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Uncertainty evaluation for the determination of natural capsaicin,

dihydrocapsaicin and synthetic capsaicin in edible
oils and fats by LC-MS/MS
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Abstract: Objective: Uncertainty assessment of the content of
synthetic capsaicin, natural capsaicin and dihydrocapsaicin in
edible oils and fats by liquid chromatography-mass spectrometry
was carried out, and the sources of uncertainty and the key
factors affecting the test results were analyzed, so as to improve
the accuracy of test results. Methods: To establish a
mathematical model for the uncertainty of the content of
synthetic capsaicin. natural capsaicin and dihydrocapsaicin in

edible oils and fats, to analyze the factors that may introduce un-
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certainty in the detection process, and to evaluate each
uncertainty component. Results: The contents of synthetic capsai-
cin, natural capsaicin and dihydrocapsaicin in edible oil were
(0.25040.032), (0.12340.015), (0.13040.014) pg/kg, k=2.
Conclusion: This uncertainty is mainly derived from the linear fit-
ting of the standard curve and the uncertainty introduced by the
analysis of liquid chromatography-mass spectrometry.

Keywords: LC-MS/MS; edible oil; natural capsaicin;dihydrocap-

saicin; synthetic capsaicin; uncertainty
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TOOME €20 T S T R B 9T 0 £ T IR R R B R L A
SR R O 5 B AR 27 3 B T S R E B Y
TEAl 45 75 ) (CNAS-GLO006 ; 2019) 15 510 2 S #f 2 BE 119 32
SR, I XA — A SR R N A8 R AT PR AR L LR
TR I 45 0 T SR L Ol £ I R 1 4 R IR AR
1 MRS ik
1.1 #E5iRH

FE IR BB L Al BE 09,49, L TT B 04 A8 A R

FARA A
RO bR A U R <l 98,506, db st
SIS HE LRI B A IR R

N AV 0 Al 7 [ R il DA

PR « gl 21, BT hr Tl 700 C ) A BR 2 ) 5

AN AN R < 3 BT A [ 2 4 T AL 2
FIA PR 5

TR,
1.2 NFE5E&

WOAR €5 3% — BT % % AT AX : Agilent 6460 Y, 3 [F % 5
RRHECA PR A 5

Hi - K- XS205DU AL, #g 7 8 —FE F) £ = bR 5
(HEO AR ;

e 2l KA MiL-Q Y, 3¢ [ 2% B ) 5

AL : N-ECAP45 B, 35 [ Organomation /A ] ;

[#] FH A€ IO B HSE-24B 51, Kt 16 WAL & R A
MRAT .
1.3 REAHZE
1.3.1 FESALEE MEFRRREC 1 OB = 0.000 1 )&
T 10 mL B ZEBLOAE B 2 A T mL S B
3 mL 2% S A AL W IR FEFR I 10 min, 10 000 r/min
B0 5 min, JUEJE KA 5% B A HLH A 3 mL 2% A &4k
PV R B — R B IR K AR TR B R (Vg ¢
V=1 15 pH & 2.5 J5 #E47 T — 25 B A %8
B 4R A 3 mL & JE kB Crs [ AH 2 BN AR R A
1 000 mg/6 mL)3 WHEATIEAL 3 mL 4K Wk 2 K14
I#i] K A BORE B 3R OB A SPE /NAE . 3 mL 48 4l 7K ik ik
2.3 mL ZJEBEME 2 L BB MW . VR 50 "C oK
BWRVGET 1 mL A BB EMEFF I 0.50 mL HIE
WG 0.22 pm B AL IR B, 8 WK H LC-MS/MS ff
e,
1.3.2 {5 A

(1) {4 3% %% fF. Agilent ZORBAX SB-Cy {8 i #
(2.1 mmX100 mm, 3.5 pm) ;¥ gh A BB B Pk 0 2% 1 L
# LUk 0.3 mL/mins FE3R 40 °C s #EFER 10.0 pL,

(2) Uik 1 i w55 B 7 IR (ESTID  IE & 734
2 S i MRM; 8§ 7 B8 55 1L E 4 000 Vs T4 <l

