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ABSTRACT

Optimization of analytical methods development for
evening primrose extracts, creatine and hyaluronic

acid in health functional foods

Sang Wook Park
Advisor : Prof. Lee, Wonjae, Ph. D.
Department of Food and Drug,

Graduate School of Chosun University

Abstract: As specific and generic health/functional food items have been
expanded, this research project has been conducted to prepare a scientific
and systematic standardized analytical method of relevant food items,
examine the suitability of the analysis method for health/functional foods
on sale, and monitor standards and specifications. As for research items,
selected was one health/functional food items (Evening primrose extracts),
which i1s announced, but whose analysis method is not determined, and
two items (creatine monohydrate, hyaluronic acid) necessary for
development and verification of a analysis method in accordance with
clause 1 of Article 14 of "Law for Health Functional Foods, under which
if the same items among generic health/functional food items are
recognized a lot, their analysis method should be developed and verified
for announcement before health/functional food code registration. Also, in
accordance with clause 2 of Article 15 of 'Law for Health Functional
Foods | , data related to safety and functionality of raw materials or

ingredients were received from a manufacturer, and then the functional

= Vil -
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(index) ingredients found in the health/functional foods’ functional raw
materials certificate were selected. For the 4 types of functional (index)
ingredients of the selected 3 items, AOAC guidelines proposed
applicability, selectivity, calibration, accuracy, repeatability precision,
measurement uncertainty, reproducibility precision, limit of detection and
limit of determination were conducted, and satisfying results were drawn
from all types. Therefore, the test method for the research items is
considered to be applicable). The standardized test method was used to
monitor the standards and requirements of 33 cases in 3 items on sale.
The monitoring result showed that the test method was suitable for all
cases. Therefore, it is considered that manufacturing and selling of
research items are safely managed. With the use of the study results, this
researcher tries to propose the standardized analysis method for
functional(index) ingredients in health/functional foods to domestic test
institutes and other relevant institutes, and thereby secure the capability
to perform follow-up management and standardized test on raw material

approved products.

- viii -

Collection @ chosun



=

Aoz AAY A7

-

T

A% A

W A7 A A=

=
|

Q1zke] A

o

R

kv
=

Al 2
&

el

o] oluhi e At 7}

\mO
&
rE

ﬁo

o
)

o

e
N

st

°©

off th

-

71%

=1
N

EREES

X

Al

2ol A

3|
S

Al

i

k)
pul

o] 2]

shol whAlst 2wl 7}

S

4151 ol
4 Aol o

-

71

T

-

T
Tor

,_MH

ojn

0%

T
)

o

o ilo] EolAa ek,

=

=

2 U epol) A =

o

<

Fgel weh AFHY HF o u
3

KN
K

=K

o

0

s
0

o
2!
<
Jo

et 2000 119 A%7

HAl < 2= o]

S

=1
=

A% 24 wEe] ofulA

=
R

1 %]

e
R

[e)

2 w3 BAEAY

Z o
=

e
=

0

X

Y
o
K

Al 3 OF3
1 |

+d

S

HEo 7]

7} EA
24 A A

=
-

49

—~
fie)

™
o
o

0

JJo

=K

N

atit, A

S

=
o

3 AR glel FPHEYRD) Avhst

dell

o g 7%

=

2]

o

Jo

0
ruze]

—_—

0

W

Collection @ chosun



5185

S

3 G Aol Al vt

O
[¢]

i

ek 1AM Aok AE 2l &Tsh 43

Aol e} el

A e ol

-

T

el

el

"
nr
"
o)
XO

A z7]Eol ¢

-
%

I.2

it

K
N

e

X
Ho
i

i A,

9]

iin
X

N
No
ofr

00

7155 A Fm A 2006 o] - 17 A]

[N

<)
it
¢

]

7] 52

)] 0.33%
&

al

a

2]

-

L

z=
2] 8}
A 2= (3617024,

=

T 145% = Z7tgon,

Y AH(323.1

[}
A e 93.8%

& AT (1,481 70 &,
J A 29 (86714, 0.1%)°] o2 A TH2).

A

]

o
2

2.0%),
Fol = A 7] -l A

%3

Bl

[e)

=

I
R

[e)

1)e] 0.09%, A=<
70,7537 2 2

}

©

AAH(1,172.8%
b o

=]
LA

9
Q]
=

=

o, AAAGTFES 0.8%¢] 26922 5ol o

1 stw et

-
T

J

)

jus

°©

R I T PR

2 3y
ZFA]

Z] A
b
[e)

o

)

2715 A% AP A = 20075 2010 s <E

A =

(281870 &, 3.7%),
0.5%),

1=

=
=
=

=

[e)

|

ox

¢

B

£o A BAel m

kv
=

o
=

=K

Mo

-
T

Zl=olal ot LA A ofA ol A

L S
A=

o O
Ts T

T - Ly
L [¢)

gl

T

=
=

ﬁ
o
o
i

<

o)
=0

o

F3k BAel HERYY B H BAS 9

Collection @ chosun



4, AU, AFRA, A0, WS 79 ¢ F A% AEE AA A3
Fuol 7% it AR ARDE mhdstn gk ey BAE B del A
ot AR Y- e Y GFEN e AP ES EFAE
A3 D Wel Yol A shol=ekele] vhris o] QA obA] ABA, ABBH, A
Habg A7 Fe) - 9% aQlelA WAt APuEe Baue nete)
e @A Ak F, AGWEel A4 2 Bgy AR ARdE 275
3RS BN A9t A 7)dmatrix), A2 2 AR sl A el
oAw Q@ Avtel Aelst WASE AL B stk AR Arel AY
W oARE R AR AA AAY - wAsE el Mas By 5

9, 95 B oA Sdve] surleh tEo] AdvIsAEe] Axzal, dvat
(o2}

¢}
WA e 7% - FAA e o es A el glrk ol el
3]

AsiM = NEAGE 7IsAd 988 Ao dadsts AN F&3 7]
ol 4% F4 \rp FE5S dAsta HS5E FAFeEA /‘1@%“%"“ oh

2

M olgd BAHS AT 4 = wWetel tisle] =95 gl IA=

FE o (BIPM)Al A= 1981 1090 3 =# =% 9 <) 3] (International
committee of weights and measures, ICWM)2. & 3slo]& 1 s|ZAHES &
At s gom 100 do AYE Sste] FAETFIAAs = FAETFY
=+ (Bureau international des poids et measures, BIPM), ==#|47] 7)< 9 ¥ 3]
(International ~ electronical ~committee, IEC), =Al=A%133}ete] 3]
(International federation of clinical chemistry, IFCC), =A% <3}7]
(International organization for standardization, ISO), =A< 2 S8 3}t
&3] (International union of pure and applied chemistry, IUPAC), =A<
o~

F 2 8857 d% 3] (International union of pure and appled physics,

IUPAP), =47 A =7]+(International organization of legal metrology,

Collection @ chosun



OIML) & Zt #°oF& ditste A7 ¢ =9 73 3522 19934
o] "Guide to the Expression of Uncertainty in Measurement, ISO"&+= A
AME BEA HAJATH3). TUPAC 7R iAo = dd A@ A9
™ol 4

4oEARL P 9 Z4RIE 5L
F Y $4L us 2 ARSgoRA B9dds nesn 4RHe F

o
5o A& 7ted 5 AN FAT F JEF I WHE AASHL
1 th(5). 1 Hroll = KOLAS(Korea Laboratory A

AA A7 BN e B, damEdstedo] Wt SAHAERE RAAHG)=

Collection @ chosun



A1d NG F5 7153
1. @R RFAFEE

J[m

Jea ?}

d % @
HO ° HO oH  ©OH o Methyl
‘} /_\_<< gallate
HO Q -OH
2 L] St oH HO OH
o Penta-0-galloyl
HO OH -D-glucose(PGG)

