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Abstract: This study aimed to estimate the measurement un-
certainty related to determination of hyaluronic acid used as a
dietary supplement by high-performance liquid chromatogra-
phy. According to the guidelines of the Association of Official
Analytical Chemists, the analytical processes for determina-
tion of hyaluronic acid were performed. And the measure-
ment uncertainty obtained during the analytical processes were
expressed in accordance with mathematical/ statistical guid-
ances of GUM (Guide to the Expression of Uncertainty in
Measurement) & EURACHEM (Focus for Analytical Chem-
istry in Europe) for the analytical operations. For the uncer-
tainty in measurement produced based on this analytical
method, the expanded uncertainty was calculated by using the
relative standard uncertainty between analytical results and
sources of uncertainty in measurement (sample weight, final
volume, extraction volume, standard solution, matrix and ins-
trument etc). In the results of 95% confidence interval, it was
calculated that the uncertainty in measurement was 57.7518.76
pg/kg (k=2.0). Therefore, it showed that the measurement un-
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certainty obtained by this analytical method influences on 15.2%
of the contents of hyaluronic acid as the analytical results.

Keywords: Uncertainty measurement, Hyaluronic acid, Dietary
supplement
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E 5’—4 LA EAA 8l "Q—EF%*J«I
© 2A}of| o gk A Fhof 5 T A
S22 FFEofof 6*4 [6] A, 3]
A4 W Bl AES AH A7y
SOk, Al Al B, A BT
oA B AR e BUH
oLtk 2, A 2.0] 714 (matrix), A B4, A 8] 7,
%M@dﬂ@ﬂﬁAiﬂiﬂﬂéﬁﬂﬂl} ol
ol &7t sttt e A A =g = (BIPM)2 19814 7
ﬁ%%ﬂE%%%ﬂﬂmmmﬂHH HRQLS Al oo,
1009] 92 =215 AA 1993d ol = A| =FF = (BIPM), = 4|
271719193 (IEC), = Al 4-/32tst 911 8] (IFCC), =4 &
E817]9 (1S0), 54| &5 B 58513t gHe] (IUPAC), = 4]
= % 58T A AUPAP), =7 A AI™7] 7+ (OIML)
s 24 BoFg t&Este A7 4= 2E7| Ol 35S
2 “Guide to the Expression of Uncertainty in Measurement
(GUM), ISO”2h= A J A& 476k AT [7.8]. T3 5 AAIH
71321 Korea Laboratory Accreditation Scheme (KOLAS)o]| 4]
T SR 2TErYo] Wrkst 2R BT R A AL a2
o= AbE W ANE A E 7Y ST 4R HRAL
T 9], LT S5 el AF-|FES L B
A0 20131 T T4 E-SJokE AW Abell ek W E
o A AsHe] 20159 TYEE WA FANA AT L 1l
DA o] BEE 42 o Ralghom A BA A A}
o A =S Fol7] $I3) welaka glek. o] g HA AR E
£ o0l7] 913 AT0] WA, oJoFEoA] LCMSMSE
ol g3t WEH Yo]E 9l A =2 A ol A 3] AEA R
= o] &% FAVINME ARERE DA Ao BEA| = A
&5e "“ﬂollix} FE=Y A #EH | tig HPLC £4]
o] FAA AEol gt A2 y7E Hare vl I [10,11]
2hA 2 AFolA = 715 ER S| e R EAE o]E5)
of A7 AFO R ATEIL Q= Ao BFA S fe=
Al oFA| o A ZLAJSEAL Q= A7 L“%%Z* S| AFEALA
ool whet 2% 4 4 HPE“’E [6], Al &A1 ] 2 o
%W 21}301 %@—"?#ﬂ
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2. MATERIALS AND METHOD