#H OB RERERRREEZNERRBEPRARBE . _SRMENEARBENIHEEITE

350 Cs TR 9 L/min; 56K J1 276 kPa; fb &
Wy 5 FE R T L 2

® 1 mEHE R E &G

Table 1 Mobile phase and gradient system conditions
o il /min A A B B
0.1% I z—7K) O.1%HR—2ZI
0.0 85 15
0.5 85 15
1.5 10 90
5.0 10 90
5.1 85 15
7.0 85 15
k2 HEAYMEMH . EEBFNRESIWSH

Table 2 Compound qualitative, quantitative ion and

mass spectrometry parameters

EYW BEFOn/) FETOn/2) BHERIE/V iR/ V

G I 137.1 20
294.1 100
WE 170.1 3
T BRI 137.1 25
306.2 100
W 182.1 10
T 137.1 20
308.1 100
W 184.1 10
1.3.3  bruEM & mlvE 43 BI0RS B0 AR IS B BB b 1

dih 0.025 16 g, KAR BB bRl it 0.025 40 g, “HAMME
PRUEM 0.025 39 g.F 34~ 256 mL A G WL N A GE it
B A 58 A5 SR AR5 A B R E S 1.000 mg/mL R
WG AW, TP 1 mL A R I A I 1.00 mL
3 FARUE S & T 100 mL 28 FEH (A 20O v, B A R
ERRE W R 10.00 pg/mL 8 A AR o b oA O, A
1 mL A SR HERR RS B 10.00 pg/mL B4 4 i TAE
W 0.10 mL F 100 mL %55, FH Y B 8 BT it Wk 5 O
1000 ng/mL VR APRAERE AW . H1 1 mL A RE W E /-
BIHER AL I 10.00 ng/mL TR A b o I, Bie g 0.10,
0.20,0.50,1.00,2.00,5.00,10.00 ng/mL £ % i& & biifE T,
YEW 3 0.22 pm Je Jo B, (I LC-MS/MS 5 .
2 R R
2.1 ¥R

F2 20 (O T FHURUH A BB R AR B A
AR S’

(c —co) XvX1000 1

X = —, 1
m X1 000 XfXRCC D

_Hfre
X— il & BB R L R R BRI = S HUR
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1 000———Ffor #0532 %05

S WAL
2.2 MEBERWEEREFEDN

P A U ok 0 50 2 A R AT AL, £ S A P B R 2
0 S5 1 0 A S R TR S A A o ) T Y
FNFR i R B b o 1 VR T S R R R L A o il 4R 1 4
B R R RN E A AR B S DA B A I e il %
) A M
2.3 MERHEESEHTE
2.3.1 FRMEVIRSEEE S AW E L A AR Y TOIE
Pr S EIbRME S L P YR A B U s i I8 F

U
SR
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(JJG 196—2006) Y KL 5E » 25 mL A 2 B bR 2k 25 i 12
20 °C WG fL2E o8 £0.03 mL BRI S0 k=43, %
e _0.03_
N
0.017 . i M it 45 0P P B 25, 20 °C i H B2 1) B2 ik R K
Jy 118 X107 C ' Segy s R N (2045) C L RIKALE

AR HE G E R BRI E . w (v) =

A+ =3 UL 31 A SE 00 7R B 2 JE e (o) = - =

25X 1.18X10 % X5

V3
PEIAME A EE u(v) = Vit ()" Fuw (vg)? =
v/0.017%4-0.085% = 0.087 , #H ¥ AHH E E N wpa (v)) =

u(v) 0.087
Uy 25

(2) TC iR A A o AR ST AR AT E B - T iR
PRUE AR R G AR HE DA FE ] 1 mL A 0B
WE 6 M5 mL ARBIWEE 2 R.10 mL & 6 1,
100 mL 2840 2 A B E 1A R AR X AN o B8 158 07 ik
[ 2.3.3(1) 45 R 5,

