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Uncertainty evaluation for the determination of heotame content
in roasted seeds and nuts by UPLC-MS/MS method
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Abstract: To analyse and evaluate the uncertainty in the determi-

R R i N

nation of neotame content in roasted seeds and nuts by UPLC-
MS/MS. A mathematical model of uncertainty in the determina-
tion of neotame content in roasted seeds and nuts was
established, various factors of uncertainty in the whole determi-
nation process were studied and evaluated, the components of un-
certainty in the method were confirmed and composed. The
results showed that the expanded uncertainty was 0.71 mg/kg
(k=2) when the neotame content was 7.69 mg/kg. which was
greater caused by preparation of standard stock solution and re-
peatability of determination.
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1.2 K#FEH&&

R S —
Waters 2\ d) 5

BT R . ME2002E #1 XS204 %1, #f 4y 8 — 6 #] &
AR (MDA R A

FNEE IR A A% Trayster B, {8 [E IKA 2 ;

P PR - P3OOH AL, 8 [ Elma A ] 5

R % B O Bl e Allegra X 9, 2% [ Beckman Coulter
YNGR

4 A B E M FE UL R 55 . Preval SPE 6S %, b 5% 37 %
BHUE A PR A ] 5

Cos [ AH 2% BUFE « Sep-pak & (6 mL,
Waters 2 7 3

A WAL :N-EVAPTM 112 %, % [& Organomation /A7 .
1.3 FHik
1.3.1 FEMALEE FREUEE &Y 10 ¢ £45 8 F 50 mL B0

B IMAZ 30 mL K, fE IR A 0.5 min, F 50 ‘C/KIE

B BT B L. TQS AL, £ [

500 mg), % [

% BEYE A — R BRE N S AR S RNRSE R
P45 2 mLLRA).F 4 000 r/min B0 5 min, %5 &
?%‘Z&ﬁ 50 mL Z8 i K 8 & B 205 IR 5 )5 o Uk Fr
o WETAASIC 10 mL U8 V38 5o [ AH 22 BOAT . 757 VT B 2
JRES, 5 mL K Wkk , 7 5 0 . 79 6 mL F g4y
Wéﬁ?ﬁ'ﬁﬂ%%d’x%@fh?&iﬁézb%ﬂ%? 40 CAKB AR
2 HEW LI 2 mL W) 46 F B I S AR s iE S v 0.5
10.22 prn AL I8 25 U R S B A DU B — A RS
LR OB 8 3% ER I R R AN 43 AT
1.3.2 WHMEEAN Cs@iEsE:50 mm X 2.1 mm,
L7 pms FSIAH 0.1 26 (1 R /K — Z B » 3% 0.3 mL/min;
M ART :0~0.3 min, Z i 5%;0.3~0.8 min, ZJI§
5% FF% 65%;0.8~3.2 min, Z i 65% F+ & 95% 3 3.2~
3.3 min, Z 5 95%;3.3~3.4 min, ZJif 95U FEE 5%
3.4~5.0 min, Zfif 5% s HEMR 40 °C iR 2 pL,
1.3.3 iS4 wEE ESIE TR 7R, misE
HLE 2.50 kV, AR A 700 L/h, #EFL A = 50 L/h,
B IER BE 150 °C, B A ROR BE 350 C . 2 I v i I

min,

AP AL IR 10 min, R HE N RREFEB A WAL TAL 73 (MRMDSRIESHUILE 1.
*x1 AWMHRERESY
Table 1  Acquisition parameters ofneotame for UPLC-MS/MS
&Y BEFO/o HAEE/V FEFOn/x)  BERRE/ V. BT
1 5 377.7 36 200.1*,230.1 17,15 ESI—
o ERET.
1.3.4 FreEfmipy sy AP aitn g s (D TR E B w, G AR AL AEUE
- Bl Y AT E EZ U=0.2 mg(e=2), AL N5 A
CCXVX5 1 s L 0.2X10°°
A (2) BUESI A AT EE we Om) AR 3 A 56 U8B 5w