21. 48A =
2 47E A AEARRE S dfFutE A AlEE AL 9

55
£ SRR Holu g Pastol sk 2T o
g Yt xF8H A E 93 Sigma-Aldrich (St. Louis,

MO, USA)of| A 1=t 99i1%«] 8| Y FEA HEF I} 2ol
a4l ZxZolg (chondroitinase) ABC 845 3t +¢
5tof ARG lek. Eg A4 (Tris base)t OFH| EANFEE (so-
dium acetate) W & AR MerckA} (Darmstadt, Germany) = 5
E| - 5to] AF&3ITE 2424 EASY pure system (APS
Water Services Corp., Van Nuys, CA, USA)o]| 2|3} 18.0 MQ
S2oE AAH BS G £ PN FAZ
A2 98l AFE-3F 22 (Precisa, XT220A, Switzerland)-S- 1
Y7\l A EEAZ7] 2 Mgl mABhA T, 1 ko] &
A5e E7)8 54040k AT 2L uredatel et
=5 F4skh

22. BEE- 99 =4

Aobx oA LA Bl RAL AR ol et HEE A
AHEE B UREAVEEY oF 1.0 g2 AUstA A=
33 mM Tris-HC] &F=-8-oH o] 3] A5} 11 60°C 4284} o] A]
5] ¢l A2 EEUAOR soet [6]. 123 EE U
33 mM Tris-HCl 9F28018 o] L5to] %A 3| 8| A3} 1 o]
o 50 uLof 0.002 unitul T 2 o] E]LtolAd] ABCY} £l
33 mM Tris-HCI (pH 8.0) 2+38-0 450 uLZ 2 31 37°Co| 4]
3AIZE REGAI Z T Wh-3-o] 2h& =W 100°Co)| A 5&1F 7FE 5t
1 0.45 um W EH Q1S Z (Millipore membrane filter, Merck
Millipore, Darmstadt, Germany) o] ¥}-5}o] E 5800 & A&

ahsct.

23. Qg9 =4
ANEE B 9 FA33F 5 JdAeFS 50 mL SFZafAa
ol |3} 33 mM Tris-HCl 958902 H4a & & 49

t}. 1 3 v} 19| € H} (magnetic stirring bar)E g 17 60°Cof| A]
907t 7FotA &9 & A-2of A3l o3, ABEFEH 50

uLo]] 0.002 unit/ul ZE=Z o] EJytolA] ABC7F £33+ 33 mM
Tris-HCI (pH 8.0) 450 uLS 2 31 37°Coj| A 3A| 7F HF-S-A] 7] 11,
Hh-3-o] $E =W 100°Co A SE7F 7FERE £ 0.45 pm ) 2 2|
ol Wl 2 of Thsof A7)0 2 ALgakSTH 6]

2.4.717] B4 zxA

7% (A3 E43817] Y3} PDA (photodiode array)7} &
2] Nanospace SI-2 (Shiseido Co., Japan)E A8 © HPLC
w4208 ofsfo} 2ot (6] ATE 77140 S Sol
LA 2 FEE Az o] 7% Hypersil GOLD SAX
(4.6x250 mm, 5 um, Thermo Fisher Scientific company, Walt-
ham, MA, USA)& AHE-SHITE 0] 542 0.05 M el ER
&Y (pH 3.5} AH8-8o] £ L.OmLY| f-&0 2 24519
AL FYEI = 10 ul, S-S UV 232 nmz A7 531

25 9= 3399

22X B3 % (measurement uncertainty)= o2 &4 50| A2
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A= S EEH olal o Bl oA, 5%
] 2 o] BT A 4~ Q) AT
ZAYHG[7]. & Aol A= ol A
HOH GUM [7]4—} EURACHEM [8] &4 =9
EAESH T, 99d ﬁng}E

AArS £ H?ﬂ—/\-l‘:‘ﬂEE O}oﬂ;} 23le g
2AAT (A= g HAM B P, 23
2.9 3}, v A 15%7474]—,—) B
SA, Ao wAAA B A, =
A, SEBRAT), BEATIAL h‘i Fla= =
3L ‘%Hoi A2l ”tH»%
ojgA &
(k)% ]85
Ak [9,11].
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2.6. RABAA 43

