9174 58 JEg I R Vol. 17 No. 8
2026 4 4 H Journal of Food Safety & Quality Apr. , 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20251028002

SIAMEE: BOEM, fpk, BEz, 5. LR e J AR R 2R UOrt b 4 R R S i 22 S SO e KU 3BT (0], B
A G I 244, 2026, 17(8): 212-219.

ZHAO LW, XU L, DAI Q, et al. Analysis of usage variation and potential risks of 4 kinds of sweeteners in different beverage

categories around school campuses in Anshun City [J]. Journal of Food Safety & Quality, 2026, 17(8): 212-219. (in Chinese with
English abstract).

LMt e A B ANE SR 4 Rl
I 72 5 B e U S

REAL A R, K £ F 8B g £ %2

N

(1. 22T 9 0835 42 1) PO (22 MU 2 22 4 IXURG: M0 ) R SR 25), ‘220 561000
2. TR SIS T, T 561000]

# OE: BB OB AN, A3 BR Bel JEL B AORE H AR 8 A A RRAE o P BRSOk A
HMRB TR Bk HHURERRIR S 7 80RBEA ST 834 £, R M5 8080H (23572 (high performance
liquid chromatography, HPLC)R: ARG AN . ZeF8% | FIsir L GHANALEH 4 FPEHRF & 5. K5 GB 2760—2014
CRMZAEZARME £ 5SS FIARAE ) PEO R TI-G R, SRR 5 K656 20 A AN [7) it 2 ) 1) 22 5t
SR FRE TR BAR R B R (14.7%, 14/95), WIRTUEHK Z (14.6%, 36/247), —#¥ TIIMELCRH(0%,
0/15)c RURAR BRSO EAR 2 0(9.3%, 23/247)(FRERLE S TR, Reim R OBk A i 0l br ey
10.5% (10/95). &&i A el J 3 ORI RH IR RIS -G R0 ) R A I dob () i 28 22 5 XU AR WA 4 91 B ifF
FHRE RN, Rk FTIA ORHE S TR B (P A o 2 26 o OG- AR P OB ST it 2 J3 L ) il Ay, - lin i
Xof EHAR ST PG R 0 WE A8, DB A AR b 520 AR %) 38 o) M7 55 7 /A7 e e JRUS T 4R 3 422 Rl R0
KB SR, AR, PORMRZS, G ALk, BEETTRA VAR

Analysis of usage variation and potential risks of 4 kinds of sweeteners in
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ABSTRACT: Objective To analyze the distribution characteristics, usage patterns and exposure contribution via
beverage consumption of sweeteners in beverages sold around school campuses from the perspective of beverage

category segmentation. Methods A total of 834 samples from 7 beverage categories, including flavored beverages,
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were randomly collected. The content of 4 kinds of sweeteners (sodium saccharin, acesulfame potassium, aspartame
and neotame) were determined using high performance liquid chromatography (HPLC). Compliance with sweetener
usage was evaluated according to the GB 2760—2014 National food safety standard-Sandard for the Use of Food
Additives and differences among categories were analyzed using the chi-square test. Results

beverages had the highest non-compliance rate (14.7%, 14/95), followed by flavored beverages (14.6%, 36/247), both

Special purpose

being higher than that of coffee beverages (0%, 0/15). The rate of unauthorized use of sodium saccharin in flavored
beverages was (9.3%, 23/247) (its use was prohibited in beverages according to the standard). The exceedance rate of
neotame in special purpose beverages was (10.5%, 10/95). Conclusion There are significant category-specific
variations in sweeteners non-compliance in beverages around school campuses: Flavored beverages are the key
category for the unauthorized use of sodium saccharin, while special purpose beverages are the high-risk category for
neotame exceedance. It is recommended that quarterly targeted sampling and inspection be implemented for these 2
kinds of beverage categories, along with enhanced supervision of sweetener usage compliance, so as to provide direct
scientific support for targeted regulation of beverages around school campuses and health risk warning for
adolescents.
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25 r)); LC-20AT 1 80 V8 AR 8 3% A ( H A B JE A A,
Diamonsil Plus C;s#£(250 mmx4.6 mm, 5 pm)(J 3l i A}
FA PR H]); CLXXUVEM2 #B 4L /K ML (3E IR R KA DD

