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Quantifying Uncertainty of Vitamin C Determination in
Infant Formula by Indophenol Titration Method

Jang-young Jun, Byung-Man Kwak*, Jang-Hyuk Ahn, and Un-Young Kong
Research and Development Center, Namyang Dairy Products Corporation

Uncertainty involved during determination of vitamin C content in infant formula was quantified by indophenol
titration method. Uncertainty sources in measurand, such as purity, weight, final volume of standard, volume of
standard solution used for titration, sample weight, final volume of sample, extraction solution used for titration,
titration of extraction solution and standard solution by indophenol solution were identified and used as
parameters for combined standard uncertainty based on Guide to the expression of uncertainty in measurement
(GUM) and Draft EURACHEM/CITAC Guide. Uncertainty parameters of each source in measurand were
identified as resolution, reproducibility and stability of chemical balance, standard material purity, repeatability,
reproducibility, end point of titration, 1 mL pipet, 5 mL autopipet, and 100 mL mass flask. Each uncertainty
component was evaluated by types A and B and included to calculate combined uncertainty. Analytical test
result for traceability under laboratorial conditions using Certified Reference Material (CRM) test was certified
as 108.41+1.7 mg/100 g, which was within CRM certification range of 114.6 £6.6 mg/100 g. Uncertainty test result
of vitamin C content of 5 g sampling was 56.732.44 mg/100 g. Uncertainty could be reduced by identification of
uncertainty sources and components related with vitamin C determination by indophenol titration method and

by decreasing uncertainty sources and components.
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Fig. 1. Structure of ascorbic acid and dehydroascorbic acid.
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Table 1. Uncertainty sources and parameters associated with the analysis of ascorbic acid by indophenol titration method

Uncertainty Descrinti Process for relative combined standard
escription . .
source uncertainty calculation
Purity of ascorbic acid WP P = {(1-P ) 3 }/P,,.
W, W, Calibration of the balance . ,
2y 2
W,, Repeatability of the balance “(W}S“’])(W ~ WL QoW Wig 5 {uWaf
W, Resolution of the balance Was
Vi G, Difference of scale reading of 100 mL mass flask . —_—
= + : )
Ry  Internal calibration of 100 mL mass flask UV Vi = [W(Gi0,)/G o} + (R 10)R 6)°]
Ve A, Delivering of standard solution by micropipet UV Vg = (A5'K)/5, k=2
T, A,  Calibration of T mL pipet
E, Titration volume W(TT, = [WA,,F + {u(E,)E,} + {uNYN,}*]"*
N, Determination of end-point in standrad solution titration
Teq A, Calibration of 1 mL pipet
Eq.  Repeatability of standard solution titration W(T ) Ty = [U(AL) + {U(Eg B} + {u(Eg, VEg ¥ +
E,  Reproducibility of standard solution titration {U(Np)/Np}z]m

N, Determination of end-point in standard solution titration

Delivering of extract solution by micropipet UV ) Vs = (AR5, k=2

A
G,  Difference of scale reading of 100 mL mass flask
Ry  Internal calibration of 100 mL mass flask

U(V i) Vg = [(Gigp, )/ GIOO»}Z + {u(R )R g1

W,  Calibration of the balance
W,  Repeatability of the balance
W,  Resolution of the balance

u(Ws )/Wsp = [{u(wc)/Wc}2 + {u(WRp)/WRp}2 + {u(wks)/
WRS} ]1/2

<

P purity of ascorbic acid, W,: weight of standard (mg), V., final volume of standard solution (mL), V_,: volume of standard solution used
for titration (mL), T,;: volume of indophenol solution used for extraction solution titration (mL), T,,: volume of indophenol solution used for
standard solution titratlon (mL), V- volume of extraction solution used for titration (mL), V wp+ final volume of sample (mL), W,,: weight of

sample (g).

Purity of Weight of Final volume of Standard volume  Titration volume
standard standard(mg) %tandard(mL) for titration(mlL) for standard(ml.)
\

\

volume of maxs ﬂdsk Volumc of m:cmpmuk

calibration calibration

. - repeatability
purity repeatability K \\ '
— \
el m;x*ratun\ ml:br tion e mxxmluro cdxbrmon reproducibility
resolution repeatability repeatability
T end point :
! Cs
calibration / calibration
vulume of mass ﬂd\k volume of mic l’()pl[.)Ll
r([)(dldbllll\ /A f f repeatability
resolution / “ml”‘"“” calibration tcmpcraturn calibration end point
repeatability repeatability
Weight of Final volume of Sample volume  Titration volume
sample(g) sample(ml.) for titration(ml.)  for sample(mL)

Fig. 2. Fish bone diagram of uncertainty sources in vitamin C analysis end point.

