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Uncertainty evaluation of determination of caffeine in Fapas proficiency
testing samples by high performance liquid chromatography

LI Bin"

(National Institutes for Food and Drug Control, Beijing 100050, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of caffeine in Fapas proficiency testing
(PT)samples using high performance liquid chromatography. Methods The sources of uncertainty in caffeine
determination in both ground coffee (Sample A) and decaffeinate ground coffee (Sample B) samples were analyzed
according to the national measurement technical specification JJF 1059.21-2012 Evaluation and expression of
uncertainty in measurement. The combined uncertainty and extended uncertainty were calculated by establishing
mathematical model, and the results were compared with Fapas PT report. Results The result report of Sample A
was (13.36+0.21) g/kg, k=2, while Sample B was (265.0+5.1) mg/kg, k&=2. Both results were satisfactory according to
PT report. And both of the main uncertainty sources were from the standard solution preparation, the repeatability of
sample measurement, and the fitting of the standard curve. Conclusion The results provide references to evaluate
the quality of caffeine determination and control lab internal quality. Uncertainty evaluation and PT results show that
the laboratory is capable of carrying out relevant tests at different concentration levels and can guarantee the reliability
of data.
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W8 AN 0 e 5 U o 5 SR SR — S 4k, F
LA Bl I 22 (B A o0 ik e HL R e i ) B0 S X s
5 %5 A8 7R G0 RS LR R4 T 2 W A% — o ik, AT
S ERE P, FE[E Fapas /TSI AE IRIE L
IS SRS A BT T A RS S PR AR R, A S ]
R 2 SR 1) b X SR A R S 2 T A T 35 B

O RS — T B S | 2 - e R Ol IS A
YIAL AW, T8 T IS AT S, DR I ol DR A
B A5 P Fapas ML T 2019 4E2141 Fapas 03151
ESLN =W A el = I = = 5 o 1 e A P 2 )
MERY 2 ANREA, L% 5 S0 % 0 AR [ e JBE /K S DA 2
B E fE 1o ASSCHR S JIF 1059.1-2012 § P ASH 5 BT
EHFR) B 5% CNAS-GL006 (Ab2 43 BT th At
JE PR AR RS ) %5, P SLRE M GB 5009.139-2014
CErih e E R E YOk MER I ) THE Fapas
B 7 B0 S rp bl DR B R S B, A B s B ad A
RHfE R RRTR, REAbA i, itk — 25 B o A5 I A0 o
FHE AR . RN 454 Fapas G 7 5645 G 80, *F
R 45 AT LA M, 0 4 TR b A A 0 4% 5 T 5
I ey Sl

2 HRSHE

21 UESEHF
2695 T RO GG AR RSN A, 55
[ Waters /37]); ZORBAX Eclipse C;5 fii4E(150 mmx

il

4.6 mm, 5 pm, [ Agilent 237]); AL204 H T-FKF(d=0.0001 g).

XP205 HLF R (d=0.00001 g)(Fiit: Mettler Toledo A H]); it
R E SR RS AR A SIS AL AY; ZWF-110X30 fH 5%
FeAiR % (IR R T A A A R D) o

Wl R R A S B 99.9%, WA R E A G 2E S
SEFFE B

FmE (o al, fEE Merck A H); S2HE KN
Sartorius #B4li7K; Fapas 03151 Wi H G J1 B UEAf i WS
WY (Sample A)F1 2 Wi ME B AHF & Wi ME A3 (Sample B).o
22 EWHE

K GB 5009.139-2014 &b & E Rl Yok
AP AT FR I ) U7y S A it e A el A1 5 A A
2.2.1 AR/ &AL

FEHFRBUPRUEY) T 29 100 mg % E 50 mL A
FHH B E S, BOwShR Y s &0 S mL B
W Uit 4 T 2 50 mL 5 L /K A 2 B v 400 I 1R VR

Sample A ffi FRHEMZECH]: 10 mL B A B EGE
BFREY BB ZE 200 mL AEHM/KES . Sample B

i bR e R 5 mL BRABEGE EARMED R b
7% 2 200 mL 2 EHRANKE % o
222 HouaE

PR ATREMZ) 1 g T 250 mL 4T, AL
200 mL 7K(Sample A)a{ 70 mL 7K(Sample B), #i/Ki&
30 min, ABFHRIE, ORI, BRHEER, B E
250 mL 2% 100 mL MUK ESS, 5, #E, B EER
23 HEFAER

B R T A O

w=2 )

o o-FF i HR R A, ug/lg;
p-FE SR VE TR P AR (iR R AR, pg/mL;
VAE S E AT, mL;
m-FE A FRAE I, g

24 INEEMH
B2 (2044) °C, FHRREE <75%.

3 HREHR

3.1 MERTHEEHXRIE

P 2 (1) 2 I A 2 A = R A )

FRUE R INER G A AT E u(br): QISR UHEY R
S| AW B u(by ), AREY) BIRR a5 | AR E
BE u(hR L); PRUERHZRBCHILFES | AR E B u(bs ), AR
MR LG5I A NI E B u(bF ).

