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Simultaneous determination of synthetic sweeteners in tea and tea products
by ultra performance liquid chromatography-tandem mass spectrometry

CHEN Xian-Chi, HUANG Jing-Chu, CHEN Yue-Ming, ZHOU Qing-Qiong, ZENG Hao-Wei"

(Guangzhou Institute for Food Inspection, Guangzhou 511400, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 6 kinds of synthetic sweeteners in
tea and tea products by QuEChERS-ultra performance liquid chromatography-tandem mass spectrometry. Methods
Samples were extracted with acetonitrile-water (8:2, V:V), salted out with anhydrous magnesium sulfate and sodium
acetate, and purified via dispersive solid-phase extraction using octadecylsilane adsorbent and N-propylethylenediamine

adsorbent sorbents. Chromatographic separation was performed on a Waters ACQUITY UPLC HSS T3 column (100 mm
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x2.1 mm, 1.8 pum) using gradient elution with a water-acetonitrile mobile phase at a flow rate of 0.2 mL/min and an

injection volume of 5 pL. The analytes were detected in electrospray negative-ion multiple reaction monitoring mode

and quantified by external standard method. Results The linear relationship of the 6 kinds of synthetic sweeteners was

good within the mass concentration range of 2-1000 pg/kg (r>0.99). The limits of detection were 5-25 pg/kg and the

limits of quantitation were 15-75 pg/kg. The average recoveries at 100, 500, 2500 pg/kg spiked levels ranged from
88.34%—-103.21%, with relative standard deviations of 0.56%—7.63%. Conclusion The proposed method is simple,

rapid, sensitive, accurate and reliable, making it well suited for the simultaneous rapid detection of various synthetic

sweeteners in tea and tea products.

KEY WORDS: tea; tea products; synthetic sweeteners; ultra performance liquid chromatography-tandem mass

spectrometry
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INLHRIE . RIS oy 2 A MR =2 i
DRANE B SR AS IR, AT At £ 5l PR KU, FE £
Sk Rz, AR GB 2760—2024 (frdh i A K
PRAE E b S IGR FAREE ), 2 i Rl it A e v Ao PR
SR SR RARTNORA, & BRI R AN TE A8 IS A
SR, FB3 B A 7 i U AR A sl 38 = i 4 i
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HAT, ORI i 3 R Y e A i
(high performance liquid chromatography, HPLC)!'2) | S 4
5175 (gas chromatography, GC)P*' )| AU €2 1 - HR B 5 i
¥ (gas chromatography tandem-mass spectrometry,
GC-MS/MS) R AH % HR K %3 (liquid chromatography
tandem-mass spectrometry, LC-MS/MS)[Z‘FZQ], HPLC Z[RF R
B, H 280G RO R JC 58 NI s sl M e s s, A sk
RAM. GC K GC-MS/MS GG HE R MG R, T
FHIR I s o AT I SR LN GB 22255—2014 (£
A E AR ME BN = SR R ) f I )
GB 5009.247—2016 { il 4 [E S briE 2t rP AL E A
E )\ GB 5009.263—2016 { £ i 4 A [ bR HE £ i P Bl iy
ELAH AN BT Sy RO 5E ) 25, 4R BR T B —FH R A B E
i J A HEATHT AL TR IS Rl B A A, R T . i,
Sh TR M 2 R 2l it v 22 R G R R S O, A
SRR R . A5 R BRI BT T R R E
LC-MS/MS Eflf o 3 2803 . 8 RABUE R 22 5% 7 [w] ) 43

HrRETT, BLA A0 3 T AR AR PO RS RS
FEEAR, W2, AR MRSy, 5 Rk
BN, S A A 45 SR R R R . A 2 R
FHZER (solid-phase extraction, SPE)F+LI3=4 By
FEMC . QUEChERS HATPRE ., Al @k, WARESEIL
M, TEZSMEAR 2 5% BR R VR RS I 2 A T DT
BAEZS i R 25 il it v 220 BURIH AR 510 £ [] G000 7 1, e
WARGHITHGE . P, ADFFEEET QuEChERS kb ¥
A, FHE ST O AR €655 - BRI T 75 (ultra performance
liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS) [ il 7 2 - S 25 il b b 6 b B A5
oM Tk, LA SR 28 i R 2 il it SO i 2 4 M A SR bR
s