A& 39 715 (I EP o] Fee 5] slak AL 4 (1)

won], Ao B Ta}7] §I5te] BEd 5 9lk
Sk BT 8918 ofdf 4 2)~(4)9k o] HA3tglct.
V. V
= L1
G Gy, (1)
Ws = Wc X WRp X WRa (2)
V= Vex Ve, xVp, 3)
Co = Ppix FpxSTD XL, xIpx Ry, 4)

C; : Concentration of sample (ug/g)

C, : Concentration of sample extraction solution (ug/mL)
V;: Final volume of sample (mL)

V. : Calibration of volumetric flask

V&, : Repeatability of volumetric flask

Vi, : Variation of temperature

W, : Weight of sample (g)

W, : Calibration of sample weight

Wk, : Repeatability of sample weight

Wa - Readability of sample weight

Py; - Purity of functional ingredient

Fr; - Formula weight of functional ingredient

STD : Standard stock solution

STDlst.,.?th,..
L : Linearity of calibration curve
I : Reproducibility of instrument
R, : Recovery of matrix

: Concentration of standard solution

27. 848 $3PTI EEERE

A& WHESAA] Batghd FAHGL R ARgshe] o &
== 4 (5)E 485t Atypeo 2 I E5F 77
A A2 1 T B AR i e B

le HN

g =3
il’:',l—‘

(pooled) 4% AL ol whek A (6)3 (7) 4831
Atype =85 3T

ww=% 5)

ww=% ©)

-~ Zilzlufsf 7

S, = —zM - @)
=1%i

n : Number of measurements
S, : Pooled standard deviation
s; « Standard deviation

v; : Degree of freedom

28. AFFA BGE

G E2UNL ol §3to] o} Y EE GRS =
Alstel YT AFHE 174 A4 4 (8)S

of, AT EE BRI 4 O)(11)2] R 2§50} Al
it

QA .

4; = C;x B+ B, ®)
s 11,60
u(Cop) E—E+2+T )
n 2
S:sz_l[Ai-(Bo+B,C,)] a0
n-2
n — 2
Sxx = j:I(Ci_C) (11)

A; :J " measurement of the area of the calibration standard
C; : Concentration of the I calibration standard

B, : Slope of the calibration curve

S : Standard error

B, : Intercept of the calibration curve

p : Number of measurement to determination C,

n : Number of measurement for the calibration

C : Mean value of the different calibration standard

C, : Concentration of standard for the calibration

S, : Change value range of calibration standard

29. P BZEY:
=343t gro] o] 7HA] 2919 A2 R e x|, 7F

EASe BERIE, FUASE 2RI BA A of
QJshe] Fateirh. oluh Fh4E B3k A3k H (law of pro-

pagation of uncertainty)o]] w2} ofg] A EEES = BA 2]
& gEsg
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20y = 2 (ZY )
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2.10. 3ZE=

EZFAA} (b= BB =Y FAAE (VyE T4t
11, Welch-Satterth-Waite3-2] 4] (13)2 0]-&3}0] AF&3}4 Tt
ol o, ARG L7} 7 0] Al -9~ EURACHEM/CITAC %]
ol wet 95% Al ol Al A kE 22 7|Esk AT
[8]. 3t SAES == AL S REEES o ZFUAA
(O &= &4 A (14)°f s 3} 3Tt

1}

v - —e X (13)
T leut)

D T
U = ku,(y) (14)

3. RESULTS AND DISCUSSION

3.1 AFE AN EF=
& © A&& o]&5to]
25 mL §FETr2A00 0.5 g %= F7 5 Tris-HCI €458
Hoz S|UFEAAES FEHORA I AP GRS &
B 3ch Ao Sl 2 o]8-5to] 12} A8 0.05 mLo} =
Zo]E|L}olA] ABC a7} 410§ Q1= Tris-HCl 93800 0.45
S AL AafaAZ] A2 22k Al N o= BT [6].
oju 12} Al gl ZAA EAD = s BUL A& AHA
o =8 (WY AA Y B2 E, Bos % )t &
FEoaae] ot 89 (3827, A, AP 2
of W& Batx)S vk E3F 23} AJF LY 24 A<

Table 1. Uncertainty budget for the determination of W,, V,,,, and V;