x5 ZFERIANNTHEE

=0.085, [H It . b M i #5 W O il 2o 7

=0.003 5,

Table 5 Uncertainty introduced by each measuring tool

R AR AEAETIAMRET AR & BT AR
a %/ml FREARTEE  MERTIERE R

1 mL BE  £0.008 0 0.004 6 0.003 4 0.005 7

5 mL BIKE  £0.025 0.029 0.017 0.006 7

10 mL &85 £0.020 0.012 0.034 0.003 6

25 mL £ £0.030 0.017 0.085 0.003 5

100 mL &4 £0.10 0.017 0.34 0.003 4

F3 MAEVRAESINNENTHEE
Table 3 Uncertainty introduced by each measuring tool
PRfEdh 4 P/% VRAMEE U/ k ure (P)
ARHME 985 +2.0 2 0.010
KAIRHME 99.4 +2.0 2 0.010
TEAHME 98.5 +2.0 2 0.010
2.3.2  FREVIRARELSIADIRTAE B R BR AR HE Y R Y

RAFH RS UE 7T A 1% KPR oK e 22 £0.000 05 gk =
2., DUBR IR 1 5 T 1A B8 AR X AR HE S I 0 - e () =

E%?%%%%h
2.3.3 IR A M TR 0T ) AR B B A B R I

(L) e 45 W00 5 75 A 1 S T B T 0 s o4 5 2
WA AT 25 mL A SRR 3 A% B S A R AR
5 T R T T A IR 00 R VIR B AR R P B R )

F4 HAEVRRESINNENTHEE
Table 4 Uncertainty introduced by each measuring tool
B ity RRax/g  Bii/g k e (m1)
G OR R 0.000 05 0.025 16 2 0.000 99
KRB E 0.000 05 0.025 40 2 0.000 98
TAEHMER 0.000 05 0.025 39 2 0.000 98

TiC ] 15 5 s v ] 3R TR 5 A v AT 90 AR 1) A

TE -3 N e C v ) =
60,005 72 +2>0.006 72 +20.003 4° +6X0.003 6° =
0.020,

TR A5 B o AR WIE 10 1A B R R S RS W E A

e (02 F st (0" =

g (05) = 0.003 5*+0.020° =
0.020,

2.3.4 WRHEMEZMETIANATEE REnlE TER
FA R 4y )y 0.10,0.20,0.50,1.00,2.00,5.00,
10.00 ng/mL, %R A b5 HE TAE B B A4S ok B 0
3 F /N 3R IR B A v VR A IR B e TR AR
ATHELA G RN GAE m U 5 R, 58 2 2 (2) T 5 8% 2 4 o 22
s> TR 2 (3D TH R0 6 b o 1t 2 A5 Hh A o AS A S B L 25 2R
WK 6,

DI (A, =B, —B, C))*
s = A 2 , (2)
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118X 10 % “C Y ok FE 6 2.3.3(3) , I AL &y 75 1 Wi s

Table 6 Linear regression equation K ABIARHEE N uw(vs)=0.005 7,
o 257 (UCEIESIABRTELE ARSI Agi
o / s rel (< N N NN N N N .
feat RIS e 0 ) e 6460 SR €50 o4 I O 0 K MEEE T % DB B R
S RHME y=100142x—179.5 0.9998 90.6  0.042 AT Jy 620 (k=2 I AR 58 51 A 1 A o 5 2
KRB E y=987.0x—511.9  0.999 8 97.6  0.046 M(;{):L;A:o_ogoo
CAMME y=8659r—2689  0.9999 63.9  0.033 e o SRR H
APRE v 78 6 2.3.8 T E MRS ANRIEE BN e
R 7 YK Cn= 7, I 52 00 78 B i 71 B B E D 22 R0 AR
; 2, —O)F B UE AN B R L T
ey = S Ly ”(( o 5 (ET‘EEEB—ZJ.J% - ‘
Br gl Sy oy 2.3.9 BEdh BICRSIA R RG R Bl B 28 iR it
. i=1 TTMFRRER (n = 7D, RIRBM R W& 0.225 pg/ke,
T :

A5 AERE IR U H B

By SRR

BoAgﬁ'ﬁﬁﬁﬁEE;