1 MRIS5F®%
1.1 #RI5EF

&R At B Bk, AAS. R
Tl s RS RS, W HHRRT-& LT R R R,

g, 2. Wi (0ig4i, 3¢ E Thermo Fisher
Scientific 23 H]); MPE (T EIRE 1000 mg/L, # EitEF
2EWFSERE); WERCRERE 10 mg/mL, JLa RS
HEV B ARA RS A wl); 38 . BUbreat, Bt
21 FH (B AW B 1000 mg/L) . N- 75 3 20— e W Bt 71
(ethylenediamine-N-propyl, PSA). + /\ % 3 fif: e W B 571
(octadecylsilane adsorbent, Cg). f1 251k 7% 2 (graphitized
carbon black, GCB)(Kif% 40~60 pm). FRR(FRE4E), JoK
BRRREE(MgSO,, 411 = 98.0%)( I 15 218 S W B 4% B tn
B D), JoK Z BRI (NaOAc, 43Hral) () Mkt ).
12 UFE5EE

XEVO TQ-XS t# = &% 7 A1 3% - 58 1B 5 3% % .
ACQUITY UPLC BEH C g &i{%41:(100 mmx2.1 mm, 1.7 um)

ACQUITY UPLC HSS T3 f&i%41:(100 mmx2.1 mm, 1.8 pm)(3&
& Waters 2\ #]); Tube MILL control L[ M)
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], MS204TS/02 HLFKF-(F5 B2 0.1 mg, Hi AR -F67
Zvnl); Milli-Q H 4K (ZEE Millipore 2 F]); MS3
control i HETR AT 7 (5 [F 1ka 22 ]); Allegra X-30R & & Uk
2.0 HL(3EE Beckman Coulter 23 7 ); 2600TH #8 75 I 1 YEAL
(LB A ER A PR A FD); 0.22 pm A HLIEECRHEAL S
SLEAF]) o
1.3 WA
1.3.1 kB

W BT 1 S AR UERR A TR, FAARBR 3 B R 50% F K A
FEAL 10 pg/mL MR A FR I RIE R, FRE—E mRE
kR EI M, KRR 2. 5. 100 20, 50, 100, 200,
500, 1000 pg/L VRAHRIERS TAEE W
132 Henaia#®

FRIBU TR 5 25 I 25l G e i 2.0 g(RET 22 0.01 @)
F 50 mL B.0E T, MAZIE-/K8:2, ViV), EHERS 1 min,
AR 15 min, HIA 4 g MgSO, 1 1 g NaOAc, 7RIk
WEYEST 1 min, LA 8000 r/min #5.0> 5 min. L 2 mL FIHW T
TSR Cis il PSA 4 50 mg 1Y 15 mL .04, IAJER
4 1 min, LA 8000 r/min B.0> S min. B E3ERIT 0.22 um
HHLERR, 4t UPLC-MS/MS il %E .
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{6, 3%H:: Waters ACQUITY UPLC HSS T3 (100 mm
x2.1 mm, 1.8 pm); #E: 40 °C; ¥iid: 0.2 mL/min; PEEEE:
5 UL BIAR: A KK, B A ZIE; BEREEVEIARR: 0~2.5 min,
10% B; 2.5~6.5 min, 10%~95% B; 6.5~9.5 min, 95% B;
9.5~9.6 min, 95%~10% B; 9.6~11.5 min, 10% B.

