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Abstract: Objective: The uncertainty of the determination of acid
scarlet GR in orange juice by high performance liquid chromatog-
raphy (HPLC) was evaluated. The source of uncertainty and the
key factors affecting the test results were analyzed, so as to im-
prove the accuracy of the test results. Methods: The

mathematical model of uncertainty of acid scarlet GR content in

orange juice was established. The factors that may introduce un-
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certainty in the detection process were analyzed, and the uncer-
tainty components were evaluated. Results: The content of acid
scarlet GR in self-made positive orange juice was 1.46 mg/kg, the
expanded uncertainty was 0.11 mg/kg (including factor £ =2),
and the determination result was expressed as: X = (1.46 +
0.11) mg/kg (k=2). Conclusion: This uncertainty mainly comes
from the uncertainty introduced by the purity of reference materi-
als, the linear fitting of standard curves and the analysis of high
performance liquid chromatography.

Keywords: high performance liquid chromatography ( HPLC);

orange juice; acid red GR; uncertainty
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B AT AR K R R R O A 4 LAY MR T L B
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(1) HE A BRI RSB AR IR 2.0 gCRE B 3] 0.000 01 @)
fF 50 mL B0 B WA B 10 mL KK 2 BE—
BR—IKVgzm * Vax * Ve =752+ DEBMAZIFE
L FE A G M E 5 min, L8 000 r/min Y BB 0
5 min ¥ FWEWRHEBE SO mL B0, BEE FRLE
PRI 2 A IR BURK . T 60 CRIB T A AMZE 5 mL
VLT . FIFPBEBRYE WM pH & 3.0~4.0,

(2) FEAEAL VR KR 1 g 3% Tk e by 81 B AR
BIASRBOR P 5 5 P G3 5 U 2k Pl g K
WH 60 C pHA K FE—FR (Vg : Vg =261 4)
VA VR Kk M A IR I S 3~5 IR B WE s Ak I
pH )5, ALK BE KK Viegen @ Vg ¢
V=712 DIEWIER 3~5 W, B W80 F 24 M
R AR R R 0% S RIY pH HE P,

CAEFE 98.8%0 . AL AL B A K A W)

R B . SHREEEENEETHREXRL GR WTAHEEITE

T 60 CRIBTFAREIE T MAPEE—K Vg + V=
6 DWWHM EAZE 5 mL FHIEIRS . H0.45 um JE
T B3 D AR v OB 3 43 AT 0 S

1.3.2 g & k. Aglenl TC-Cys 8 1% H
(250 mmX4.6 mm,5 pm) ;i ghAH : FHEE-—0.01 mol/L &
R (Viw * Vg =60 2 40); i i# 1.0 mL/min; B &
35 Cs Rl 4 512 nm; #FEFER 20 pl,

1.3.3 AR I W A0 7C )

(1) PRt &5 W AF BRI 0.025 34 g BRME R 20 GR
PR A T K, EAE 26 mL A RAF B, 453
1.00 mg/mL 5 HEAf 55K

(2) bR P e FE RS T (A 0 HETR FS B 2.00 mL
FRUEDE 4T 100 mL 25 i (A O, FKE %4, 15 3
20.0 pg/mL F5 i A .

(3) PRl TARW - IR WS (A 2O 43 5 METH R WUbR 1
w1 E] ¢ 0.10,0.25,0.50,2.50,5.00,10.00 mL F 10 mL %
WA GO, KB E R B Bk 435 o 0.2,
0.5,1.0,5.0,10.0,20.0 pg/mL MARHE T/ER .
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JRE A R BRE K LT GR 5 ol ) B 46 B o 98.8%0, 1 &
2.0%

2

2.3.2 PRUED AR E B A BRI E B v () FRE

T 0% 8 1 0 A7 R AE RS B 2 0.000 01 g+ 3% K- W e K

AHEENE2.0% k=2 :u,q(p)= =0.010,

. 0.000 05

F2 220955 40,000 05 gok =20 e Cmy >:%: ; =

0.000 025 g, FREUER M K20 GR bRt 55 0.025 34 g, ] .
( >—70'OOO 025 _6.000 99
Ul R0 095 34 o T

2.3.3  bRUER IV H 51 A A E B wa (stdD)
(1) L FRYE R GR bi A 45 W5 22 A 25 mL
AGFEE 1A RS RS A AT E BRI T 25 2
P RS I R B AR B JJG 196—2006 ¢ 5 F 3% 3 & 4% ) M
FELTE 20 CCHY 25 mL A PR A RN AR AZEN
+0.03 mL S SI 5 A & =3 U E 28 31 I R A S
%:%3:0.017 mL, MK GR FRifEfE
WA K F R, 20 CHRKBEK RN 2.1 X
1079°C ™", e o 50 B I s yu [ (20 £ 5) CL ik & |

