& El M Lk Bob T
- 4 & Scopus B R B 01
‘a ,- I DOAJ M hEAHE DI FICSTPCD
VM EBSCO

M EE DA B FIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA o & SRR S TR T R I g H 3 55— 5B T1
HF ISSN 1002-0306  CN 11-1759/TS 7 IST

RO T T B e P = U S BN e TR

BagiE, A8 4, T, RES, FEA

Evaluation of Uncertainty in Determination of Sucralose in Soy Sauce by High Performance Liquid Chromatography
CUI Tingting, QI Wei, HE Wenjiang, ZHANG Jiaqi, and HUANG Qingchun

TEZRIR]IE View online: https://doi.org/10.13386/1.issn1002-0306.2023050252

L] RERGBR Y HAN S R

Articles you may be interested in

195 SRR £ 3 — ER R T v 0 RIS 7 7™ il P A I ) AN E LD
Uncertainty Evaluation of Determination of Quinolones in Flatfish by High Performance Liquid Chromatography—Tandem Mass

Spectrometry

£ Tl RHE. 2021, 42(20): 248-254  https://doi.org/10.13386/1.issn1002-0306.2021010077
[Fi) 57 275 o — v SRR € i — FR B T i v s 7 ™= it LS A i 5 58 LA QP ke B e AN BT

Uncertainty Evaluation for Determination of Malachite Green,Crystal Violet and Their Metabolites in Aquatic Products by Isotope
Dilution—Ulira Performance Liquid Chromatography—tandem Mass Spectrometry

i TR, 2020, 41(5): 206-214  https://doi.org/10.13386/1.is5n1002-0306.2020.05.034
AT 2 B PR IR A 24758 R i I e AN R R VT

Measurement Uncertainty of Determination of Profenofos (PFF) Residues in Cucumber Evaluated by Gas Chromatography (GC)
B TR 2020, 41(12): 238-244  https://doi.org/10.13386/).issn1002-0306.2020.12.039

VBORH (L Jo P D0 DL 20K ™ it 50U 2R i S RE DT
Evaluation of Uncertainty in Determination of Chloramphenicol in Shellfish by LC-MS-MS
B T RHY. 2021, 42(4): 245-251  https:/doi.org/10.13386/j.issn11002-0306.2020040350

S TS LI E B 25 HH 16F AT HLIEAC 24 5 P o (0 i AN o8 PP R
Evaluation of Measurement Uncertainty in the Determination of 16 Kinds of Organophosphorus Pesticide Residues in Vegetables by

Gas Chromatography
i Tl BHE. 2020, 41(3): 239-245  hitps://doi.org/10.13386/j.issn1002-0306.2020.03.040

SR G- ik I s B P R AR i 0 B Al 7 T
Uncertainty Evaluation of Chlorpyrifos Residues in Cucumber Determination by Gas Chromatography—tandem Mass Spectrometry

i TR, 2021, 42(15): 204-210  https://doi.org/10.13386/1.is5n1002-0306.2020040045



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023050252
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021010077
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.05.034
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.12.039
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020040350
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.03.040
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020040045

KEMAF AT, PAFHEZFENLEE



545 % 5 T i Tl B Vol. 45 No.7
2024 4F 4 H Science and Technology of Food Industry Apr. 2024

BB, AT, T SCTT, A5, R 8RO (0 U e v — S 5 B AN BE I AE (D], £k Tl RHEE, 2024, 45(7): 270-275.
doi: 10.13386/j.issn11002-0306.2023050252

CUI Tingting, QI Wei, HE Wenjiang, et al. Evaluation of Uncertainty in Determination of Sucralose in Soy Sauce by High Performance
Liquid Chromatography[J]. Science and Technology of Food Industry, 2024, 45(7): 270-275. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2023050252

REASCVBUAR 5 P I S i o = S &
AT B PR

EEE B AT KK, 55 S
(1.F B3 FAE A fe 4y 6 R TR EAAE P, REF 45 0100105
2.NEF B G RFMFEERMRRL 2851, REFL 254 012000)