QBTG4

B TR HLBE55 B 1Y (electrospray ionization, ESI),
112 T (BSI-); £ ) I W5 I (multi-reaction monitoring,
MRM). FFEIEF m/z g 50~1000; &R 150 °C; B
AN HLR 2.0 KV; VAV SIEEE 350 °C; By 650 Lih;
HEFLAH AL 150 L/he 6 FIBTAYRRIE BT 0K i R Rt
RS SHOLE 1.

14 HIELIE

KX ARBCE A Waters Connect Hub (4.1.0.17 i)
PEATHOR RAEFIAL PR, S WPS Office 2019 (11.8.2.8593
RROZEAT e, B R A 6 P47,

2 ZERE5H
2.1 {UEERHRIERE
2.1.1 &Ly

6 & AR RIS S A 3k | BRIk TR ILSE
IKTEVEEER, WrEEaR, RO R R PR . L,
AW E X TR 0.1%F K. FEE. 2. S mmol/L
R B S A [FIR B A A I A0 B0 . Misht A Sk,
TRBIAE B o I ERET, 6 Fh-G AR AT ARG R A iy, {5
EER W OEIETAEH BRI S, KM B Eikh 2
fE, & BAnyme (-5 B R R A Y, T R s
B EUGE, WFRPERE S (] 1) X T RE T 2 Bl e
H 58 450 22 0] A B P S R DGR, A R F ek
HHAEERERE DAL RN . B 206 2 A i s B,
HE— B A Bl 0.1% P iR K B 5 mmol/L F iRk
Jei, 6 FiEr GRS (e 1 35 HE BRI, R S KA
BRI 12 MBS X E BT A AR R 7 B BT 25
1 B F A0 AR R T AL A M-H] 3 T, FRsk
BRI IN T FSIAR B Fom B, Il T B ARy
BRI, SRR BUERIRRAL. L6 5 EIETE . 58
FEFIAY BEROR, AR Bk 1 - KA sk & .
TE 0 WS AR R SRl b, AR — N T
ACQUITY UPLC HSS T3 44 5 ACQUITY UPLC BEH
Cys (O3EH: 43 B PEAE . ACQUITY UPLC HSS T3 (A%
=S Cp SO IFEL A IR R I R HR, Xk
PEAL G B TER IR B BE ST, i ACQUITY UPLC BEH
Cig (I HE B o 28 0 00 3 AU RORR A, ELX sl Ak & 9
FAR B A0 55 . SR S5 B, ACQUITY UPLC HSS T3 i
HEXT 6 FhA R EH R 0 43 25 3850R 8 F ACQUITY UPLC
BEH Cg#t, 45 HARPIEIEASEE . XIFR, R {8 5 = (] 2)0

R1 6 ME MK MRM Ri&ESH

Table 1 MRM mass spectrometry parameters of 6 kinds of synthetic sweeteners

E i {4 B Bsf [A] /min BB F(m/2) FETF(m2) LEHIE/V AR g /v
by i Ci4HasN;0,8 6.67 330.1 312.1%,295.1 23 15,13
oy 357 £ C14HgN,05 6.45 293.1 261.17,200.0 23 17,12
LI C,H;NO,S 521 162.0 82.0°, 78.0 71 35,11
A CH3N,05 7.61 377.2 200.0°, 345.1 28 19,13
BERG A C;H,NO;SNa 5.40 182.0 106.0%, 42.2 28 22,16
Al CsH,NNaO;S 5.53 178.0 80.0", 96.1 20 28,28

O ERE T
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F IRl ACQUITY UPLC HSS T3 ki [ 2 A e % 5 it
R 431 H A A 1k 35 1A 7 A W s A AR LR, T 1
HARIAE OIS LR, ST s E., Wi, Ao
£ ACQUITY UPLC HSS T3 it/ R4kt

5.00e+8 1 )
SH \
= 3.00e+
2500048 l
= 1.00e+8 ‘ \
Oe+0 L 1 A L n 1
2 4 6 8 10
4 B4 Bt ) /min

TE: 1 ZIE-RIR; 2. BRI R
K1 FHERTEARG SR T B4 B siCR [
Fig.l Separation effects diagram of sodium cyclamate in different
mobile phase systems