X— A Y & 5 me/ke;

C—ME B WAV B, ng/ml;
V—He i E B, mL;
B RRRE R . e
1
R

2 ANBREERME S AWK
2.1 AMEERBEDH
M (D 256 S BRI e ook 72 w0, 2 I 45 SR AN T
FEJE wa OB EERWAKE O FEamE {ﬁ/ﬁrE}I/\H’JT
B w.a (C) 5@ FE NIRRT 25 SRR GIARAH E BE
ua (V)5 Q@ FEMFRAE S G A B A E E wea Gn) 5 @D T
HEEEIANARHEE ww () ;@ BIEG]A N H
FERE ua (R,
2.2 FHEETE
2.2.1  AEAFRAE RS B AR B A B 5 B
HORW & B F 2k T B E MR R R U

L{,d(ﬂl)

KR 2K 0.5 ma. 4 A TG 40 Fi b =3 . FR i B
= — v X 0.000 5
ﬁﬁzwm%@xﬁﬁﬁﬁmumfgiggf

0.000 41 g,

U0 R i 1 S B AR B R 10,012 5 g, R B A
FREE 1A I AH ] A oA 6 i O

10.012 5
2.2.2 FEAHES R B B B AR BR HEA T E B 0 (O

HOAT 7 B 2 K VR T o A YT ) R A il 4R
B o T LG K A U1 T T A A VR I AR R R AT U 2R B
VW A5 3 AN R

(1) 10 £t 8 V25 V00 %0 T 1) 5 1A ¥ K T o S A o
u (Co)  HERGFRIL 11.5 mg AL AR fE 5 (=98.0%) , I
Sl K 75 A iR 5 8 28 & 100 mL, BRI h 112.7 pg/mlL
Y £ R I A A VTR

@ 4l BE 51 A B AH X B A B o 5

U (m) = =0.000 04,

U (Crp) : B AR
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Y AH G AIE A5 T 0 AL 4l R R 2 £0.2 % R A RLTE 4
0.2%
V/3X99.0%

@ bR il BRI S B HE S A R wa (Cuy)
B2.2.1 FTEN AR A AE ORI E BN wa (Cp) =

AL HE N w0 (Cr) = =0.001 18,

Vi Gn)+us Gn) —0.036 53
0.011 5 S e
@ FRE il A 0 WE A T B A X AR UE S B

W (Cro) F5% BR O JIG 196
20 °C W} 100 mL A ¢ BFR %

2006«*%1}"5%@%%&@,
A2 HN+0.10 mL,

K T A 1 BB AR o fjfo—o 057 74 mL.

DR R P AT P s YRR IR (H T A PR R 5

JEARMEMIIETE 20 C— U AR , B & il 7R (20 £ 2) CZ
e 5 . CRIK CRTAR L B 3 AR #1815 42 300 ) B (A R
WMk R AN 21X 10 C T B BT A A B I8 k=3,
FE AR 100 mL AR R T FR TR B AL Al 7 A 1Y b
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100><2><21><10 1
NR)
ER T AW R BR ME R B E

0.057 74*4-0.024 25*
100

PR IEE e VA 2 T8 TR T 51 A Y R N AR 1S W
B
U el (cl ) =

HEAN I E J =0.024 25 mL, M|k

BN wa (C) =

=0.000 63,

uia (C1) Fuia(Cy) +uia(C) =

0.001 1874-0.036 537 +0.000 63" =0.036 55,
(2) s A 8 9 9190 s B 5 A O A X o AN ) R
e (Co) A1 mL LR R CA 50 WIUbR o 1 4
# 1 mL F 100 mL HARZA B (A 9O, 8 2K E

BEZIBE RS I E Ry 1.127 pg/mL o 8] fiff 45 ) 5
T mL Wi BRI E] i A 1 mL T 10 mL 45 &

T RIS WA 112.7 ng/mL B bR G T W, SR JTAE
oA 4 B H KGR BE S W 5B B E BE LR 2.

