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Estimation of Measurement Uncertainty in Vitamin C Analysis
from Vegetable and Fruit Juice

Young-Jun Kim* and Hyeon-Wee Kim
Ortogi Reserch Center

This study aimed to determine the amount of vitamin C from vegetable & fruit juice by high performance liguid
chromatography (HPLC). Components for estimation of measurement uncertainty associated with the analysis of
vitamin C, such as standard weight, purity, molecular weight, dilution of standard solution, calibration curve,
recovery, and precision, were importantly applied. The estimation of uncertainty obtained with systematic and
random error based on the GUM (Guide to the expression of uncertainty in measurement) and EURACHEM
document with mathematical calculation and statistical analysis. The components, evaluated by either Type A or
Type B methods, were combined to produce an overall value of uncertainty known as the combined standard
uncertainty. An expanded uncertainty was obtained by multiplying the combined standard uncertainty with a
coverage factor (k) calculated from the effective degree of freedom. The content of vitamin C from vegetable and
fruit juice was 27.53 mg/100 g and the expanded uncertainty by multiplying by the coverage factor (k, 2.06) was
0.63 mg/100 g at a 95% confidence level. It was concluded that the main sources were, in order of recovery and
precision, weight and purity of the reference material, dilution of the standard solution, and calibration curve.
Careful experiments on other higher uncertainties is further needed in addition to better personal proficiency in

sample analysis in terms of accuracy and precision.

Key words: uncertainty, measurement, vitamin C, juice
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EEolA dste FFAE - A #HJAH 7] H(Korea
Laboratory Accereditation Scheme, KOLAS)= 8% A&<
B3l it oleh Zo] HZY Sl 2 FARE A=
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7F AN, o] KOLASY| 3w A7IEES] SIN-
GLAS(Singapore Laboratory Accereditation Scheme)!7el| X
5 Zo) AR FR-e) A SA9) tisled Balsia
91t} Grande 09 HPLC® DAD(Diode Array Detector)
£ 0]43 Sulfamethazines} Trimethoprim®] FA]EA] ojst
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Edl2 045um membrane filter® {33l HPLC #4&
A g2 39t 82 Eclipse XDB-C (150 mm X 4.6 mm,
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A;: j" measurement of the area of the #* calibration standard
B,: Slope of the calibration curve
B,: Intercept of the calibration curve

C.,XFW A.—B)XFW
o= 2L P00 = (4= B,) X FWey, ! 5 100 )
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C.: Concentration of sample (mg/100 g)

C,,: Concentration of sample in the extraction solution (mg/g)
FW,: Final weight of sample (g)

W,,: Weight of sample (g)
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7] el REEE £92 of N FER M A
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Table 1. Overall uncertainty sources in the analysis of vitamin C from vegetable and fruit juice

Description Parameter (abbreviation) Source Source of data
Calibration Balance calibration certificate
Weight of vitamin C (W,;..) Repeatability Repeated balance analysis
Resolution Suppliers specification
Preparation of Purity of vitamin C (P, ) Purity Suppliers specification
standard solution Formula weight of vitamin C (Fy;..) Molecular weight IUPAC table
Dilution (1st. 2nd. 3rd) of vitami Calibration Calibration certificate
ilution ( SE:STHD (’)~§ ) ()) vitamin € Repeatability Repeated balance analysis
s Temperature Replicate volume analysis
Calibration Balance calibration certificate
Weight of sample (W) Repeatability Repeated balance analysis
Resolution Suppliers specification
Clean-up of sample
Calibration Balance calibration certificate
Final weight of sample (FW,,) Repeatability Repeated balance analysis
Resolution Suppliers specification
Calibration curve Linearity (A,,) Calibration Linear least square method
. Concentration of sample in the o . .
Analysis of s . ) S
nalysis of sample extraction solution (C,,) Repeatability Replicate analysis of sample across 6 batches
-, .. . Recovery . .
Recovery & precision Recovery and precision of matrix (R ,.) Precision Replicate analysis of sample across 10 batches

1% ~3 " Standard solution

Volume of pipette

Instrument Cs

precision

/ / Volume of volumetric tlask
calibration  repeatability temperature \ \ \
calibrdtion  repeatability

calibration

temperature

ibration curve

calibration

repeatability

= { /ncertainty

Weight of vitamin C

vy

calibration  repeatability  resolutior

Purity of vitamin C

Standard stock solution

cahhmtxon

/ calibrati repeatdbility

Weight of sample — /

[pwtab{ ILS()K

AN

alibration repeatability resolution

Clean-up of sample

Fig. 1. Fish bone diagram of uncertainty sources in vitamin C analysis.

A; = C;xB, +B, 3)

A; j" measurement of the area of the * calibration standard
C: Concentraion of the ith calibration standard

B,: Slope of the calibration curve

B, Intercept of the calibration curve

“

Final weight of sample

erature
C

2

[4,- (B, + B,C))]
S = W ©
- Y (-0 ©)

p: Number of measurements to determine Co
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n: Number of measurements for the calibration

C,. Concentration of Ascorbic acid in the extraction
solution

C: Mean value of the different calibration standards (n
number of measurements)

i: Index for the number of calibration standards

J: Index for the number of measurements to obtain the
calibration curve

22| =(sensitive coefficient)
AEATE 2 237 BEF= At AA Azl [
Ae FFE YelE 22 A7 2ol Ttk

_(ay),

B EEEET (combined standard uncertainty, U_(y))

