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Uncertainty evaluation for the determination of sucralose in probiotic
powder of health food by high performance liquid chromatography
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ABSTRACT: Objective To evaluate the uncertainty for determination of sucralose in probiotic power of health
food by high performance liquid chromatography (HPLC). Methods According to CNAS-GL 006:2019 Guidance on
evaluating the uncertainty in chemical analysis and JJF 1059.1-2012 Evaluation and expression of measurement
uncertainty, the sucralose in probiotic power of health food was measured by HPLC, and the mathematical model of
uncertainty was established. The uncertainty was analyzed from 5 aspects, including the repeatability of
determination, the preparation of standard solution, the preparation of sample solution, high performance liquid
chromatography and the measurement deviation of standard curve fitting. The extended uncertainty was obtained by
determining each uncertainty component. Results The confidence interval was 95%, and the content of sucralose in
probiotic power was (0.78+0.0384) g/kg, (k=2). Conclusion The influence of the factors of high performance liquid
chromatography on the measurement uncertainty is obvious, which is reflected by repeated measurement of test
method and preparation of standard-solution.
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FAAERULIE T, KAAFIE 91%M ARS8 il i f fek
i, EAE NPT IR 73% R A S e B A

117 2 2 B ARt O AR AR A Tk )L, 20 42
POk, Hid R AR E M, S EOCR 2 bR B, A
WA W KO AT DL e shyy, HA2a ., FIaE. Mhg
e R 2 5 P O AR A R A B R 4 . 2R T
— RN 1 T 2 AR R RE, R EE A S Dk L B
AFHIE N, AR ARSI . PRSI, 4l
PR RESEEL . R ThaE . e & & M ih A 35 B G g,
BEL 1 S840 il A 35 B 1 S R Y, FEBR IR . AT
5 KA EEE AR

SRR 4,1,6- = 4-4,1,6- B Ak AL R R,
Je—FhERA, A EEM A SRR, E—FA TS
A AR TR Y, -t — ol fle S A A R0, 2 A o ) R fke
ai R, R3S AE T 2 R IS SR A R e R
fat AT I — AT B o = U AR SR Sk 4
FHRE IR 600 i, WA TR, CERPE, MET
CIRCTRY . TR RAR, JRACREAE | O L4595 FORE IR
R RO BRAREI R R, (R M e RS p R R e, B
N — R R B RS A TS YT 5 R e, R S R s i =
SRR B B BRI R B A P

FURT, = SRR 2 b7 5 12k 32 B4 oM € iy 112
RO BT OGE . BRIk . ik K
JGT AT T = SR S R BT E K AR E S GB
22255-2014 ( B R L L EFARME & &P =& R
fr ) UL (B AR S SRR, BB 2,
et 2 J1, IARBFST EEARE JIF 1059.1-2012 (&N
WE T E 57K ) IR CNAS-GL 006:2019 (L2430 47
TR BE TR ) VTS B, R G A A
BEORIR, WA AR EENE . FRUES . HEAR AL R
A XoF Az 0 45 S ) AN B AT T, AU v Rl &4
R HERE

2 MREREE

2.1 LER5I
By 20A FEBORH GRS R 2 AR, HA B

23 7]); BEQ-500 RUHE A I e dn (R 1L T AR A (AR AT PR 22 W)

Agilent Eclipse XDB-phenyl ff i (4.6 mmx100 mm,
3.5 um, &L F]); XP205 T R4 0.01 mg,
¥+ Mettler Toldeo 23 A)).

M. Bk, fEE CNW vH]); =Sk

JE: 99.0%, 5 : BCBF8524V, itk MRLH A FR A
Al); FEFHRERUE (200 mg, N-Z. %5 3 i La i A — 29 3
FOKFEBRE A RIERL, WRYNE S A ARG RA ), —%H
FHAK (36 E 3 B D,

A2 R (U B A A 0 A B A D)
22 LWHE
221 BEH

WABSRAE: BIEAE: Cg A @15 FE (4.6 mmx250 mm,
5 wm); HEfR: 35 °C; WEhM: 15%ZMEKIER; 55 BRI,
i#:1.0 mL/min; iz17EFA]: 10 min,
222 AR

KW PRI = SRR IR A 12 mg T 25 mL A (6 A
i 15% ISR IR A, = RS o8 eV A, A,
B 5% KEREREZE, 5, WEAHN
0.5 mg/mL. A% EL % IR SR B - 0.05. 0.1, 0.2,
0.25. 0.5 mg/mL, A SROBAHEIEY, LIk EE(C, mg/mL)
S ARAR, VTR RUA) AR, FRESTARAERTZE AL
223 HsEraE

