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Abstracts: This study was demonstrated to estimate the measurement uncertainty of 23 multiple-component

amino acids from beef bone extract by high performance liquid chromatography (HPLC). The sources of

measurement uncertainty (i.e. sample weight, final volume, standard weight, purity, standard solution, calibration

curve, recovery and repeatability) in associated with the analysis of amino acids were evaluated. The estimation
of uncertainty obtained on the GUM (Guide to the expression of uncertainty in measurement) and EURACHEM
document with mathematical calculation and statistical analysis. The content of total amino acids from beef

bone extract was 36.18 g/100 g and the expanded uncertainty by multiplying coverage factor (k, 2.05~2.36)

was 3.81 g/100 g at a 95% confidence level. The major contributors to the measurement uncertainty were

identified in the order of recovery and repeatability (25.2%), sample pretreatment (24.5%), calibration-curve

(24.0%) and weight of the reference material (10.4%). Therefore, more careful experiments are required in these

steps to reduce uncertainties of amino acids analysis with a better personal proficiency improvement.
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oAl FESEE 3.81 g/100 gl SHEISES T8 812 A9 I5&F vHEY(25.2%) >
A FEAA 2] (24.5%) > AR FA(24.0%) o2 YERT) wEbA olu|icdt £4 A BERE Fol7] 93|
e APAEe] Fo9 /1A x| o] 2 FEH
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2. M= 3 gk

21. AEM=
A A AREE ofn it BA8 A5 AY

)
o2 dNbEe gshE 6.2%, T
olm At EFEFE 23F -2 Aspartic acid (Asp), Glycine

(Gly), Isoleucine (Iso), Proline (Pro), Cystine (Cy2), Alanine
(Ala), Serine (Ser), Arginine (Arg), Phenylalanine (Phe),
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Valine (Val), Threonine (Thr), Histidine (His), Lysine (Lys),
Leucine (Leu), Tyrosine (Tyr), Glutamic acid (Glu), Me-
thionine (Met), Hydroxyproline (Hyd), Sarcosine (Sar), L-
Norvaline (Nva), Asparagine (Asn), Glutamine (Gln),
Tryptophan (Try)2 A4 89t Agilent (No. 5061-
3331 2 No. 5062-2478, Swiss)oll A Fd38ke] A&-3)
Ao, A3t Al eF2 OPA (o-phthalaldehyde, No.
5061-3335, Agilent, Swiss)$} FMOC (9-fluorenylmethyl
carbonyl chloride, No. 5061-3337, Agilent, Swiss)&
AH8-3F Tk HPLC ©]5< acetonitrile % methanol
£ J.T. Baker (Pillipsburg, NJ, USA)ell A =% &+ HPLC
THS o83t 2T 4= water purification System
(Millipore, Bedford, MA, USA)el <5 18.0 MQ 5=
o2 FAE =& AREsIoH, Aol A 24},
Ag, I3 WG 7| BN wAste] 8= ARR
ARE-sIAT
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15 mLE 7}l Al 5E & AolAl & &, A2 ZF
ZI38}AL 105 °C heating blocko| Al 241 7F 7t &
AA BT 7R AL 100 mL B2 8310,

S HPLCE EA3¥th. A¥L Zorbax Eclipse
AAA (150 mm x 4.6 mm, 5 umy& ARS-319 Y, ©1 54
A=40 mM NaH,PO,(pH 7.8), B=acetonitrile:methanol:
water (45:45:10, v/iv/v)E o] 8314 40 °CollA] £ 3}
Go ™, Multi Wavelength Detector= 338/262 nmo| 4]
74%6‘]_09\1'4- 7(-]31:.2_ _—&5—%—3 o]Q_O}o:] 747(451}ﬂ 0 Z]-
A3t R EFEHo = AAsI T
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24. el A MH
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4;  :j™ measurement of the area of the i calibration

o]F 02 mLE AEFEY 27 T 5= AAF L, standard
0.1 N HCI €918 02 mL7}5}e] 045 pm FEZ o3} B, :Slope of the calibration curve
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Fig. 1. Cause and effect diagram of uncertainty sources in amino acids determination.
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B, :lIntercept of the calibration curve

Cor EWapr 190 = BB FWan 199 (2

Wsple1

C. =

S

spl
C, :Concentration of sample (mg/100g)
Cy  :Concentration of sample in the extraction
solution (mg/g)
FWg, : Final weight of sample (g)
Wy @ Weight of sample (g)
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26. ™Mo E&T (Uncertainty of calbration
curve)

