1 sample

ZE EPTR, BT /AT OREE I 1] Dy 2.08 min
BAE RS TN Y RE R EE R L5 . (R,
ZAEIE RS RN BT EL Dy miz 180.0626, 7t
BRI FATEC Y miz 178.0506, 7@ L b
Y IZYI AR IE A7 AR B & 77 2XmT se 2l 9
[M+H]"FI[M-HT o PRLHAHERTH 750 1 £ 5 A
g LR EIEL, BN 179.05 A4
223 T M REAT

FEXTT-PAEAT G RAFEATING, W8 IR £ R 1
T B A EE A& 25715 S /E Chemspider ‘B 77
W3l AR AR A, B TREES T m/z 180.0626,
A B F+H, i tm 2z 5 mu, JEHEZRF] 2794 Fifk
&V BETREE T miz 178.0506, hN&E7-H, JFfT
EefwZ= 5 mu, HHERE] 1691 Mtk &, HEEZT
A R VO K, BRI b AT 3 48 ot 4 T A L AE
UNIFI A EAE 720, B R AR ) 71 U7
Chemspider B J7 Ml AR AT RERIMLEY, LATERGH
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K BEEF[M+H] JFifar Lk m/z 180.0626, [M-H]
Jiifaf bt m/z 178.0506, LLH WLJGE C. H. O. N. P,
S. Cl. Br fEANHBITE, SRIEREIMIFRAL %
ST, BB LR ZEN 5 mu, S i-Fit BEZ
O 5%, fE UNIFI JiEF- 6 i AE Oz I 7+
o PURCEER R 230 CoHgNO3 F1 C4H10CINSO,
LA 4> 7 30fE Chemspider B 7 Pk FA8 R AT fE
HILEY, 4398 14 FF0 3 F, 17 Fh, iR
5. 5-ZIBEFE KA AN 2-F I Pk TRV e b R £
(1:1)%%.

TR SRR A TRTAC RS, SRR K
%, BIZ I N B A — e KV AR
FURTINZS 73 A, Ay 230 nm,  RIGZT-H4)
JRATE 230 nm ALRIAFERERE MR HAERBNAHTT
A KM N SRR IR A I BRI, TS B
SRR T EREE]: [FIR, TR AT A
FET A LT . 25 BRI, PAUCECHRIER 17 Fhik
EYIEEAT L, WIEHINNZ TSN SR
BRI AT RETER S, RIAR S A T AL .

an:
6 DhERERZEHIT

Fig.6 The structure formula of hippuric acid
FERHFE TR R, DRI (Hippuric Acid, HA)
NAKRBHER. FPMEEOR, LR
BRI, AL RAR A I, LR i
T, BEASEAR S PR — e R R RIK I, 1R
230 nm A BRSNS, 1] 6 T PR IR A4
W3, SREREINESHIRIL, SRR B HIAA 5K
INEBARE RS, Dk, —FH TRt A —
SERERERARLLE, AT S8 —F AR AR T 30 A A%
N VBURE T ) R R (R AN, RS
ZER P AAE DRI, SRR AR R B LT
PP, 100 R IER A AL I 2 A2 I e ) S i e — >
CIREE, FEEREN G SRR T E/K TR AR
YR RERESR, R B &, pHEM
A —FHHIFEBCR B E A, Rl Rl 5
Wi shAH pHAEHERR £ it L5 - RIS AR T30,

XABIAIE § SC P REA O ARFTF S BT A HED o
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2.3.1 UPLC-PDA ¥R

a 14000 | (3 SR, 1.14 min)
12000 -
10000 -
8000 |
6000 |

4000

2000 - ’
0 I 1 I

04 06 08 1.0 1.2 1.4 1.6 18 20

Time / min

AU

b 18000
16000
14000
12000
10000

2= 8000
6000
4000
2000

0 I )
04 06 08 1.0 1.2 1.4 1.6 18 20

Time / min
7 DRERFRERR (1 pe/mL) FIEER 1C-1 A PDA GiEE
(230 nm)
Fig.7 The PDA chromatograms of HA standard solution (1
pg/mL) and IC-1 sample at 230 nm

(F{illlll:llc'l, 1.16 min)

30000

25000 {2
20000 H:

227.5 nm
15000

AU

bR g
10000 + .