C,: concentration of ascorbic acid in sample (mg/100 g) tion titration (mL)

P, purity of ascorbic acid T,y volume of indophenol solution used for standard solu-
W, . weight of standard (mg) tion titration (mL)

Vi final volume of standard solution (mL) V. volume of extraction solution used for titration (mL)

V. volume of standard solution used for titration (mL) Vg, final volume of sample (mL)

T, volume of indophenol solution used for extraction solu- W,,: weight of sample (g)
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A Fua Wi wet 4 )t WE A8 A type £
B g 7k R BEEEUE AMedEe BEREE
Fihe A9y W 2 AAEA g3 BEEE AEde
Asole FFEYEE B typeo 2 TEATH HAFAT T4
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sl A (5)g o1& Falle, BT AL 4
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A8 FAEH=E Addshe 3¢ F389 FEARETL 10 ©]
4 F83) axE 23 AYE FHIA k9 @ 28 Ao
AMgE, T8 kghke 87&70] oln| AAH A ¥4
=0 e A$ol @Hs AT PAH e
EURACHEM/CITAC Guided| we} Hx B3z & F&§e
AAEs BHE 849 FEAFEE ANEIY 8§ Atk
RE BT F 95% AlFFFAM XA k3L 28 71EL
2 FHEIEE AL

A7 2 3@ FEo 23E%E 4 AAd g 4HL
ANE Sg& F3ld BN AAE IELE Jediien, A
8 02, 04, 0.6, 0.8, 1.0, 1.5, 2.5, 50, 100, 20.0g& F 3}
AY-e AYPE 4o LG 4 YT ol FY3
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u(x) = = @

u(x;) = -2 ©)

8y = e @)

2 2
u ) N (ux)
- 2= %

Veff = — ©)

n: number of measurements

s,: pooled standard deviation
M: number of measurements
v; degree of freedom

vy effective degree of freedom
c;: sensitive coefficient

U: expanded uncertainty

k: coverage factor

Algdaie] g4

Addze] 274 FAE A8 AFEFEZ(CRM, Certified
Reference Material)2! Infant Formula SRM 1846(Stendard Ref-
erence Material 1846, NIST, USA)O.2 A¥& AAjElgom, v
ElRl C ¥4 Ak Table 29 2t}

HESH =NA| BT

Ascorbic acid EFE9] FAlE 20mge 1 mg7x] A3 &
Al ed, EFEFA 334 BE¥EE ARANERH FFH
' EFEFY £xoA Medske BEEuP)), A&l tig
FRPAA Y EFZuW), A& FABWW,) B A
29 HlEuW,)) B3E 58 E8: 8]l vEEich

H32Y ¢xo) g B E A% 27 9%E BAIH
o] glomE 0994001, 233 BE FHAZY B¥x= 7148t
A, BFUAE 302 ol REF «xd s BEE
=P 0.00577401 3, AN EFESE P/ Purde
0.005832(0.005774/0.99)01t}, A&<] wAGHA Ao BEdx=
95% AZ4Folx 000033 PlEE FEEIT((W)RE 0.000165
(0.000332)7} At AL AL NHEOE 5UT 55 4
H BES ol 245ttt FE JEEFUA o we
AR @ HEat] AT FEFEHZU(W,)E 0163299
oln, AHEx 100]th AL Esle S 0.0001 go]L, wabA
A-ge] BalFe] gt EEEFT (W)= 0.000030|t}. wh}
A BEE FAZAA FPEFEE 4 (5 olgste 7
0.1632990|] At FEFE-EFE = 0.008165(0.163299/20)0] T}

Ascorbic acid ¥FEE HFHF 100mLE T 9o &=
' TF97¢ gg A B35, 100mL Al&EeAAe)
yEwd B8 E Bgs gQlez v#3lyu). 100mL W&
ZoaTe) FFY71e wE Aldde] Ed=e 153 WHE-s)
o Zgkaze FM7A BE V15 A A%E A3
oo th3k EFEHA7} 0003870122, BEEHTE 0.00387°]
o, AFEE 243571 158028 140)t}, E3F SElaa F
A 153 wHE 2YA] A Lol EFEHEE 0.00017°) 22 100
mL AEeA3 wg3e7]d g Algee] EFESEG,y,)
= $e F BE:E 43 00038809, dREEEI=E

