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Evaluation of the uncertainty for determination of 6-benzyladenine in

soybean sprouts by QUEChERS high-performance liquid chromatography
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WE.HaY: 52 A QuEChERS # 4 # , 5 #F £ QuEChERS-
HPLC s beikml & 3% 2 5 & 6-F EIR 2o 4 269 R 2
Bo Bk BERHEERRSN EZRHEE TN
HEBBD FHAEZRHEE > TR RTHEE T K
FHEE., ER AP ARHEERR THRERZRAH
BEAREERGES AFEHXGNES KRBT LR
BEKEREIBAEMEZEAY. RALR (£ 2
F)PAA 6-F R AR vZ A 0.335 mg/kg; A AR T AR R
B JE A 0.026 mg/kg, k=2, R :RBFRAHLEYN
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ey Z 5 & A QUEChERS % 4t 45 4 1L a7 4 22 F 3%,
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Abstract: Objective: The uncertainty of HPLC method for deter-

A

mination of 6-benzyladenine in a soybean sproutswas evaluated by
QuEChERS pretreatment method. Methods: A mathematical
model was established by analysis of uncertainty sources. Then
the individual components of uncertainty were evaluated and the
uncertainties and expanded uncertainties

combined were

calculated. Results: The results showed that the uncertainty
caused by serval factors, including the configuration of standard
solutions and gradient standard solutions, the fitting of the stand-
ard curve, the pretreatment process, the recovery rate and re-
peatability, and the instrument itself. The content of 6-benzylad-
enine was 0. 335 mg/kg in agricultural products ( soybean

sprouts). The relative combined standard uncertainty of the
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method was about 0.026 mg/kg, £ = 2. Conclusion: The main
sources of uncertainty were the fitting of the standard curve, the
configuration of gradient standard solutions and the recovery rate.
QuEChERS method can simplify the pretreatment steps and
reduce the solvent consumption and the uncertainty of the test.
Keywords: QuEChERS; uncertainty;
sprouts; HPLC
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A6 77 25 AT VAN 234
L Bk Ji ik
1.1 5

WAE 35X : Thermo U3000 4, 32 [ 3¢ BR & At /R A}
S E/NEIE

LR OF - MS205DU Y, B - A 45 ) — T A 2 [ by
oA R H

6-TF FL IR N4 . 98,5 % , 8 [ Dr. Ehrenstorfer GmbH

5
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BB R < v [ b 9 2 S R A R
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HEE . 3% 2, 56 [ Honeywell 24 ] 5
R L gali . bty 25 R B A2l A FD
1.2 H&

RBRAER ETF A R T 2 B 2 4L
JR 2 it T
L3 WA E
1.3.1 FESETALE  FREL 10.0 g ¥ i AT 50 mL H 2
BOE P LMA 25.0 mL & RBU B 1060 B R Y R
B IMAAR LA (5 4.0 g TGk MgSO, 1.0 g Tk
BEBRAN) . i 1 min, 8 000 r/min B> 5 min, HL
10 mL EFEFH OB A SN EH 150 mg
PSA J 850 mg Jo7K MgSO, .100 mg Cyq & #H % B Kt
FD LI BE 1 min, 8 000 r/min & .0 5 min, 5 i 2 B
5.0 mL W 2= R IEB OB L 85 Ny A T T B 8
AE 1.0 mL, FHEEAE MBS 0.45 pm flAL I 08
PE R I A HPLC 43 Bt
1.3.2 @i sM @ik s miesES  GB/T 23381
2009 A B AH 26 SCEL % B, 0 3% 4 . Welch Xtimate Cyg
(4.6 mm X 250 mm,5 pm); FLsAH : F BE—0.02 mol/L &
TREGIR AW (Vam * Vege =1 ¢ 1), 55 B UE B W
1.0 mL/min; £ & 30 °C; #F £ & 20 pLs & W 3% K
267 nm,

1.3.3  ARUE WA M & bR IER W BC W 2 I GB/T
23381—2009 HYZER . 4 i RORUA @48 T 5 R T b

(1) o Y At 25 TR« A %% R BB 6719k JIE I 8 o) TR
0.011 83 g ¥ T 10 mL &P, AW EEF G ER R
Z) BE B A AR fE A A WK 1.165 mg/mL, T —18 ‘CF{R1F.