Ci—55 ¢ ADFR eV W 5T i B pg/ mLs

Co—RE O34 RV © g/ mL s

C— A7 T AR M1 34 TR W I g/ L

O 1 CEPN L ZN R

S T W T BB 22 bR 2 5

P B VA W 1 U B 7 5

e VI B 21
2.3.5 BESFRESIABRHEE AR T 6 1.0 g
BORE a7 DY RERL Y3 LR 1,010 02 g, B e KAFE5IA
O R 5 e AR D 2.3.2. 0B kR 5 AR R R

~a __ 0.000 05
EXm 2X1.010 02

2.3.6  FEMFIBE AT AR ERE  FEMHIRBURL
TWRWGE T, 1 mL A HBERAEHERMFLEL 0.50 mL H fi
VA A B RE AL RO . 20 °C RF E BRIk R BN

WEE umlm,) =0.000 025,

A RBHE S IR 0.45 pe/kg, A HBE IR INE N
0.225 pg/kg., WL ah 1m0 F8 51 A 09 B U AR 22 F1AR X5 45 1
ANH 2 BE UL 8.

W 7L #EAT T 7 WOmAR el 5 (n =7) L X
95 % EAZ X (Al » [ HEE (n— 1)K 6, 2% [ ) A B 5 3 F
FE5FER)(JJF1059.1—2012) B 5% B, 18 3 £ = 2.45,
s ¢ e e = Rl g i
E =93, KRB E =54, “HHME =73 FH L.
BR R 5 14 B EMEE S & 8 w5 560 s
WAL T T

R i (8] e AL 16 A 5 . 0 2 2 B R A R
W S X=0.215/0.86=0.250, KRB E o X =
0.116/0.946=0.123, " A Ml ZE &+ X =0.115/0.883 =
0.130,
2.3.10 B RM A ERAEARTEE AR LR S A E
G345 B AN A BN B BE I R 25 0 4 A 2R T 8
B AL AR KT N 95 Wit B k=2, 8™ & A
FEU = uw Xk XX MRS HY BATHEEILEI.

R7T BEEVWEINHNTHEE

Table 7 Uncertainty introduced by repeated determination

o it/ (pg kg™ T/ LINGR ] (X
1 2 3 4 5 6 7 (pg+ kg D 22/ %
B AR 0.224 0.225 0.230 0.220 0.214 0.207 0.196 0.215 0.012 0.022
KSR B 0.117 0.116 0.119 0.115 0.116 0.115 0.116 0.116 0.001 5 0.005 0
TR R 0.119 0.117 0.119 0.117 0.116 0.116 0.100 0.115 0.003 6 0.012
xS HEMEBESINNLABEE
Table 8 Uncertainty introduced by sample recovery
i SRS gy PER &
1 2 3 4 5 6 7 #/%
A R 84.1 83.7 90.0 87.6 89.2 87.1 80.2 86.0 3.5 0.015
KSR B 2 90.7 95.8 95.5 98.9 92.5 93.9 95.0 94.6 2.6 0.010
TE R E 83.0 88.6 92.8 92.3 88.8 88.8 84.0 88.3 3.7 0.016
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Table 9 Uncertainty introduced by sample recovery
i 543 B B R AN o MXTE PRA
A —

(P e (my) wr(vs)  wa(S)  wra(me)  wr(vs)  wd(H)  ww (X)) yg(Ro) DNWERE  HiE

B AR 2 0.010 0.000 99 0.020 0.042 0.000 025 0.005 7 0.030 0.022 0.015 0.063 0.032

FIR B2 0.010 0.000 98 0.020 0.046 0.000 025 0.005 7 0.030 0.005 0 0.010 0.061 0.015

TAEHME  0.010 0.000 98 0.020 0.033 0.000 025 0.005 7 0.030 0.012 0.016 0.054 0.014
TROHE €2 33 510G TR % 5 Y0 A i 0 P BN 2R S 2 synthetic capsaicin in pepper products by GC-MS[J]. Guangdong
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3 Bk
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