® 200048 mﬂ%@ﬁw %
o 3 5 I L ER
g%3$£[ Y
E 5.00e+7 YPRE || |
0e+0 ' : > — '
5 4 6 8 10
P4 B8 15} [B] /min
HER
b E%ﬁf%ﬂjﬁ o] 3t
2 | 00ers ) ||
2 5.000+7 g | “\ I
0e+0 : — '
2 4 6 8 10

£ B3 BF ] /min

¥:: a. ACQUITY UPLC BEH Cys f3%41; b. ACQUITY UPLC HSS
T3 itt .
K2 6 Fha IEH IR AN [R] (354 A 20 B OCR 18]
Fig.2 Separation effects diagram of 6 kinds of synthetic sweeteners
in different chromatographic columns
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6 Fha BETFIARR I A B TR, Tk eH
5, 138 — g B S o LA T, IR R B e
o7 5 B R Y IE B AR SRR, fEf
FRIT 6 Fh -G RURITRFIMA N ELF . SRG#AT Z g
ik, DifbREfE AR L, X6 R B FUEA T S, S N A
i TN S FAE T2, Ko o7 {42 1 119 5
firtk vz fENE R E TR, X E e TR, R
W E BTSSR 1 s,

2.2 AIRLIRSEHRIIL
221 REGEH 6k

AT HEOR. W, 2528 . mHEE | 2 EER &
AV TR A 2 RO R A By, TS AL (R ERZE L AW
ZOFERTWE R 628, RS RZEHKE, 6 Fa it
TR 2% Tk, BB FKSREL, 28 m Be il o 28 o0 3
THAEK, PRI E bR BOCE A i LR .
AR PGSR S A TR RIS, XTSI . ZIE-K
(9:1.8:2.7:3. 1:1, V2V, T R)AYFRERICR . £ R KW (& 3), 46

PRI B 4 W M 5 K B RR CLE R 3 . WA k) [l i
FECNT 70%); BEZE K LI, [EilcREs, H25R
LR Z , L6 F, RBUAFIRHAZE-K8:2. 7:3. 1:1)
B 6 Rl A BLEHM S ISR IR E] 85%LL 1, PR K 2 il
a P ORI T KA 24 0, R BOA R oK Hepil i, e
AR Z [N R e % 2 - K (8:2)ME AR BUZA 7, 6
SR MNEEREREOLT, [R5 BEIUR 2% BN IS S 40 252 )
BN,

mZE ZHE-KO:1, V:¥) W ZHE-K @82, Vi)
1200 w Z59Kk(7:3, V) m iK1, VD)
100F 3
I

< 80} A i L
& 60
E 40t

20t

0

BIOE BIGTELE SRR AIE WA BHER
(lats]

P&l 3 AN [ B U 371 1 [l i R 1
Fig.3 Recovery rates of different extraction solvents
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QuEChERS J7 #: Hv# 1 MgSO, Fl NaOAc #4170 BT IR
Ko HE T AR AR 3 g MgS0,4+0.5 g NaOAc., 4 g MgSO,
+1 g NaOAc. 5 g MgSO,+1.5 g NaOAc IR . 451 %M,
4 g MgSO,4+1 g NaOAc B 7K AHFIAT HLAH 43 B3 1 BT, 6 Fit-5 B
R [0 i R fe AF: (88%~102%) . 1L AR 430 )2 AT,
1o 7 B BRI Z, X AN AR E 1A R A TR B AT B
VSR o R 4 @ MgSO4+1 g NaOAc NI Eh i
JB A
223 AR A8 i