AE o] HIHE (5427, WA, AR Lo g2
23he) 291 gk =, AR £ASH A AL et
TR AR A AF] BB 05% AlR| 42 (k= 2)0] 4] 0.0005
g0 BT Jlxn, BREIE @)= 000025 g
(0.0005/2)0] Glet. o] #&9] Eajs-& 0.0001 go]n] EZ
BBHE L (y(W))= 0.000029 g (0.0001/2/./3 )0 QlTh. =3
A AL 0.5 g0 BEEFS o] §5to] 4o A A 4k =
A HES TEAFRZUR W0 uhet 4] (6)T ()2
X gslo] EEEEE (u(Wy,) 0000058 g& FFo v 2§
w60 A 12 W ZHel 157) 9k A 280 s uz
BT W)= 2t BRESE| Yot A BTl AELo|
DR 000025 golglon, AEFEIT (WW)W)=
0.00050 (0.00025/0.5022)0] It} E3F 25 mL RFZafaz
o 228N HE A 7]QlE BIEL feFZepazo)
32027} £0.04 o] BE BEZFESE (V) = 0.023 mL
(0.04/,3 )0l 8], §ekZarazio] b e 25 mLY §E
ghado] 2280S A ML & £AE 1039 v =
Ao RN REU} (0)F T, A typed] HEESE
(V)= 0.0041 mL7} = 9ick. 18] 3 A4 2 =wstol
BohE s 2 slr}£3°C0| I Tris-HCI 94589 WAHA 5
= 0.000210]w, 412 7-7ko] Fof A U] oro.mz 2 A}zt
BER 7FR()5t] BRESE (V) & 00091 mL
0.016/3)0]90ck. webs gepZelrzio)l gARste
@(V)y= 7k BEEehed| g3t AREe] AFTOR 0025
mLo| Q) om, A EZ2ESFE (u(V)/V)= 0.0010 (0.025/25)
ololt}. o] o} Fgk W 0 & 23} A F gl o] A TAHL |
3} A goHo) A A4Eu]BE o §ato] GeFEelazo |

SHi &8N0 R AN BEORA WAL B

T=0 1
Fargch glok e A gl 2AA TR E Bate

7= Table 1] g 2|5kt

-

oL
(

Relative standard Combined relative standard

Step Parameter Value Degree of freedom  Standard uncertainty . .
uncertainty uncertainty
@) x; v u(x,) u(x)/x; (E{ulx)/(x)})
/8 w. - 0o 0.0005
Wia - o 0.000029 0.00050
Wi, 0.5 15 0.000029
Ist ! 0.0011
oy o004 o0 0.023
Via 25 9 0.0041 0.0010
Vi 3 o 0.0091
v, Vie 0.001 o 0.0006
Vi 0.05 9 0.00053 0.016
ond Vaizy 3 S 0.000088 0,002
4 Vie 0.012 0o 0.0069
Vigy 0.45 9 0.00029 0.016
Virp 3 o 0.00079

V; (Final volume of sample, mL); V. (Calibration of volumetric flask); Vz, (Repeatability of volumetric flask); V7, (Variation of temperature); W
(Weight of sample, g); W. (Calibration of sample weight); W, (Repeatability of sample weight); W, (Readability of sample weight).
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328583 ¢ £

FEEAXAE Yol AHEH S| YR 2AL Y EFS A RAR
HE AlgH AFA e osf <=7t 99%0] 1 H s @A}
HA7E 1%0] B2 = of i3t EEEZE = (u(Ppy)) 0.0011
(0.01//3) g100g0]2 APEZEIELE  (u(Pp)/Pr)
0.000011 (0.0011/99) o] %l c}.