WREIR — U (43 ali, RHETT K KAk 25 350 A R A
dl); (%A, EEKMA ), ZBREGHTal, 7Y
B A TR A BRA ), BREEIARIEA IR (PR EE 1000 pg/mL,
o ERREISE L), IR MERR (YR 1000 pg/mL,
U IS AR HE B AR FRA RD); BT EL BRI (5
HIRE 1000 pg/mL). AIEHAR MR (EETRE 10 mg/mL)
(375 RM standards Sdn Bhd 23 #l); POkl P20 385 i
FERE[(0.345£0.011) g/kg, K4 £ B SEAG I 3 AR A FRA
A1, ok BT LR AR [(25.6+3.7) mg/kg]. Yokl
BB PERE](8.44+1.22) me/kg] (AL L ARAR IR B A PR F])
1.3 MG E

T it A B A PR AR I, O ik R B I
BB BRREAN RIS IR GB 5009.28—2016 &5k 4
FARME AP IARR | (LR BN ) T, Dk
KR A 5 mg/kg, ZIEERBIZIE GB 5009.140—2023
(ERREEZRE BihH OB e ) 17, ik
G HBR M 0.3 mg/kg; BTiTEL ER ARSI GB 5009.263—2016
CBbe 4 bR e £ b rb By Sr £ 1 R B g &1 i ol
E ) BT, KRN 5 me/ke; ARG I 2 08
GB 5009.247—2016 { £ {4 4 = bR £ 5 gl
FE Y BT, TR R 0.3 me/kg, AR A1 4
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85%~110%2Z 8], FHXTH5#ESwR 22 (relative standard deviation,
RSDY¥ A HE T 5%,
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R bR UE ) £ F 2024 4F 2 A 8 H &4, HILIE 520 H
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Table 1 Conditions and parameters of liquid chromatogram

rRlUE=E 7 BB, ZPEE

a8y EL 2%

Diamonsil Plus Cg Diamonsil Plus Cyg

g Diamonsil Plus Cys (250 mm=4.6 mm, 5 pm) (250 mmx4.6 mm, 5 pm) (250 mm 4.6 mm, 3 )
A LI (A)-Z W8 (B) ZIE-K -k
i /(mL/min) 1.00 0.80 0.80
0 (10% A), 0~8 min (45% A), 8~9 min (70% A), R L2 e 1 (1. ] e R B A ]
e 9~11 min (70% A), 11~12 min (10% A), 12~16 min #E%%QQ'SO’ V) ffg‘ﬂﬁ(“oj(’o’ V)
(10% A) 10 min 10 min
% 1 /nm 225 200 210
2 4 FRERIRSTIZE SRR R Y 1 R (GB 2760—2014)
Table 2 Usage standards for 4 kinds of sweeteners in beverages (GB 2760—2014)
EH ) & RO 5 KA/ (g/kg)
Bk h Yokt AT
BB, BRERTCE, MECE) PR, FRER RO, KRR 0.3
YR PNESv e 0.58
B CR)ZE 0.3
RERTECROAYR, AR, BRERIOE,
PEH 6 ECRYORR, SRR, UK °f
-~ BT CROZRL, BEAYORE, BRERTORL, Feik R TR, KRR 0.033

AL RGO POk 0.05
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2.1 [EER TR A EH IR S B F 5
AMFFEILAT I 834 (3 CRHEAS, TR ) SR AR
10.4% (87/834) A[R] S S PBHR] A 45 i 2 22 F BAG G it
B X (P=0<0.05), H ik B2 IRORE A9 K 2 AR R (71.9%,
110/153), KUK 22 (66.0%, 163/247), WIHELR A%
(26.7%, 4/15), AR FEIYORHA AR R 2 7 TR # &
SL(P=0.064>0.05), HHRpik & ORH(14.7%, 14/95) R
KR (14.6%, 36/247) 1) bR FAHXT B &, IMHELRRE0%,
0/15) B Mt o 45 SR A0 EH IR 79 B ARG I 285 A5 I 18 DL 3% 3.
2.2 [EERZETRA & 2AEE IR 5T M F 5
WRAEFRERLE, RGBS ORE, DRI ECAS: Hh B
SENTBRRGBIEREIE ). WERNE, B GB 2760—2014
Bty AJELIN, 0 WERG AR U5 £ Dk s 5 1 Al
FAFA, HE B e G T2 N ogakge, WA Ay i
FRAS I . ASURAFFE, B A E XU R Hh (4 AR 2 05 5
9.3% (23/247), [HERFREERLIN 44.2% (23/52); TTE 52 By HikG
B PRPERERL T, A 26 (YRR AR 5 P SRRy TG PR
(5 mg/kg)f 10 FF(RI=0.05 gkg), iBHMEREST 50.0%
(26/52), XL AR BAAE S AR T U oK), JERG IR 18
B, o5 AR B BB 69.2% (18/26), KUK FFBkE 44