Tannic

Groups Compounds

Phenolic acids
Flavanols Catechin, Catechin
Oligomeric procyanidins

Flavonols

Tetragalloyl

Gallotannins
lloyl glucose

Gallic acid, Ethyl gallate, Ferulic acid pentoside

gallate

Quercetin-3-0-glucoside, Quercetin—-3-0O-glucuro— nide,
Quercetin-3-0O-pentoside, Quercetin

glucose,

Pentagalloyl glucose, Hexaga-

Fig. 1. Methanolysis of tannic acid to yield PGG under weak acidic

condition and other polyphenolic compounds (7).
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Fig. 2. Chemical synthesis of creatine monohydrate and organic

contaminants (16).
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Fig. 3. Unsaturated saccharide structure obtained after HA’'s enzymatic

digestion by chondroitinase ABC enzyme.
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e FHz SAe A% Jo Hes B4R JheEdste] weoiin
S|LFEAS FE BHiys ol v vdARA, AldelA= A5, £ F
A g wEe] defo] EAjst, AZolM = yolrh S0t wel s|dFE
b eeFol Skek A AR HAskAl |uh@E0). R, v RIF 27 AL
He A ew s|dFEAY HERds Blug Aol dRe Ax A=
S FREFE S BdT Adol fAdEE Aoz gdHAn 2 4
fAle M= 20061 “¥F HFe Eas & g A" VlvAde Ao <
Aok, 7lsAd sHS VIt Tet A AT FUF SEsAE 2o
2 A dude] glermr UlErls e seES A ATE®).
John 59 Aol oatrl wH-7F AdAX = AL dFzAe] St 7
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=
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7}. A €A (applicability)

AMZ g8 71de xR distd HA fEes AAs] f1EA
AOAC 7lol=2k21(6)9 21# % EA(reliability characteristics)oll A #| Q+&} 1L
o) W BA uFE AT

e o w s _ _
A= A, AR, SAESE, AR, T 42, A, A

ARSIAEE B0 FET + A UL AN, HPLCS UV
g olgstel Ao Yz AT T 4 Ye A%, F, Pevow Ay
2 Arrsta

o}, & A A (linearity)

HEFE&NE olgdte] ARV 23 H 5 e v HAE HAABsn
FEoE 717INkS Al dzte] e wAE 2 ER el AEAe] A
e dasty] flalA AAA S (coefficient of determination)E YEF =
ATl M = AOAC 7hel=2kl(6)el A Algtetar = AAAF7E 099 ©]
&AA et

2. A 84 (accuracy)

Az AA AR e AA gde fEes Yo, iF=dEs A8
of A7bst= Wl weh bdd EA &N s AN 2 T
A o 28 == 3o RFEEAES FUkete Rl

Recovery (%) = (C—Cy) x 100/C,

Ct = Concentration of the fortified in test sample

_13_
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Cu = Concentration of the unfortified in test sample

Ca = Caledlated(not analyzed) concentration of analyte added to the test sanple

v}, HEWAlimit of detection, LOD) R “7RAlimit of quantitation, LOQ)

LOD = Xgr + 3Sgr
LOQ = Xgr + 10Sg
Xpr = Blank value

Sgr = Standard deviation of the blank
v}, ¥HE A9 A (repeatability precision)

&2 AIRE el s

TS
e

AR ALk, A, 7T S 3o FdEkAl A
= AHolA HE UﬂE%‘,*(mamX) &, A7 A

At 5Ho REEA3 Dol Fro R vt vE g AAE st
1 ey 24e AEWME S (mass fraction, C)2 RSDr=C *°9] 2o u}

2f ALtE grel 122z AAskdvh ol25H Avtd e 54" ey

e
tlo
O
ol

o] RSDr#k#} vlasted, HORRATr 321(6)o <384 0.572.0 Alolo] &A1a
BE TLe A v EAF EAVF gleAE sk
HORRATTr = RSDr (found, %)/ RSDr (calculated, %)
Ab. A E 3 %= (measurement uncertainty)
SAEIdEE AES] dsted 54 REFS AASY B3 dAE A
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Ppi X Fpy X STD X L, X In X Ry,
Calibration of sample weight

Weight of sample(g)

Vc X VRy X VTp
Concentration of sample extraction solution(ug/mL)

Concentration of sample(ug/g)
Calibration of volumetric flask

Wr,: Readability of weight of sample

V;: Final volume of sample(mL)

Vg~ Repeatability of volumetric flask
V- Variation of temperature

Wr,- Repeatability of sample weight
Pg,;t Purity of functional ingredient

VV;: W:XWR;/XWR&

Vi

C.

C,:
C.:
V.:
W
W.:
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Fp;t Formula weight of functional ingredient
STD: Standard stock solution

STD, ;... 7. Concentration of standard solution
L. Linearity of calibration curve

I;: Reproducibility of instrument

R, Recovery of matrix

[6]

[7]

n . Number of measurements

S, Pooled standard deviation
s; - Standard deviation

v;: Degree of freedom

AFFAe EEAAL ol§atel g Ao BFEAL EAS] 44D

o AEFAL 14 A48l g, JHEZLAEE H[9-11]9] w
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< A&t A=A
A;=C;XB/+B, (8]
s |11 (c_0or
v (G)= fj yTnt s, U
M [A4;,=(By+ BC;)P
S= 1= [10]
n—2
S.= (G -C) [11]
=1
.Aji_]m 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 Cy
n: Number of measurement for the calibration
C: Mean value of the different calibration standard
G, Concentration of standard for the calibration
S,..- Change value range of calibration standard
4) FPARTESE
=44 ghol ofe] AA e el ARRE FAAH, S}
(58 AAASTE SAHESE AN didste] FAT oju AL
3% Ay H(law of propagation of uncertainty)el] Wt FAHEFESE
#AH S FEFAT

Collection @ chosun
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(

1A

Welch-Satterth-waited 2[13]& ©o]&3te] AH&3tA Tt ojuf, Fax{F%=7}
o] Aol - EURACHEM/CITAC A& (35)e] wz} 95% AlF
A2} kE 22 7|k h T3 §HES == AitE FHAETES T X

AAHE Fat T[4l s Fah

"
Rt
r o
=
=
rr
hin

173!

) FEAFTE(V,)E F7gstaL,

. M [13]

Ui
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A 75 HB)E B9 ZF3 9

l. @R EFANFEE T TEIdA=
7F AGAE

FaxEd2 AFR3E 22k (gallic acid)¥® B A A o] AFR-E = #H 3= A] 2F(folin
& ciocalteus’s phenol reagent) 18]l EHFYES (sodium carbonate)<
Sigma-AldrichA}b  (St.  Louis, MO, USA)ZRE FYaqx, HHES
(methanol) MerckAl (Darmstadt, Germany)= %8 HPLCH & ?%‘ sto] A}
£33t 24¢4E EASY pure system(Barnstead, Dubuque, IA, USA)9
ol 180 MR FE o2 AAlE =& AHEAH. & AFolA AMEE AEe 2
gl =3 e mtEdA FdFlew, 7A(FAE) we TPPL, TPP2
9 TPP3o.& FiEsto] AR&-3talth.

MEA] 2L AEAGS 3% FREE ol gl F olE AN F A
gohth Ed BANIES A9 2@ 35 g uoAdd 3 }—r 70780 T2

_19_
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o 25899 =4

ol

A 2ol 80% ®l &S 100 mLel

7(‘?_:]*3

—_—
fie)

443

o, §1 84S 80% vMige=

S

oo

ol
ol

=
=

ALl 400 L

tol thAl A9t

7}5

=
=

H s Al 200

27|

2 AdEde =4

KoN
=

2~
=

Zosnze A 1Ew

g

A £(TPP1, TPP2, TPP3)¢]

A
Rid

o

tol 4000 rpmell

S

38

s

_?_
=

™

74t

=
=

80% "E& 5 mL

Eal

tod 50 mL &&&E+

1 mL& #5J

ol
ol

=
o

s

=

Aol ¥ 80% ™|

ey

Fhatel 4

=
=

Alel 400 b

g sl oAl gk

200 wl

717124

.