BRI 0.1 g BHESSTIRE L, IR Rl /KO 75 17
FEIRIUR, B0, B 17 R A B b Y [ AR 25 Bk
(f FARTR T 4 mL HEE 4 mL K iG4k), 5 Ai dEA
LR 1, A WY 2 mm ZEAR A 1 mL K, 4%
SEARFR AR O R 1, BT iR s e R,
3 mL PR, YA FR VR . VR E AR A R,
Tl kKB 2T, 2t 3.0 mL 15%2 B KR, i3k,
RPA ARV W . MBI VAR BE: 20 pL, RS (g h
o 2 B 55 ) R € e £ PR BT IR ) ) € 0 o
23 BEMHEFERR

REE R = AR S R T AR
ye _CXVxK

m
A X—ialRE e = S & i, gkgy V—IEERR B IA (R
L, mL; C—AREE W P — &I, mg/mL; m—iskE
B, g K—BNi 4 R4 K=1,

3 HER5SH

3.1 THEERKIRS

AR B> S0 e A, o RO T A R =
SURENE, EE B R ERESREOAFEE ua()). bR
HED) 505 L A PR HEAN B E S Urer(Xo) AR b AL BES R A4
MEATE L Urel(Xs) . A0 RO G 130 51 S 14 b 1A 1
TEJE Uper(Xq) « FRIE R ILE TR AT E E Urer(xs) . FE
sty TE T AL B2 B A IR R AN R, RT3 ok 2

i urcl(XG) o
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3.2 ETAHMEESENITE
32.1 RHEJEAEEE
B T E A A R AR A A SR R X A VS A B
A A
Uer ()= et (X0 U el (X Ut (K3 U e (Xa) U 1 (K YU (%) ]
322 AFRETRHEFEEZSFCITE
3.2.2.1 HEEEWER BEE T ABNASHERE Uu()
uC )R AR, B (EREEEEREIRAA
W, PRI . RFEERETRNAMEES, A
WFGEHE IR GB 25531-2010 (& fb & E KARifE &b s ns
AR YT SR, 1 X R iR R T S 2 N ER L
XS, 15— EE, Wk 1.
Fe DUFRIR N AT SE IR bR vfE 22 0

Zn:(xi -x)?
- n-1
FE SRR AR AR b, 0 A v S SRR
2 ASFEATRERT, RS B, 2 IRE R LRSI A
BRI AN S
u( X )=S,//n=0.007205.
R AN 22
Ure(X)=U( X )/ X =0.009859/0.78=0.00924.,
3222 WREYG I ARIATE E Uke)
(DBRAE T S BB A B A FE Urei(P)
R F: = SR v 9 I 5 PP 4RI 0 1 B DL R b o
ol TR A A5 A 25 50, A Al I S | AR R A 5
JE N S EREERRAE A A A (99+1)% 1% B AN E FE 1T
SEFEI S A AR B, 405 T3
Urel(P)=1%//3=0.005773 .,
(Q)FRUEY AR AL S | AP E BE (M)
AR, = SR Y 5 E 5
m=13.06 mg; FrHRFHE N 0.01 mg, MK PR
HEIER A R I E455, 2 0sm=<0.01 g B, ~ER

172

=0.010189,

20 0.05 mg, HRER RN 0.02 mg. K M5
fii, W NF NV, % BEAHEEEE, bl A
R
u=a/k=0.05/1/3=0.0288 mg, u’,=a’k=0.02/+/3=0.0115 mg;

LI u(m)= /u‘f +u? =10.0288Z + 0.01152
=0.0310,

o v ol R ST A AR XA v AS T T

Ure(My)=u(m,;)/m;=0.0310/13.06=0.00237 .,

QPRI TE 2L AR AR B Urer(Vi)

PR VA W 25 e B S LR AN o B E B 25 mL,
10 mL BAFRE A HO(A 2), 5 mL ZUE R, Hh 10 mL
MR AR 4 %k, 5 mL ZIEBREHH 4 )k, 49
UK, X el aE e LR S TR R AR R s, 1T 5 3OhR v
WL A 22 o AR B K AR VIR 2, $3 5] A A kb L,
AT K V3, THERREAE oo

u(Va) =t K AR 223,
AE XA AN 72
Urel(Va)=U(Vai)/Vaio

o it P VLT s B B e ELASE 5 | A AN o B L3 2.