W OE:A4: 2SR RMERENTE P ZRAERBOTARLENIFE TR, Tk £BESEAE R
/& GB 22255-2014 #H4T4M], RIEE R+ EH AL IIF 1059.1-2012 AT P Z 2 EEWN LS, EIRHLE
FRHFEA, SN EILTORHEERE, BIHERELMNE., AR RLE. ARERK. HBEL. A
ZidAE, EE, RSN LRI R TR, ARSI, SR BEAREN 5%, HhP =
AEAESE N (0.048+0.007) g/kg, k=2, %it: #EZ T HARAEHEFNZ Fhbd Z LEBG AL EOGITET
R, REAHZELT ZRAERN LT MNEEROTMETERREEH: Z A RMBEATERRE ZQRAE G XM
A EDER ) AN P S R ERS AR TR RS T IR B &6 Bk,
XEIF: HRORAN G, Eh, Z R AR, R, R

HE4>35:TS207.3 CERFRISED: A XEHS:1002-0306(2024)07-0270—06
DOI: 10.13386/j.issn1002-0306.2023050252

Evaluation of Uncertainty in Determination of Sucralose in Soy Sauce
by High Performance Liquid Chromatography
CUI Tingting', QI Wei"’, HE Wenjiang', ZHANG Jiaqi*, HUANG Qingchun""

(1.Hohhot General Survey of Natural Resources Center, China Geological Survey, Hohhot 010010, China;
2.Ulanqab Branch of Inner Mongolia Special Equipment Inspection and Research Institute, Ulangab 012000, China)

Abstract: Objective: To establish an evaluation method for the uncertainty of high-performance liquid chromatography in
the determination of sucralose in soy sauce. Methods: Testing was conducted in accordance with the national food safety
standard GB 22255-2014. The content of sucralose in soy sauce was analyzed in accordance with the national metrological
technical specification JJF 1059.1-2012. An uncertainty evaluation mathematical model was established to analyze the
uncertainty factors during the measurement process. The uncertainty of the test results was evaluated and calculated through
repeated sample measurements, standard solution purity, standard curve, glassware, weighing process, recovery rate, and
testing instruments. Results: According to the confidence interval of 95%, the content of sucralose in soy sauce was
(0.048+0.007) g/kg, k=2. Conclusion: The evaluation method for the uncertainty of sucralose in soy sauce by high
performance liquid chromatography was established. The sources of the uncertainty of the determination results of sucralose
in soy sauce were finally determined as follows: The fitting of the standard curve established by sucralose standard solution,
and the recovery rate. And the proportion of various uncertainty evaluation factors in the process of determining sucralose

content in soy sauce was cleared.
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FemAESy  BEPLT W, = SRR AES, 2l
99.7% , ¥R Ba ARG BHEE By A1 BR 2 )5 F s . 0
i, E2GHE AT Bk — SRR S R I KA
4 EFFRUE GB/T 6682-20087" FH/K sk

UltiMate3000 7= %8 & A (0 3543, B 78 &GRS
I #%  Thermo Fisher; BSA200S-WEI H, T RKF
FELZH|H; HZY-324/523 B FRF 5 Rl
3% XYG-90-H @47kl b atitEa BRA ] .

1.2 SLWHE
1.2.1 PRAEFEWECH]  FREX 0.1 gCRE A = 0.001 g)
ZEUERERES,, AT 100 mL I A, RISk
BE4 1 mg/mL 1Y) = SRR R A AW, FHRS WA
W =GR G #53 1. 2. 5. 10, 20 mL T 50 mL
RIS, EFE, B HEE R 0.02, 0.04, 0.1, 0.2,
0.4 mg/mL {4 = G0 bR 8 FH U T i #5 b o4
IS
1.2.2 FESACFE  STEGFEIAR S A PR vk IR 5K
FrifE GB 22255-20142% Jyi BR AT, kTR
), FREX 2 g BT 50 mL 204, 0 1.0 g 4R
fE45, N 3 mL 7K, IR BEIR & #4883 min J5 A
15 mL FA B, 4k SEPRT% 30 s, 48 A5 % 2 B 20 min,
3000 r/min £5.0> 10 min, ¥ WL A 50 mL 25.00
b, ULTEWINA 5.0 mL H KW (75+25), 15
JiElR4 30 s, 3000 r/min 25.0> 10 min, BB 2 ¥, % E
WA I 150 mL 43y s <. 76 150 mL 43
=k, A 30 mL 1E kS, FBREAYE, FIZ2KME
AZEI L, EKEZET, FH 9 mL Kbk 3 a6 3%,
A8 A P R 5 min, 3000 r/min 25.0> 10 min. 3 mL
FR Sy I, 28 T BRI, FH S +/K=11+89(V/V) %
fi#t, 0.45 um 1 3E, & H.
1.2.3 WAHERESR SR C g #ECKAE S pm, 4.6 mmx
150 mm); H:: 35 °C; WishtH: NE+-K(V/V), Befli
T K Fe 5 WL 15 3. 1.0 mL/min; #EFE &L 20 ul;
ZERGKIMES: IR 70 °C, SAKRFEE 1.5 L/min.

