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Abstract

The principal objective of this study was to estimate the measurement uncertainty associated with determination

of deoxynivalenol (DON), a mycotoxin generated by Fusarium strain, in food. In service of this goal, wheat as a food
matrix was analyzed via high performance liquid chromatography-ultraviolet (HPLC-UV) detection using an immunoaffinity
column for clean-up. The uncertainty sources in the measurement process were identified by sample weight, final volume,
and sample concentration in extraction volume with components including standard stock solution, working standard
solution, 5 standard solutions, calibration curve, matrix, and instrument. The expanded uncertainty for DON at a
concentration of 300 pg/kg was estimated as 71.62 pg/kg using a coverage factor of two, which provides a confidence
level of approximately 95%. The most influential component in the uncertainty sources was the recovery of the wheat
matrix, followed by the calibration curve. These results indicate that all efforts may be directed toward reducing the
uncertainties of the recovery of the wheat matrix and the calibration curve to obtain a reliable HPLC-UV method for DON

analysis in wheat.
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MI, USAALNA eletsith. A84+) HAFS 93 JISETE
Z(CRM: Certified Reference Material) BCR-379(Community
Bureau for Reference, the Former reference materials programme
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1,000xabsx296.3x10
6,400x3

Conc. (ug/mL)=

abs: is the absorbance of the 25 pg/mL solution (220 nm)
d: path length of quartz cell (cm)
6,400: molar absorptivity
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C.: Concentration of sample (ng/kg)

s

: Concentration of sample in extraction solution (ng/mL)

Ce
V,
W,: Weight of sample (g)

Wi Resolution of weight of sample
W

W,

+ Final volume of sample (mL)
: Repeatability of sample weight

Ry
;p Calibration of sample weight

Pyea: Purity of deoxynivalenol

Fgea: Formula weight of deoxynivalenol

STD: Standard stock solution

STDys 5010050010000 Standard 25 ng/mL solution, 50 ng/mL solution,
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Fig. 1. Fish born diagram of uncertainty factors associated with measurement of deoxynivalenol in food.
100 ng/mL solution, 500 ng/mL solution and, 1,000 ng/mL solution SINEsiT
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Table 1. Uncertainty sources for the determination of sample weight

261

Parameter Value Degree of freedom Standard uncertainty ~ Relative standard uncertainty
(x) X; v u(x,) u(x)/| x;|
W, - - 0.000135 -
Wy, 2.0 20 0.000110 -
W - - 0.000289 -
/8 20.0024 20 0.000497 0.000017
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296.30]2 BA7EALS €, H,0.°lth. IUPACA dHEs
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e FARTESE U e)E AT AFZoE ARlsHA
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o] 1.8mL acetonitrile®l] =] °F 25 ug/mLE A|Z3}L o] £
FHEE Z431] 250 pgml &) =5 BAICh o]
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4% 1mL vlo]a2T]3e] JEFESE 0.0049} STD, S
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Table 2. Uncertainty budget for the determination of concentration of sample

. Combined
Parameter Value Degree of Standgrd Relative stfmdard relative standard Type 9f
freedom uncertainty uncertainty . uncertainty
uncertainty
x) , v u(x) Wl x| [SE)x)’ AorB

Pren 100 - 0.0000 0.00000 B
Frep 296.3 - 0.0692 0.00023 B
STD v4 mL 4 - 0.0030 0.00075 B
STD STD v3.2 mL 32 - 0.0030 0.00094 0.020718 B
STD v1.8 mL 1.8 - 0.0030 0.00167 B
STD v0.8 mL 0.8 - 0.0040 0.00500 B
STD v0.2 mL 0.2 - 0.0040 0.00200 B
STD - - - 0.02071 -
STD,, 1 - 0.0040 0.00400 0.021229 A
10 9 0.0232 0.00232 B
STD,, - - - 0.02122 -
STD, 0 0.2 - 0.0040 0.02000 0.029177 B
3.8 - 0.0030 0.00078 B
STD, g0 - - - 0.02918 -
STD,, 1 - 0.0040 0.00400 0.029723 B
1 - 0.0040 0.00400 B
STD,, - - - 0.02972 -
STD,,, 0.8 - 0.0040 0.00500 0.030152 B
32 - 0.0030 0.00093 B
STD,y, - - - 0.03020 -
STD, 1 - 0.0040 0.00400 0.030725 B
1 - 0.0040 0.00400 B
STD,, - - - 0.03080 -
STD,, 1 - 0.0040 0.00400 0.031315 B
1 - 0.0040 0.00400 B
L. 255.35 28 15.9264 0.06237 0.062371 A
R 0.8510 9 0.0064 0.00757 0.101385 A
M 25529 - 25.8107 0.10110 ’ B
I 40960.5 5 0.0077 0.00317 0.000000 A
V; 0.5 - 0.008 0.004 0.008 B