VarianA} (Cray

)

42 760 nme] At

300, USA)=
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B

2. GLo|ZEXFEE F Penta-O-galloyl beta-D-glucose(PGG)

A

b AEAE

EoEZQ PGG Sigma-AldrichA} (St. Louis, MO, USA)Z5-H <13}
AL, ol A EAFS Kanto ChemicalAH(Tokyo, Japan)olA +9d38tgch. &3k

€2 (methanol) ¥ o}AlEY E H (acetonitrile) >  MerckAl  (Darmstadt,
Germany) 2458 HPLCH& THYste] AF&st9dt. x4t EASY pure
system(Barnstead, Dubuque, IA, USA)o] 93] 180 M@ o2 AHAH &
S AREEITE B AFdA AFES AlsE 28] £ EY O1F wfEYgA S
gom, 71d(FL5) Bt PGGl, PGG2 ¥ PGG3o.2 Fi3te] AF8-31%

':anz |

U 25899 =4

#874 PGG 10 mgs sl Po} 80% vle- 100 mLol o] EE
®oahal ¢ S0 80% Weew Ad3) fMste] mEgolw )

i

o

ol
ol

[¢]

o AEE A A

Fds 9 FIA & 39 ZEASPGGL, PGG2, PGG3)4Y &<
F AAS T3 ¢ §F LS 50 mL &FZekaAe] FHsAh 1

=]

23l 80% wWlEs 25 mLE 7hete] 1023 259 55 F A= 238 80%
Mgz A& FEdes 2UAE ZH045 mz of3sto] AdE&AH
o2 st

N5 (HE)AES BXE7] Y&l PDA(Photo diode array)?} &EE

_21_
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Nanospace SI-2(Shiseido Co., Japan)E AF&3t o™, AH L Capcell Pak
Cis UG120(4.62x50 mm, 5 gm, Shiseido, Japan)< A}&3th o] %4 0.3%
oA ELHA)I 0.3% ofAlEAFO] Eol3t opAlEHEHB)S 9 1.0 mLé
FH5oZ B)olsids 161 &9k 17%0A 25%= 77}/\12_] S0 2080 H
Z17HA Al 50% 2 S7HAIA AT S8 9SS 280 nmo|H, LEEE

40CE Atk (Table 1).

10
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Table 1. HPLC condition for analysis of PGG

Items Conditions

A: Acetic acid : D.W (0.3:99.7, v/v%)
B: Acetic acid : D.W : MeCN (0.3:5:94.7, v/v%)

Time(min) A(%) B(%)

Solvent

0.0 33 17

15.0 5 25

20.0 50 50

25.0 50 50

25.1 33 17

30.0 33 17
Column Capcell pak Cis UG120 (46 mm IDx250 mm, 5 gm)
Flow 1 mL/min

Injection volume | 10 uf
Detector UV 280 nm

Temperature 40 C

_23_
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3. Aol BFA| T F o, HAIIH o= | tglo|=2ER|oR]

b AEAE

F+=E549 Adoldl R w-3lo] = o] E(creatine monohydrate, CrM)$}
712 dEHQ  tJA] ety olrlo] =(dicyandiamide):=  Sigma-AldrichA} (St

Louis, MO, USA)°lA g ow r]dlo] =& E g o} (dihydrotriazine) &
Alz-ChemA}l (Trostberg, Germany)=ZFE 43ttt 2 ¥ro] A2 A <t
2 & (ammonium dihydorgen phosphate)= MerckAl (Darmstadt, Germany)=
B et ARESksith B Aol ARER AR SW &g Ed Y
ntEo A AR FdFen, AP iAo wet CrMl, CrM2 % CrM3 =&
TEote] ARE-SESit

U 25899 =4

Aotd BHEAe ELFEH= HHEV2 48] HAIAIH, PeA=
AeEs BF AAS Fd wddsir|2 dAsA ] S ARESTE g a

)
o
i)

= % E1(045 ﬂm)
die AL Aoz At 7] eARA TA I elulol =9 T
0 &

FEohase] Fsha,
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T4 7T mLE B vE @& $ AshA E£50] Hola
et FEF 5 A AR 2EF2 A FRTFE AL
AYA & FH (045 m)= o Hsto] AlFEHom ALEs At
2t 717184
s (A E)HEQ Adoldel 7] LEEZH tA|ettjolulel= W T]3}
ol=g2EgolxSE EAsy] 98l PDA(Photo diode array)’t e
Nanospace SI-2 HPLC 7]7](Shiseido Co., Japan)& AF&3 o™, <Fo]2usgl
A2l Nucleosil 100-5 SA (4.6x250mm, 5 m, Bischoff, Leonberg,
Germany)< ©]-&3sto] F@stAt) o] 23% R2FAYREES 1 N
AU EFAOSZ pH 552 2FE ¢ 05 mL/mine] &= EAgom, A
qFYEe 10 WE LELEE 3BTE AFsdtt. SAHGES Adolue
224 nm, TlA|¢tt]olulo]l== 212 nm, tholdtol=2E ol WS 237 nmE A

A& A cH(Table 2).
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Table 2. HPLC condition for analysis of creatine, dicyandiamide and

dihydrotriazine
Items Conditions
Solvent 2.3% Ammonium phosphate (pH 5.5)
Column Nucleosil 100-5 SA (4.6 mm IDx250 mm, 5 gm)
Flow 0.5 mL/min
Injection volume 10 wl

Detector

wavelengths

Temperature

Creatine : 224 nm
Dicyandiamide :@ 212 nm
Dihydrotriazine : 237 nm

35T

Collection @ chosun
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540 3 IdFE4 YEF Y (hyaluronic acid sodium salt, HA) ¥ &3]
F49  Z=2Zo]Elt}bolA (chondroitinase) ABC #4& % Hd3UEFS
Sigma-AldrichA} (St. Louis, MO, USA)ZHEH FLsA 1, EF =YL (Tris
base)¥} OFAEAMGE H(sodium acetate) % A4S MerckA} (Darmstadt,
Germany) 258 HPLCw<S THste] AM&stdt. =& T EASY pure
system (Barnstead, Dubuque, 1A, USA)°] 23] 180 M2 &2 =2 A Zﬂ =
= AbESth 2 Aol A AFEE AlEE Sl dHE wlEA Fslon,
A e iAol wel HAL, HA2 2 HA3Z F&3to] A&k

Y. 33 mM Tris-HCl1 3 ZA

B2 399 g oHAIEAGEF 27 g-% A2 A3l 900 ml. 55 el
50l F @A o g3l pH 800 24 F 1 L2 sHvh

CREEIREES

ris-HCl ¢+5 8
oz el 1

A3s] 3Aetar o
ol 50 u(%°1] 0.002 unit/ L ﬁcgo]ﬂq.o}xﬂ ABC7} =39 33 mM Tris-HCI
(pH 8.0) &F8&N 450 W& T 37CollA 37 RESA AT, RES-o] ¢85
W 100ToA A 583F 71 sta 045 ym= WE QA LE S FFLYoR 3}
P

=5
M
it
1)
o,
e
4
rfu
>
x L
|m
]
uiss
filo
o
=)
o,
gt
S
w
w
3
=

_l>*1 _I::a,%
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g AL =4

AGoluf 71do] & 3709 FEAF(HAL, HA2, HA3)E oz e
Ae AES AAT § #2372 3] ddsAA e, AAs AR
S ol &3t $Hdd] w4 F dHSUIVIE dHIAZ AS AR
ANg 9A8%FS 50 mL &=F&eh~=o FHstal 33 mM Tris-HCl ¢5-& 40
2 Ag3 & & My 2 % ulaudl" wl(stirring bar)E 93 60 Coll A
NFEI AetA F& F Ao AP AEFEN 50 well 0.002 unit/pl

ZolEuytolAl ABC7F €3¢ 33 mM Tris-HCl (pH 8.0) 450 mE €L 37

ColA 3A1%F g A7) 3, wgo] $EHW 100 ColA 5%7 /tG@ F 045

= FuEel dejste] Ageeom sl
. 717124

NNSHE)AES EAs7] 98l PDA  (Photo diode array)”’} F##
Nanospace SI-2 HPLC 7]7](Shiseido Co., Japan)E Al&3dtgion, A0S
Aa71Ade dRFgolLuns g ZIEYE AgstAe] FXw  Hypersil
GOLD SAX (4.6x250 mm, 5 gm, Thermo, USA)S A}&3lt}t. ol 54L&
006 M f3l}EFANS A4to =2 pH 35243 & 49 1.0 mLe fHo=
BAg o Alm FUHFS 10 et LE2=E 35T, A4S 232 nm=E

A s A tHTable 3).
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Table 3. HPLC condition for analysis of hyaluronic acid

Items Conditions

Solven 0.05 M NaCl (pH 3.5)

Column Hypersil GOLD SAX (4.6 mm IDx250 mm, 5 /m)
Flow 1.0 mL/min

Injection volume 10 uf

Detector UV 232 nm

Temperature 40 C

_29_
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A2- 71 T(AEB)EE dHolAd AF

1. @go|EFAFEE T TEHMASE

M
of\

Y

HE datel AA ARE HET F Y= AR g

%5 T2 147154
NAHL8 9854 5)9 370 AE(TPP1, TPP2, TPP3)S A Aste] HA
W ASS F3 I (Table 4).
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Table 4. Description of the samples