747ke] ofu|ieite] FEE
Hg oY TR At AFAE AT T 4
AT AA AL linear least square fittingS ©] &3
o 12 AF 3924 3)S ol&sAeH, oln FE
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at7] st #E &
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standard
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- fi=t
S — )

" —2
=3 (C-0) ()
j=1
: Number of measurements to determine C,
: Number of measurements for the calibration

RN

C, :Concentration of amino acid in the extraction
solution

Ol

: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

2.7. &SH+(Sensitive coefficient)

2rke] 2] B At WA Aol o
Ae FFE d¥ske AT e A () 2ol 73t
ik
CiEﬁz(Ay)i (7)
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28. HMEEEH

tainty, u.(y))

= (Combined standard uncer-

ZAA77E A9 7H-4 tE g go R RE A&
) o] 24 AFe FFEIFL-E IYFFEST =T
st 42 8= 7ﬂ-11rv4 H 2] (law of propagation

of uncertainty) (8) ©]-8-3}] F3}Ath.

w = [¥(& e ®
i=1 i

29. f&Xigzet Z&RIXHCoverage factor, )
Zaola} k2 737 Y E Y EFE L
FEAFEES AEselok s, o] FEARE(y,)
£ Welch-Satterthwaite 2] (9)& ©]-&&t] F433th.
ug(y)
" ol ¥
c;u(x;
X

i=1 !
2.10. &&EStT (Expanded uncertainty, {)
A2E FAEFEIL FEAFEERE A
= 95%0l dlGshe AR k7S Fsk A (1002
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3k, A& (Mettler Toledo AX-504, Swiss)2] #3) 5-&
0.0001 gol™, 3 %5ol theh E3=% 0.00003 go] 2
th A& 3 EFEEIEuW,)E 2 EEESE

o gk 111 %«l ﬂl—a—%ﬁi 2 A e o
7} o)At REE 0.0188~0.0601 g F-AZRA 4
o ﬁ%%@}&(u(ma)/maw 21 0.00580~0.01858
gol™, A+t 0.01076 go] Ht}. o] Af=e FH 3
F7F 100 B2 Z}7hgo]m, B8 QI Zhzte] At
EFEI = Table 19] JERAATE

(Paa)Oﬂ ﬂ%ﬂ s

A Al A=A FAA ofv Ak 99% =
AlEo] Sleng 0.99£0.01% %sxg &k, 213 F7ro]
gl A
o2 Uy sxd ﬂ%‘ff& E%& G5 (uP..)E

Table 1. Relative standard uncertainties for determinations of each amino acid in the bone extract

Amino aCidl) u(VVuu)/ VVu.u u(P u.u)/ P aa u(S D )/ STD u(W)p])/ I/Vspl u(SP va)/ SP. L\p u(Acal)/ Acal u(Cspl) Cspl u(Rmu[rix)/ Rmulrix

Asp 0.01048 0.00583 0.00133 0.00085 0.00861 0.01619 0.00289 0.02409
Glu 0.00948 0.00583 0.00133 0.00085 0.00861 0.01944 0.00154 0.02428
Asn 0.01056 0.00583 0.00133 0.00085 0.00861 N/A? N/A N/A

Ser 0.01327 0.00583 0.00133 0.00085 0.00861 0.01713 0.00657 0.02805
Gln 0.00954 0.00583 0.00133 0.00085 0.00861 N/A N/A N/A

His 0.00899 0.00583 0.00133 0.00085 0.00861 0.06809 0.01034 0.04748
Gly 0.01858 0.00583 0.00133 0.00085 0.00861 0.01388 0.00286 0.01801
Thr 0.01171 0.00583 0.00133 0.00085 0.00861 0.01841 0.00633 0.02670
Arg 0.00801 0.00583 0.00133 0.00085 0.00861 0.02323 0.00549 0.01310
Ala 0.01565 0.00583 0.00133 0.00085 0.00861 0.01508 0.00288 0.02487
Tyr 0.00770 0.00583 0.00133 0.00085 0.00861 0.04167 0.00681 0.02361
Cy2 0.00580 0.00583 0.00133 0.00085 0.00861 N/A N/A N/A

Val 0.01190 0.00583 0.00133 0.00085 0.00861 0.00940 0.00592 0.02159
Met 0.00935 0.00583 0.00133 0.00085 0.00861 0.04719 0.01346 0.02025
Nva 0.01190 0.00583 0.00133 0.00085 0.00861 N/A N/A N/A