(2) AR TR : 1 B T b 3 A o A 2% R TC R
5 AN [ 5T i vk BE Y &R A AR AE T AR, 43 51 R 0.058 26,
0.116 5.0.291 5,0.582 6,1.165 0 pg/mL, 5% FHl 4 ik
1Tt
134 6K LIRS & it
(C—COXV

m

X X fs @)
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A

X FE R 6 R BERS 5 i s mg/ ke

C—— X W v 04 T & Wk B2 ng/ mLs

C, 25 U W P R B R BE g/ mLs

V—E A mL;

m—— A IR &, g5

S TR RAEEL
2 gR55Pr

454 QuEChERS Hij b 3 7 2% . 45 1.3.2 T {435 % 4
L HLGT AT 67 R B IE RS 5 4% Ji O W % 345 7 06 A AR T 4y
B UL 1, R R I 43 BT, 1B SR R 6N B IR
MRS . DLEE R ZE O B A M o 4 v BT G Ab B O vk
X S BR S AT it rp 67 R M I 04 B B U Y O B A8 BE 1Y
AR
2.1 AMEERBESH

HEHE A 8 5 BE VP Al 48 1 5 il 30 # L 43 A
QuEChERS Hij &b 2R 55 2 A 7 it v 671 356 Jij Wt 04 25 122 U
FE LR A TS B E R AR oE A FR A DL A B ST
AR AT E B woa (o) FRUEM LR LR E v (curve) |
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Figure 1  Separation of sample and 6-benzyladenine

standards by HPLC
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Figue 2 Constitution of uncertainty of influential factor

2.2.1 o o VA BT T Ao R R B LA B R X R S G S
(D) #7 UE 5B &2 DL K4l BE 51 A I A X OR i
(o) s BHARVED) T TIE 5 42 HE 19 7R 6 8 J8 7T 0, b o b
6715 JE I IS A AN KT R R B E E N 0.92% . k=2, R
BN wg(er)=0.92%/2=0.004 6, #HKFKE
IEB ALK ARZETTERET A WA E E ., Rt
ot R Y90 5% B T B MS205DU B F K P (d =1 pe) K
SETET 4 M K A 2% 0.5 me., #5246 T8 43 A6 Ak 21,
FRUEASHA E BE w Gms) =0.000 5X4/2 /4/3 =0.000 41, K
I BRI 0.011 83 mg gt kB i o 0K S K A A X A
WEARHE B 10 (ms) =0.000 41/0.011 83=0.003 47,
(2) Fs U V5 YO AR R 51N I R o Ak T R 0 A AR R
JJG 196-—2006¢ % HBEHS & 4% ), 10 mL(A 20 Fl 100 mL(A
GO 75 = IRM SRR 2243 B4 £0.020 mL, £0.10 mL, 3
RS A B HI X AR ME AR EE w (v) = v/ (3 X
), M 4, (10 mL) =0.001 2,u, (100 mL)=0.005 8; &
AR 20 CF R UE E A DL 7R B2 8 B 7 Ak 5 i AR

X €K% QUEChERS-HPLC S REMNEEEF R 6- FERBER S BN THEEITE

KBRS IR R4 o O 1.2 X107° CLim Rk FKkm
Rk Z 4L 2.1X10° °CL 3 = IR E S (20£3) °CL#%
HRARTE o3 A, U SR BE R EBI A AN 58 B w (1) = v X
AT Xa/\f3=10X3X1.2X107°/\/3 =0.020 8,4 M4 ¥
I3 vt (1) =0.020 8/10=0.002 08, £ BT i il 45 15
e ] 2ok 5 g AR X A o
) =

U, (10 mL)? + 1w, (2)? =

u  C oo

0.001 2°4-0.002 08* =0.002 40,

2.2.2 9 JEE A VAT VR TRC o 3o R v 5 LA B R XA AN T
BE wa Cod R I 000 B TOE ) o A2 o 35 TR — A 1L 1