K2 HEBERRBRIANNTIHEE

Table 2 Uncertainty from the dilution of stock solution

R 5B R 2 X 5
. . - — — — AR XA
K U5 wEa e NHE W KRR Bk . i N
N o o RGN W R
#/mL s J% /mL 3/ C  FRE/C! JE/mL
1 mL B AR 2.1X107*Xx2X1 B
+0.007 0.007//3 0.004 04 +2 2.1X1074 —————— 0.000 24 0.004 05 0.004 05
1S V3
100 mL % 2.1X1071X2X100
‘ +0.100 0.100/y/3 0.057 74 +2 2.1X101 0.024 25 0.062 63  0.000 63
O 3
10 mL % & 2.1X1071X2X10
. £0.020 0.020/y/3 0.011 55 +2 2.1X101 — 75 0.002 43 0.011 80 0.001 18

ALV VR TR | R X s AN 6 A By

g (Cy) = 4/2X0.004 05*+0.000 63*+0.001 18* =
0.005 88,

(3) i 2 5 i VI ) 3k 2 5 1 A B R R A UE S B 2
J w (Co) T mL 3 B W A CA 280 4 530 W B o i
AW (112.700 ng/mL) 0.5,1.0 mL F 10 mL PAFRZ 2
HORCA 0O, JTEB 4Kk 2 2 20 %, 88 5, 7300 15 2
5.635,11.270 ng/mL MR ME TAEE : FH 2 mL BUARZR T
B (A GO WIRPRMEM A 2 mL T 10 mL HARL
B A GO P, B KkERAEZE. #5, DG

22.540 ng/mL BYFRE TAEW W H 5 mL 49 B W= 45 (A
90 43 3 W BCARAE B VAW 3.5 mL F 10 mL BABRE A A
HCA 20 v, 8 4K 5 2 2 20 B 3% 5, 40 548 3
33.810,56.350 ng/mL (AR E TAEE R 10 mL 4 B
A (A GO BRI FRHER A 8 mL F° 10 mL éﬁﬁ%%ﬁ
W CA GO b, 4K @A E 2 S, B
90.160 ng/mL ) 4r il AR TR 5 B3 KF b o 7 0 TR A
112,700 ng/mL B T1EV i

T ET 2R 470 VS YRCTC 1) 5 1A AR X AN R B H

u,el((fg):

(@) WA 1 R 0 A X AR WA 0 2 B w0 (Cu) 2 53
BIBCLL E 7 RO [ BE AR v TRV WA RE 1 0, LR
G R T TR TR B C %o o e e TR FR R ol £, SR A 46 e/
TRREMAEEEIT T Y=A C+A, (A, HRIFR.A, N
TREED S 00 FHE Bt A R a3 4 FiR . H12.2.1.2.2.3 il

0.009 24* +0.004 63*+0.002 90* +0.004 82°-+0.002 90° +0.003 62°+60.001 18 =0.012 97,

2.2.4 AN E B $ R Co O 72.189 ng/mlL, U] i of
M £ $EL 5 BT 77 A 9 R VAN R R

C,—0)’
w(C) =5 —+ +<—>7 2
Ay > =0
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Table 3 Uncertainty from the preparation of series standard solutions

AR L 1 2 ,
KR W/ 8 A 5 A R KIRBIK AN 2 AR AT
7E o A N E Jim JE 7] 7% JIi: N e
o ) e RS ) BoERE RH0E
AEM A VN & /mL  #H/C  REE/C! B /mL
2.1X10 *X2X0.5
1 mL ﬁ}ﬁ ﬁ 0.000 12 0.004 62 0.009 24
s 0.5,1.0 =40.008 o,oog/ﬁ 0.004 62 +2 2.1X10°1 .
[y _
LS w 0.000 24 0.004 63 0.004 63
J3
2 mL PFR 2.1 X104 X2X2
. 2 +0.010 o,olo/ﬁ 0.005 77 +2 2.1X107% ——————  0.000 48 0.005 79 0.002 90
B V3