% [e;u(x))] 0.000039(0.00388/100)°] T}
=V 100mL H2Feg2Ie] iy 24 Bde F3A9 B2
' o ARE 7o stq W EFEAAe] AFESHEY:, E
U@ =ku(y) Q)] & A F kT AHEYA BEE, B Y=FAA
Table 2. Values for vitamin C measurement in infant formula SRM 1846 by indophenol titration method
. Analysis value
Vitamin Unit Certified value
Mean+S.D.} Recovery (%)
Vitamin C mg/kg 114.6 £6.6 1084%1.7 94.6

"The values are meantS.D. of 3 replications.
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Table 3. Uncertainty budget for the determination of P, W, and V,

Relative standard uncer- Combined standard

Uncertainty source Value Degree of freedom tainty uncertainty Type of uncertainty
(x) X v u(x,)/x ./{Z(U(xi) /xi)z } AorB
i 0.99 ) 0.005832 0.005832 B
W4 20 - - 0.008165 combined"”
v Gioov 100 14 0.000039 0.000383 A
fiud R, o0 100 - 0.000381 combined

"Combined standard uncertainty.

E8x, RoudAs 44 Bdxo FHESEY 100 mL )
2&gad BF7], 4 Fetaae] B3, a7 A8 9
g FAESHA Bz 58 s AN o] W g7
o) Wxze} ¥FEEY] U 72} 00012 glem’, 8.0 glem’o] 1L,
o 2534 d3s 21°Co|t) 8l Eekiae] FAEY
M, )2 558311 g, EFEF=(y, )= 000029501, B2
A Eet2AY FAMYE 1553578 g, EFEFT(u,)E
00039302 4ot B9 WxE 099792 ANEY o,
34 B8 e 002 AEHA E3 dut Ag8RyA g
Basl BA 2~Bre 0.000025/KO| B2 ole] QX5 0.000005/K
2 7Kgt o] ol 100% ool EAldle AAEERES
3L Aohd o) BFEEHT(ui= 0.0000029K7}+ €k whet
A, Rl Eepame] Ay EAEES B8 Al § Zglam
o] AFESAHELE, B UdxEA EFx a2|n RugAA)
F AL BETE A @)(1)E o)gsl EFEE A&y
ZHzb 0.00029, 0.00393, 0, 0.000290] ©]& FA3 FAHEEE
T 0.0039501t}, 3t BEEEAA] IPYFHA e BEx
7} 95% A gEA 0.060]1 P8 BFEIEE 0.030]8, 24
im0 3843371 008028 EFESEE 0.02309(0.08/
QJ3)7F Ek Agol o3 FASAAN BREFEE EEE
FAEHA B8xe} 7k Wgoz Fahd 0.000170]th A
A8 EFEES el 100mL vlaZelaze] iR
ESxE 2HESE 003807019, HUEZESEE 0.00038]
(0.03807/100)°1 v}, wehA w=F Y7l ek Al@de] B3,
100 mL Wl &Eekime] R EIF=E s a3
ascorbic acid X788 HAFTAH 100mLE T wio] FAHEEE
(U(V )/ Vs 0.0003830]5, Table 391 2 235 JehhAch
(M, —M,)(8.0 - 0.0012)

80(p, —00017) (L TRE0-0)uy ®)
(M, —M,)(8.0-0.0012)

8.0(p,, ~ 0.0012) (1 +B(20-1)) - upy, )
M, — M, )(8.0 - 0.0012
(M, —M; )( )-(‘+B(20—t))~upw (10)

8.0(p,, — 0.0012)°

(M, — M, )(8.0 - 0.0012)
8.0(p,,—0.0012)

S(20-1) - g (11

M,: measured mass of the empty flask (g)
M,: measured mass of water with flask (g)
p,: density of water (g/cm?)

B: cubic expansion coefficient

t: temperature of sample (°C)

u,,,: measured mass uncertainty of the empty flask
uy,: measured mass uncertainty of water with flask
u,,. uncertainty of water density