F 1 WA BRLT

Table 1 Liquid chromatography elution procedure

A A] (min ) 7K (%) 2Nt (%)
0~14 89 11
15~22 10 90
23~26 89 11
1.2.4  Hgsion
CxVx1000
- T 1
m x 1000 A

Ao X— =S T RE S T B (g/ke) s
C— =S REBF A e B (A AR fE I Ze ) (mg/mL) ;
VIR S 2R (mL) ; m—E I RE 5T (2);
1000— A 2802
1.3 HEAIE

F A UltiMate 3000 155 50 AH (L5 A B R 42
T AR AT EE R A2 FIAL P, Microsoft Excel 2021
PowerPoint 2021 #1788 IES . e E K.

2 RS9

AR 1.2.4 BEpAsomy | A B2 4, AN i
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Fig.1 Measurement uncertainty component fishbone diagram
TEAH & AR OSSN E B 2R . ANThE B4 2 bR R
HePR UL 1. Table 2 Standard curve data table
2.1 HREENENAHEE U, o RIREA RO SRR e W TR B
PR ETT 6 YK, 285 554: 0.0479 . 0.0480, (mg/mL) (mg/mL.)
_ 1 0.02 0.0202 0315
0.0475. 0.0481. 0.0477. 0.0476 g/kg, “F-II{H N X= 5 0.04 0.04 040
0.0478 g/kg, RYRAT(2), FryhFe B2 ME S R 3 0.1 0.0965 3.295
FHERE UX) . 4 02 0.2041 9.478
5 0.4 0.4014 25.585

2;5:1 (Xi _i)z
n-—1

&

U
i 545 R, U(X)=0.000236643, Uren=%=

0.0000966092 .
22 MESINWAHEE U,,,
221 FRUESFRE ST A AT EE Uy gy
BSA200S-WEI HL,FR-PFR e — S e n i i, AR Y8
fer g BEHEUE S (UEA 95 J724 555 2022TP0034),
R AVFIRZE 0.5 mge PRUEANTNE L : Uy ()=
0.5/4/3=0.288675 mg(FHFFIIATTEAE, k=+/3), =5
BEPRUE S FR A 101.2 mg, AR A0 E BE Uz )=
0.288675/101.2=0.002852521
222 FEMERESIABAER Uk ypy JH HZY-
324/523 HLFRFFREARR &, AR ERS A HENES GIE
Fogw 5. SI2EFH 2021TP0232) , % K iR 24
0.001 g PREAFHRERE Upgpn=0.001/ V3=0.000577 g
RS PERE, k=+/3), FiMPE IR 5.01 g,
XS ASEAEE Uppaip)=0.000577/5.01=0.000115.,

IR o B 5] A B9 AH X AN B 8 B U=

VU o U7 =0-002855 .
23 SEEBTERGEINGTHRERE U,

MR 7 ) S B B AR v dl A5 T R, = SURE
BAAR UE S 2L BE S 99.7%, ¥ AN E BE 0.5%. %
RRFEJE 93 A PV 2 H AR HEAS 1 2 2 2 0.005/ 3=
0.002886751, AH X A <& B U,,;=0.002886751/
0.997=0.002895438 .
2.4 FREMRZIVENTHER Uy,

MR FE SEARIER, 5 AR R iy — S & B
s BRI 20

ARSI AR AN PEA T 6 EL A, B
AR = SRURE ARG 1 BRI P e B2 265 R 43 53 oy -

URX) =

e ety R Y=95.92x "4 M R Hr=0.9997, a=95.92 (Fff), b=
1.4433(RHR)

0.0959. 0.0977. 0.0952. 0.0964 . 0.0955. 0.0953 mg/
mL, P E R E C 2 0.0960 mg/mL, H ik, HAR
HERD AL G A E 3 (3) T3

S |1 1 (C-Cy
U(C) = —= M 1_) ﬁ
aC (€ -C)
e S Sy = GUNE — SRR bR I W e TR
N _ by12
b Qi 22, S= \/ 2oYi—@XCIF g 150996644; =

N-2
0.0960 mg/mL; b 2 TAEMZ IR}, b=1.4433;a K

TAERRLR AT, a=95.92; Y, NS i YL = S0RE
BB AR P e TR AEUGT 250 M A AR ol P4 00 5
B, M=6; P Ny = SR HEMHAR MR WO 52 YOk, P=5; C 2y
SRR PR M F R 0P 2 BT M B (mg/mL),
C=0.15244 mg/mL; C; HJ&5 i YIHI = S bR
R A (mg/mL); s (¢ _C)?=0.097909292.

