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Evaluation of uncertainty in determination of benzoic acid, sorbic acid

and saccharin sodium in edible betel nut by HPLC
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Abstract: According to GB 5009.28 — 2016 " National Standards
for Food Safety Determination of Benzoic Acid, Sorbic Acid and
Saccharin Sodium in Foods " of High Performance Liquid Chro-
matography, established an uncertainty evaluation method for
the determination of benzoic acid, sorbic acid and saccharin
sodium in Areca catechu 1. by HPLC, comprehensively investi-
gates the sources of uncertainty in the whole measurement
process, and analyzes and quantifies it. The expanded uncertainty
of benzoic acid, sorbic acid and saccharin sodium in the sample is
0.004 10, 0.030 7, 0.200 g/kg, respectively. The main source of

uncertainty for the detection in Areca catechu L. is the fitting of
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the standard curve.
Keywords: Areca catechu 1.; benzoic acid; sorbic acid; saccharin

sodium; uncertainty; HPLC
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PR . (3 4, 55 [ K 3 CTEDIA) i 7] 28 7 5

T SO AR 0,38 A . LC-20A 21, i DAD #6 30 #% , #k =
Stk B HERAE T 5

TR IR VRN S KQ-700E, Il £ XA A
/AR

Gy R TS EX125DZH , B S {85 CF D A R
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FHBR (CAS 5 :65-85-0):99.0% , v |2 £ i 25 5 i
FE RSB 5

IR (CAS 5 :110-44-1):99.8 % , i [= £ 5 25 i i

FE BIF 5T B 5
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HOoB T nKY 25 mL, R ER S, F 50 CAKIB MBS
20 min, R EBERFHEHE 50 mL &P, Tkl P
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30.55 mg HEKS AR E AL 85.69 mg T 50 mL A EHH
R 25 T I L (L TR s o T P B 4 O R A B A T
HUKEMER . N3 PR MESE & B 20 B S mL T
[l — 50 mlL %3k )i, 8 4l 7K G 2 28 20 B B Sl g vl

B
LA o S RO T M R

R SE

AL RRERIREIAD R TE AR R B 44 o 9 5

WEY B4l 99.0%,99.8%,99.9% , 4 46 IB 43 A , W H:
AERT R 9 S 0 2 3 43 0

Uy (p)=(1—99.0%) /3 =5.77X10 %

e (P)=(1—99.8%) ///3=1.16X10°;

Ueary (P)=(1799.9%) /3 =5.77X10"",

4.1.2 WESIARATERE 28R E 0.000 01 g,
X [R] 2 T8 am =0.005 mg . BB I g 55T 431 o Am A
FE LN

u(m)=a,/\/3=2.89X10 *mg,

FRECZE B2 AR M & 59. 32 mg. 1l BL R AR dE G
30.55 mg ARG SR HE S 85.69 mag, NI FR A 77 A= 1 AR X AR
HEANB G BE N

Uz (m) = 2.89X107°/59.32=4.87X10 7

Uy (m) = 2.89X10 7 /30.55=9.46X10 7

Uy (m) = 2.89X107°/85.69=23.37X10",

4.1.3  EEGIAMAHEE

(1) Hde MBW G AR AT E B AR A AR IR
HE R RS RAET (2521 CHL50 mL BG4
(A GO BB 25K 30.05 mL,5 mL (B 90 AR
WA 22K 0.030 mL, REH R AR 434 » ]

PN ABMEANANAHEE N uw (Vi) =
V2 X0.05
V3 X50

0.03

BRENANAMEE N ua (V) =——=
V3 X5

=8.16X10 *;

3.46 X107,

F 25 & MW Sl A AT E H: wa (V) =

(8.16X10 )2+ (3.46X10 *)2 =3.56 X102,

(2) IR AS B 2 B - 9230 = IR B A2 (20£5) C
Z ) AR AL WO BT 5 A HE IR BE (20 OO AN W) B 51 i 1 A2
k5 C X 2.08 X107 *°C ' =1.04 X 107% (2.08 X
107°°C K B Ik R EO AR BH R S 4 A, )

TR X 25 A B I T 5 1 A AS B 2 B Ny

2 +1)X1.04X107°
V3
TEZE BB WL B B AH X B HEAS T o B O
U V)=t V) Fu,g (V)7 =3.84X10°,

e (V)=

=1.45X10""%;
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FH UGS M AR E 4 Y IE A 51O B A X AR TR B 2
R

e (D)= Vg (Pt ug(m)* +ug (V) =6.93X
1077%;

ey ()= Ve (P Fttea (m)* +u (V)* =401 X
10775

s ()= A (P Tt () F (VI =3.88 X
1077,

4.2 SHTEMEZSINNENIRERSTHEE
4.2.1 BIUEF T AR A6 E B

(D BWET A EE: 40 A 10 mL B E
TR BB Y R L 2R TR MRS SR VR 5 oA T ATV 0.5
2.0,4.0,6.0,8.0 mL BT 10 mL & R ¥ . I A B4k &
R ZNE PRI B AR R R N 5.9,13.7,47.5,
71.2,94.9,118.6 mg/L; LU ZL R Mk BF h 3.1,12.2,24.4,
36.7,48.9,61.1 mg/L; i K& &M 4 BF )y 8.6, 34.3.68.6,
102.8,137.1,171.4 mg/L MR & brdE TYEW . 10 mL 4%
BERS WA (A 9O fu 2528 0.02 mL, &% H oy 5 4
A )