SAZ7E A8 e e JHAFOEREH FHE W o]
ZARAHY] BEEHISSE PHIATES =S 3, P
E8x Auke] WA (law of propagation of uncertainty)(8)S
o] &3t T3ttt

®)

°._If(coverage factor, k)
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TE 3 3}‘4"? e ol FREAREE v A2 FEH
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4
Vo = i ©)

Leu(x)1

E&E&T (expanded uncertainty, U)
A2E FARFEYT NFeFo) AFske TIRIA k
& F3t 207 2ol FFEIFEE T

U=ku(y) (10)
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Table 2. Uncertainty of vitamin C molecular weight

S4ESE F 1057

Element Atqmic Quotgd Standa}rd The number Calct}lated Unce.rtainty
weight uncertainty uncertainty of atoms weight contributed
C 12,0107 +0.0008 0.00046 6 72.0642 0.00277
H 1.0079 +0.00007 0.00004 8 8.06352 0.00032
0 15.9994 +0.0003 0.00017 6 95.9964 0.00104
volumetric flaskoll 8413l 0.1 mg/mL(STDNHS AFsT, ot B EFEESIT
Al 504 8l Eke] 0.02 mg/mL(STD2), 0.004 mg/mL(STD3)2] 7} BET QA A EFEIE e BIn Ao
BEEENS Az} REFFELAS e wlog u= M A (Jaw of propagation of uncertainty)(8)°ll wal AlF§2]
I Fepiso] i Y EEEFEWSTDI~3)E AHEs) AFez dAsk] 3 AREZEE=E k=it &,
H 10mL 3308 0.0836, 50 mL volumetric flasks 0.02499 T4 ANEEESE(CsyCls)= 0011030] Erk B=7h, A
olm, A BB (uSTDI~3,)/STDI-3 )= Z+7F 0.0084 g9 s F3 E49= 2753 mg/100go] 22§
(0.0835/10), 0.0005(0.02499/50)°] ®t}. o] wf AHE= =3 A FFEIEE 0.3037(0.01103X27.53) mg/100 go] He},
AF7E 100 B2 Zpzhgo|t),
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Table 3. Intermediate values and uncertainties for vitamin C analysis

s EASA A 35T A 6 (2003)

Parameter Value Stanc::g t;n I Sensitivity cocfficient 8" ?ieo?lf free- Ref:ll:: I,[Satfr?t(}i’ard Efﬁ:fc gzzgggee
(x) x, u(x,) ¢(3C./D) v ux )/ x, % [eu(x)I',
Wore 0.10 0.000 275 0.00253 10.03 2.6E-14
Pyre 0.99 0.006 0.28 - 0.00583 23.12 0.0E+00
Fure 176.12 0.003 0.00 - 0.00002 0.07 0.0E+00
STDO, 100.00 0.050 0.00 9 0.00050 1.97 3.9E-17
STDI, 10.00 0.008 0.03 9 0.00084 331 3.1E-16
STDI, 100.00 0.050 0.00 9 0.00050 1.97 39E-17
STD2, 10.00 0.008 0.03 9 0.00084 3.31 3.1E-16
STD2,, 50.00 0.025 0.01 9 0.00050 1.98 4.0E-17
STD3, 10.00 0.008 0.03 9 0.00084 3.31 3.1E-16
STD3,, 50.00 0.025 0.01 9 0.00050 1.98 4.0E-17
W, 12.51 0.000 0.02 9 0.00001 0.03 29E-24
FW,, 48.95 0.000 0.01 9 0.00000 0.01 1.4E-26

» 1.00 0.002 0.28 7 0.00151 5.98 43E-15
C, 0.07 0.002 391 5 0.00174 9.81 6.0E-15
R 0.99 0.008 0.28 9 0.00835 33.11 3.1E-12

matrix

W.ic; weight of vitamin C, P, ; purity of vitamin C, F
sample, FW_;
and precision of matrix.

vit-C >

Parameter of unceratinty

0 10 20 30 40 50
%

Fig. 2. Uncertainty contributions in vitamin C analysis

Wc; weight of vitamin C, P .; purity of vitamin C, F,
formula weight of vitamin C, STD; dilution of standard solution,
W,,.; weight of sample, FW_; final weight of sample, A ; linearity

. spl> ) § cals
of calibration curve, C_,; concentration of sample in the extraction
solution, R

spl*
; recovery and precision of matrix.

‘matrix?®

expression of Uncertainty in Measurement)¥ EURACHEM
of A% FEH Az 2 FAYHE o8& ZHEY
=5 FAch 9L 7] AAEC thale] A-type
¥ B-typel & 4HE EFESE S PAs @H4EE
EREE &y, FFEYE s FAARER AEY 3
JAE F3te] ALdsnt. opalel o] EH S8
HIER C & 2753 mg/100 g0l F3Hl=}(2.06)S
#3 FAEIEE 0.63 mg/100 gBA 95% A F] EF7 o)A 9]
HEICY] A= 27.5310.63 mg/100 g(95% A2 F7hHt
7ol wX|skete] xA3A ) HlE}Ul C 49 7% HPLC
= o]_g_‘]— ] H/H/] Q =4 241:!1/\363%) H32E &£
E(23%), B8 4**/\1(18%) BEEFE FAQ%), A&
BA(10%), HRFA(6%) +o2 BEIEE 4T § A

rE i

in}
B Jﬂ

o
=
=

A

spl >

formula weight of vitamin C, STD; dilution of standard solution, W,
; final weight of sample, A_,; linearity of calibration curve, C
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