Uy uncertainty of cubic expansion coefficient

BHESY YA BNT

EFEN ¥HS WA A BF8Y SmLE o) §F
9] F2 HERIF-ZERO R Al ¢EdE goow
A8k o] o 1ol & BEFx 99 FEEH SmL
£ 33 eF FeveRiizAagRor 335 wo] nn)
Egro} urzgde ot YA Bax Fo] it s5mL
npo] AZF I o] 83 BFF BHA BT 7P HA
4 BETIE 95% A FFNAM 00090122, FFEHE
(WAWALE 0.00450.0092)01t}. F2uEjelab Aol 5mL
A7HA] "8l Bz Agke SmL vle)a2Hsle o] 83 ®
F&A BHA B8=9 U3, BFEFE((A,))E 0.0045
olth. wabA, HAel AME BT Rule) FHEHEW(V,,))
T 000636, FHEFZETEE 0.000636(u(V, )V, )OB 2
ot J=dEgde o3 AGA Bdee ImL ¥3 B
Zoh REdE8Ho o3 FEEY HAYA vy 7 A
4 BEss Bge ooz 7Y imlL ¥ B8
Te dANHA e B8, A4%e oS o Ad9e] 1mL
wEY7) g BgEE B¥x g9log yEslgoen, |
mL ¥zl wAAZA Ao BFEE 0001032 9545% Al
A kgtol 20122, HFEESTE 0.00050)th AEAY |
mL 3H £3¢471 U3 B¥8=E 103] vHEsled |mL 53]
o] FM7RA] EE A FFE A ol id ¥2
H27h 0.0005601 22, EEEFEE 0.00056018 A &
B3 7t 1580128 140|th. H3 EelAaa 103 WHE 2
ZXA] A& EZEE 000017022 1mL ¥5e] £32¢7)
o tigh AlEYe EREHEE 99 F EI¥TE P4
0.00058201ct. AAA] 1 mL 3] FHEHTE 0.0007680F
AEHY. AR 83 E BT FHEFEWA,)E
0.002171°]c}.

NEdsgdo od BFEG HgA] Wiy Bre 2
A 1708 BEEYE 53] WHEsle] HHslHS wje] wFH
ZF 0.062209°1 22 BFEE-BE(W(E, )y 0.027821(0.062209/./5 )
2 AMES B8 AN AEAY Bee 243 10719
EFEHE AN S wle] EEHAI} 0254244022 HF
BT (u(E,,))E 0.080399(0.254244/./10)2 AH2H 3T} A1gY
o] T AARA B¥Es $HE AERAY A AN 1w
=9] AololA] 7iQlsks Aow Hslgony, Ao Hhe-e)
FHE 103] 9hE ZH3jed 73 Hagh 0.0433mLOENE ®
FEIE (N 0.024999(0.0433/./3 )08 AHEHT)
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Table 4. Uncertainty budget for the determination of V_, and T,

Uncertainty Value Degree of Standard Combined Relative standard Type of
source freedom uncertainty uncertainty uncertainty uncertainty
2 2
() X v u(x;) NIZ(U(x))} NIZ@(x)} /%, AorB
Vo A 5 ) 0.004500 0.004500 0.000900 B
G, 1 14 0.000582 0.000768 A
Ap R, 1 ) 0.000500 (0.002171)" B
Ty Ege 7.53 4 0.027821 0.088700 0.011776 A
Eg, 7.53 9 0.080399 A
N, 0.04 oo 0.024999 B
YCombined uncertainty of 1 mL pipet used for standard titration by 8 times.
Table 5. Uncertainty budget for the determination of W, and V.
Uncertainty Value Degree of Relative standard Combined standard Type of
source freedom uncertainty uncertainty uncertainty
®) X v u(x )% JIZ@x) /%)) AorB
W, 5.0000 - - 0.000034 combined"
Gioov 100 14 0.000039 A
Vi Rigo: 100 - 0.000381 0.000383 combined
DCombined standard uncertainty.
Table 6. Uncertainty budget for the determination of V and T,
Uncertainty Value Degree of Standard Combined standard Relative standard Type of
source freedom uncertainty uncertainty uncertainty uncertainty
2 2
x) X v u(x;) N{Z((x))"} JIZ@)) 7% AorB
Ay 5 oo 0.0045 B
Ve A, 5 o 0.0045 0.00636 0.000636 B
A G, 1.0000 14 0.000582 0.000768 A
ol R, 1.0000 ) 0.000500 (0.001329)" B
1
T, E, 081 4 0.017493 0.030541 0.014311 A
N 0.04 o0 0.024999 B

p

DCombined uncertainty of 1 mL pipet used for standard titration by 3 times.

ualbd, Sledzgdol g FELH YA PHEEES
E(T,))E 0088700, FHEFEHEWTYT,)E 0011776
(0.088700/7.53)01, Table 4o] 1 Z}& YepAAUT

ABE =XA| BT

Alge] A 5g& 1mg7kA AW 2Ast HAZ A
on, 244 B¥gxE Agd ug aPLHAM 4 BHE,
Aol A 2 Ago Ry BIT 58 B¥E a9e
2 73 AL He ERE TASAA Egxe 3
o} U =PI AR Sg FA FAHA Bz w4
AR Aol BEEELI}T 0000165, A& Bs Bd=st
0.00003 28] A2 ¢HFA EEEIT 0.0000200]1 22 AR
2 Z2FA gHAEFEZEE 000017, JHEEETEE
0.000034(0.00017/5)01™, 1 3 A#4E Table 5 ERE3Ict.