LR R BIA I A 0 A AN 1 52 BE 32 S 5 oE W T LA
T B s B I WA 7 o A o T T S 3 AR R R
A E] 10 mL A AR 1 000 pL BB IR 2% (A 9.
WA EAE 10~1 000 pl), f1 JJG 646—2006( # i 7% ) 2%
BYAERATRETER BRI AN AW E E %
S5rHi k=V3  HEI AR ER T EE R u(v) =vpr/
V3. SEUGE R B S (20 3) °C Y A BRI I R AL o
1.2 X107 C,AT=43 C B IE A, W3R 5555
BEBI A FRERTE I u (o) =X AT Xa /3. T
BRI PR WA T A AR S B E L SRR L.
Boh] 6-7% & IR B P AR ME VA W ¢ (1165 mg/mL —
11.65 pg/mL) i P H 1 mL BB HAE 2 K, 10 mL A
PR 2 Ko BB AE B R0 8 N

Urel ( cy ) =

2X 1,0 (10 mL)? +2X w10 mr. (0) 2 2 X u g ()7 =

2X0.001 2%+2X0.006 46*+2>X0.002 08* =0.009 7,
Mo 5 A BB R 6% IR MY AR ME TE W
(11.65 pg/mL—>0.058 26 mg/mL) i il 1 mL B #
He5¥K.10 mL A AR 3 K.100 mL A 2% &
2 W 5B A AT E BE

e (c3)= /6 Xt (10 mML)* +2X sttt me® T2 X trelos m” T Ul 0,25
255 b, 61 K i N s o T I R o AR P S A AR X

T AN A N
U el ( ¢ ) =

g Cop )t (s g (0P Ftt ()" T (c)* =
0.018 2,
2.2.3  Thermo U3000 & RO AR {0 35 (3K 5 IE 15 45 Hh B9 97
JEARTRERE @ Thermo U3000 &5 %0k Al 0, 1% AL #EHE

w5 X u,a (1) =0.014 1,

BEFERTR g 5 plo H e BUMETE 5 45 th A o 4 = 4
K5 EE RSD 7 0.32% (n=15), M u,q (A) =0.32% /45 =
0.001 43, ZhrE 22 2 AL L 8 A JERHhE ™,
2.2.4  FRUEHD LRSI A BIAR XS AR HEA B € BT 6-7 AR IR I
W AN g o b 0 TR UL R 2. 3R IR OKF BT A VR N
0.058 26,0.116 5,0.291 3,0.582 6,1.165 pg/mL fY %5 e
VAV ) S RE SR, A R DL AR 2 AR B R 2 iy B LA

®1 BESESIANNIHEE
Table 1 Uncertainty of removing liquid instruments
B V/mL Vaw/% w(vy)/mL AT/C u(vs)/mL Vaun/% u(vs)/mL U (V)
0.25 +2.0 2.89X10°3 +3 5.20X10* 1.0 1.02X103 1.23 X103
0.50 +1.0 2.89X10 3 +3 1.04 <103 0.5 1.02X10 3 6.47X10 3
1.00 +1.0 5.77X10°3 +3 2.08X10°° 0.5 2.04X10°3 6.46 X103
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Table 2 Data of fitting calibration

. Bt/ WA/ (mAu + min) -
s (pg*mL™H) 3, V2 Vs E%ﬂ;
STD, 0.058 26 0.028 5 0.030 9 0.030 0 0.029 8
STD;, 0.116 5 0.066 9 0.065 3 0.066 7 0.066 3
STD; 0.291 3 0.225 9 0.227 6 0.226 9 0.226 8
STD, 0.582 6 0.473 0 0.472 5 0.470 9 0.472 1
STDs 1.165 0 0.901 5 0.899 4 0.899 6 0.900 2