Sample Formulation Dosage form  Provenience

Total polyphenol(TPP)

309 TPP plus other

TPP1 . . D Capsules Korea
ingredients
32% TPP plus other
TPP2 . . 2 Capsules Korea
ingredients
35% TPP plus other
TPP3 Capsules Korea

ingredients”

1)Penta*O*galloyl beta-D-glucose, flexed-seed oil, microcrystalline, fibroin
BF-7, lactic acid bacterial containing powder

2)Penta*O*galloyl beta-D-glucose, resistant maltodextrin, microcrystalline,
cellulose, kelp meal

3)Penta*O*galloyl beta-D-glucose, brewer’s

yeast, microcrystalline
cellulose, kelp meal, died yeast, chicory extract

_31_
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U A9

H

] 7]

= 3
o=

2 sk

=
|

) gl

A7HA

P
T

g 3tel

=
h

Fol 760 nm

S

F= 10.0,

671 2]

=
|

NES
20.0, 40.0, 80.0, 160.0, 200.0 pg/mLol]

|

3

ghelel 2

s

0.99962.2 AOAC 7}o]

)=

P
T

3]

3. 1 Ay AAA

P
T
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Fig. 4. Calibration curve of total polyphenol (n=3).
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2. A&

371 FEA Z(TPP1, TPP2, TPP3)el tste] z}zte] 3
28], 3uj7F HEE RFdAS Hrteta, 53] WRAFES Fa Hi 3
i

= =
WEES 2EFoaA EHA JFS AESFAL. F, 3719

(TPP1, TPP2, TPP3) ztztell tisir gk SAgkel AL 30.0(1H0) g
/mL, 60.0(2¥1) pg/mL, 90.0(3¥)) pg/mL7} ¥ == stk = A3} 30.0(14)
pg/mL7b H =5 Ak Az 342 9557101.1%, 60.0(2H) pg/mLoll A=
96.3797.7%, 90.0(311) pg/mLolAE 926798.0% = Belw At ol d Axp=
AOAC 7Fol=gkl(B)oll A AAlstar 31§89l BF E3E= oz A

ABPRE M e 718 54 7 BRARC dste] w43

e

r‘;l

A7 vk Ae & A E=E, A7) el it “‘HE%

1.673.2%, 1.873.0%, 2.572.7%= e}y tH(Table 5).
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Table 5. Accuracy data of total polyphenol (n=5)

Fortified Fortified Fortified
: concentation TPP1 concentation TPP2 concentation TPP3
1
Treatment (pg/mL) (pg/mL) (pg/mL)

30.0 60.0 900 300 600 90.0 300 600 90.0

1 101.1 100.6 94.6 989 979 971 949 968 984
2 100.6 100.0 90.6 95.2 989 99.6 975 974 994
3 1035 969 914 933 991 978 96.6 983 96.3
4 99.1 956 904 99.8 932 99.6 96.5 951 947
5) 101.0 944 958 933 937 944 971 940 101.1

Mean (%) 101.1 975 926 96.1 966 97.7 96.5 963 98.0

S.D. 16 27 2.5 3.1 2.9 2.2 1.0 1.8 2.5
RSD (%) 1.6 28 2.7 3.2 3.0 2.2 1.0 1.8 2.6
Acceptable _ - -

2 95.97101.7 95.87101.7 96.27101.6
values (%)

YKnown amounts (1-3 times) of gallic acid were added in each
representative sample, respectively.

2)Acceptable values proposed by AOAC guideline (6).
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ot FFSAE H5EZLA

(D) AAF Wsfol] thet vhEAd A

R

Azl Wste] digh wkE AU S Elsly] flete] mEAIE TPP19
£ 300 mg/gx1v, 2v}, 3= Fe|aL 7o) thste] 53] ¥HEAF 3§t
Aok 1 A, BEAZANAY FEEHEe TS 1uld A= 31.9%, 26l
M= 305%, 3ol A= 299% = AEEo] R
o FAA= 307%E FAPt ol FF FAHRS EdE AOAC 7tol=
Rl Al Atetal = 3§ WHAAE FAs A7 0371.2%°A 7 F
Lo FdEFEHArt &Rl EIH=AE gl A 1¥ AH A
1.2%, 29 213 Al 1.1%, 3w} AFH Al 24%= AU o]ggt A= A
ko] wWslel] wE wHEAYUAo] oAl 300 mg/gx1ufel 28R AlS

=
AA

[}
Ao Wit FEYAE G

[-‘O
o,

filo

Seltets BUd A nERAUAR BAL gs A ¢ & 9
o, 3R FAW Aol FAR zAH] WEARIH BAI7} w0
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Table 6. Repeatability precision data at adjusted sample amounts (n=5)

Total polyphenol (TPP1)

Treatment”’
1x 2% 3x
1 312,141.2 303,124.1 299,817.4
2 322,034.5 310,412.3 310,514.8
3 318,321.6 302,741.2 291,745.3
4 319,841.4 305,412.2 295,641.2
5 320,361.9 302,102.4 297,025.7
Mean (ug/g) 318,540.1 304,758.4 298,948.9
Mean (%) 31.9 30.5 29.9
S.D. 3,815.0 3,398.1 7,089.7
RSD (%) 1.2 1.1 2.4
Acceptable ) 0.371.2

recovery (%)

YKnown amounts (1-3 times) were added in representative sample.
2)Acceptable values proposed by AOAC guideline (6).

_37_

Collection @ chosun



Alg Z1ER skl gigk ks AP S S]letr] fstel M2 uE Es
7hA Al = REAIE 370(TPPL, TPP2, TPP3)E 7+7F 53] whiE 2359t

O Ay FEYHE ol TPP1 AlsoA+= 305%, TPP2 AlmolA+=

26.8%, TPP3 Alm el A& 415%7F A&H At olye d=F SH7%S ol &3t
04 &S Fel3 Ay TPP19 TPP29] 7% 0.371.2%°]w, TPP32 7

= 037L1%°l At 7t Alme] AuEEdaz el 2qE=AE g
o1 A3} TPP1 A&E 1.1%, TPP2 A&+ 1.0%, TPP3 A&+ 09%YU<
Flgo] mep, Alse] 7[do] AE tgE 5AS zted stdets AW
of RIS EAVE itk 2SRl = A (Table 7).
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Table 7. Repeatability precision data of three TPPs with different sample

matrix (n=5)

Total polyphenol (TPP)

Analytes
TPPI TPP? TPP3
1 303,124.1 266,967.7 419.817.4
2 310,412.3 263,368.1 4105148
3 302,741.2 260,180.5 4117453
4 305,412.2 270,083.5 4156412
5 302,102.4 260,570.0 4170257
Mean (1g/g) 304,758.4 2678340 4149489
Mean (%) 30.5 26.8 415
SD. 3398.1 2,765.0 38216
RSD (%) 11 10 09
Acceptable 03712 0.371.2 03711

values (%)Y

1)Acceptable precison values proposed by AOAC guideline (6).
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el
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el

0.7%= &<l ¥ Atk (Table 8).