2.1X1074X2X3

Sl ) . ¥
3,5 +0.025 0.025//3 0.014 43 +2 2.1X10°*

0.000 73 0.014 45 0.004 82

e Z1X1071X2X5 601 21 0.014 48 0.002 90
J3
10 mL 8 +0.050 0.050//3 0.028 87  +2  2.1x10°* 2110 128 0.001 94 0.028 94  0.003 62
0. ).05 3 . - . - = . / . .
W B ’ 3
10 mL % 2.1X1074X2X 10
10 40.020 0.020//3 0.01155 42  21X10 ' ———————— 0.00242 0.01180 0.001 18
R4 WHMEHZEZER RO E W, . (C,)=0.331 36 ng/mL, [
Table 4 Results of standard curve bR ME # 2k B0 A BT 7 A M X bR E N B 2 R
S~ Y «Ccy
WEEC/ P m A St wa (C) = L2 5
53 ' 28 [ 0 7 ‘ u,q (Cy) C, 0.004 59,
(ng * mL™1) Y/mV R?
o ors (5) BFRMFMET] A B XS FR UE R E E wea (Cs)
11.270 20 503.61 F4 JJE 1059.1—201 2 & ANB A B2 VF 5 5 2R YA %
. bl .
y —
29 510 11 025,58 L AR AERZR DR R AL B A AR ME AR E BE wy (C5) =
33.810 60 495.77  Y=1791.4C—175.1 0.999 9 + = 9.741 96, H R % & ¥ ca
56.350 101 541.30 V2 (G =0
Y—A, _ ‘ _
Y00 10120 o 0,026 62 kR HE M 2 K R AL 3 A AR e
112.700 203 065.49 !
] AN EE u.(C) = =
At 2 c, =0
Lxﬁ*ﬂﬁ)%%%*f'ﬁ/ﬁﬁv SR =
591.612 09 , R ALK cay = —A— = —0.000 56; 1 i
D Vi —(AC +ADT? ‘
— = 975.41; P o b 28 1) R SR AR EE B A M AR AT 2 R w (C5) =

9.741 96% X (—0.026 62)*+591.612 09° X (—0.000 56)* =
0.420 73 ng/mlL,
PR I s o ol 6 1 Ak 23 0 AR IR 5 1A 19 A X o S

Ay ——FRUEM &R I, — 17515
PAXﬂ‘ Co B‘J“(ﬁ"%?ﬁt%‘ﬁl,f):fi'

()
VI T R =75 EHE . (Cs >—”( —0.005 83,
0
_ . —= 2;’7 C’ 2;: $UN X N fi
o 7 9 T e B © — 1 % LR R T O B 5N R X bR AN B
" B -
47.495 ng/mL , (C, —C)* = 609.79, >," (C, —C)* = ww (C)=

10 025, wa (C)Fuba (Co)Fula (CoH)+u?a (CH)+ula(Cs) =



68

R4&5# 7 SAFETY &. INSPECTION

0.036 557 10.005 887 +0.012 97 +0.004 597 +0.005 837 =
0.039 92,
2.2.3 Kl OE B O B G IR AE G AN B
wea (VO IR 2.2.4 Fp 0 8T A2V 51 A B A oS B E BE
A B R S SR B R O R AT IR RE .
2.2.4 P ARG AR AR EAS B E T wa ()
E(Izléﬁ;%’ﬁél?v 1J5ik.1.3.2 fl 1.3.3 5 {1 %t

AR & AT 6 OPATIE (n=6)  Z5 R LK 5,
x5 EEHRHRER
Table 5 Results of repeatability test
AFE = X/ AHE = X/
I 7E A W 7 Y HL
(mg + kg™ 1) (mg+ kg™ 1)
1 7.25 5 7.76
2 6.77 6 6.95
3 7.34 T 7.21
4 7.19