B DA & 25057 1 R0 Ak 3 ) R — B0 51 B AS B o
u(BE): BEEAER AR B AR EE u(bE ,); HEdbERS|
B E B w(FE ), RS AR E B u(FE ,)o

) 5 B YR 8 35 T AR 2 B u (130

5 A 7Y gy AR A T A BT, SR PR X A o
AR A AR ulg () = Ty ulg (x), B

i Ufel (ﬁp) + Uy (ﬁm) ULy (ﬁv)
wre(@) = vy (17 )+l (F )+ o () @
\l Hufy (ﬁ‘ w) + Uy (1’)()
32 MEMHEETENEN
3.2.1 AR & FIER G| NG AR A AT TR A (1,0(FF))

(OARHED BT AR S | AR AEX AR AN S B (e (B )

AR HE ) T UE A5 1 2 75 il DR o o i Al R
99.9%, AL YR E B, B H A i X ] +0.1%,
LX) T8 BE R 0.1%, F389 513 A A0, Hali i 5 e i
Nﬁ%ﬁurel(ﬁpF O1% __578x10%,

99.9%x+/3
Q)PRUER BUFR I 5 | A RIS AR HEAST E P (e (B 1))
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PRUEY) AR R ARG d=0.00001 g (TR, H
T RFEGREFRN =10 d Bl e=0.1 mg. HFR AR A &
JE G i AL R e KR B IR 22 u(hi ) I u(hR )
XTI u(hR 3) IR w(bR 0) S5 HIEI o MR R R
A EIE SR, XA S B AN o BE A 5] o3 A
PTG

fE 5 g mANEEIN, KP/R{ERZEH-0.2¢ /1-0.02 mg,

03 B 550 D 0.02 me, u (# )=&=1.15x
m1 J3

1072 mg, RPHEE HEIRZEH 0.1 B 0.01 mg, WX i

s b _\ _0.005 _ s
KGN 0.005 me, u(br )= S5 =289 107 mg.

KEHEF A 001 mg, MHX[E T A 0.005 mg,

u (ﬁms) - % =2.89 x 1073 mg, TP ERIR 2 K

-0.9¢ H[I-0.09 mg, WX il %5 FE 7 0.09 mg, u(ﬁ: 4) =
m-

0.09 _
— =5.20Xx 10" mg,

3

v TR, HE JIG 1036-2008 ( HLFFOF ) MR i
FURR, KT 0 7R (EL5 22 AV 28005 25 35 o R B s (6 5
WA 2 2, AIERAE, RILEXEE TR (iR
B kR 22 R 2 X

BeAh, FREEIREE . RARTEJIRNER I B ] AT
A TR AR ) TR RS, e 2 Rk, (R k4
U T T
/2 X (0.0115% + 0.00289% + 0.002892 + 0.05202) =
7.55 % 1072 mg.

FREUIMHERIFRAEYI R 111.75 mg, WIARHED EFRES]
0.0755

B 5 OB A 7 e (B ) = T7732 = 676 %
1074,

(3) b5 1 2 T A5 2 1A 00 A0 6 S 7
(T 1))

Ko o h 22 T 1 5 R B 1A BB A S EL R Y
RTINS, 2l B T A A4 1) R AL AR,
HORHE FE F B A5 AR ZMIREEE S, triih
2 T o AR i EAE T A B 2 1 R .