/Hi filC-1

5000 |

0Ot 1 1 1 1 L L L 1 1 ]
200 210 220 230 240 250 260 270 280 290 300

Wavelength / nm
8 DFREEFMERMR (1 we/mb) AR 161 BYEIMNRITAIEE]
Fig.8 The ultraviolet absorption spectrums of HA standard
solution (1 pg/mL) and IC-1 sample

K 7 AN 8 7l PRIRHRAETIL, FEdh 1C-1 1)
UPLC-PDA i (230 nm)FIEEAMR IS ]
7 PR, B RRAE PO U E) 35009 1.14 min
A11.16 min, & {REIN 8] 20y 0.02 min; MK 8
AT AE Y, SRR PIS7E 227.5 nm 4b B
KBS, RAMRBOEREREA S LRSS R
TR SRR UPLC-PDA 17 A —%L,
2.3.2 UPLC-Q-TOF 32445 R

B9 o B SR BRI NIRE i 1IC-1 ) MSMS
SE TR WP, SRR i

]S 509 1.47 min A1 1.19 min, 3% {5 B3I a] w2
{4 0.02 min H¥JAHXTF PDA Kl 5 0.03 min.

q 35001 R

3000 F

1.17 min

2500
2000
1500

Intensity

1000 F
500

0E 1 Il 1
00 02 04 06 08 10 12 14 16

Time / min
b 3500 Fdh 1C-1
3000 F

1.19 min

2500
2000
1500

Intensity

1000 F
500

0k
00 02 04 06 08 1.0 1.2 14 1.6

Time / min
9 DEREEAMERR (1 W e/ml) FEER 1C-1 #I MSMS BT
BikE
Fig.9 The MSMS TIC of HA standard solution (1 pg/mL) and
IC-1 sample
a 3000 ujRRE; 178.0509

2500

T

2000 a

1500 F 134.0623

Intensity

1000

500
178.8251

0
100 120 140 160 180 200 220 240
miz

b 4000 kg 1C-1
3500 |

3000
2500 -
2000 -
1500 | 134.0623
1000 -

500 - 178.8142

0
100 120 140 160 180 200 220 240

178.0509

Intensity

miz
10 SERERFRAERR (1 we/mL) FEESR 16-1 B9 MSMS FRIETE]
Fig.10 The mass spectrums of HA standard solution (1 pg/mL)
and IC-1 sample in MSMS pattern
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DA m/z 178.05 Fydftfimifi b, fE5 & 7R R
£E MSMS £l « 5 JREGARAERUFIFE & IC-1 ) MSMS
R 10 fos. TLVE R, TEMFREAAE T,
O FRIRFRE L AIRE S 1IC-1 T3 R REES 5T
F B TR AT ELEI Y miz 178.0509 1 134.0623, AT
R BT RIS T3 T — MR AT, Bk
RWE 10 . Rk, TMUHRES LSRRI
UPLC-Q-TOF 17 A A —3,

2% |-, UPLC-PDA Al UPLC-Q-TOF &5 J4t[F|%
B, TR JRER I AT R i AT A AR —
B, BRI RTRA 8 TGRS BB TR
RAEIRER . 8T R, ATRE T RE = S 2B =R, iR
BHBTIGIN.

3 Zhip

AW TR w7 i -AE B bt R e - A 3h
TERIETRUA AN, S BN TRERE dh TR B T IR 2
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SRR RNy, AEAE P FLE DS R AN, AR ATRE
DRAEGINILG . Kk, ST b AT S5
LR ShBRERS PSRN, BN B IRIR A7 AE
([ERVIIDS 5k ZU DSl AR e kil U e =2 N ) e A
At Q-TOF & HE Brt T/ AL SRR
A E BARKHIIC S, DRI R N 2158 2 45,
SO 2 SRR SN 55 -
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