Hiulvg) =

Fr= 3 U AR B e (v = =

25X2.1X10* X5

V3
HEIABI G B E N (0= Vg ) Fua 0)? =

v/0.017740.0157 = 0. 023 mL, # X & # & & W

u(w) 0.028_ oo
Vd 25 ’ °

(2) B AR ERSVEWH T 3 32 1 mL A HBW
ol 2 mL AGBWAE.2 X5 mL AZBRE.S I
10 mL A A E. 1 4> 100 mL A 24 5. 1H B A5 0
A i BT R RE X AN E B LR 1 T b v R 0 T
N AR A0 B v (O (DR BRI 2.

2
\/|:Mm(v1)><2} T+t (vy)?
U3

=0.015 mL, K. B H bR difig 25 800 7

g (1.0 mg/ml) =

U ()= 10 , (2
K
wra (o) —— 0 B R HE R I 5| A B9 AN 2 B 5

ra Co) —— RGBT A B A0 2 JE 5

vy BWE BB R, mL;
vy B E R, pg/mL;
ua (vy) 25w E | A A XA 1 A2 B

10— A AT . mL,

e 3 C2) s T AR H A o 2 50 45 e B 51 I A 1
R e

B0 s b M 2R B TS ) S 1A B R X A E S ) E
B
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Table 1 Uncertainty introduced by each measuring tool
pies AEAZ/mL wGd) u) e (0)

1 mL BRE +0.008 0.004 6 0.000 61 0.004 6

2 mL BIEE +0.012 0.006 9 0.000 12 0.003 4

5 mL BiKE +0.025 0.014 0.003 0 0.002 9

10 mL A +0.02 0.012 0.006 1 0.001 3

25 mL 2 &I +0.03 0.017 0.015 0.000 92

100 mL 2 &) +0.10 0.058 0.061 0.000 84

x2 BHEHMERIBRSINNENTHEE
Table 2 Relative uncertainty of preparation of standard

series solution

PREERR TR BRI BWER AR/ ()
BE/(upg s mL™YH  F/mL F/mL mL
20.0 2.00 2.00 100.0 0.000 035
0.2 0.10 1.00 10.0 0.000 13
0.5 0.25 1.00 10.0 0.000 17
1.0 0.50 1.00 10.0 0.000 26
5.0 2.50 5.00 10.0 0.000 19
10.0 5.00 5.00 10.0 0.000 31

e (stdD) =[u,q (1.0 mg/mL)* + 1, (20.0 pg/mL)* +
U rel (0.2 ‘U.g/mL)z “Fun.l (5.0 ;Lg/mL)Z +un.1 (1.0 ;Lg/mL)Z +

1 (5.0 pg/mL)? +uw (10.0 pg/mL)*]7 =0.001 0,
2.3.4  FRUEMZRBIE I A A E E . (std2) AR E
245U E 4y 0.2,0.5,1.0,5.0,10.0,20.0 pg/mL, X 47 U
Hh 2R 1) B A ok B TR A T 3 R T e/ T 1 X A
i 2 2% Wk BE 5 0 T FR HE AT LA A5 B L M B e O R
# 3, WA RE R HER s 24 2 274,98, K
AT E 7 U DA AR T R B Co =0.586 8, i Ak
UM 5.0 mL K BOEACA X (D) L 313075 R RE v R 1
LN 1,46 mg/ kg, #1240 KA 35 AR HE#h 215
I s o AS 1 58 S 0.021,

DV (A, — B, —B,C)?
ji=1

s = - p— s (3)

L GOy,

n

S, —o
i=1

U (std2) = ﬁ %Jr%
A

A5 NPRIER S G OB 5

B, PR I 26 1 L 22,53 154.78;
B,—#HH,1 386.48;

Ci—5 « MR UER M BTk ng/ mL;
Co—FE A2 BT Ve 8 ,0.586 7 pg/mLs
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Table 3 Linear regression equation
B/ (pg e mL™Y) WA 1T MW 2 W 3 o o T £ LEEE Y
0.2 11 470 11 855 11 012
0.5 27 693 28 525 26 729
1.0 53 263 53 116 53 165
A =53 154.78C; +1 386.48 0.999 9
5.0 267 089 270 162 267 328
10.0 535 656 539 570 531 920
20.0 1062 838 1064 552 1061 355
~ . ey 5 0 RE i BRI 7T IR (=T, (5) F= (6) 5 . 15
C T AR TR 10 T 1 R e TR L 6,12 ‘ug/mL; 5 D0 RE it B A A 7 YK (n 2 5 X PRGN