-
T

t}. =3 intra-day RSD
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Table 8. Repeatability precision data at changed analysis time (n=5)

Total polyphenol (TPP1)

Treatment
0h 24 h 48 h
1 303,124.1 301,514.6 310,614.3
2 310,412.3 306,694.3 305,416.2
3 302,741.2 305,191.2 309,514.8
4 305,412.2 298,762.5 305,591.2
5 302,102.4 299,614.3 301,419.7
Daily Mean (ug/g) 304,758.4 302,355.4 306,511.2
Mean (%) 30.5 30.2 30.7
Inter-day S.D. 3,398.1 3,464.0 3,668.3
Inter-day RSD (%) 1.1 1.1 1.2
Intra-day RSD (%) 0.7
Acceptable 03712

values (%)

1)Acceptable values proposed by AOAC guideline (6).
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=
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0 =g

(u(Vg,))= 00012 mL7F At Zeja A 2=wste] Boes &
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7F £ 3 Tolar 80% wlete2l A= 0.001018°]w, A& -7ko] FolA
AA weormw AAZEY ExE FF(yv3)ete] REEdE(u(Vy)e 0018
mL(0.031/v3)elAth wetA] G&FZet=ae] FABIT=(w(V,))e 4 EF
et i3 AlFEe AFToR 0023 mLolW, ANEFrEIE
(u(V;)/Vp)i= 0.0023(0.023/10)01 Tk, oo} sL3 W o= 22 AJF 84
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Table 9. Uncertainty budget for the determination of W, V,, and V;
Relative Combined relative
Step Parameter Value Dfigrgen(l)f rSlta?tde;;ctl standard )
eedo uncertainty uncertainty standard uncertainty
W, - 00 0.00025
Ist Whg, 0.1 15 0.000052
V., 0.025 00 0.014 0.0034
Vi Vi, 10 9 0.0012 0.0023
VT[/ 3 oo 0018
Ve 0.006 00 0.0035
v, Vary 1.0 9 0.00044 0.0039
Vi, 3 00 0.0018
2st v, 0.06 - 0,035 0.0044
Vi Vi, 10 9 0.027 0.0044
VT[/ 3 o 0088
—_ 44 —_
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Table 10. Summary of uncertainty values from standard solutions

Relative ) ]
L Degree of Standard Combined relative
Description parameter value ) standard .
freedom uncertainty ) standard uncertainty
uncertainty
(x;) x; v u(x;) u(x;)/x, \/(Z{U(ff,)/fc,}Q)
Py, 95 0o 0.0055 0.000058
Fp; 1701.2 00 0.036 0.000021 0.0019
STD STDy, 1.0032 225461 0.00025 0.00025 '
STD,, 100 20122 0.19 0.0019
Auto-pipette 27200 Ve 0.0008 00 0.00046
) Viry 0.1 9 0.000083 0.0050
1
STDlst VA Tp 3 60 000018 00054
Volumetric flask 50 Ve 0.06 «© 0.035
L Vi 50 9 0.027 0.0020
m Vi, 3 00 0.088
Auto-pipette 27200 Vie 0.0012 = 0.00069
0 Viry 0.2 9 0.00013 0.0039
1
STD,,, VQT” o?)es - 0608:(3)25 0.0044
Volumetric flask 50 ¢ ) :
L Vi 50 9 0.027 0.0020
m Vi, 3 00 0.083
STD,,, Auto—pipette V4. 0.005 00 0.0029 0.0098 0.010
—_ 47 —_
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By Vi 0.4 9 0.0025
5071,000 Vit 3 o 0.00071
. v 0.060 oo 0.035
I flask 50 c
Volumetric flas Vi 50 9 0.027 0.0020
mL Vi, 3 oo 0.088
. v, 0.006 o0 0.0035
Auto—pipett A
utoTpipette Vim 0.8 9 0.00022 0.0047
o071,000 Vi, 3 oo 0.0014
STD,, 0.0051
Volumetric flask 50 Ve 0.06 o 0.035
Vi 50 9 0.027 0.0020
mL Vi, 3 oo 0.088
. Vi 0.03 o 0.017
Auto-pipett ‘
uto~pipette Vin 16 9 0.00014 0.011
10075,000 ¢ Vs, 3 co 0.0028
STD.,, » 0,011
Volumetric flask 50 Ve 0.06 o 0.035
Vi, 50 9 0.027 0.0020
mL Vi, 3 oo 0.088
. V. 0.03 o0 0.017
Auto- tt ¢
Hrombibette Vim 2.0 9 0.00035 0.0083
10075,000 ¢ Vs, 3 co 0.0035
STD,, » 0.0001
Volumetric flask 50 Ve 0.06 o 0.035
Vi, 50 9 0.027 0.0020
mL Vo, 3 oo 0.088
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Agade 35289 6719 = 100 pg/mL, 20.0 wg/mL, 40.0 pg/mL,

0.0 pg/mL, 160.0 pg/mL % 3200 pg/mL=E 33] ZAste] £ gk Aol 33
Tks ol&ste] Ay HAAFHORE AXstdn. A7 Edx HUtE
gt A dA 22 2[8]-[11]e1H, 3]+ (regression analysis)®] €]
3l BAA ol AE AMSGAE W HFEAe] EFESE(u(L,))E 806141 pg
/mLola, AEFEZ=(u(L,)/L)E 0.025(8061.41/23zh o2 YEyt
(Table 11).

Table 11. The result of regression analysis using Excle program

An alyt S B 1 P n CO C SI: T

TPP1 0.045 0.0047 3 21 318540.12 10350 144,057

=

® (ulp)/Ip) #& AF=Estdvh A8 RS 53] vhE ZH3 23
Fge 318540.1201W  FEWAE 381500 oAtk wekd HFEE
(u(lp)e F=AAES (V52 UHE 79 1,706.12(3,815.00/ /5 )01, A
FZEIE(ully)/Iy)E 0.0054(1,706.12/318,540.12) & L} E}Fw

Aol Aol dF BHEL WEBZHI 05E )
FAastel Ttk B5E AP 55 WE ZAH An Wit L wFARE

101.1 + 1.6%olR o, oo ta FFEITZ(u(R,)E ETHAAS} gorzg
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Fig. 5. Contributions of uncertainty factors.
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Fig. 6. Variations of the result by total polyphenol method between

laboratories.
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% Penta-O-galloyl beta-D-glucose, PGG

gl ZEXFEE

2.

KR

el

S

1d(FH95 %) 37 AFPGGL, PGG2, PGG3)= 473

7

T8 g rh(Table 12).
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Table 12. Description of the samples

Sample Formulation Dosage form Provenience

Penta-O-galloyl beta-D-glucose(PGQG)

1.0% PGG plus other

PGG1 ) ) D Capsules Korea
ingredients
1.2% PGG plus other
PGG2 ) ) 2 Capsules Korea
ingredients
1.0% PGG plus other
PGG3 Capsules Korea

ingredients”

D Total polyphenol, flexed-seed oil, microcrystalline, fibroin BF-7, lactic

acid bacterial containing powder

Total polyphenol, resistant maltodextrin, microcrystalline, cellulose, kelp
meal

9Total polyphenol, brewer’'s yeast, microcrystalline cellulose, kelp meal,
died yeast, chicory extract
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Wl edesy &3 et olFHxeA @elsty] flste] Ee8
s gt Fig. 794 AE PGG EE€9S &
g AgvtEafoly BE PGGlL Al&E EA3 mazntEadela Cx
PGGl A&l PGG %+4

=
Foole Fuas Ane FuAt FUAY GAPor], A=Y
[e) T

3

He Hgs] xS gl = A =3 2 5 (resolution)= &<13}7]

et Alggde] FAE A WS A 2 39 WES A
j =y

A AT 142 tehd o A
NS e

=

)
_>‘4_|‘
©
il
_{

:é
lo,
o
1
I
=
:‘_I‘
=
Al
BN

filo

AOAC 7tol=ghl(B)ell Al AAlek= HA 1.0 o9 E8%

& = A3l (Table 13).
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Fig. 7. HPLC chromatogram of PGG in Health/Functional food.(A
Standard of PGG, B : Sample material, C : Standard spiked in sample

material).
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Table 13. Selectivity data of PGG

Retention times (minutes) Baseline widths (minutes) .
Resolution
t1 to Wi Wo
12.614 13.317 0.4 0.6 1.4(=>1.0)
— 58 —
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Frgde Y sRE AHHs] sAste] 042, 084, 168, 3.36, 6.72
44, 26.88 pg/mLol| ta AHAAPS AEAT AE Al JEIE 5 A= o3
MeE Selaty] lstel 7 smol elA 38 wE A9 FaAHc 2 A
F ARAFE)E 099992 AOAC 7hol=gslel A aFats ZAAS 095

oS TS vk (Fig. 8).
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Fig. 8. Calibration curve of PGG (n=3).
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Table 14. Accuracy data of PGG (n=5)

Fortified Fortified Fortified
concentation PGG1 concentation concentation PGG3
Treatment (ug/mL) PGG2 (ug/mL) (ug/mL)

20 40 6.0 20 40 6.0 20 40 60

1 96.4 1014 102.0 989 1009 964 102.1 103.3 104.7
2 95.3 952 1048 971 1014 992 998 103.2 106.8
3 101.3 103.1 982 93.3 1004 101.8 96.2 103.1 104.8
4 95.8 996 101.6 996 927 996 101.2 1048 101.2
5 947 988  96.6 935 936 945 1035 106.8 103.1

Mean (%) 96.7 996 1006 965 978 983 1006 1042 104.1
S.D. 26 30 3.3 3.0 43 29 28 16 21
RSD (%) 27 30 3.2 31 44 29 28 15 20

Vﬁfjggt?%lfm 92.57104.6 92.67104.4 92571045

YKnown amounts (1-3 times) were added in representative sample.