3. RELA A2 £ =

52 0.9664 g2 50 mLo| SFZatAF o) @il Tris-HCI
HOo = sAste] AR 7 FFEA Aol Hagt
719 £t =} 50 mL §-F&etA A Hujof figt 55k
E 2ok IF A -GN 24 Al 23 £t 5
S Aot ESEE AYSH A& R EYE
(u(STDy,))= 0.00025 g (0.0005/2), FEEZ% (u(STDyz,)) =
0.000029 g (0.0001/./3)0] 2t} 1|1l A-&9] oty Aol &
G FFEF 1.0 g2 0]§-51o] 4dof| 2 A 4vbE St
HES 5% (pooled) A F A} v of mHet 4] (6)3} (7)
= Ag5to] AAEd A REETE (U(STDy,))<= 0.000026
golqlth. A A4 FAESE (u(STDy)) = 2 E2ES
Lof 3F Alareho) AlE o= 0.00025 gol ™, A E =S
% (u(STDy)/STDy)= 0.00026 (0.00025/0.9664)0] 1 t}. E 5
SOmL gFEetidof hFgA o F§ A 705 = =2
T gek=Zal a0l 320 A7) £0.060| R EFESE
(u(STDy.)):= 0.035 mL (0.06//3 )] ™, §FZetA a0 vh
8 50 mLo} §FEefA | FEE NS FAAZIA] Y&
FAE 103] §HE 43024 2FHAL (o) ToIEE A
type®] EFESHE (u(STDyg,))= 0.030 mL (0.095/./10 )7} &
ok 2 A 2=t B8 = R =W £3°C

e H
ol of\r [N
ol i

Table 2. Summary of uncertainty values from standard solutions

AL k580 O] A = 0.000210] 9, 4] 2] F-7ko] F=0f
A 917 ko m R AAZkY BER 715 (/3 )sto] RRRE}
I (u(STDyq,))= 0.018 mL (0.032/,/3 )] ich. whetA &3k=
2t FETE WSTDy))= 2 B0l tigt Al
F8o] A FL O 0.042 mLo| W, A EZESE (u(STDy)/
STDy)+= 0.00083 (0.042/50)0] it} ufebA], T o djst
A REEES = REEHY &k, REFAT, =2
23 Y EFETEE Al ST Aoz Altshs 1
A3}0.000872 Lekit). Eg0) 2AE RRYUNS A5
& 0] R3] F=E=EE 9.4 pg/mL, 36.4 ug/mL, 66.1 pg/
mL, 100.1 pg/mL, 269.1 pg/mL, 487.1 ug/mL, 908.5 pg/mL 2
1487.2 pg/mL= Z A3k 2 o] g8 0.05 mLe} Z =2 o] Lyt
obAl ABC 4> &9 0.45 mLZ Aoj A &g AJAA T
EQ1t} upgh A ZF 5= (Ist, 2nd, 3rd, 4th, 5th, 6th, 7th, 8th)
of BolEL REUNOREE HEG 2AX BT
BHE (45 L §FBekA)% AANS B} Bt
= AT E)E 2 AR T3t Table 20] T
HE G0 A A EE A5 5 §eFE ek Ao 4 A
she Bel= S Yol

34. A9TH B

AYTAE slFREAe] TFE 8719] H 94 ug/nl,
36.4 pg/mL, 66.1 pg/mL, 100.1 pg/mL, 269.1 pg/mL, 487.1
ng/mL, 908.5 pg/mL 2 1487.2 ug/mLE 33] ZA|5}o] B3
Azto] B ghe ol galol A3 e o ALtal gt
AAle] BohE §71E 915 4ok ¥ mY AL A (8)-
(11)0] 51, 3 54 (regression analysis)©] o] 27 4]0} 4
& AAFSL RS o) Table 30] 0] vho} o] Ak Aol

.. Degree of Standard Relative standard Combined relative
Description parameter value . . .
freedom uncertainty uncertainty standard uncertainty
(x7) Xi v u(x;) u(x;))/x; CE{ulx)/(x) }2)
Py 99 0 0.0011 0.000011
STD STDy, 0.9664 134062 0.0011 0.00026 0.00087
STD, 50 34 0.042 0.00083
Auto-pipette Vi 0.0005 o0 0.00029
2~200 uL Virp 0.0129 9 0.000039 0.023
Vary 3 0 0.000047
Volumetric flask V. 0.04 o0 0.023
25 mL Vio 25 9 0.013 0.0011
Vi, 3 0 0.0091
STDs Auto-pipette VAIC 0.001 o 0.00058 0.052
2~200 uL. Viry 0.05 9 0.00053 0.016
Vit 3 0 0.000088
Auto-pipette Vie 0.012 0 0.0069
100~5000 ulL Vi 0.45 9 0.00029 0.016
Vary 3 0 0.00079

(Concentration of standard

solution); ¥, (Calibration of volumetric flask); V%, (Repeatability of volumetric flask); V7, (Variation of temperature); ¥, (Calibration of sample weight);

Wk, (Repeatability of sample weight); Wy, (Readability of weight of sample).