¢ JJF 1059.1—2012 $E , 5% HIHR 22 15 AT 0 B8 0 7
DX, =X
S mu
s(X) 0292 49
S8

PR ik el 00 5 M LA A R A T AS 1
u(x) 0.159 75
X 7.21
2.2.5 IR G| AR AR XS AR HE A 80 E E woa (R) - BB
PERE & 2 11.270 mg/ kg 9IR ﬁn7k”1_ﬁﬁnﬁlil4&ﬁth,
MWE 9 W, B (R) B a2 45 34 3 R 91.89%,
92.62%,95.49%,93.17%, 93.02%, 94.62%, 92. 11 %,
94.69% ,96.28 % CEX A1t R R =93.77 %) . i i Il ZE /R
A AR BRI U R bR UE R 2 s(R) =

> (R, —R)

AR HEIR 22 5 (X) = =0.292 49 mg/kg ,

MIAREARTE L w(a) =

=0.159 75 mg/kg.

U el (x)=

=0.022 16,

= 0.013 35, W] 45 #E A ¥ & &

n—1
s(R) 0.013 35
(R)= = =0.004 45, A gt i 0 5 L M
u ﬁ ﬁ H g
51 A B AR R v S B A
w(R) 0.004 45
U (R)= R —W—O.OM 75,
g T W AE i R A A AL B R, 3R
~ 1—R
SRR R 5 MR 1 I B R = L
|1—0.937 7] B N
000845 =14.008>1(0.05,8)=2.306, M R 5 1

BA B WA BT LU 5 45 R A 0 TR A IR ik A7
BIE.
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2.3 AMEXMNTERAHEE
R ot PR A AR AR Y e R L o R R [ i
S5 1 B I =2 () RH L SE R 45 S B E R O B A B

LTI 7 245 2R 1 B JURR X B AN B B
v (XD = Vg ) Fu2 (O)F i () Fu’ (R) =
0.000 04*+0.039 92*+0.022 16*+0.004 75* =
0.045 90,
5 AR A AN B 22 B2 43k 1) DTBR(EL DL 1
0.041 ]
é
2 003
@ £
£ £ 002
i =
£ o0t
§
u,.(C) u,.,(m) u,,(x) u,.(R)

AR AR EAS 8 RE BE 34k

Relative standard uncertainty components
B 1 A0 RS

Contributions of relative standard

WAk
Figure 1

uncertainty components

24 YEBAHEE
G JIF 1135—2005¢ 4k 2 2 #7522 B P 5E ) »
AT £=2CEGHER P95 %) M &, R H B R

X R FEATEIE MY AW EE UCX) =
u,d<x>xx><zio.o4a9o><7.21x27071 ik
R . 0.937 7 T meske.
3 ME%%&ﬁK@%ﬁﬁ%
B TR SR € — B R B v I 1R R AL Y
iuﬂJ 4R X =(7.69+0.71) mg/kg, k=2,
iR

TF 5 R JT1 M 85 2580 VR A €0 385 — BB 166 3 3% 12 0 2 00 B
HALTH AR R A R AT A A SR T AR ML E B R 25 R LR
B A BEVF S G AR A B AL A T T A R R AL R Y
I 5E &5 R A T B A PR AR O R S T A JE R
B U I [ S 5 R R B s R — 25 T
AR it 8 Y B TR 2K R A R 0 i D b O i
VA TBCFR) TNC S R A TR P AR R ) A . DG T S B R ) AR
HR 0 G SR 3 A VR U 1 A O R AR O TR R A o T R R
00 45 5% R BR YT 38 2 3 0 A v A TR B PR o o
1 13 T o A0S L 80 AT R R 0 R R B AR
0 e oS R A A o (D B R N B BB A G RV A D — X
P LU /N I B S S R L DA T AR TIE A T 4 2R 1Y o
P AT S

(F#% 7270
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