A RASTEETANE e, BEEm . AF. Mk
BN A MLR S T8, 16 LC-MS/MS 234 5 7oA g 25 2
JERN . ABFFEHLEE T Cis. PSA. GCB 3 Rl Ak ARl 8o
1 A R 206 ol PR R AR SR FIRT 6 A iR 1 g %2
HIREN . Z5RFRY], B Cis (50 mg)f, s KAH
HAERW AR EBRORFARRMET Y, 6 g Bk
BISCRTE 95.0%~121.1%Z 1], Horh 22 582 [ e 0 25 (29
121%). AIRER HARMERR, 16 Cs HOREAHSS, HIRBIN
JTE, 2 Cig WA NS E TR BRI A IR, 5
A PSA (50 mg)if, FEASILES B B 7 sc 4 i U A,
REA AU B A ALIR B B 43 ., 6 Fh &l bR 0] [ i HE AE
90.1%~100.3%z 8], {HE AR LBRBERA K Crg; HAh
il GCB (50 mg)it, BXTER KRR EE, (HXTHRE
HENRET 60%, XIEFE R GCB BN IOH-F- 1 45 H4 %
B R SRR 2 005 AL G ) ARG B0 A LE R Y
r-n WIVE, BB R AE R S B e, B A
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WA GCB A Mg bkl #F—2 %% C i3 5 PSA B
AR EAROR, SRR, ZHBHE 6 FhEtuFm
BIRCRAE 92.9%~103.0% 22 [11], 5 500 { FFAH Lo oA L B
F 5, AR KPR EBRBCRE AR, db)E G
FELTHEAR, et/ K, ARWFSUREL PSA 5 Cigiftik
MR, AL RCR AN DR 6 2 20K, 2550 WL 4.

= ]
140 -

120+

BUT LR w2 9RE mAlf miiE e s R

[
[

(=]

T T

[ /%
g o0

Cys PSA GCB
oy

C,stPSA

K4 RIREAA iR

Fig.4 Recovery rates of different purification materials
224 RREE ST

WS R AR B T AR 22 v ik B, AEAEAS R
BRI RE BRIV T8, S I 20 7 ] e 3 B (Al g o Sy 2 0L
W AL RBOR, AT R T B IS AR v 3155 58 Bk,
(matrix effect, ME), ME &7~ 45 [ 3L it DU e b ofE il 28 A 2
5 bR 2 AR AL (ME/ %= JE b i 2845 /5 70 s
£ x100%). 24 ME /1T 80%~120%M}, ME S20%5/]N, #7
ME fXT 80%, W15 BIAFAE 2 25 A B S il V6 s AR A,
ME i3 120%, WM 3 HAT Wm0 Y, 25 R 3R 0]
(3£ 2), 6 Fia BEHIARRITEZR M GRIRERZR) Al i (e 3O
PRA)IE T P MEs 2 86.1%~115.3%, HAvbipks el A2
FAERHOL RSB (ME 2058 115%), “LIREAF R

FEF TN (ME 2928 86%), (AXFER 42 IEHEN . K
ARAT S EA 1t A5 2R, ACBIE TR R BT UG AR £k
A THHE

2 6 MEKIHKFIA MEs (%)
Table 2 MEs of 6 kinds of synthetic sweeteners (%)

By Rl g i
= Vs
o w mm om M %
o 953 1044 912 978 1153 1148

WRAS 90.5 979  86.1 1056 1034 107.5

23 JFIEEFIIE
231 FHEHEBEERZ, ABRAT IR

6 Fh - BLEIR R MR L & b, Bl 3 80 e
FE VS EARAE TAES W, DL B ARG W BN P AR FR(Y),
AR B TR B AR ARAR (X, ng/kg), ZehilbnifEiZk, BEAT4
PERIHTHE . L3 A% L 10 5 He 23 BIAE A H BR (limit of
detection, LOD) & R (limit of quantitation, LOQ), 3 3 4%
IR, 6 F G BUERTIZE 437E 2~1000 pg/kg Tk S Rl 2k
PER R RAF, MIRARE(NIIATF 0.99, LODs 2 5~25 pglke,
LOQs K 15~75 pg/kg, RBEWHEAM AR TIR RS
SRR TG 225K
232 EDKFEKE