Try 0.00683 0.00583 0.00133 0.00085 0.00861 N/A N/A N/A

Phe 0.00844 0.00583 0.00133 0.00085 0.00861 0.02920 0.00537 0.02696
Tle 0.01063 0.00583 0.00133 0.00085 0.00861 0.02938 0.00727 0.03334
Leu 0.01063 0.00583 0.00133 0.00085 0.00861 0.01581 0.00378 0.02440
Lys 0.00954 0.00583 0.00133 0.00085 0.00861 0.08347 0.00176 0.09744
Hyp 0.01064 0.00583 0.00133 0.00085 0.00861 0.01777 0.00355 0.01573
Sar 0.01565 0.00583 0.00133 0.00085 0.00861 N/A N/A N/A

Pro 0.01211 0.00583 0.00133 0.00085 0.00861 0.01905 0.00744 0.02319
Average 0.01076 0.00583 0.00133 0.00085 0.00861 0.02849 0.00554 0.02901

DFor amino acids abbreviation, Asp; .-Aspratic acid, Glu; I.-Glutamic acid, Asn; I.-Asparagine, Ser; I.-Serine, GIn; [.-Glutamine, His;
L-Histidine, Gly; Glycine, Thr; L-Threonine, Arg; L-Arginine, Ala; L-Alanine, Tyr; L-Tyrosine, Cy2; L-Cystine, Val; L-Valine, Met; L-
Methionine, Nva; L-Norvaline, Try; L-Tryptophan, Phe; L-Phenylalamine, Ile; L-Isoleucine, Leu; L-Leucine, Lys; L-Lysine, Hyp; L-4-

Hydroxyproline, Sar; Sarcosine, Pro; Proline

PNot applicable (samples which did not contained amino acids cannot be applied)
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Zg2z9 A EEESEwSTD))=
Zt FEE T e AlFe] AlF2oZ2 04987
mLo] HT} webA, olu it REFEEN Aol A
€% 1 L Zg236 g Ao EEES=w(STDy)
STD,)=0.0005 (0.4987/1000) mLe] ©t} REFEL
Ao ZHE 100 mL Z}230) 28 31X 3ste] 125
pmol/uL (STD)E A Z3F3L, Al 10 mL I3 & o]
&3le] 50 mL Zef2=o) su® 34 ste] 25 pmol/
uL (STD;) EFF &N S Az th REFFLA
2o wRo g gy Fepaad gis §Y ETE
G =W STD~STD,))E AF&E3H 100 mL S22+
0.0557 mL, 10 mL 3312 0.0070 mLo]t}, T3k 4
BEFESE W(STD))STD) L (u(STD,)/STD,)=
7+7} 0.00079 mL, 0.00095 mL7} @t} wakA, TF
F Az 9 SMA FENETE S =W(STD)/STD)
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317 100 22 A= 7H2) 90|t
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34. N2 2H &%l ssz
AEEEY F 03 gl A () F A =

(W)= 0.00026 golRNoH, A5 FAZSPA
o EEEIE (W) W,))E 0.00085 (0.00026/0.3)
gl 2 AZHAY olnf ARHEE F3F7} 10012

= 77} 901},

35 A2 Hxzle 2E=E

A A A EE 6 N HCIE 7H53] 100 mL
volumetric flaskell %71 & &2 {7]E F4oAM &
3 Al F3 Zgo] tig B = (SPL)E ETF 34
Aot T, STt HAAA Aol veht &

Fe17100 ek Al el SAREA of% &
, 250 mE £ Wzl g 2% Fo| &5
clo g2 73t ol 100 mL volumetric flask
P EFESE (u(SPLy)E 0.05569 mLo] 1o,
A A AHE-E 100 mL volumetric flaskol] th 3F
3 =835 (u(SPLy)/SPLy)= 0.0006 (0.05569/100)
mLe| Ft}, gk 7R H oA 02 mLe A5
£ o]&3te FEFE Hskes gol tist 253l
o] A BEFEESE=(SPL,)/SPL,) & ©1& A 5%
% oAl 0.1 N HCl 02 mL& A-593E o] &3}
HPLCEA & A2 AZsh= 3 digh 4 2%
B35 (uSPLL)SPLy)%E Y3tA A&ttt 2 2
3}, g EFEEFE (u(SPL,)SPL,)= 0.0060 mLo] =
o, A e 243571 10022 9olt). Wb, A&
A e] YN EFE L= (u(SPL,,VSTD,y = AlFS
o] A FZLZ 0.00861 mLo] =, oju] =315}
100] 22 A58 742} 9ot}