A5 JIG 646-2006 (B iins ) UM MR, 10 mL &
WRSAERE AN 1.5, 10 mL B 258 feiFiR 224051 +1.0%
+0.6%F1+0.6%, HHARM SR 3. 4. 5. 6 17 mL, %
T RVFIRZE S F£0.6%1145, BI+0.018. +0.024. +0.030.,
+0.036 F1+0.042 mL.,

5 mL B IRASTERS E AR 0.5, 2.5 Fl 5 mL I 4540 Ao i
PR HIHE1.0% ., +0.5%F1+0.6%, fH LS4 51H 0.5,
1.2.3 fil4 mL, & ARVFRZES HHEE1.0% . £1.0%,+0.5%
£0.5%F1£0.6%318:, BI+0.005, £0.01. £0.01. +0.015 #
+0.024 mL.,

HHE 1IG 646-2006 (B s ) VO 1IG 196-2006 (%
FBE RS LR ) UG AR LS (e R AR VR 22, # IR R

(3) T3 R A i VR OR 22 51 A B9 AR NS B S B
trer (Vi )- ELAISEKR I J9(2044) °C, ik HAE 20 °CH
e, TSR 8 °C, A15H EERUK AR MK 2 50 )
O 1.19x107 Fl 2.07x107%, FE IR (@) T IR B 5 |
A AF KRR TN 2

Urel (V&‘(’E) = % (3)
A a-d EAS S R AR R i 22 (2 R R ),
k-3 A AT,
VbR EE TR A ATS, mL.
e (Vi) = 2y *

A - IR RS5O AR R 22, 5 F IR I sh <R
Jik Rl AR,

k-~BEE S AR,

VAR AR, mL.

WIEE (R 1)A BRI 2R L 25 ) AR
bR W OR B OE E L U (ﬁv_A) =842 x 1073
Urel (ﬁv_B) =112 x 1072,

(PRI Z LA 5 A IR FR A E B (e (BT )

SR /N X IG T AN AR p AT MR
B o PR RN ZAE 5 LA RIBR AT E B, 12 A 50(5) T3

_ S (1,1 (po—p)?
up—31 Ptat Sex ®)
n 4. 12
S = X, A ;ﬁo;‘BHPL)] (6)
Sux = Z?:l(pi - /3)2 N

K SEREMEMZE; A5 @ UChR I8 TR 06 1o AR 17 {1
Bo-HEE; B-RE2; p-il R AT I @ B -0 TR
B HE S (n=10); po- B A (5 3 TR w ofmr e 81 1% Joi e 2
pg/mL; p- T AE 2 &5 ST B BE 1391, pg/mL; Sy-
A R 5 M B 2 R °F- R, (ng/mL)s

AT 5 ASAS [ B fy i R v v v R A T T
FE, RANMREEIE 2 K, TSR IR 2. FREA IS R
by 2 NS EIE, MARHE &R T35 5] Sample
AW ME B BT A R K po—a = 53.73 pg/mL. Wu,_p =

9860 l i (53.73—55.82)2 _ _1 . _
31562\/2 + 2 G5B 942 X 107, Uper-a (ﬁp) -

-1
242x100 _ 450 x 1073,
53.73

HBRUE 2R HET 55455 Sample B MAIHEDR] T i v 24y

_ i _ 446 [1 1 (2660-2344)
Po-p = 2.660 pg/mL. Mu,_p 32202 T 10 20.44

_ — 1.08x1072 _
= 1.08 X 1072, uye_g (wp) = L0 _ 406 x 1072,

3.2.2  AMAR SR G b A L AT A2 — BUM 5] ARG AR 3T AT
A A (ur ()

(V)RR SRS FEXT AR HEAS G 5 S (e (FE 1))

[ 3.2.1(2), HEERFRECR AR d=0.0001 g TR
SR, e=10 d Bl e=1 mg, FRAEEZAI N 1 g,
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Table 2 Results of standard curve fitting
e 1l | il | 5 U 2% 2
IR 4, TR 4, n p/(ug/mL) o £ S Sye/(ug/mL)
p/(ug/mL)

33.49 1051249 1051007
44.66 1412216 1405964 A =31562p — 2296

Sample A A R EL #=0.9998

bR 2 55.82 1773114 1753526 10 55.82 B B=31562 9860 2493
66.98 2124604 2101162 MR B=-2296
78.15 2471164 2450865
0.5582 18114 18012
1.116 35705 35348 A =32205p — 267.17

Sample B HHIE R B #=0.9999

iy " 2233 71381 70966 } ! )

bR 10 2.344 PI% B=32205 446 20.44
3.349 107509 107956 #REE By=-267.17
4.466 143165 144189

£ 50 g ERHEEIN, RTPREERZEHR 0.3¢ A 0.3 mg, W A:13.37 g/kg; Sample B 452 H: 267.9. 261.9. 265.1,

AL N > 0.3 _
KL FERE R 0.3 me, u (ﬁml) =5 =173x107" mg.
KR EMIRZEH 0.1e B1 0.1 mg, WHX 258 H 0.05

S _ 005 _ -2 AN
mg, u(ﬁmz) =2 =289 x 1077 mg. RFSHIIN 0.1

mg, WX EETEE N 0.05 mg, u (ﬁms) = % = 2.89 x
1072 mg, KPAXEHmEIRZEHN-0.3¢ BI-0.3 mg, WHLIX[EH:
GEE Y 03 mg, u (B )= % =173%x 10" mg.