B by ARG ISR prEh 25 A/
bt A B 52 JE U, =0.006524622, 1 XF A ifg 72
U,15=U(.,//C=0.067964808 .
2.5 ECHIiZET AT AROERIRR & BT ET
B Uys

S e R B R A EL A AN G B Sy TR (T)
FHREAVFIRE(S) o LR AR RIR AL 25 °C, MRS
R JIG 196-2006" BixR 2 20 °C, #H22
5 °C., WO T JER R — SURER R il 777 (7))
EBIZIKE . Ik =20 0.00021 °C7Y, IREE(T) A
A AT 2 BE SR U, =(0.00021x5%V)/ 3 (V A B 5
e ELRAR, ST ST AR T s 285 AR 22 (6) 47k
BT RE RE N Uy=0/ \Jg (35 —F53 A1) o

D& AN G B S UV= U +U,, X AR 5E
B U=UV/V,
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Table 3 Uncertainty introduced by the use of glassware
P GBS (A0 R AR AHEREU, AN E BEU, FRUEAH 2 BEUV AHXS A 2 B U
50 mLAEHR £0.05 0.030310889 0.020412415 0.036543353 0.000730867
100 mLAF il +0.10 0.060621778 0.040824829 0.073086706 0.000730867
I mLBWE +0.007 0.000606218 0.002857738 0.00292133 0.00292133
2 mLAHE +0.010 0.001212436 0.004082483 0.004258717 0.002129358
5 mLESWR A +0.015 0.003031089 0.006123724 0.006832825 0.001366565
10 mLEEW A +0.020 0.006062178 0.008164966 0.010169399 0.00101694
20 mLEWE +0.030 0.012124356 0.012247449 0.017233688 0.000861684

R Rk, AR A 5 IR 50 mL i
. 1 ¥R 100 mL 558, 1. 2. 5. 10, 20 mL FAR&k
BWAES 1 K. Bohl AR AN a2 2 DL 3.

P2 3 K, wc o A A% AR XA BR TE S i
REPE R

U,;s = [(0.000730867)> x 5+(0.000730867)*+
(0.00292133)> + (0.002129358)> + (0.001366565)*+
(0.00101694)*+(0.000861684)*]">=0.004462903 ,
2.6 [EIES|INFIEMNTIHERE U,

BRI 3 45 JC = G0 1 36 T 25 IR &, I A
BEA7 0.02. 0.05. 0.2 mg/mL BYFRAELE I, a2 52 R
W, T EIRCR(E 4) .

K4 CRIES R (n=3)

Table 4 Determination results of recovery rate (n=3)

Fro AR JE (mg/mL) SEIUVRJE (mg/mL) B (%) S Rl (%)

1 0.02 0.0184 92.00
2 0.05 0.0456 91.20 94.33
3 0.2 0.1996 99.80

H 2 4 8008, MSE 3 R DR, SP3 iR
94.33%, brififi2s S A 4.75%, W [BSCRE | A BIBRUE
A FE (o0 =S/ vn=1.583333333%, HHXF A &
B U, 16— rec/94-33%=0.016785045 .

2.7 EHEBIZEINNEN TN REE Uy,

A UltiMate3000 R AH (24 35S 72 TE 45 (IE 5
95 AL 2E T 2021YX0005) 5 F I 5 A R N
1.1%, FREI5) 53 AT k= 3, WA 34 4 +H
KFAHE R U, 7=1.1%/ 4/3=0.00635
2.8 ARIRETHERE U,

g5 b, S AR D, SEm A G4 R A R R |

5 MXIAHRE Y

Table 5 List of relative uncertainty

PN K HfH
Ul Fedh A IE 0.0000966092
U PR 0.002855
Uiz R HTE 0.002895438
U FrAEh G 0.067964808
ULas LI FLA 0.004462903
U6 ml 0.016785045
U,y WA AL 0.00635

ABIAHRSAIE S, UL 5. 2D T LA RFEXAS
BERE S L, WA 2.