2)Acceptable values proposed by AOAC guideline (6).
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Table 15. Repeatability precision data at adjusted sample amounts (n=5)

Treatment”’ real
1xP 2% 3x
1 10,361.7 11,5134 11,141.1
2 10,131.1 11,480.4 11,618.8
3 10,516.8 11,848.9 11,656.3
4 10,068.6 11,789.3 11,535.2
5 10,188.5 12,016.2 11,251.7
Mean (ug/g) 10,253.3 11,729.6 11,440.6
Mean (%) 1.0 1.2 1.1
S.D. 183.3 228.5 230.6
RSD (%) 1.8 19 2.0
Acceptable 05720

values (%)?

YKnown amounts (1-3 times) were added in representative sample.

2)Acceptable values proposed by AOAC guideline (6).
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Alg 7AWk g wbE AEAA S FQler] flste]l A2 tE VEs
7HA AL e AR 3M(PGGL, PGG2, PGG3)E 717 53] wHEA3d &3l

th. Table 16914 HolFal Q= wkel o] PGG el PGGL Al&elA =
1.0%, PGG2 Al &oll M= 1.3%, PGG3 Al&olAM= 1.1%=2 HEH A o2 g
dF SAwS olgste] sE&HAE FA A3 PGG1eE PGG32 0.572.0%,
PGG2= 0571.9%°10t. 74 Alme FgsaAxr7E 518 flol 23 s =4

gk A3 PGGl 1.8%, PGG2+= 1.7%, PGG3& 2.0% = =<l% o], 371
T BT 8l EFEATY. webA, 5 AR AR 7]
e SAS v stdets HEAEAA S A7 slves Ae g9l
A

tH(Table 16).
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Table 16. Repeatability precision data of three PGGs with different sample

matrix (n=5)

PGG
Treatment
PGG1 PGG2 PGG3
1 10,361.7 13,141.3 11,098.7
2 10,131.1 12,945.1 11,099.4
3 10,516.8 13,362.7 11,5355
4 10,068.6 13,5194 10,9445
5 10,188.5 13,421.5 11,255.8
Mean (ug/g) 10,253.3 13,278.0 11,186.8
Mean (%) 1.0 1.3 1.1
S.D. 183.3 232.1 2239
RSD (%) 1.8 1.7 2.0
Acceptable _ - -
0.572.0 05719 0.572.0

values (%)

D Acceptable precision values proposed by AOAC guideline (6).
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171 $lste] dd Az

S

|

}924 0 h, 24 h, 48 holth Algx2 53

S

i

T YA By

PGGl1< 4

15

A

s}
ol

Zo] 0 h, 24 h 48 hollA] 25 1.0%=

o
0.572.0% =

tatk 1 2% PGG

S

]
!

i

o

SERES
A3 0 he] 25 1.8%, 24 h<2 2.0%, 48 h& 1.9%=

Hlo,

—_—

o

s

3lo
2

A3 1.0%=

s

T3 intra-day RSDE &<

LE tH(Table 17).
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Table 17. Repeatability precision data at changed analysis time (n=b)

PGG1
Treatment
Oh 24h 48h
1 10,361.7 10,063.0 10,203.6
2 10,131.1 10,035.9 10,191.2
3 10,516.8 10,267.4 10,601.8
4 10,068.6 10,402.6 10,198.3
5 10,188.5 9,901.9 10,494.5
Daily Mean (ug/g) 10,253.3 10,134.2 10,337.9
Mean (%) 1.0 1.0 1.0
Inter-day S.D. 183.3 199.0 195.7
Inter-day RSD (%) 1.8 2.0 1.9
Intra-day RSD (%) 1.0
Acceptable 0520

values (%)

1)Acceptable values proposed by AOAC guideline (6).
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EHEAR PGG1E 43 azvtEadfoa 75 (X E)dE] R8s =

A, 1085 A8 gt BFFARE vk 1 A3 A=3A= 0.04 pg/mLol
w A A= 0.13 pg/mLE YER

*

AL SARAESE

(D) AEES A =28 5=

o

Azl FAE 01 mgZhA 4 = de= ALS o835t 50 mL &HZ
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o 2A AlPLAE Fo[gr), ojuf AFE&N ZA A AT F e
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dar. = A8 FA =H A
A FFk=2)91 4 0.0005 g =3
005/2)7k Atk olwl AL E3hS 00001 golH =
7)) 0.000029 g(0.0001/2/V/3) 0]tk TS ebgA L 001 go HEE

o

g(0.
(

5

=
© 16914 1= W el 157F do A= A& FAEETEY
7 BFEgE o Ao AleelmZ 0.00025
)&= 0.0025 (0.00025/0.01)0] 9t} E3FE 50 m
gols Ae A JAEE BIEE 50 mL §FZepae] HEoAs} ¢
)E 0.035 mL(0.06/v/3)olm, &&FFep=o] vl
E8e EAMAA AL LAE 108
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nE AAAY ZXE
Vajeldnt wetd gFEEtaae] FAEIE(w(V)E 4 BEESRE
e AFFe] Awoz 0.0% mLelw, FHEEES=(u(V,)/V)E
0.0019(0.095/50) 0] A th. #19F £ A& Az

Table 1891 2] Y},
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Table 18. Uncertainty budget for the determination of W, and V;

Combined
Degree Relative lati
Parameter Value of itaﬁf?;(tl standard relative
freedom  TOCTHIY ncertainty standard
uncertainty
(z;) z; v u(z;) wl@)/z; ez,
W, - oo 0.00025
Whg, 0.01 15 0.000024
V., 006 oo 0.035 0.025
Vi Vg 10 9 0.00086 0.0019
Vi 3 ©0 0.088
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Table 19. Summary of uncertainty values from standard solutions

Relative ) ]
L Degree of Standard Combined relative
Description parameter value . standard .
freedom uncertainty ) standard uncertainty
uncertainty
(z;) x; v u(x;) u(x,;)/x; \/(Z{u(x,)/x,}Q)
Py 95 ) 0.0055 0.000058
Fi; 940.68 00 0.020 0.000021 0,060
7D STDy, 0.0042 157081 0.00025 0.060 '
STD,, 50 383649212 0.095 0.0019
Auto-pipette Ve 0.0005 00 0.00029
5 Vg 0.05 9 0.00030 0.0084
STD,,, B Vaz, : - 0.000088 0.0087
* Volumetric V. 0.025 00 0.014
Vi 10 9 0.0012 0.0023
flask 10 mL Vi, 3 - 0,018
Auto-pipette Ve 0.0008 00 0.00046
- Virp 0.1 9 0.000083 0.0050
107100 Vit 3 00 0.00018 00
STDyuq Volumetric Ve 0.025 oo 0.014 .
Vi 10 9 0.0012 0.0029
flask 10 mL Vi, 3 o 0,018
Auto-pipette Ve 0.0012 00 0.0007 0.0041 0.0047
—_ 74 —_
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~ Varp 0.2 9 0.00025
i Van 3 0 0.00035
STDs1a Volumetric Ve 0.025 ©o 0.014
flask 10 mL Vi 10 9 0.0012 0.0023
o Vi 3 oo 0.018
Auto-pipette Vie 0.005 0 0.0029
10071000 gt LA 04 9 0.00015 0.0074
STD S Vary 3 oo 0.00071 -
" Volumetric Ve 0.025 o 0.014 :
flask 10 mL Vi 10 9 0.0012 0.0023
o Vi 3 oo 0.018
Auto-pipette Vie 0.006 o 0.0035
10051.000 gt L A® 0.8 9 0.00024 0.0047
STD e Vaz, 3 oo 0.0014 o
" Volumetric Ve 0.025 o 0.014 :
flask 10 mL Vi 10 9 0.0012 0.0023
* " Vi, 3 oo 0.018
Auto-pipette Vie 0.03 o 0.017
50075,000 sl Varo 16 9 0.00034 0.011
STD s Vary 3 oo 0.0028 o
" Volumetric Ve 0.025 o 0.014 .
flask 10 mL Vi 10 9 0.0012 0.0023
* " Vi, 3 oo 0.018
— 75 —
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Auto—pipette Ve 0.03 o 0.017

- Vi 32 9 0.00039 0.0057

. SU0TB000 by 3 oo 0.0056 00061
o . v, 0.025 00 0.014 :
Volumetric Vv 10 9 0.0012 0.0023
Rp . .
flask 10 mL Ve, 3 o 0,018
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AR 5589 79 % 042 0.84, 168, 3.36, 6.72, 13.44, 26.88 ug
/mLZ 33] ZAste] A8 Aol Hghs ol &3te] Ay HaAFHoR
AT e E3x HUbs Y3 £ #A B 28]-[11]0]H,
3] 724 (regression analysis)®| & #A| Aol A& AMtetdS o A=A
o] #RTEIE(u(L,))v= 52541 pg/mleli, FNETES=(u(L,)/L)E

0.051(525.41/4 73k o2 YESEtH(Table 20).