RSS2 YOPRER BT BRI A PR ), AL
LB 4 T AR M A B O E N
u (#m) = /2 x (0.1732 + 0.02892 + 0.02892 + 0.1732) =
3.51 x 107! mg,

Sample A FRIBGFEAL 2 iy, FREEGEZ15150 1.0099 g il
1.0012 go DURE S8 BR 5t 5 1A 9 R X 5 800 A B 5 i

. _ 2 1
Upel (E‘Fm_A)— J0.000351 X (o)
1074,

Sample B FREUFESE 2 43, FREEESTH10 1.0025 g
1.0046 g, WAL S BRSO B AT A B HE AR B0 E B

Upel (ﬁém_B) = \/0.0003512 x 03252
495 x 1074, '
(2)FF 5 RE 255 1A BY AR VAN 2 (e (B )
Sample A %% % 250 mL 755, Sample B E ¥ 2 100
mL 25500, M4 JIG 196-2006 (& FABE RS mEs ) U4 3
7 A = SR P U ] NI T DS I v R N I el
Upel (ﬁév_A) =834 X 107%; Uy (ﬁév_B) =1.06 x 1073,
G)FE R MET | A AR AEATA E B (ura(FE )
YRR IEAT 6 IRE R PRI A, Sample A Z553H:
L1349, 1327, 13.37. 13.37. 13.35 gke, VMl

1
+———) =494 %
1.00122)

1
+—) =
1.00462)

13.35

264.9., 267.2., 259.9 mg/kg, YA N: 264.5 mg/kg, FIFH
& LA S o T e L0 1A AT S LA, Sample A
Sample B 19 6 4uds, FRELXHERKE N G HAHIN
1.69 1 1.49, ¥I/NF 5%l FHE G(0.05,6)=1.82, HILICS:
WAL, AT AR U e A IR I DTSR
KIFHE 5-A=0.0710 g/kg, s-B=3.08 mg/kg; TEPrilE -,
BN E 2 WIEIEE I EEE R, AR EARHH E B
u (ﬁw_A) = 0'(\)/7510 = 0.0502 g/kg,u (ﬁw—s) = % =

2.18 mg/kg; WIBHMAE S P47 5050 B 82 1 5 | A AR ARIEA

o~ y _ 00502 _ 3 .
Wi e (B ) = 3336 = 376 X107, weer (FE, )
218 3
=2 =823x107%,

3.2.3  RAREEATI NG AT AR T (ureg (L))

A ASHEIE S Rl SEERFH 2695 Al (i (e
T 5 A RSD=0.4%, WA R AN 2 R 0.4%, 4%
by e s o (7 < M| . RGO MO DO (0 N 1 =3

e (1) = % =231x 1073,
3.2.4 ARKAR AR RE 6
W) 2 AE X AR VAN BE A i B AT R L% 3. B
1 R 43 i AU X B BOPR HEAS B R BE AR I, T A I
THMTE B 2 AR S AN R 24 5 BRI bR o 2R B i
. FEMEEERARERZLIE 3 5
B A Q)T ARXT & AR A2 B A
Uper(Wp)
_ \/0.0005782 +0.0000676% + 0.008422 + 0.004502
+0.0004942 + 0.0008372 + 0.003752 + 0.002312
=0.0106
Urer (wg)
_ \/0.0005782 +0.000676% + 0.01122 + 0.00406% +

0.0004952 + 0.001062 + 0.008232 + 0.002312
= 0.0147
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Table 3 Relative standard uncertainty of each component