C. 255.29 0.140291

-2
AAL 2550, 100, 500, 1,000 ng/mLe] FEF&NE 7zH7} 6 S = Z;: 1(C;=0) 12)

s ke 29510 SISt T AT ABAFR)E 09997,
71¢71(B)y= 16586, y AH(B)S -517.7101Qt}. ZAIEel 300
ngkeS A7kl BAE = A48 ABHo] Hgsle] AL B
T 25535 pgkeol Stk A8 HAxAEHos 23 A
o B Tt o] 4 (10112 ol 83te] A &
FEIEE 159264 pglg, FUEFEEEE 0062371 pg/gel Atk

i

2
Cc,-C
l+l+(—0 ) (10)
p n s

u(C,) = Bil

2
=il B+ B, O]
n-2

(11)

p: Number of measurement to determine

n: Number of measurements for the calibration

C,: Concentration of deoxynivalenol in the extraction solution

C: Mean value of the different calibration standards

i: Index for the number of calibration standard

j: Index for the number of measurements to obtain the cali-
bration curve

W &Y N B
HPLCE olgste] A& 63 w3 249 A3 Haghe
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Table 3. Values and uncertainties for deoxynivalenol analysis by HPLC

Parameter Value Degree of freedom Combined standard uncertainty Relative standard uncertainty
(x) X; v u(x,) u(x) x|
W, 20.0024 10 0.000337 0.000017
A 0.5 - 0.004000 0.008000
C. 255.35 - - 0.140291
C, 255.29 - 35.814949 0.140291
2e+5 Table 4. Value of the measurement uncertainty
2e+5 |
_ . Expanded Range of acceptable
2e+5 | ;; ;g_ségg ?" -517.71 Concentration uncertainty concentrations"
le+5 100 g/100 g 4% 96 t0 104 g/100 g
o lets 10 2/100 g 5% 9.51010.5g/100 g
2 1ers 1g/100 g 8% 09210 1.08 /100 g
sotd | 1 g/kg 11% 0.89t0 1.11 gkg
Get+d | 100 mg/kg 16% 84 to 116 mg/kg
ot 10 mg/kg 22% 7.8 t0 12.2 mg/kg
N 1 mgkg 32% 0.68 to 1.32 mg/kg
et <100 pg/kg 44% 56 to 144 pg/kg

0 200 400 600 800 1000

Concentration (ng/mL)

Fig. 2. Calibration curve of S point standard solutions.

3, AR FFESCE Py HAge R e 7.753677

AlEe] 7o 243 3s B A
qESeE Hdsle] etk 2ol FAIE 300 pgkes H7E
03] WHE =43 A 25529 ugkgol AL i
038%, 3]|F&S 85%Ath AUEFAAS /10 &

= 0.007574%0TF. FAIE A7k ol Az B
Wl 7H44.71)S J3 o2 Yiro] Ao Fgge] i ¥EEYE
£ 25.810733°120 3L A EFEE == 0.1011010]%t} o] F
UEFESTe] Al Ag N EFESEE 0.101385

o|Att.

ZE AMEEY Fule| 28

HE ALY 05mLe ImL vlo]AZIAE o83t 0.5
mLE BTSN RR 1 mL nfe|aR o] wAHAA e &
= (95% A1Z )T 00080193 EFEIEE 0,004 mLo]H
AHEFEIEE value(0.5 mL)E Lol A& 7kl 0.008°]1T)

7t 29159 FANUNEZEZ S AFT] AFgTer 2=
sted Tk &, AZFHW) 0.000017, FHFF3 (V) 0.008, B
FFEA(STD) 0.020718, FFEASTD,) 0.021229, STD,q
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UThis effectively means that values falling within these ranges may be
regarded as being of the same analytical population.
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Fig. 3. Contributions of uncertainty factors for deoxynivalenol
analysis by HPLC. I: Uncertainty of instrument, R,,: Uncertainty of
matrix, L: Uncertainty of linearity of calibration curve, STDy;:
Working standard solution, STD: Stock standard solution, V
Uncertainty of final volume, W Uncertainty of sample weight
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