BE g A A e T BUR AR AR L SE TR T e A=
bC+d=0.792 7C—0.011 9(R*=10.998 2),

FRUR 10.24 g 43 W 4 19 SRR 28 (B B2 A% 0 ) —
FEMEAT 5 UG 1, AR HE il 2R SR AT 671 S i IS ok
7 0.686 5 pg/mL, % HJy 0.335 mg/kg, RIEMZGIA
V14 AR X A HE AN 7E BE e Courve) IR AN

u. (curve) =u(curve) /c, (2)
S [1 1 (c—c)*
u(curvc)k\/JrJrM , (3)
b p n S xx
DL A = e+ d)
Sk = . s (4)
n—2
A
b—R42,0.797 2;

p— IR KAEL .55

R HEUR B 155

R il 3 L2 Y B YR JE,0.686 5 pg/mL;

N[ R BE AR AR AT 248, 0.442 7 pg/ mLg
PR TR s = DG —0) =

n

c

c

0.818 4;
Ai—5 ¢ A RCUE BROME W R ORI e 0% T R
mAu ¢ min;
5 AACHERR MV W R BE L pg/ mL;
d—Frii R, —0.011 9,
Sk o 74 VS 0 0O T PR A% 25 1 R o 22 ,.0.008 33,
B UL BB AR (2 R wa (curve) =0.028 2,
2.2.5 D7 e mIli 38 (RO F0 = 7 &2 4 7 AR R

FEPE uw(2) 2R QUEChERS i 4b # J5 3 3 AH 1 & 2R
BRI fhrp 6% SRR E NS R 3 A T W R
O WHRFRBOR T 56 45 @ HrAk i 7 7T RE 17 76 W 1% 0 5
@ HAbBR RO B 4R, W B IE QUEChERS Hif Ab 2 Jr
T AT S L 2 R R TR P i R R A B R i
3NV B A B 1K A T R A MR A 3 AT AR

C
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[ g B o 45 2 4% 1A 52 i B (002 mg/kg) 1,25 & 10
6 S5 5 T W VA RS e 1.3.2 R (1% 4% UF AT I
HUAG I . 25 S WL 2% 3. # CNAS-GL006—2019¢ 1k 2% 43 #F
PR R I T 1 )+ B I R T U K i A A
K%%EWMMM=R;H
%3 EREINWABEE

Table 3 Uncertainty of recovery

°

671 e IR IV 7% B &I -

0 S/ %  ua(r)
JdE/(mg+ kg™ 1 2 2 R/%
0.01 89.12 88.54 90.76
0.02 95.43 94.64 97.89 94.66 4.27 0.0151
0.04 98.89 100.20 96.44

TIN5 PH R RE B G S 20 AT 6 1, TR Ry
g VT R 4 b i 40 A B R A VR B L 4 I A 0.335,0.331,
0.339,0. 336, 0. 333, 0. 326 mg/kg, TV ¥ it & Wk & N

0.334 mg/ke; M & 857 4E BB G JE N -

IZ(I, *;‘)
- ulx) n(n—1)

U, () = = —
x X«/;

- = 0.005 51,
x X«/;
2.2.6 BT AL B E 25 51 A AR X BR HEAS B
QUEChERS Hij 20 #RE it 5 1A B AE X A5 HEAS B B 32
BHRARE R .25 mL WA 5 mL B8R DL SRR B
HEFAM 1 mL BT A BF KT SE602F £ &
IEB GBI PERRE£0.01 g, I KAEN 0.1 g, RFEIT
FLLJG FRICHE 5 10.25 g, i HIE 43 A5 AL B, AR i A1 2
BE u(ms) =0.01Xy/2 /3 =0.008 2, K Fr & AE 5 (14 A1
Xof HRVEAS B R BE 2w Gms) =0.008 2/10.24=0.000 801,
EAEFRH 1 mL BEMH, w1 mL)=0.006 46, £ 5 mL
A FRWHE 220 +0.015,25 mL A BRI E RIFHRE
90,030 mL, U KE & E 2 51 B AR X R B E R
Urets mr. (0) =0.001 73, ttre1.25 mr. (v) =0.000 693, N AF
I AL B 25 5 1A T AF X o A B8 o