0.02
V3 X 0.5

(2) RIS A MR B8 B - 10 mL AR 2k 45 it

(A GO FF R A2 K 320,025 mL AR H Ry 5T 44 . W]
0.025
V3 X 10

F HUE 25 51 (AR X R v AN 5 N

e (D)= /g (b)) F g (by)? =2.31X10 %,
4.2.2 FRMEEEIASIAMATEE AR HPLC f
e HE R T AL ) Y 56 R AR 1 PR .

K /N e B A MR BT o AN I AR y AT 2 Il U
L5 B R R AR E 2kl vy = 32.534 Tx —6.605 2,
r=0.999 9; I MRARHEM Ly y=63.799 72 —16.607 3,
r=0.999 8; WG B bR MR 2k y =22.411 42 —1.719 2,
r=0.999 9,

Oy o o 1l 480 B 5 A A o RS 5 S N

s(A 1 1 —
gy — )\/?jLT*(L o -

a 1 Scc
K
s CAD)—— LA W e T AUk 22 RO AR E 22 5

U (b)) = =2.31X107%,

U (by) = = 1.44 X 107°,

¢ TARW B3 W me /L
Sce—WWE AR Z I I7 A5
n I B

p—WBEHEBE  mg/L;
A HE T P 5 TR R L 1L LR IR R R
Sy 3Ih 32.534 7,63.799 7,22.411 4;

a
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x1 RES5EERXFE

Table 1 Relationship between concentration and peak
area
g ez / W5 Y E U T AR
(mg+ L") 1 2 3 FHE
118.6 3782.4 38117 38947 3 839.6
94.9 3019.0 3111.2 3176.1 3102.1
71.2 2293.7 2321.4 2316.7 2 310.6
IR B B B
47.5 1514.4 1540.5 1538.4 1531.1
23.7 791.2 744.5 739.2 758.3
5.9 199.6 183.5 191.1 191.4
61.1 3771.3 3856.8 3977.7 3 868.8
48.9 3 006.8 3114.5 3 264.2 3 128.5
36.7 2 286.7 2304.9 2 394.5 2 328.7
T
24.4 1509.3 1511.2 1503.5 1 508.0
12.2 787.8 754.1 745.9 762.6
3.1 198.2 189.2 188.0 191.8
171.4 3 728.6 3 860.6 3884.9 3 824.7
137.1 2 969.1 3185.4 3100.8 3 085.1
102.8 2 250.6 2 333.6 2 340.4 2 308.2
BEAE N
68.6 1488.6 1560.2 1570.9 1539.9
34.3 774.9 744.3 746.1 755.1
8.6 194.7 189.7 189.5 191.3

b o o Y 2R AR L TR R L Ll B R LBERG A AR E
N 6.605 2,16.607 3,1.719 2,
i v il £ 40 75 AH X AR AT B H X (O 3R

U (q) = M(Q)o (3)

PR HEASH B FE w (@) FUAE X A5 A B0 8 B woa (@) W0
#2 Fim.

HY G A5 AR o 2k LS 51 A B A X AR S i e
B

Uy ()=

e (D)2 Fu(g)? =0.047 1;

e (€)= Vtt,a (D)  +tu,q(g)* =0.058 4;
u,elw(;{): A/ u,d(b)z—“uml(q)z =0.029 80
4.3 EBSINMBENRERHEE
4.3.1 FERERIAMAHEE FEMBERERT25 mL
R2 NMEMEZTHEEERIN

Table 2 Analysis of uncertainty results of standard curve

c/ -
H oy ¢/ s(A) Sce

w1 (q)
(mg+ LD (mg+ L™

u(q)

oK H iR 22.10 60.3 38.4 9 178.4 0.906 9 0.041 0
1AL R 13.04 31.1 74.8 2 433.7 0.698 7 0.053 6
A £l 65.42 87.1 55.5 19 153.5 1.230 8 0.018 8
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RS A R GEARXA GO FER 2N +0.03 mL,
FHEIE 43 A,
e (d )= 0.09 =6.93X10"",
V3 X 25
4.3.2 RBESIARATE R R EEACA R AR Dy
25 mLX5 °CX2.08X107°C ' =2.6 X102 mL, &% H
FEIE 43 A )