S T AE W e AT BR AR 22 I AR T 2% , 2 274.98;

P—— i B0 B R B 75

n——h o TR A AR R L 185

s (std2) B ol il 48 5 1A B A 1 AN B 0 B .
2.3.5 HEAERGIABNATEE walm,) R E
T4 2.0 g BFE LT B RE S T (E R 2.002 50 g, LT
RAFGIAR A2 T TR 2.3.2, 0 u(my) =
0.000 025 g, FRBCEIE H 2.002 50 g FE G, K= 4

0.000 025
2.002 50

FEB 22 2851 A A X BRAEAS I E B wa (va)
e () AR 2.3.3(1),5 mL A %45 BT
20 °C B} Py 25k 252 320.002 mL, K f Ja F R BEK 8
25, B T H R LR B R R A O R AR AT A Y
ANH o BE, ORIk R BUAE 20 CEFCH 1018 X

B A 0 AN ) R R 2w (my) = =0.000 012,

2.3.6

1077 °C A B A 2 LA AR B A s (v ==

0.002
T=0.001 2 mL RS GIARIATEER u(ve) =

5X1.18X107% X5
& 22000 AY 0.017 mL, M. u (vg) =
k /3
g W) Fu e =
u(vd)70017

[~

0.001 2*+0.017* =0.017 mL,

g (vg) = =0.003 4,

Vd
2.3.7 AXZRGIABIAR X AR UEAS T S v (HD AL
WEIEF3 45t , Waters Alliance e2695 7 %0 M (0 3% 1L 19 9

6%

BEATHEEN 6% k=2) 0 :u.q(H)=-—7-=0.030,

& ‘

2.3.8  H I E A TR AT A E B v (XD IR

R A PR PR AL GR &5 & A2 00 5 19 s oA 22 L A X
PRUEA 2 L I3 4.

i}(x, —X)?
i=1

s(X) = — ’ (5)

(X=X (6
Vi XX

.

X, —BRPERLL GR &S ¢ & (03 & . me/ ke

X— Bt K4 GR 94 &t mg/ke:
W BT 5
SCX)—— T4 00 HOAT R 22 5
o (X —— TS 5E 31 A B H X 00
2.3.9  BES LA T A BTN R B B w (R A28
FRAE T VRN 3.0 me/ke fOMAFIR K (n = 7). 3%
KD A @OFA O E B HERME R GR B 5]
R 4 S 1 L3 5

n

(8

9

i
R, FRPEKLL GR A i e At 1 I, % 5
R— BRHEK LT GR I n YA B % 5
R O

n

x4 BEEVWEINNTIHEE

Table 4 Uncertainty introduced by repeated determination
GR %4t/ (mg « kg™") A X/ P g 22 )
Urel
1 2 3 4 5 6 7 (mg-kgfl) s(XD
1.44 1.46 1.44 1.46 1.44 1.46 1.46 1.46 0.010 0.002 6
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Table 5 Uncertainty introduced by sample recovery
Bl AR/ M o i 22
u(R) el (R)
1 2 3 i 5 6 R/% s(R)
96.5 97.1 97.1 96.6 96.9 96.3 96.4 96.7 0.35 0.13 0.001 4

s (RO —— [ SO Y A 1 Al % 5

u(R)— [RGB AW 2 BE

U (R) B 2R 5 | A (18 A0 XS i 8

PR EAT T 7 YR [l e 2 i g (= 7) L B 9500
BAGXE . BB EG— 1D 6.4 5 JJF 1059.1—2012¢
WO E BV 5 RN DM % B E rae = 2,45, KB
[1-R|
=y T 025 s U IR R 5 1 G
EES AT EMHAKRER T,
2.3.10 & BUMXT AR HEAS 1 58 BE 0
ﬁ%iﬁ‘?”:um:o-():%c

g = Ltteg (PP + g Cmy)* + uw Cstdl)? +
e (std2)? F 1 (m)? Furg W)? Fua (X2 Fupg (R)?