Table 20. The result of regression analysis using Excle program

Al’lalyte S Bl p n CO C SI,‘ T u (L ) u (L()/L

PGG1  18122.89 90602.42 3 21 15293.34 7.62 1521 52541 0.051

5 = =
BEEHE(ully)/I;) #S AEA A A& 58 0y F4d A
P 1025334017 EFWALE 18332 oAtk Wl EFE TR (ully))
EEFAAE (VE)E UHEF @ 8198(18332/v5)olH, AEFEILE
u(lp)/ Ip)E 0.0054(81.98/10,253.34) 2 Lhebyt

—~~

Amel Jdel d@ BRE: wusgd 55
Fstel TAG A5E A
967 + 26%clem, ool WF EEBIE(u(R,)E EEAAS gon

=
PGGe #E&EF=+= 0.0260100. webs 3]s 3 AU duxsss
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S (u(Ry)/Ryp)S AAE 3 0.027(0.026/0.96)01 ¥ 2455 40] ¢t}
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w
[90)
I~
il

=

T8 F Aok 283 FHESE(D) e FARTES =g 23AAK)E
wote]l Ao, A= A13]e] ot A= FF = o
EURACHEM/CITAC A3 (35)°l we&} FaArw=7%Y 75‘—°r 9% Al =
ol 23R kE 2.00% Axked, A [14]ol] oJsiA A o=

m{w
J&ﬂ
&
M

© MEd FHETEE 184450 ug/gol‘ﬂ A=, PGGS  10,25334 +
1,84450 pe/g(AEFF °F 95%, k=2.0¢ w)o] A th.

o} 7 285 g9l 7015—2« %RLoE FIHI éﬂr FEdd A A
212%= 7V¢ 71=7F Flom, 1 vge HARAdedA 231%, 7171 Aad
o Al 12.4%, AFAEN A Al 11.4% woZ =4 yepwoh 28y 1 vhell
Ao A= 5%l Hlszg FFEe B Vo EE yEES 30 5 9l
At

1
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Fig. 9. Contributions of uncertainty factors.
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o}, A @A YA (Reproducibility Precision)
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Fig. 10. Variations of the result by PGG method between laboratories.
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3. o BEA T Zdold, tAlIHemE 3 Helo| =2 Eg|ol

A3l dete] A ARE HES 7 e AR HE

)e] 378 AE(CrMl1, CrM2, CrM3)S A Aslo] &
S 3 (Table 21).

Table 21. Description of the samples

Sample Formulation Dosage form Provenience

Creatine monohydrate(CrM)

CrM1

100% CrM Powder Korea
CrM2 100% CrM Capsules Germany
CrM3 100% CrM Capsules Korea
—_ 82 —_
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FEE A A FE ol A <]
=X gt} Fig. 11€ UV 212 nm

ol M= YAty olrtol =, UV 224 nmaﬂ]/ﬂi A olEl S, UV 237 nm ol A
Egoldl s B35l de AmntEay Aolth Al Yol A

oz Adoted gty outol =, tsto] =2 Eg|obzl 37}
A FEgAS BAg aznEadola BE CrMl Al8E 243 a2nE
, C= CrMIA &l 37FA1 9] &8s 27 H7bsto] £43 A=
oltt. &N} ANEE A7 HA AN 4T A3 A%
A MFSAREG UV A9 Ed

<! A] 2,
25 (Resolution, RS #elal7] 9dte] Agge 2o T o ¥z
= W

N

L=y

ol v EARE ot ol ZE AR AEet 7ol SAa 5 W, ok W
ARG A 147358 YERd o 2A AOAC Zhel=8R16) M A1 A 3= A
2 10 o3 wEls s 7hde B9 & 4 llth(Table 22).
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[N

Dieyandiamide

:} Creatine monohydrate

FF ‘\

(Dilydrotiazine)

Creatine monohydrate

Fig. 11. Overlaad HPLC chromatograms of dicyandiamide, creatine and
dihydrotriazine under UV 212 nm (1st), UV 224 nm (2nd) and UV 237 nm

(3rd) conditions, respectively [A : 3 standard compounds of dicyandiamide

(UV 212 nm), creatine (UV 224 nm) and dihydrotriazine (UV 237 nm)], B

: CrM1 sample, C : CrM1 sample spiked with 3 standard compounds].
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Table 22. Selectivity data of creatine and organic contaminants

Retention times Baseline widths
Analyte (minutes) (minutes) Resolution
t1 to Wi W2
Creatine 5.133 5.757 0.3 0.6 1.4(=>1.0)
Dicyandiamide 4531 5.133 04 0.3 1.7(=1.0)
Dihydrotriazine 5.757 7.505 0.6 0.4 3.5(=>1.0)
-85 -
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Aol FfstAY, EAT AoR oidE= Aoty tAdT]olutol=
4 fstol=2Eg ol ghafo] x3rE 4 = ZH7he] Aol diste] 770
T AAE AESAT. 1A Adotd e sk HelE 400, 60.0, 0.0,
100.0, 120.0, 250.0, 500.0 pg/mL= g ow tTjAQtt]olulo]l =% 0.1, 0.2, 0.4,
0.8, 1.6, 32, 6.4, 12.8 pg/mLE A3t Ar}t. E3 tsto] =R EL 0} FEH
9= 005 0.1, 02, 04, 0.8, 1.6, 32, 64 pg/mlL =7} H=2 A3}
AlE A dEbE s SARSE BlEr] flske 7t s mel diEA] 33
HE 43 Fysgt 2 A3 2AAFE)7E ZotEoldE 09994, T
o] =+= 0.9997, tlste]l =R Egtolzl & 0.99990] %= AOAC 7}e]
6)ol A a8k AAAGT 095 oS WSS sk thFig. 12).

I
k)
g
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Fig. 12. Standard calibration curve of creatine (A), dicyandiamide (B) and

dihydrotriazine (C).
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2. A&

AA ARE YPEZI}E FEAR 37 (CrM1, CrM2, CrM3)ol dlsle]
spiking/recovery W o2 354y WESS T3 wWES A JIgFS HES

Hatol dAFe Aas AF

ul

At =, 302 HEAR 7H7tof stal A e
EEGOE WSS W AE Esh AR BAske ¥F Fne 24

ol H=% H7bekdth. 2#j A Table 230014 H= upep zFo] Azobyl 9]
ol = 100.0(1¥1) pg/mL, 200.0281) pg/mL 2 300.0(3¥H) pg/mL7} ¥ =5 3
ol tAettolutel = o] g0 = 0.7(14) pg/ml, 1.4(2¥)) pg/mlL 2 2.1(3
Hl) pg/mL7F W g UA=F Akl e Almol A gelstx] X3 Het
olEREgolxle] Agoll= Alm 5 AEFAIY F0.1 pg/mL) o 18, 24, 3
ol FEgAS Hrbske]  0.1(1M)) pg/mL, 02291) pg/mL 2 0.3(3) ug
/mL7F v F A=F At 1 A3 Adolde] A% 3 ZEAR
o Aol 3]4&o] Z+Zt 97.27100.3%, 99.071005% % 99.27100.9% = }skom,
A xEsHA= 0971.8%, 0471.2%, 0.372.2%= YERST (Table 239 g,
tAlQtHotutol =8 4= Fg&o] 247} 99.371065%, 95.67101.7%
92.37978% %2 ystor, HddlxFdaE 0.972.0%, 04708% 2 0470.7%=
Ebktt (Table 219 &%), E3k Halo]=2 Eglolxle] 49+ 3 Z
100.471055%, 98.271029% % 97.271021% % uYElg o™ A thiE