Algede] RoE 100mLE & we EFEHT ALk
B3 2A|A] 100mL WaEet2a 2y S g B
=9 ALe SY§ wPoz AEgen, FFYd diF
Aggel A o B¥x, 100mL HAEe2a9)
WeEwg B3vg 2ge goew yasdd. 2 A3 Y

£ HFEYE 100mLE & wo] FEZEIT=(u(VYVIE
000038322 AH=HI A8 ZAFo] & A FA &
A B AL A 99} BdT WHe R FYSAL, A
AgE AN kst

AEE HFA BuT

ox ZAE AELY F 10mLE BE3F] FHole AxdHE
ooz APt o] wf vkt E¥E 898 A¥E
B BFHAl B8, dxdEgdo)] ofF AP HHYA B
£ Zol 9tk A|RE Sg HAAZR & A AFEEY 10mL F
A E¥xE SmL HH e BFESTIE 0.00450]3, AlEE
AL smL HAHoeE F A BEFHel ALgIHong B
T 00063601 ANEFEHEE 0000636010 AlEEH-2
2}z sEY wE2AET) AedE S99 9% Alged
HYA BHEE BEEY FHAPA FUS WHoE Altst
Pon 2 ZAFE Table 601 UERAATH A& FA7t T2
A sty ZAF APEA HPA] BHE HA] 99 2 W
Hog &gt
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Table 7. Values and uncertainties for the determination of vitamin C contents

Sample Analytical Re}ative Re!ative Combined Expanded re ﬁnﬁlyt ical ded
weight results® uncertainty of W, uncertainty of T,, uncertainty (u,(x,)) uncertainty (U,(x,)) Sin&ﬁ’;?;ny e
%) A u(W,) () /x)T ue)keA, A+ U(x)
0.2 69.0 0.000843 0.251025 0.251544 347 69.0+34.7
04 65.0 0.000422 0.140797 0.141719 18.4 65.0+18.4
0.6 62.0 0.000281 0.100099 0.101391 12.6 62.0+12.6
0.8 58.7 0.000211 0.078972 0.080604 947 58.7+947
1.0 56.8 0.000169 0.067699 0.069595 7.91 56.8+7.91
1.5 57.5 0.000112 0.045523 0.048297 5.56 57.515.56
2.5 56.2 0.000067 0.029883 0.033975 3.82 56.2+3.82
5.0 56.7 0.000034 0.014307 0.021567 ' 244 56.7+2.44
10.0 56.9 0.000017 0.007203 0.017670 2.01 56.9+2.01
20.0 56.9 0.000008 0.003602 0.016532 1.88 56.9+1.88
Dunit: g,
“final volume: 100 mL.
Junit: mg/100 g.
0.30 mg/100 g0l U 2™, HF A= 5671244 mg/100 g0 & FH 3}
k. Alge] HAFo] thE 799 HFEEE A st
0.25 1 L PP oE FPIGoT Table 70 42 ZAFAE el
- At
£ 0201 AlEEY AAA e A% B AaudE U
§ BRd Fig. 314 & & lEe] Aol il we} 2HE
5 0.15 | gert Frkske A ¢ ¢ Aok
2 Fig. 40l Table 79 Wt (1)49] @AY Fof 28
§ 0.10 1 ZA A uncertainty sourcesySo] SHEF T nX= HIEL A
o2 depiled, ANE8d AR B3er) spg ar
0.05 T A% AE F HER C o] WEFE AHLY A
Bt SUlsle AAEEEr AXE AL ¢ 4 Aok
0.00 . : , : . , E8E A2 e AgEd A BT o)9d vigwl ¥
0 1 2 3 4 5 6

Titration volume of extraction solution (mL)

Fig. 3. Dependence of the relative standard uncertainties on the
measured difference of titration volume.