2.6X10 *
V3 X 25

B i 255 B R G AR S 10 B

wea (d)= /1 (d)?Fuw (d,)? =9.17X1071,
4.4 MESINWHEMNIRERHEE

PR SR 48 J 11 0 22 B AR BRAS AR 2 g, & JE B AR AL 43 PR
AT 53 T R e K 2524 0.000 5 g, B N 58 4
Aii s )

5X10

g (m)=——""TT"—=1.02X10"",
V3 X2 X2

4.5 REGEEXTH B R 0 5| N B EXT AR ER T EE

R I A R X i [T WA 1 5 W BT 7 LA S T L
PRI 9 YO B A B2 Oin b 2 7 v il 42 1 A5
s AR Ve BE L v R 3k BE RN e e ViR BED O X B AR U A 22 s
Cery ) WRUEATHE FE w Cer ) DR A5 HEAS 0 8 BE wea
(cr

u(dy)= =6.00X10"",

ec
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Ui (cr) = uler, ) /Res %)
A
n—MERE . n=9,
ZF B BOGS TR A 2 FEAS R 3R 3 .
4.6 BEHMLBSINKIEIRAELRTEE
JETR) — B e 6 A1 A7 15 31 4 R L 1l B IR B RS A4
B34 B i U 43 A5, W
1 (Crp) =5Ccrep) NG » (8)
Ut (Crep) =u(crp) /o €))
Ze B BRATLARON, AN B 58 BESS RN 3R 4 .
4.7 BHERHBEE
LR L TR A X AR AEAN I E FE R 5 TR,
R 44 3 fik AR Xk S A B B B VS A A N

R3 RBRIBTAHEEERSW

Table 3 Analysis of uncertainty in extraction process
24y Ak s(ery,) sCer. ) ulcr, )  uw(cr,)
W) % e e e
FHE  98.4 1.13X107% 3.78X1077 2.18X107% 2.22X107?
AL 99.9  3.78X107% 1.26X10 % 7.28X10 ° 7.29X10?
BEESEN 99.6 4.03X1072 1.65X1072 5.50X1073 6.70 X103

F1 HIBEAHBEEERIN

Table 4 Analysis of uncertainty results of random effects

g/ s 4 22
, 4 o uwrep) vl (@ rep)
(g kg™ D) Wrep
2 iR 0.043 8 1.33 X103 5.43X10°* 1.25X10 2
5
(5) 11 AL iR 0.260 1.05X10 % 4.28X10 * 1.65X10 3
i 3.25 8.16 X103 3.33X10°°% 1.02X10 3
wlcr) = sCer, )/ s (6) M 535
trax () = Vi () Fuw’ () Fuw’ (d) + wa (n) + i’ (Cree) + thra? (wrey) = 0.049 35
e () = V' () Fu’ (@) Fuw® (d) F ur® () + 10 (cree) + e (wry) = 0.059 03
ey (1) = Vi () Fuw’ (@) F e (d) + 0 (m) + tta” (cree) + ttra” (wry) = 0.030 8,

1.8 FRAWEE

TE 95 V0 BAF K] N BUEL & T & = 2, 13 A X 4
AN RE SR -

Usag (X) =k X, (x)=2X0.049 3=0.098 6;

Usaw (X) =k Xu,g (2)=2X0.059 0=0.118;

U (XD =k X 1,0 () =2%0.030 8=0.061 6.,
Y RAE LR

Uy =0.043 8 g/kg<0.098 6=0.004 10 g/kg;
U, =0.260 g/kg<0.118=0.030 7 g/kg;

Uy =3.25 g/kgX0.061 6=0.200 g/kg.

x5 ENMPERMNRERAHEELCR
Table 5 Summary of relative standard uncertainty of each component
45 FrRUEY) T P v it 2% B e 2% FE SRR i T R Fifi HIL A 7
FHER 6.93X107%  4.71X1072  9.17X107"  1,02X107*  2,22X107%  1.25X107?
AR 4.01X10 3 5.84 X102 9.17X10* 1.02X10* 7.29X10 3 1.65X<10 3
WORE G 3.88X10°° 2.98X102 9.17X10* 1.02X10* 6.70 X103 1.02x103
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25 Al A5 B AR o8 B R L Ll B R RN ORI RE A Y
g 45 5

X =(0.043 8+0.004 10) g/kg (k=2);

X, =(0.26040.030 7) g/kg (k=2);

Xy =(3.2540.200) g/kg (k=2),
5 i
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LAUA A S B 1 100 8010 12 38 0 4 M 3R 90 4 45 1Y
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E JEE Y IR) 0032 I s AR A N 5L R R BT R R e PR A
P/ N A TR R R i o R Y e DAL T S v R 4 2R iy
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