Urel ( Ct ) =

Urelss mt. (VP Fttraos mr, VDt . (ms)* +Hurg (1 mL)* =
0.006 77,
2.3 ABAMEE
g5 b A, HPLC 3k e SR EE 2R ™ f b iy 6-7% 2k
i VT ) KXo o AN 0 A ) e L3R 4
KB U X R MEAS 0 5 N

un,l(x):\/uml(q,,;)2+u,01(ms)zJru,d(C)2Jruml(A)ZJru,d(curve)Z+um1(r)z+um|(;()2Jru,d(cﬁg)z =0.038 3,
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Table 4 Reverse standard uncertainty

AN 5 JE S e AR 5 E A TR =1
e Cc i) Xof HR i 4l 0.004 6
el (ms) B HE T B 0.003 47
e () b s o 7 VR P 0.018 2
U (A) Thermo U3000 {X 2 5 0.001 43
U (curve) P v il 26 LA 0.028 2
et (1) [l i 24 0.015 1
o () e 0.005 51
e () Ff: i i AL P 2 0.006 77

BHAWEE u.=u.m(2) X 2=0.038 3X0.335=
0.013 mg/kg.,

Bk=2,P =950, W J& 0%t b5 i R & B U =
kX, =0.026 mg/kg, W RHE AR fh (F 2 g 6-F
I 1 B B A LA 3R M (0.33540.026) mg/kg, k=2
(95 %6 M B A5 IX TR o B+ 6745 35 Jigt W 8y 14 5 o 0 A 435 O 1
PRTE (0.33540.026) mg/kg X [A] I E K 95% .,

B 4 Al UL, SCH A B E BE 0 3 SR U B o il &
B A [ Courve) = 0. 028 2, B BF b5 fE ¥ 0 12 7
Lo () =0.018 2] B i 72 04 FI R L (1) =0.015 1],
B RN AT AT SR TRT T A B EAE P 6T AL IR e A
465 B AF A B VS A 5 B w. = 0.033 4, B F 30 I &
JEORE X AR EAS B E BE 0,038 3, {H H A 25 18R A i Ab 3 e
ZEI IR AT E B S0 0 A0 A fii . 9 B0 A S
5 R A AR R L6 B IR IE S B AR
B BETE 2 A RO W AR HEAS B8 2 S ww = 0.093 98,38
= T SCH IR A BT RO L B AN 25 R R A 2%
Bl FE X FRVEATE E v (Fn) = 0.04, Fo & A X bR
WA E ua(2)=0.079 6, & F 3y, JHy R
MBI FE S B0 8 BE Y 32 O TR 43 B BE R 0 A Ad B
Lava (BERRD = 0.057 741 40L& A5 HE 1 26 [ Ccurve) =
0.040 1137 KA 28 Cut v CA) =0.04 ] LA K2 5 BE AT UE 5 W
Bl Lura () =0.030 167, il 3 kb 48 W5 2 2 (8] /9 K B
JEW EBORUE AR E R Z o ar kb B 7 0L 5l AT R
WS Bf 2 B . BT ) I Ak B 92 1T Ak T T AL B B BR L R 2D
TR T AE A R T ISR R I N DL B A R
3 H5E

X FREBE SR ™ it ep 67 B AR IS 04 0 A AR U B L R
QUEChERS ¥ #E 17 B Ak # , BE 5 $2 - iy 4 3 2 0l 20 ¥
TV T AR 00 i g DR AN B B AR e, R T I AR
BB R R E SR e AR e HE
S U5 T L B o AR R SR AT A o e R o R LA R A o U

X €K% QUEChERS-HPLC S REMNEEEF R 6- FERBER S BN THEEITE

VBB TR A 7 G A PRI 2K i A o TR s P A 3 A ) 5
7 Hh B T T A P T RE R R R B A )
L RO 0 T T A RS o ) I 7 DX e 2R AH
ST R IR I R 2 DL T A 8 R S DA PR S AX 2R IR
& R B ARAS AR A B 2 R B A Wl 5 B A4 52 L R IE T
LY BT S

5% 3k
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R RE o S B B T vl SR T 82 450 O A R e A 5 B 2 A/
14 2 PR AR 25 A 7 5% - 33 R BE BB Bk 1E 52 AL AN HUIR R X
HA 0 K 8l g i 12 ARG o B3k E B o
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