B R A 0.259 glkge FRER &R H LR BB FR R
M 10.5% (10/95), EBFREESL I 45.5% (10/22), Himfr
HER 0.225 g/kg, HBITARIERRAE(0.033 g/kg) 5.8 fif; “LHE%
FUBTHT ELEHAE A A2 34 oK H BUARAR o 25 25 BH R 51 4 4
R 4,
2.3 FEIRAETR P EHIRFIR &5 R E1E R

TR A R AR A e R S rh B 538 o 3 5 AT,
TE 834 yFEAh, I 167 UMREAK: AR T 2 Fhimk ),
TRA R E N 20.0% (167/834), £ 5h2eHh, BRERYCRE
FRITR A ol FRAS: Y 2 5 80 (34.6%,  53/153), FLuk g RUBRAJcR)
(27.5%, 68/247)FFFIR FHIR R (15.8%, 15/95); WHEL R}
KA IR AT . IRAFMFEIRFEAE 53 4y, S
FRFH 6.4% (53/834), 5 EFBHFREEAN 60.9% (53/87). K
PRUCEHITR A TR AR 224 1), (HIEFR(9.7%,
24/247) S HE FERIIRH6.3%, 6/95). HITH1kH(5.8%, 5/86)
LRI 22 IS 2ETE X (F=11.22, P=0.082>0.05).,

24 AEGAERBHERFNERERSEWHEN

HEARIY 87 MFEAS R, AL A N R 32 B,
35 BEBERREAY 50.6%F1 31.0%. RURICRHEAREEAS TR
86.1%f A ALY, FARFRE IR EREA R 50.0%% A/
Rl KA AE AT SIS AR & HCH 4.6%, WK 6.

F3 NEBFERB DR SRR

Table 3 Overall detection results of sweeteners in different beverage categories

e =3 RSy o 50y it /% HEARE AR/ % giiHE
AR 128 54 422 10 7.8

HEARE 110 57 51.8 9 8.2

R R 247 163 66.0 36 14.6 ¥ u48.748,

ROk 86 36 419 7 8.1 P a=0<0.05;

27 e=11.910,
oA 15 4 26.7 0 0.0 P 4=0.064>0.05
IR R} 153 110 71.9 11 7.2

FEER IR ORE 95 51 53.7 14 14.7

At 834 475 57.0 87 10.4

F 4 TREIBSERRPESEHRTIEE H S8R5 R
Table 4 Detection and exceedance situations of various sweeteners in different beverage categories
MR LR o 7 EEL A1
PR iR R BARE bR AR gyt REAREL HRE R HUEC f e BEAREL AR KB R R EARE fbr