B HU g 2% IR A S A 2 1 SO ot R A7 98 o [ s A
K BRI, 2 AN 100, 500, 2500 ug/kg 3 HE K
TR A AR MEE IR, FAKFEENE 6 K. ik 4 45
B ST IO & Ll ol 11 7 1 B R 1 O v N S B
88.34%~103.21%, RSDs 4 0.56%~7.63%, 16BH1Z 7 i1
il BE RS 25 B AT, AT AW A0 Sl b 6 Fh A Ak
FH A TR 0 A 75 5K

F3 6 MAEMMMKFLMTR,. &M4HFER LODs, LOQs

Table 3 Linear range, linear equation, LODs and LOQs of 6 kinds of synthetic sweeteners

&Y = eI LML/ (ug/kg) Yy MXZB()  LODs/(pg/kg) LOQs/(ng/kg)
A (5%) 2~1000 Y=9.84¢°X+5.09¢° 0.9958 5 15
P A5 R R ) 2~1000 Y=9.58¢°X+4.88¢° 0.9936 5 15
AR (EA) 2~1000 Y=1.03¢’X-3.59¢’ 0.9985 10 30

AT 347 £

Ze ] it (FRBRZS) 2~1000 Y=1.49¢"X-1.13¢° 0.9938 10 30
. AR (ER2R) 2~1000 Y=9.42¢*X+9.64¢° 0.9943 25 75
IR A5 R R ) 2~1000 Y=1.29¢"X+8.12¢° 0.9936 25 75
i A7) 2~1000 Y=3.77¢’X+2.54¢° 0.9958 5 15
Z il b PR ZE) 2~1000 Y=3.81¢°X+4.87¢° 0.9914 5 15
, AR (ER2R) 2~1000 Y=3.86€’X+6.62¢° 0.9976 15 45
ks A5 (R R ) 2~1000 Y=4.50e’X-2.13¢° 0.9946 15 45
P A (E7) 2~1000 Y=7.63e’X+2.60¢° 0.9964 25 75
Ze ] it (FEBRZE) 2~1000 Y=4.66¢*X-2.97¢° 0.9973 25 75
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Table 4 Average recoveries and relative standard deviations of 6 kinds of synthetic sweeteners (n=6)

R4 6 FhE REHRRT Y T 15 = Y2 AN AR X AR R 22 (n=6)

&= WINAKF-/(ng/kg)
S RN % RSDs/% S IR % RSDs/%

100 89.56 2.89 88.76 5.47
By 3 it 500 92.13 1.23 90.15 6.91
2500 95.78 0.78 92.44 2.73
100 90.67 3.47 95.03 2.15
iy H7 EL 500 98.22 2.34 100.91 428
2500 101.45 3.98 97.82 3.09
100 93.89 7.01 91.69 7.63
LI 500 97.01 6.34 89.27 5.56
2500 99.34 4.12 94.58 3.82
100 94.56 5.76 101.00 2.98
A 500 91.23 1.99 96.37 3.66
2500 102.78 0.56 99.26 5.88
100 96.78 4.67 90.98 7.24
WERT 500 100.12 5.45 88.34 4.45
2500 103.21 2.01 93.77 6.77
100 91.99 6.89 96.15 2.98
Al £ 500 92.87 7.23 100.48 7.02
2500 95.11 0.91 98.63 6.33

T XS BRE (R 22 (relative standard deviation, RSD).
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W ATT S I EAF AR (SR8, 4028, BAK. 5

WA B H DRt O A R AR IR R S0 . TR et
ATALE LR A FARYIRRS, B A ) 2 0%

[+ S AGEIN 773k

T2 A R BB GRS | UTZOE S B et
40 YRERLUEAT TR, ZEE BN, ZEMRESRARIE AR BEXH

FHERF, 1 HERIFRASAS B R &, &8 h 124 mg/kg; 14t

WA S H BT E, Sk 59 mg/kg, FZERFEH, I, 2022, 44(2): 24-29.
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