AO|EEHZ ASE= SILZEM EMH

ror
Lot

BaE My

HI

59

Table 2. Summary of uncertainty values from standard solutions (Continued)

. Degree of Standard
Description parameter value

Relative standard

Combined relative

freedom uncertainty uncertainty standard uncertainty
(x:) X; v u(x;) u(x;)/x; E{ulx)/(x) }2)
Auto-pipette Vie 0.001 0 0.00058
2~200 uL Viro 0.0499 9 0.000057 0.012
Vary 3 © 0.000018
Volumetric flask V. 0.04 00 0.023
25 mL Vi 25 9 0.013 0.0011
Vi, 3 0 0.0091
STDzua Auto-pipette VA]C 0.001 o 0.00058 0.025
2~200 uL Vi 0.05 9 0.00053 0.016
Vi 3 0 0.000088
Auto-pipette Vie 0.012 0 0.0069
100~5000 uL Viro 0.45 9 0.00029 0.016
Vary 3 0 0.00079
Auto-pipette Vie 0.001 © 0.00058
2~200 uL. Vi 0.0908 9 0.000055 0.0088
Vary 3 0 0.000033
Volumetric flask V. 0.04 0 0.023
25 mL Vio 25 9 0.013 0.0011
Vi, 3 © 0.0091
STDsa Auto-pipette VA]C 0.001 o 0.00058 0.024
2~200 uL. Viro 0.05 9 0.00053 0.016
Vary 3 0 0.000088
Auto-pipette Vi 0.012 o0 0.0069
100~5000 ulL Vi 0.45 9 0.00029 0.016
Vary 3 0 0.00079
Auto-pipette Vie 0.0012 0 0.00069
2~200 uL Viro 0.1373 9 0.00099 0.0088
Vary 3 © 0.000050
Volumetric flask V. 0.04 00 0.023
25 mL Ve 25 9 0.013 0.0011
Vi, 3 0 0.0091
STDu Auto-pipette VA]C 0.001 o 0.00058 0.024
2~200 uL Vi 0.05 9 0.00053 0.016
Vi 3 © 0.000088
Auto-pipette Vie 0.012 0 0.0069
100~5000 uL Viro 0.45 9 0.00029 0.016
Vary 3 0 0.00079
Auto-pipette Vi 0.005 o0 0.0029
50~1000 uL. Vi 0.3693 9 0.00055 0.0080
Varp 3 0 0.00013
Volumetric flask V. 0.04 o0 0.023
25 mL Vio 25 9 0.013 0.0011
Vi, 3 © 0.0091
STDsu Auto-pipette V,,]L. 0.001 o 0.00058 0.024
2~200 uL. Viro 0.05 9 0.00053 0.016
Vary 3 0 0.000088
Auto-pipette Vi 0.012 o0 0.0069
100~5000 uL Vi 0.45 9 0.00029 0.016
Vary 3 0 0.00079

(Concentration of standard

solution); ¥, (Calibration of volumetric flask); Vz, (Repeatability of volumetric flask); V7, (Variation of temperature); . (Calibration of sample weight);

Wk, (Repeatability of sample weight); W, (Readability of weight of sample).
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Table 2. Summary of uncertainty values from standard solutions (Continued)