<
MN

36. Ad¥zMe =&

H AFNME AR FAY B8 Z4E& 98 3
M T8 F= (25 pmol/uL, 125 pmol/uL, 250
pmol/uL)yE AlZste] 33] ke A3l on, 742te]
oAt BE AL 0901408 =2 dAAES
GER AT AR R EEESE w(da)E 2

B)(6) °l&3te] A4talE, 0.00939~0.07821 g (3
7+ 0.02810 g)ol Atk whEhA], ofm|i=it A9 4
) BEFESE (uAw)Aw) B 0.00940~0.08347
g2 2 H 0.02849 g 2 AEH ). olu) AFEE
274315 93lom, 28 Wl B 7% A& ).

37. AE 2o E&E

HPLCE o]&3le] A|55 10 3] wtE B8 Az}
o] FFRAE o83t z}zhe] ofn|iite] HEES
T WCy)E AFE3IeH, 7 A3} 0.00802~0.01639
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g (B 001220 g) ol AT} E3H FFOALE

(C)2 & o] Fo2A AU BFEgeE &Edt
Row, AlE A At EFETE W(Cyp)/Ch) B
91 0.00154~0.01346 g& = HF 0.00554 g& =2 A
ZH A} olnf S 34T 100 B2 A= 90]H,
Ha ko] =& Gly, Gluel 4% dt) ¥=E3=7}
S AZH Ut} o] HPLC B4A 9] dhgo] =
STE AUET ol weh, Al 49 BEe

7h bl A Tks Assk fARIEL

ol 103] FeixS W Hd Rywn)e AESEIL 0]l
N FEEIE URu)T ETUAE 483810
Ztzte] opv) bl tigh Bl % A A &

Table 2. Recovery rate and peak area RSD (%) of individual
amino acids analysis in beef bone extract

Peak area RSD (%)

Amino  Recovery rate
acid (%)

Recovery Standard Sample

Asp 102.28 + 5.25 5.14 131 3.33
Glu 102.43 + 5.07 4.95 1.57 3.63
Asn 98.38 + 4.65 4.72 0.68 N/AY
Ser 101.33 £ 5.05 4.98 0.44 3.34
Gln 86.45 £ 5.92 6.85 0.64 N/A
His 81.39 £ 11.00  13.51 2.68 13.40
Gly 103.25 + 4.68 4.54 1.08 2.86
Thr 101.11 = 5.04 4.98 1.51 3.46
Arg 100.92 + 5.21 5.16 1.34 3.72
Ala 102.25 + 4.96 4.85 1.14 2.47
Tyr 96.23 + 4.75 4.93 1.79 2.69
Cy2 91.86 + 7.87 8.57 2.40 N/A
Val 100.88 + 5.18 5.14 2.16 332
Met 99.95 £ 5.45 545 1.44 3.47
Nva 104.41 + 6.05 5.80 1.07 N/A

Try 91.01 £5.20 5.72 0.74 N/A
Phe 105.37 £+ 6.69 6.35 1.13 2.53
Ile 99.58 £ 491 4.93 1.08 3.50
Leu 100.83 + 5.94 5.89 0.76 3.87
Lys 81.00 + 10.86  13.40 6.66 10.03

Hyp 107.49 + 2.90 2.70 3.11 2.99
Sar 105.00 + 9.00 8.57 3.84 N/A
Pro 109.54 + 2.98 2.72 1.96 5.19

98.82 £5.85 6.08 1.76 434

Average

PNot applicable (samples which did not contained amino acids
cannot be applied)

Vol. 26, No. 2, 2013
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Table 3. Intermediate values and uncertainties for individual amino acids determination in beef bone extract