AR 10D 5 4%

o (HD? 7, 10
2311 PRARTERE %IRRT R A
OIS AEB G KT N 95 Y B k=2, ¥ RATEE U=
U Xk XX=0.038X2X1.46=0.11,
2.3.12 R BEPFE LS R R A e sOBOM a3 vk e
TP KA GR & B4 R KR X =(1.46%
0.11) mg/kg (k=2),
3 g

T BT BE A A b R 1 R4 GR Y
Ryl 45 5Lk X =(1.46+0.11) mg/kg (k=2 , 1L # 7
BOFRERY R OB R S A T R AR K 4T GR
WAREGI A M A 2 B oy st 1T VR . PEE A5 R R,
B 00 00 0 B L A A o £k 0L R e AR 6 T A A BT ST
PRS0 R S 0 S ek AR P OR f E E E R R . 7E LR
o0 R R L 3 4 v R A R L R v R A v
TR ) A3 AR AT 4 B R 3R, R 0 /NI 5 AR S
EBE 5 AT 45 750 A 0 &4 SR 1 B B

5 % Uk

(1] #358, B, 20, 5. 0nl 77 3 thd vk Qe (i Ay IR P 4L 73
K 75 ¥k BT D). 259020 M 2% 35, 2019, 39(8): 1 489-1 494.
HU Liang, LUO Shi, LI Rui-lian, et al. Research on the detection
methods of illegal dyeing ingredient acid red 73 in the Xinkening
capsules[J]. Chinese Journal of Pharmaceutical Analysis, 2019, 39
(8):1489-1 494.

[2] 7. 7 g SO0 AH € 35 8 I DO AR AT & AT B T] J5 33 40 AG: D) 41 7
TG ER PR AL 73 YLk D). Wk 252, 2017, 29(5): 58-60.

CHENG Chen. Determination of acid red 73 in safflower by ultra-
performance liquid chromatography tandem quadrupole time-of-
flight mass spectrometer[J]. Strait Pharmaceutical Journal, 2017, 29
(5): 58-60.

[3] WAL, SRk, ([, 27 HELLAEAT A5 8 IR I 21 73 M AR £ e (6 %
B Oh R 7] Fe B R, 2016, 31C1D: 1 561-1 563.

HU lJia, GUO Lin, HE Tao. Detection of tartrazine, acid red 73 and
carmine in 27 patch of safflower[J]. Guangming Journal of Chinese
Medicine, 2016, 31(11): 1 561-1 563.

[4] 2= 0, 22 K, RUA, 4. HPLC-MS/MS i [l B 6 I £1. 76 25 #4 o
9 FhAREE S [T, hEZ5 55, 2017, 28(27): 3 842-3 845.

LI Ting-ting, LI Liang, LIU Li, et al. Simultaneous determination of
9 illegal dyes incarthamus tinctorius by HPLC-MS/MS[J]. China
Pharmacy, 2017, 28(27): 3 842-3 845.

[5] /b3, AR SR. & fh o LR AR B G R 1 e F SR,
A E R (X 3R, 2009(8): 45-50.

LU Shi-ying, ZOU Ming-qiang. The hazards of frequent inedible
colorants used in foods and their detection methods[J]. China In-
strumentation, 2009(8): 45-50.

[6] T i, K #4 BH, 2L, 25 . A5 18 AU ek iy o i % Heg k0] B
W TR R K 2E 23], 2011, 25(4): 314-319.

DING Ying, ZHANG Zhao-yang, WANG Li, et al. Intermediates of
banned azo dyes and their toxicity[J]. Journal of the Shanghai Uni-
versity of Engineering Sciences, 2011, 25(4): 314-319.

(7] B K7 3 4 LR Ry £ PR 1 KL GR R - BIS
202107[S]. Jb 5t A E AR E S ok, 2021: 2-4.

State Administration of Market Supervision. Determination of acid
scarlet GR in food: BJS 202107[S]. Beijing: China Standards Press,
2021: 2-4.

(8] 11 52 5tk M B G 0 4G 9% SRy . A2 40 A W0 o S A 2 BE P A JIF

1135-—2005[S]. dbst: [ 3+ pAL, 2005 5-13.
General Administration of Quality Supervision, Inspection and
Quarantine. Evaluation of measurement uncertainty in chemical a-
nalysis: JJF 1135—2005[S]. Beijing: China Metrology Press, 2005:
5-13.

[9] Hh I & A% 0 23N TT 22 B 2. Ao 0 T R ORS B E JEE IO
fli 57 : CNAS-GLO006: 2019[S]. b &t #f [ i 4 H M4k, 2019:
7-32.
China National Accreditation Committee for Conformity

Assessment. Guide for the assessment of uncertainty in Chemical

Analysis: CNAS-GL006: 2019[S]. Beijing: China Quality Inspection

Press, 2019: 7-32.

(F#% 167 ®)