.. Degree of Standard Relative standard Combined relative
Description parameter value . . .
freedom uncertainty uncertainty standard uncertainty
(x:) X; v u(x;) u(x;)/x; E{ulx)/(x) }2)
Auto-pipette Vie 0.006 0 0.0035
50~1000 uL. Vi 0.6684 9 0.00049 0.0052
Vary 3 © 0.00024
Volumetric flask V. 0.04 00 0.023
25 mL Vi 25 9 0.013 0.0011
Vi, 3 0 0.0091
STDeu Auto-pipette VA]C 0.001 o 0.00058 0.023
2~200 uL Vi 0.05 9 0.00053 0.016
Vi 3 © 0.000088
Auto-pipette Vie 0.012 0 0.0069
100~5000 uL Viry 0.45 9 0.00029 0.016
Vary 3 0 0.00079
Auto-pipette Vie 0.03 ® 0.017
100~5000 ulL Vi 1.2467 9 0.00046 0.014
Vary 3 0 0.00045
Volumetric V. 0.04 0 0.023
flask 25 mL Vio 25 9 0.013 0.0011
Vi, 3 © 0.0091
ST Auto-pipette VA]C 0.001 o 0.00058 0.026
2~200 uL. Virp 0.05 9 0.00053 0.016
Vary 3 © 0.000088
Auto-pipette Vi 0.012 o0 0.0069
100~5000 ulL Vi 0.45 9 0.00029 0.016
Vi 3 © 0.00079
Auto-pipette Vie 0.03 00 0.017
100~5000 uL Vi 2.0408 9 0.00046 0.0085
Vary 3 0 0.00074
Volumetric V. 0.04 o 0.023
flask 25 mL Vo 25 9 0.013 0.0011
Vi, 3 0 0.0091
STDu Auto-pipette VA]C 0.001 o 0.00058 0.024
2~200 uL Vi 0.05 9 0.00053 0.016
Vi 3 © 0.000088
Auto-pipette Vie 0.012 0 0.0069
100~5000 uL Viry 0.45 9 0.00029 0.016
Vary 3 0 0.00079

Pr; (Purity of functional ingredient); F; (Formula weight of functional ingredient); STD (Standard stock solution); STD,, . g, .

(Concentration of standard

solution); ¥, (Calibration of volumetric flask); ¥z, (Repeatability of volumetric flask); V7, (Variation of temperature); I, (Calibration of sample weight);

Wk, (Repeatability of sample weight); W, (Readability of weight of sample).

HFESE (u(L.))= 561.63 pg/mLo] i, At FZE3I
(u(L,)/L)*= 0.0097 (561.63/ 2 1}3H) 0. = qe}Mq,

35 AR YRS 4E B

ANEE 53] HHE SAsto] A2 At EUiE #32ES
T (ulp) B AN EEZESE W)/) & AFE3 AY
BAC wrEE Anbo] WFZHe 57,747.520| 0] ERHIL-
2,194.970) Atk wheba] EEETHE (u(ly)= BEEHAE (J5)
2 U2 ZHol 981.62 (2,194.97/./5 )o|u], Aj 2 E S E

(u(I)/I)= 0.017 (981.62/57,747.52) 2 LrEFyiTh.

36. 84 W AU EYE

A=l 710 T Bohrt W2 5158 B
AURESEE Bsiol Ak A N8 53 w5
Aot Ad}, Bt W EEHEAE 94.46+1.6%0] L2, o] o] Tf
3 FEEIE (u(R))= ﬁ:z—';];(]-?—]- ZNooa O]o]—eg_,q__‘]
FEZESE L 0.0160] ) whebA 3128 2 A A o] Al
S (u(Ri)/Ri)E A& 0.017 (0.016/0.94)0]111 245
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Table 3. The results of regression analysis using Excel program
Analyte S B, p n (o C S u(L.) u(L.)/L.
hyaluronic acid T
vaturonic acid for 5021933 2121.12 3 24 5774752 42050 584421324  561.63  0.0097

dietary supplement

S (Standard error); B, (Slope of the calibration curve); p (Number of measurement to determination Cy); » (Number of measurement for the

calibration); C, (Concentration of standard for the calibration); C (Mean value of the different calibration standard); S, (Change value range of
calibration standard); u(L,.) (Standard uncertainty); u(L.)/L. (Relative standard uncertainty).