B, My % My % My B My e My R My e My %
ZRARH(128) 8 6.2 8 6.2 37 289 0 0 18 141 0 0 5 3.9 2 1.6
HEAYEH110) 7 64 7 64 49 445 0 0 7 6.4 0 0 1 0.9 1 0.9
KR EH?247) 23 93 23 93 135 547 0 0 66 267 0 0 13 5.3 3 1.2
FITHREHS6) 4 47 4 47 28 326 0 0 15 174 0 0 3 3.5 3 3.5
WHELRORH(15) 0 00 0 0.0 3 20.0 0 0 1 6.7 0 0 0 0.0 0 0.0
BRBRCEL(153) 6 39 6 39 99 647 0 0 57 3713 0 0 3 2.0 3 2.0
FRpRFLEEHOS) 4 42 4 42 37 389 0 0 15 158 0 0 10 105 10 105
A11(834) 52 62 52 62 388 465 0 0 179 215 0 0 35 42 2 26
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Table 5 Detection results of mixed sweeteners in different beverage categories
YOREE S FEaLEU By oA Ui K H /% PR E By AR/ % giiHE
AU 128 14 10.9 6 4.7
AR 110 7 6.4 5 4.5
R 247 68 27.5 24 9.7
SRk 86 10 11.6 5 5.8 Pfis;t;lzié.’os
WA 15 0 0 0 0
TR Rt 153 53 34.6 7 4.6
FRER AR ORE 95 15 15.8 6 6.3
At 834 167 20.0 53 6.4
F* 6 T RIMIERREHK TR ARR B £ = Bl SIRIE R
Table 6 Scale information of the production enterprises for samples with excessive sweeteners in different types of beverages
R KIS L RRIE (2 ANl (e
ST ﬁf{fﬁ WAREC Eade BRH g ERE masn R gl
My % " 1% I 1% "y 1%
AR 10 0 0 0 0 6 60.0 4 40.0
EELves 9 0 0 2 222 7 77.8 0 0
Rk 36 1 2.8 0 0 4 11.1 31 86.1
SRt oR 7 1 14.3 2 28.6 1 14.3 3 429
mm ek 0 0 0 0 0 0 0 0 0
TRIR R} 11 0 0 4 36.4 2 18.2 5 45.5
R TR ORH 14 2 14.3 4 28.6 7 50.0 1 7.1
A1t 87 4 4.6 12 13.8 27 31.0 44 50.6
25 BLFHKFBZESKE FEH A E A ORR R H g, JESHAH AT

Sy b A I B OB X 2 A R R SR 5 A T kR
BE, AR TS NS S % T R E R
i DXL AR ORI 2 ik T AL (/A 150 mL/d
WP 166.7 mL/d, &4 251.7 mL/d)PY, JRIET LI
A R I R 4 ) iz AR I B R L, 3 T/
2k WA B AERIRTESEN 30, 45 F1 55 kg
SEA ARG 1 & 2R 0 5% B kiR (L W TR )

$E A & (acceptable daily intake, ADD)#EF7 HL#52 .

& 7 A, s PORhR A B ARSI, AL EH A
VRS Ex 5 AR R B vTmk i o 8 . I, dlfitx /N
AR FE (112 mg/kg «d)E ik ADI AY 56.0%, BHEHIAYR
FE(1.30 mg/kg * d)HIAF] ADI BY 26.0%; ¥4 FIm 4
HIAE I 5 5 H 8 ADI 9 18.0%. MIELZ R, 3R EM
BT 40y B2 i ) 2 R e Y I T ADI(R =5 o5 EEAR 2 5%)

#7 FLOERIINEREBEANHKTISHEEE
Table 7 Daily exposure dose of sweeteners through beverage consumption among adolescents
A= N2 e LA = e
ik ADI/(mgke + d) AT Ry N A TR R W A R i o AR R
/(g/kg) /(mg/kg * d) /(mg/kg * d) /(mg/kg * d)
WEHRGEN 5 0.259 1.30 0.90 1.14
YIRE 15 0.287 0.48 0.33 0.42
i 357 [ 40 0.558 0.93 0.65 0.82
g 2 0.225 1.12 0.78 0.99

T HEE LN N (T 30 kg 31), A1FHEEEH=(0.225 g/kgx0.150 L/dx1000 mg/g)/30 kg=1.12 mg/kg * d.
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T AR FH 348 1R DU 2 20 5 B o e FH ) 3 R R (N B
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X F B ORE A A H BERG #1, L 40 RRAE SR B 2
INETE RSN IR BESE . RAETE% & GB 2760——2014
B i AR, AR AR BIF ST B0 B, ARG A P AR AR
50.0% (26/52)14)%5% B3 it o Jr kA th PR 10 £%(=0.05 g/kg),
FLTE B4 P T IR ARORE(69.2%,  18/26), it i Ko Hi (H 5
0.259 g/kg, XFIERAPL . RIKE AKX, S7EAH
I 2N G i e iy ARRIERAE, ARG 0 e
fb VBRI A T ARSI, Rk 1 AR F= 3R, AR/
Al W BV AE IR o
3.2 ETHREFTEBRXCFFMES 7