B BB A ELRSE S | B B v AR 2 43

Urel(Va)=(Uret(Vas) Hret(V10) + e (V5)?) *=0.00591

LG IR E AR LA T (20+5) °C, BRIk RECH
1.37x107°/°C, KIIZAK R ECR 2.07<107%/°C, M4 ek
FFIR 2, MR A, k=3, JEEE 7 AR AR o S
EEN:

U(V)=Vix1.37x10%x5/4/3,
AR BR AT 2 A
Ural(Vi)=u(Ve)/V=1.37x107x5/+/3=0.00395.,
B I B AR AR 5 | B B 3 5 ELAR X R A B 2 8 4
N
Urel(Vi)=v/9 X tpe1(Vea 2=J9 x (0.00137 x 5/+/3)2=0.01186.,

*1 HRP=SFEREI=EEENTLER(0=12)

Table 1 Results of repeated determination of sucralose in samples(n=12)

a2 1 2 3 4 5

7 8 9 10 11 12 Ty

Til(g/ke) 0.775 0.778  0.777  0.768 0.781

0.770  0.771 0.782  0.785 0.802 0.770 0.796  0.780

R2 ERBRREHFBIEEAREIANTHER

Table 2 Uncertainties for measuring glasses’ calibration in standard solution

il B B 2R L R feiriR2s K AHXS AN E i
25 mL FFR S SR +0.03 0.0173 0.000692
10 mL HpRZEw i £0.02 0.0115 0.00115
5mL 2 ERBRE +0.05 0.0288 0.00576
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Uret(X2)=(Uret(P) + et (M) + et (Vo) *+Urer (Via)) *=0.0146
3.2.2.3  ZENENERE B AR AT E B Upe(Xs)

(OFERFRE I AT EE Upa(M,)

FHF R E, —AEAEEER m=0.5 g
BI 500 mg AR K B R EIE 45 45 R I RS SR, 2
0.0lsms<1 g, /RIEIRZEN 0.05 mg, FRELHEIREN
0.02 mg. RJARME/ME, W& HEFRV3, $% B BARHEE
VEE, bRUEAHE N
u’5=a/k=0.05/+/3=0.0288 mg, u’,=a/k=0.02/+/3=0.0115 mg,

&R bR B OE E - umy)= /u‘§+u’i =
1/0.02882 + 0.01152=0.0310,
R ot R ST (8 AR XS v AS B
Upet(M2)=U(M,)/M,=0.0310/500=0.000062.,
QFEMFERS I AR AT EE Ua(Vp)
FESLRTALFRANFR B R T 3 mL BARES A,
A AN R ARG S, PS8 SR
EMIR2E . MK FLiFiR 2, FeXy 51 i b B, A3 N
F kA3, TR E N
u(Ve)=f K LR 2273,
ARXH AR AT R
Urel(Vpi)=U(Vi)/ Vi
o it ) 3 3 8 LA ME S | A AN 8 8 36 3

*3 HREHFREEEARESIANTHERE
Table 3 Uncertainties for measuring glasses’ calibration
in sample

RRAVFRE  AHERE AR EE

o FH B v L

3 mL BRI

+0.015 0.00866 0.00288

B LS ELRHE S | A B B v AN 2 B 43
Urel(Vi)=y/tre1 (Vi3) 2=0.00288 .

SEIG AR AR LA T (20£5) °C, BRI IK R AR
1.37x107°/°C, /KA RECN 2.07x107°C, HRIEH KAV
R, FHAETE A, k=V3, T A BIRR A R

U(Vy)=Vx1.37x107%5/4/3
A XSRS 22
Uret(Ve)=U(V)/V=1.37x107x5/4/3=0.00395,
A S B0 2 T AR A 5 A A B B 8 LR X v AS

Urel(Veo )= Urer (Ver ) 2 1=((1.37x107x54/3)%) "% 1=0.00395 .,
o THE ) T B o v 5 VT 1) 5 LA 8 A RS A A 8 2

Uret(X3)=(Uret(M2) et (V) *+ et (Vip)?) /2=0.00488 .
3.2.2.4  WAHETE S ARIASHHE BE Uper(Xs)

WA EIE P, FARRAHAE N EREE R
1.1%, k SRV3, $3559 53 A 5 AL B, F e s8R € i {30
S 225 LA BAR X AR AN 22

Urei(X4)=1.1%//3=0.00635 .,
3225 bR &RIUE T AT E

T8 GB 22255-2014" FvfE 251 5 A~ = SRR i

S BT RS APAT, SEREE IR & 4

F4 FOEHBZEERO=3)
Table 4 Data sheet of standard curve(n=3)

AR L /(mg/mL) T /mV
0.05 2868 2917 2876
0.1 6032 6118 6231
0.2 12064 11982 12078
0.25 15068 15177 15273
0.5 32219 31804 31968