Lig 36%

03%

v, 04%

63%
62%

§9%
95%
55%
g5%
9%
59%
93%

11.8%

83%

W, oms ) )

5% 100% 125%

Relative standard uncertainty({Ratio}

Fig. 1. Contributions of uncertainty factors for analytical method of hyaluronic acid used as a dietary supplement. /; (Reproducibility of
instrument); R,, (Recovery of matrix); L. (Linearity of calibration curve); STD (Standard stock solution); S7D ss... (Concentration of
standard solution); V;(Final volume of sample, mL); W, (Weight of sample, g).

T 4o]glr}

3. 348288 4 §FEYE
oA AEE dHRESESE G ESE Aute] WA
whet Al F Y] AlFL o2 Asbsto] A £ @l o
g EE= = W(C)/C) A& F+3HH 0.0760] T
ojuf P Ft EEESEgholl A AR RA AT Q1 57,747.52
Hohd Y EEEE W(C)H Y 4.380.73 ug/gE 72
ek 29 SFESE (Ve PARSESE=ZolA 2
= Foko] AL o H, ZERIAH= 4] (13)0]] 2J5ke
3 79332 FRIE| o] - EREE 0] 8510 95% A=
| A k=2.03% et 181} EURACHEM/CITAC #] 3
8loll wet fFaAfE (v>7)Y A A kS 2002
AArstd, A (14 oJsiA AtzH SFESE= 8,761.46
pg/go ™, A=t 5| YR EALO| GRS 57,747.52+8,761.46 g/
g (A= 4E °F 95%, k=2.09 wj)o] T} (Table 3).

AN P oo 3o

2

38. 8= 829379 =
=2 219 AdiEdt=rt HE Aaghol vA= 7] =

£ Fig. 1o YEhi 3let. 2F 23H= 8919 7|9 =8 %o 2
s FeEgho] 2T Al AT} glol vA= T2 &
o A ek Aol A 15.2%= A ¥ e Eek 2 B8 ¢l
k] 710 e A B 9.4 ng/ml L 24| 4] 8] Mt
AolA st 22 72 11.8%2 7P 7l en, 11
o] 8Qlo A= 10% n]Rke] vl 23t E o e 7| =g
Ehe= 2l = A

4. CONCLUSION

= Qo] 147154 AFOR Tl A Alme o] A
Y3 G S AR RA Ao BFAE RAR WA F, 1
BH8-E-& HPLC 7]7]2 o §-dho] bt Alahis 24148
2 GUM Aol ket B3H=E 4Pgstaich Bete Ao
AAERE 2o Adbo] AL AR 5, AH
A, 7171543 Fol AU, AL A LAE 489 oF
A, B, AR, BEE ¢E, S5 EE89 54, 4
S, B8 W 7]/ A EAE nefsteth, BetEe] A4S



62 Korean Society for Biotechnology and Bioengineering Journal 32(1): 54-62 (2017)

GUM} EURACHEM/CITAC ¥ o] 7] 23}91, 7} Q1AL S
2 A-typeC 2 A2 H RFES oL A ESE & A4S
TH[7.8]. 7L A3} A o] A 2 AHE-E| = |4 FEAHY T
Fi AH A S A B0 A IS 57,747.52+
8,761.46 ng/g (A1 2|53 0F 95%, k=204 wf) o = A= of,

= O

15.2%2 AP = Qlck. T3, 78 Al i g ol A WA oh= B3
T 8919 7|o=E gRIsh A, EYNE o] &3to] 94
ng/mL F%= o) FEEH 2AA] 11.8%= 7P 1 om, 71 o
oo g2eM 9085 pg/mL HE O] FELM ZA|A] 9.8%,
T2 14872 ng/mL 5L 0] TE8H A A 8.9%2] 7]
o= g Bt 3| YF 2L BA o] B3k Ao tfgh
2 AP A= Ao B A EN AHE-El = I 5| FEALY
Az 9 FEg oA AzA g AE - HJAP 3] F4 e
£ 9gt 72 AR E §-85H AHEE E et 7] gt
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