o EERYT

2o F8E 7F 28xdte] ARFFEIACES
st FHESFEW(C)CHE AMEPE, AlE 5g HAS A
5 0.0215670]9, NEAAY 56.7mg/100 g& Fohd AEH =
Aol 2% ascorbic acid®] FAHEFZESE((C,)E AN}
W 122 mg/100 goltt. A8 AAFo) T 7o FHEF
Egro] Ae 9ot 548 WYos FYAon Table 7
o 4+ A#E JEeERiSI

SN 5 HIHEN B

Table 3-6 “12]3L Fig. 4oA & 4= g%l odwdE A
of oig HElRl ¢ £4A) AA B&xd 7P} 2 9L v)H
= B8z E A8 HA A B89 HFEY HAPA B
otk 24 (6)& o83l o] F EHALE FRAHFEES
Arbste B AlFEd AHAAY A FEAFEE 65, FELA
AAYA FEAREE 20008 At2dt) oeis $EGFE7)
F8o] Z7] wFe AEE FAFAFEZT EFAAK) #
28 H3l FFEITE Alleith AEd FHESEE 244

TE TASEA B8x, FEFY] BYE, 58 AP B
e Tk AAESE] B 9T viHe Aoz AEEU.

2 ¢

REFAE Y E o83y 44718 2A4 F v C
FFS FHske A 3o 2AHEYEE 2] 98l &
A FFE FE AAEE Hotsin gzt BEwg
FoHoH, 8w A4t GUM(Guide to the expression of
Uncertainty in Measurement)?} Draft EURACHEM CITAC Guide
oA 2A% F8H Aat 2 SAXE Wil os) et

A=dlE FHgHo) & vjewl C g 2YA] measurand’)
9] uncertainty source®2A EFE ¢F, ¥FEE 7|, TEE 2
FTHE, Ao AE RFEEY 1y, s gl o3t
B8 HAY, AR FA, A8 HFAZ, HA ALgH
AIE &Y, ITHE B0 93 AlFed HY o] gy
o1, uncertainty source] ¥ FE AFUAL! uncertainty
parameter2X & A< A, B, AAA, 1mL 3, 5
mL vle)Z 29, 100 mL WAZH239) £2Y7], W A
o] L3,

234 RS A9 vER C g3 2AHESC Yy
IESEFEZQ Infant Formula SRM 18468 A}-&-3ted ulelal
C g S 2332 1084+ 1.7 mg/100 g2 QAZE3ZkQ1 v
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Pvitc 5.0 mg/100 g
Wstd
Vistd
Vcstd
Tstd
Wsp
Vfst
Vesp
Tsp
Uc

Pvitc 10.0 mg/100 g
Wstd
Vistd
Vestd
Tstd
Wsp
Vist
Vcsp
Tsp
Uc

20.0 mg/100 g

30.0 mg/100 g

40.0 mg/100 ¢

Pvite 50.0 mg/1 00 g
Wastd
Vfstd
Vestd
Tstd
Wsp
Vist
Vesp
Tsp
Uc

Pvitc
Wstd
Vistd
Vestd
Tstd
Wsp
Vst
Vesp
Tsp
Uc

0.00 0.04 0.08 0.12
relative standard uncertainty

Fig. 4. Contributions of uncertainty sources by different vitamin
C contents.

P purity of standard, W_,: weight of standard, V,: final volume
of standard, V., volume of standard solution used for titration, T,:
volume of indophenol solution used for extraction solution titration,
T,y volume of indophenol solution used for standard solution

titration, V__: volume of extraction solution used for titration, V

fy
final volume of sample, W_: weight of sample. d

BRl C % 1146+£6.6mg/100ge] HANE &Aoo,
CRMoA BAd #d4dd Agexs vashd fA1e A
7 AEEHREE & T Athp<0.05). o)} e AFAH HE
F AT §F 3 AA718zA4 e el C ke B4
7] fstd AEFE g2 3o SHESE A 734
B dtddMe AEE AT 5ge FHalok At € 28
%7t 5671244 mg/100 g0 B 5%0|3t2 2B E}E—
g = A9

ojg} o] ZHBILE T3l A Aolg EAMPI7E
o] AL ¥T HEslof s, YAdHog thaes] HAW
3 HPLCH S ¥asiie ti Fg7 & Ao wdsdd,
B doxiet 7o) SFEREE wlsty ‘“4011 gL =
T e 8RIES AT HPLCS 722 a7t AYE
A7171€ HleHA] EE AEAdME AxHE AR 9
§uEl C FAEHE o)8dl] AFHAIE 2RA%E o
£ F AL ALE Algdn
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