[17%) BT
, Pt
4% bl s
RIS
B LR
G
WA (X

K2 A A E B & He e
Fig.2 Statistical chart of the proportion of measurement
uncertainty

FHe 5 AT, AHXSANIE L U,y N
Ure] = JUrel]2-'_Urellz-’-Urelfiz-'-UreMZ-’_(jre]Sz-’-Urelfxz-‘-UreW2 = 007060

RYE 1.2.4 FLEAER | Feimie i i s 2R, ¥
VHRE G HE AR R r = G0 OB 0 TED R X R i e B
C=0.0960 mg/mL, FiAEsh EF ML V=1 mL, ¥&H
S IBURE B m=2.003 g, W] =GRS Y- 2 & iy
X=0.047928108 g/kg. & MIRHERHIEE U=U >
X=0.0706x0.047928108=0.003383724 g/kg.

29 EHEFGRP=SEENRNER

2.9.1 P RBIREATERE U AP RATIEE N
U=U, xk=0.003383724%2=0.006767449 g/kg(k=2, P=
95%)

2.9.2 A BEIPAL R RORAH SR AR
YRR &S B RSN = SRR S 2 XY k=2 A,
X+U=(0.048+0.007)g/kg.

3 g

SIATTESE S AR T, R LA E R AR TE GB
22255-2014€ & e e brde 25 T = S RERE Qb
Z) MM E Y A = GEURENE A i, S5 A E SRR
ARHLAEL JIF 1059.1-201283 | E R HH A MR JIG
196-20065 "1 LR TR 45 HEPFAL , 4387 AN 2 BE
EESRUE . X TIAE SR I, SR
i, VAR SRR I, SRR RS 2L, — SRR
HESHENT PR HERTZR, =SB R e hA  C l F
I A0 B 3 2 L, I APRUES U 14 RT3, )
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SRR e P TRORE CE SO ARSI 2% SR AN o
PHATPERE o

ARYE E 2 AT, = SR EOE A AR o BRI T AN
T BE P RBERE R 2 = SREH bR s r i
PRI S, 5 L2l 67%; Fou ok I3, 5 1b
298 17%; FHAPE 23 5 ER 298 16% (Hor: J§ A
i B M E 24 0.1%, =S RENEARAESS . B TMAE S BR
B2 2.8%, S EHEbRAESH ZEREZY 2.9%, = SRR
o P it VA AT 1) e R v R 1 B IS i L 24 4.4%,
) — G B I RO 5N 2 6.2%) . A
e, SR T BRI — SRR b AR AN R B, N
TZ LT D7 T2 1 a0 5 e THhRE S AT R, 0 122 Al P
S, BEE 22 RS YT T R VU [, 2k
PEGIMARR S, T BE S — SUREREH B ST s Ak T i
U FBIAZ S 5 T 1) VAR R A PN A0 S e b A it v — 5
PEMSF A o bl o P HE — SRR T PR UE il
LRI, P U A S B BRI . o AEIIRE
AR, ARG RO R R TI AR  RT A B, $E SRS
SN CI P S IS M s R o S RN e W v S ST N 1 e
JE AT DLAE S AU SR AR SR A . e B AR e AR
HE, TSI E BE . e A1) = SR BEBi bR UE S B
AR T A BE B R L R AN B, T LAE ST
P i) — GEURERERR A TR v il £ e 35 FH s 9 0 B 2%
R RN BALZR AR 110 220 5 WA, ATV it v ARG T o 4
N BAAE SRl R v, P Aes 142 BE B AR SRR, TR0,
A ARG AR S . SRR AR I 52 BN
TR . g 5T =SB R A R B A
i B, v BE = SRR AE S AR e A A 5, S
SRR U S P S S PR SRR UE S I (EAT
TEAmZE, AT DAAE i 15 W Sl 8 o v ) — S b v
fin, BERATR T =SB PRV S A A A S
4 Zhg

A SCHEST. T o RO 350 o e v AR i v —
SEURER Y B B NI B BE B PERE 7 s, e xE S ThRe
it P = G 1 B S 435 SR P AN o I TR 2
B HER ST = SRR R g S bR E I 2 LS
(H R 67%) . FIBCR G L2k 17%), BHAfAS )
PR Sl v = SR B B R R A R AN
FEPEE R E M & L, HHIT T, fR T oy
Fh, A THRIEE S LS E R GB 22255-
2014 E S e bR UE B b = SRR CRERE22) ri il
FE VR R v, BRARASIN A5 e A v 5 AN o
iy R R IRUSSE , B 7R T AGH I A AR AR, SR A I e R
SRR TS E
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