- o Sample A Sample B
AriE Niff R FE I TR 4 2 o o
i A E BRI 2RI MR AR T 1 MR T 1
U (FF ) FRAEY) Al ¥ B 5.78 x 107* 5.78 X 10™*
Ural(F ) FrRUED) R = 5 Bk 6.76 X 107* 6.76 X 107*
Ul (F ) o v fi 2 T ) 2 ¥4 B % 8.42 x 1073 1.12 x 102
ura(F5 ) PR L5 IEZ A 4.50 x 1073 4.06 x 1073
Ul (FE ) B ALK R ¥4 B2 494 x 107* 495x 107*
ua(FE ) FESEZ ¥5] B2k 8.34 x 107* 1.06 x 1073
ua(FE o) FESERE M IEZ A% 3.76 x 1073 8.23x 1073
e (13) VAR o TS A ¥4 B2 231x1073 2.31x 1073
) / / / 1.06 x 1072 1.47 x 1072
0.016
0.014
0.012
2
1 0.010
g 0.008 O Sample A
1}3 : = Sample B
gé 0.006
0.004
0.002 ’—l
ol mm . Tmm . ‘ =——nam ‘ ‘

urel(%ﬁp) urel(%‘l—;m) urel(&l—; .,) ulel(ﬁ:;l—‘p) urel

G

ug(FE) u (FE)  u () ()

rel

1 &5 REARXT R E AN E B

Fig.1 Relative standard uncertainty of each component

3.2.5 MMAREY BT
HRHRAR IR AN 2 YROph ST RE Sh A T2 0645 SR 4551 Sample A
1 Sample B &t o [HL, HAFEYE Gt (A AREAS B E

\ _ 0.0106 _
g Al h Urel(@p) = Ne] = 0.00750; uye)(@p) =
00147 _ 0.00962
V2o °

BEEMER 95%, BEHET =2, MAHXFRHEY R
N T Ue(@y) = ke (@4) = 2 X 0.00750 =
0.0150; Uye(@p) = ke (@g) = 2 % 0.00962 = 0.0192,
3.2.6 AREY B EEBAH IR

2 YO ST R S R SE G 25 45 1) Sample A il Sample B
SN @, = 13.36 g/kg, @ = 265.0 mg/kg; FRAEY"
B R W F B UW@y) = dpUpe (@) = 13.36 X 0.0150 =
0.21 g/kg, U(@g) = @pUye (@p) = 265.0 X 0.0192 =
5.1 mg/kg.

TEHAS IS5 R, AN B UH R R 1~2 AR AL
BE, W, ORI R, FTIOE A, dnl o PR R
L, W AT R B 19 B B A BOK B Ja W B 4Rt v T AN

a KU, Sample A FP bl DB B OR B E BE 4RGSR
wp = (13.36 + 0.21) g/kg, k=2; Sample B Fllinfl & 47 ik
AHEEMEN: wg = (265.0 + 5.1) mg/kg, k=2

3.3 Fapas g NI UESE

AR YR S B W DR A A S S AE 2019 4 6 A

21 Fapas [E BRAE T AFS H, 87 3FH5 ), Sample
AWIHER &S 20 14.3 glkg, VIRAHIEE N 0.2 g/kg;
Sample B #§EH A 256 mg/kg, ¥ RAHE N 12 mg/kg.
SLEERIELE T Sample A SN 13.36 g/kg, ¥IRAME
4 0.21 g/kg, Sample B & 14 265.0 mg/kg, 7 RAHE
5.1 mg/kg. HEXTEE SRR A 45 H Sample A F1 Sample B 1 Z
E5M 0 -1.8 F1 0.1, 2 AFER RN ZE RIS 76 6 1 30 UE
i T S A o (2] < 20U, B Y S 6 AR A [ ) vk
IRV F 35947 BE 1 T TR AR SRS I I R DR IE B v

4 FmiL5ite
SRR RS | BRI R AL | AR 2
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AR ARUERNZAU G | FERAREL L RN ERS . B E R
VRORH €818 S0 i T 52 VA B EA T A0 T R, R
PRAEM A 5« AIK 2 VR EE A S oA o ] 55 i 1
AN B X BRI T ARV I AR R S E
PR 240G 3 5. HADF AR R R AT RE : Arifi il
LR 2o P 22 R AOfE Y A ELRIVAS T,k LA M AN B 0 sl %f
AW E PR MRS FE il Ak P S 2 o s K V8 7 3 A B 45
VR RE R WA i F S s AR R AU S bR v R AR
RO 7 R B K

ARICFFH GB 5009.139-2014 &30 AR (43512 %) Fapas
A 56 HEAE it e R 2 el A TN A B A, A
i el e S /S (A1 E2 L PO N & T i =R d g
MG 3 . Bk, T m s e, &
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