. Combined . Expanded Relative
Parameter Concentration uncertainty Effective degree A coverage uncertainty uncertainty
(g/100 g) (/100 g) of freedom factor (/100 ) %)
Amino acid Cypi u(Cs) Ve k u(Cs) x k u(Cs) x k/Cyy
Asp 2.9152 0.0956 20.41 2.09 0.1993 6.84
Glu 5.9775 0.2048 18.12 2.10 0.4302 7.20
Asn N.D.” N/A? N/A N/A N/A N/A
Ser 1.3487 0.0507 21.15 2.08 0.1055 7.82
Gln N.D. N/A N/A N/A N/A N/A
His 1.0459 0.0887 8.71 2.31 0.2045 19.56
Gly 2.5912 0.0813 27.84 2.05 0.1668 6.44
Thr 1.4016 0.0514 20.48 2.09 0.1071 7.64
Arg 1.7538 0.0532 10.87 2.23 0.1185 6.76
Ala 2.1861 0.0762 23.46 2.07 0.1575 7.21
Tyr 1.0481 0.0525 7.92 2.36 0.1243 11.86
Cy2 N.D. N/A N/A N/A N/A N/A
Val 1.4071 0.0409 24.77 2.06 0.0844 6.00
Met 0.6965 0.0383 7.15 2.36 0.0905 12.99
Nva N.D. N/A N/A N/A N/A N/A
Try N.D. N/A N/A N/A N/A N/A
Phe 1.2421 0.0526 13.21 2.16 0.1136 9.15
Ile 1.2744 0.0605 15.54 2.13 0.1290 10.12
Leu 2.6260 0.0866 20.69 2.09 0.1806 6.88
Lys 4.8430 0.6253 13.16 2.16 1.3508 27.89
Hyp 2.0906 0.0592 18.99 2.10 0.1245 5.95
Sar N.D. N/A N/A N/A N/A N/A
Pro 1.7290 0.0603 21.63 2.08 0.1254 7.25
Average+ S.D  2.13 £ 1.39 0.10 + 0.14 17.30 £ 6.21 2.15 £ 0.10 0.22 + 0.30 9.86 £ 5.77

UNot detected, >Not applicable (samples which did not contained amino acids cannot be applied)
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Table 4. Contributions to the uncertainty of the individual amino acids determination in beef bone extract (%)

Parameter W, P, STD Wi SPL,, Acal Copt Ramix
Asp 11.72 6.52 3.37 2.25 27.82 18.12 3.23 26.95
Glu 10.48 6.45 3.33 222 27.49 21.49 1.70 26.83
Asn N/AD N/A N/A N/A N/A N/A N/A N/A
Ser 13.17 5.79 2.99 2.00 24.68 17.00 6.52 27.84
Gln N/A N/A N/A N/A N/A N/A N/A N/A
His 5.27 3.42 1.76 1.18 14.57 39.90 6.06 27.82
Gly 11.85 7.29 3.77 2.52 31.10 17.36 3.58 22.52
Thr 11.81 5.88 3.04 2.03 25.09 18.57 6.62 26.94
Arg 9.36 6.82 3.52 2.35 29.07 27.15 6.42 15.31
Ala 16.70 6.22 3.21 2.15 26.54 16.09 3.07 26.00
Tyr 6.66 5.05 2.61 1.74 21.53 36.06 5.90 20.44
Cy2 N/A N/A N/A N/A N/A N/A N/A N/A
Val 14.08 6.90 3.56 2.38 29.42 11.12 7.00 25.54
Met 7.42 4.63 2.39 1.60 19.74 37.46 10.68 16.08
Nva N/A N/A N/A N/A N/A N/A N/A N/A
Try N/A N/A N/A N/A N/A N/A N/A N/A
Phe 7.99 5.52 2.85 1.90 23.53 27.62 5.08 25.50
Tle 9.14 5.01 2.59 1.73 21.37 25.25 6.24 28.65
Leu 11.77 6.45 3.33 2.23 27.52 17.49 4.19 27.00
Lys 4.18 2.56 1.32 0.88 10.91 36.62 0.77 42.74
Hyp 12.75 6.99 3.61 241 29.81 21.30 4.26 18.86
Sar N/A N/A N/A N/A N/A N/A N/A N/A
Pro 12.42 5.98 3.09 2.06 25.50 19.53 7.63 23.78

Average + S.D 10.40£3.30 5.73£1.28  2.96+0.66  1.98+0.44 24.45+546 24.01+8.75 5.23+239 25.22+6.12

W,.q; weight of amino acid, P, ; purity of amino acid, STD; dilution of standard solution, W,,; weight of sample, SPL,,; Volumetric flask
and pipette of sample pretreatment, Acal; linearity of calibration curve, Cy,; concentration of sample in the final solution, R,,.y:; recovery
and repeatability of matrix,

YNot applicable (samples which did not contained amino acids cannot be applied)
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repeatability of matrix. o] /M w2 B4 S vl e, 1 thao] His

Vol. 26, No. 2, 2013



134 Young-Jun Kim, Ji-Young Kim, Min-Yu Jung and Young-Jae Shin
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