#: Y=630399.9X-695.7569, a=63039.9, b=—695.7569,

BURERSIMTET 2 A, W TP TTR, iR
e A0 IR BEDUR = SUBEI E Oy T 22 5

R 24 R RO Vi 6725 A R
AL ARG

sg |1

11, (x=0)?
U(xs)= b [P n

n
> (% —CT)* 5 Se=
i=1

n
> (A —(a+bx))’
i=1
n-2

A

P-4 i VRCIN  F URE n-- TRV PR VR B, -
AR E -3, mg/mL; € --FrAiE i P399 ¥, mg/mL;
b-- TAEMZR AR, a-- TAEHHZRIREE; sp-- A AR ZepnifE2E;
Xi-- 20 1 YN B AR vER A0 MR B, mg/mL; A--28 | RIS AR
THEVR 1) D TR R

x5 HAHNLET=FEESE

Table 5 Sucralose of sample testing tubes

ARG B

=G MR E/(mg/mL)

Ty

1 0.12077

0.12054 0.120655
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N: sg==116.101;

u(xs)==0.00142;

AEXTFRUEATHE E : Ua(Xs)=U(Xs)/ X =0.0117,
3.2.2.6 [N R ARKI R HES | A BIATRE BE Urei(Xo)

el 2.2.3 AT, MER T LA . SR
EIAE . BT WS . ERSL B EX—dRh, 9—
A TR B BRAEES S AN E BE o 235 45 1 s HO
45 RN B B 0 T HROR A Y R E Y, TR AR T
Pl o AR A s, SR BIRCRHEIT T E, B A

RAHE BT E, AWITFE LT 9 A ml e, I
T#%6:

SB[ 97.0%, ARiEDR2E S K 3.0418%, [FIIR
AHXSBR A 2 B

U(Xe)=S/V/9=3.0418%/3=1.0139%;
Uret(X6)=U(X4)/97.0%=0.01045 ,

323 FAEELEGE MR

Zi b, Sem bR, MR I A5 R A R T AW
XN, W3R 7

#* 6 ERFRMELRN=9)
Table 6 Recovery results(n=9)

pikan Sl Frs FrkEt/g Jrte/mg INAHNIAR B /mg [ /% IR %

1 0.10185 0.062064 0.063334 102.04

80% 2 0.10143 0.062064 0.063217 101.85
3 0.10195 0.062064 0.060655 97.72
4 0.11337 0.07758 0.072908 93.97

100% 5 0.11231 0.07758 0.074273 95.73 97.0
6 0.10735 0.07758 0.075085 96.78
7 0.10254 0.093096 0.088265 94.81

120% 8 0.10613 0.093096 0.088879 95.47
9 0.10559 0.093096 0.087913 94.43

x=7 HENREFREE R

Table 7 List of relative standard uncertainties

AR AHRERERIR e ARXTARAEAS G E BE (A

Uret(X1) e A A 0.00924
Uret(X2) PREI A&B 0.0146
Urei(X3) FE A 0.00488
Urei(Xe) WA A FEL B 0.00635
Ua(xs)  PrdEMIEE A 0.0117
Urei(Xo) Al A 0.01045

HIZE 7 HR A MR AN 5 T B

ucr(X):[uzrel(X 1 )+u2rel(x2)+uzrel(x3)+u2rel(x4)+uzrel(x5)+u2rel
(X6)]V2=[(0.00924)*+(0.0146)*+(0.00488)*+(0.00635)*+(0.011

7)%+(0.01045)%1"%=0.0247 .,

A AN RE BE B GET E E N 1 R

FE SIS R 0.78 g/kg, W) =S HEMEE (EAE b 25
A TR N E Y AR UME RS B E BE R u(X)=0.78%0.0247=
0.0192 g/kg.

33 METHEEITEER
B BN 2 FE TR LA e R A & TR 7 K AS 20
JRAWE R, TEBEHERE 95% BT, &1 k=2,

AR B B R 8 E BE R UX)=kxu(X) =2x0.0192 g/kg

=0.0384 g/kg.

urcl(xl) urel(xZ) urel(x3) urel(x4) urel(xs) urel(xé)

0.016
0.014 |
0.012 |

#® 0.010

B 0008 |

& 0.006 |
0.004 |
0.002 |

BT A A B SE T B A

Fig.1 Statistical histogram of each measurement uncertainty

T D 25 A5 PR ARE & = GURERR 19 & X=0.78 g/kg;

LR BT, I S RO SR g AR R =
TRt 0 D 5 25 SRS 4 R e BE(E, 25 SRR T

X( = & FEBH=X£U(X), k=2, Bl X( = & 7 Bi)=
(0.78+0.0384) g/kg.
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