B R BN, DR RS DEEA
O IR 7R A — A HL T L RURS: 4R P A R R R Y
Wk OB X — AR, AN AR R RIS
1.12 mg/kg « d, 5H ADI i 56.0%; KGN A0 R ik
FT 1.30 mg/kg « d(5 ADI ) 26.0%). JEFHEFE 12
FEAETF UKL . REAT . BEARAE 2R H R S i,
AVEAG SR R, AGE OB X — B — iR A, XA FRE
BN 2 58 TTBR B A 2 PT0, SX B EfR R, XTI PRk
B A AERE AR, PORLEHE R B S R P — N RFL
0 A A

RS o3 BT idE— 24078 T R i He vh M 5 B 5 Ik
P ARG ARG SRR AR 44.2% (23/52)T8 A R
MARCRE; LR FBAREEAR 45.5% (10/22)% T 5k &
okl HHFR R m B bR e RRAE 5.8 fif o XKW, TR
P df e A vh T R R R S 2ROk T A0 4R, HLAR ek
FR P B KO- 23 3 3 T3 T AT P T A

K & AE A [ BR 98 GE BF 5% HL#4 (International Agency for
Research on Cancer, IARC)INE HY55 3 258 7E B0, H
KA AT RE S A8 A B 0 A OC 1220 e, o
I PRE G A i — 2B 4R R T TR (S Bk ) 5 9
i JXUBS: 22 18] 4 ST 200 T A 2 Hh A H e 0 ) R
WL, SR R IZE T AR A R A & TN
IR B B B S RE TS, (A A, — IR P A
GITFFRERIR, N TR A E8 A oA St i R il XURS: 1) v
FFAE IR, 30 AT 2 1T 58 Ak T X 2L it W A% ) 50
o HOFERKE THAMAZ L E BN BAARERE
i AT B R LR /N ), HOIE AR TR FCIs R 4
KB W OCHEE O, KR A TETR S AT BE XA T fig
FEAAFIE N, TR TR 2B AT PR Y & A KU ),
T /D AR B A TR I AP S P 7 B IR, Py AR T
33 RAEAMLBILS MG

TR G (8 FH B R A A OB Pl Ry 5 3k, A F 5% S A TR
A HAR AR 20.0%, HAPBRIR IR 34.6%) FUXUR OB
(27.5%) 5% o LNELERE, IRATIRFBAREA 529
FEPRFEAY 60.9% (53/87), FHTR A 2 M A B ALY £
FIEK . BARIER, AR TER AR S 25
BOIRG TR A W RIRNE, 0 A 1, e v
FERFERO, BRI, BUAT W AR X B — ) i s PR it
2 PR A B R Ge KUK PEAS, X AT g S BOLEE M
B A i o IS 7™ FEAR A, A B4 X
3.4 A FERTE BRI S0

ABIFGY e R R0 b ) R il 2 7 RSS2 DDA
Ko BB AN Gl AR AR 43 30 o R AR AR Y
50.6%F11 31.0%, KUIRYCEHAHARAEA A 86.1%K A 17
o S S VAN | 2 4 02 i BN 1= ol L 3 S
WU A AE MG AT, $ER 0N Ao A SR W A8 5 e R 4k
(HEW=PaE
3.5 MRBRMESAREKSE

AWFEAEAE LR R B, (U 4 FhaEfeRF], R
eI 7 = EURENE . B2 M S R AL SR, MELL 2 ERE
Bl A, Hok, RS PEAL A 5 T AP g o, A
AHBIE B S, AT REAAAEARAh . BJE, BARIRG
B SR S (S ST URS A s L haT =N S o
FAWEFE R P AT I [, TF A Mo Ak B 2T 2 R A, FF
PR PN AT S S TEA B L RIBR SR 45 I & s M VE A,
SRk A PR E KA

AR5 B R OB R R P 3 R 5 el ) 3
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P5) N, R IRCT N ZAI BL A W RRE XUR: 15
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BT RGN, R AR, R D LUT B
PR L (1)t KU it 2655 Al A 1) M4 L
T A T T A2 SR A, R A2 el o i 5 ) XU AR
(L A 7 2 WIS )RR D 3k R (R 7 A5 2 ) S92 it 5
S, FERRSGTE MR 77 o ()9 IR AL
RGN P S OHs = SRR . B A A I A3 B A b
BTG H RSN H LA TR R S N OO, MERR T AL I
BRRFEACE . G)IRALS Al A B Y WA 5 W
SRR /MR JEORER W | BERHE S B AR e e R L
F8 W A A A PR, MRS B R AT, R O
PRMEHORTE S LR TR RE T

SE B
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