Z} 0.871.4%, 0.372.0% % 1.0%= g%t} (Table 239 3}&h).
EAARES BF =2 AFEAdE T AOACE 7tol=gkel)el A3t A

o,

N T owE

&°] 7

)
2
i
o
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Table 23. Accuracy data of creatine, dicyandiamide and dihydrotriazine (n=5)

Fortified concentation

Fortified concentation

Fortified concentation

Treatment CrM1 (ug/mL) CrM2 (ug/mL) CrM3 (ug/mL)
100.0  200.0 300.0 100.0  200.0  300.0 100.0  200.0 300.0
mean (%) 100.3  100.5 99.6 99.6 99.0 99.2 97.2 99.9 100.9
Creatine RSD (%) 0.9 0.7 0.3 1.8 04 2.2 0.9 1.2 0.5
Acceptable -
values (%)” 98071010
Treatment" 0.7 14 2.1 0.7 14 2.1 0.7 1.4 2.1
mean (%) 99.3 96.1 92.3 1029 995 95.6 106.5 1017 978
Dicyandiamide RSD (%) 0.9 0.7 0.4 2.0 0.8 0.5 1.1 0.4 0.7
Acceptable -
values (96)” 80.07115.0
Treatment” 0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 0.3
) o mean (%) 100.9 98.2 97.2 1004 100.2 101.0 1055 1029 102.1
Dihydrotriazine
RSD (%) 0.9 0.3 1.0 14 2.0 1.0 0.8 0.3 1.0

YKnown amounts (1-3 times) of creatine, dicyandiamide and dihydrotriazine were added in each representative

sample, respectively.

? Acceptable values proposed by AOAC guideline (6).
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ot FFSAE H5EZLA
(D) AAF Wsfol] thet vhEAd A

AA e Walo] sk wkE Hu S skolsly] 9t TEAE CrM1S
Nl == AAE AMAsAH. =, H2A AFHAFe 2dotd el F-% 962.0
mg/gx19, 29 H 3uj= HAE FHIAow, yrgtyelrte]= Bl Yol ErE
globl & YAt otutel = =2 A 0.014 mg/gx1¥l, 28] 2 3u|E F 3k
53] Wk sttt Table 24014 HolFal Sl= wpel 2ol 21 Ay} =4
of®l 1wf AH Al 96.2%, 2¥] AFH Al 97.0%, 39 HFH A= 976%=E A=
Hol FEAIR T Ao’y H FFEL 96.6%7F FrEHAUE AS &<
Atk 3 gAQtolm == 1] xFH Al 0.0014%, 28 B 3ujel A<=
0.0013%= At&= o] Hit 0.0014%2 F=2 EAsts AL Ao, s

oJEREZOIILE 3/ FrolMd EF HEEHA @At ARM FAT

g %5 ol&ato], RSDr=C *Po] ¥4 o wel ZAgke]l 1/27201 5 &3
S A% AOAC 7hol=gkl@)el A Alstetar 9l &4 Wee Aol
4% 0371.0%, tiAlQtolr] = 1.3754%°] Gtk AEE 38 HWHE o843

of 7 ¥Ee JUEEAA} H§ Wl TFHEAS FAd A, A9
obgle] A% 1w AH A 08%, 20 AA A L0%E HAE WA EFHYC
ol g WAE ¥ 19%7 ved 4% 4

S EHE AeedE w4 Z:ﬁoﬂ/q Wk ) A 8
e Ae g3 £ AUk a2ga yagtyolrtol=el 9= 0014
mg/gx18) N2 A 24%, 28] AH Al 1.2%, 3] AH A 37%=E BEFE &
Molo] EE= Ao Hol FA A Walw olak wrE M Ao e x|
selsttt. 2y tHslolE2ERoll e R EAREZRY HAE

B B S5
WA ol Frwste] mE vEAEAY S ga = gl

=
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Table 24. Repeatability precision data at adjusted sample amounts (n=5)

Creatine Dicyandiamide
Treatment
1x X 3x 1x 2x 3x
1 960,259.0 972,890.1  964,486.7 146 13.3 12.9
2 963,133.0 960,851.8 965,884.9 14.2 13.7 13.8
3 963,851.9 9588355 971,223.5 14.1 13.6 13.6
4 950,495.8 9735995 970913.8 13.8 134 12.8
5 972,2804 982,651.8 1,008631.7 146 13.7 12.7

Mean (pg/g) 962,004.0 969,765.7  976,228.1 14.3 135 13.2

Mean (%) 96.2 97.0 97.6 0.00143 0.00135 0.00132
S.D. 7,838.7 9,867.1 18,358.4 0.3 0.2 0.5
RSD (%) 0.8 1.0 1.9 2.4 1.3 3.7
Acceptable _ -
0.371.0 1.375.4

values (%)”

YKnown amounts (1-3 times) were added in representative sample.

2)Acceptable values proposed by AOAC guideline (6).
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(2) A8 714 W3e] gk vHEgd A

Alge] Z1dRistel] digk v FUAdS Eelty] fste] tE 7dE 7HA
I E FEAER 3/1(CrMl, CrM2, CrM3)ol tiate] 7tz 5 a3 %S A3
i 53] W3 ZAE ) Table 25014 HolFa gl whel o] 1 A
Agote el Hg- CrMl A8l E 962%, CrM2 A ZollAE= 98.6%, CrM3
A= 979%7F AAEEH AL olelet AF ghe o] &3ste] 37 HEAR
S s Ay BF 0.371.0%°l Ak 2 Alze AdEEAxs §
S ol 2HEAES F93 A CrM1 A EE 0.8%, CrM2 Al ZE 0.6%,

CrM3 Al 09%%2 34 9lel wF ¥ aulr. Aettolulolme] 44
CrM1 Al=°lA 0.0014%, CrM29t CrM3 Al &4 0.0013% 2 YEFSEo ™,
SH9E CrMI ARl 4% 1375309, CrM29h CrM3 AR E 1475.49]
Atk 7t Amel AumzAAsl sgwsled TIEeAs sAd 23
CrM1 A &&= 24%, CrM2 A&+ 48%, CrM3 A 8% 25%= RF 38919
ol EgEAT webd Aelolwlel tAdTolrlol R L N TE 7]

Ao W BAF 2N W

Qo

¢
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Table 25. Repeatability precision data of three CrMs with different sample

matrix (n=5)

Creatine Dicyandiamide
Analytes
CrM1 CrM2 CrM3 CrM1 CrM2 CrM3
1 960,259.0  983,362.6  990,911.2 14.6 13.3 139
2 963,133.0 9775348  974,876.4 14.2 13.8 135
3 963,851.9  987,385.0  980,939.4 14.1 13.5 134
4 950,495.8 993,7336  967,966.6 13.8 12.5 13.0
5 972,280.4  989,355.1  978,105.2 14.6 12.4 13.2

Mean (pg/g) 962,004.0 9862742  978,559.8 14.3 13.1 134

Mean (%) 96.2 98.6 97.9 0.0014 0.0013  0.0013
RSD (%) 0.8 0.6 09 2.4 4.8 25
Acceptable

! (96)" 0.371.0 0.371.0 03710 1353 14754 14754
values (%

1)Acceptable precision values proposed by AOAC guideline (6).
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A Wstel] thek RbEAEAAS Fshy] fleke] s ARl %
= 4C WA BastdA 0 h, 24 h, 48 hvlt}h Al @ x4 53]
Wb A eklvh Table 269014 ®oj5=al 3l= mieb o], 1 Az Aeotd

holl M= 96.2%, 24 h 3 48 holl A= Z+2f 96.5%, 96.9% = &l o,

0
S 9= 0371.0% ol 4 w=o Fg=dArt s SRl 2=

A] gkolsl A3 0 holA+= 0.8%, 24 hollA= 0.6% oo, 48 holA+=
08% =2 R%F ¥39H intra—day RSD%E 313l A3} 04%=E YEFYTE =

: l:r

gt fAQtolrte]== 0 h, 24 h 2 48 hollA 0.001470.0015%7} & A sk
Aoz yepgton 389 E 1.375.3%0 Atk il xEAxTE 38 Wl
FE=AE Qg 43 0 h™48 hoﬂfﬂ 16724%% YEdomA B5F 3
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Table 26. Repeatability precision data at changed analysis time (n=b5)

Creatine Dicyandiamide
Treatment
0h 24 h 48 h 0h 24h 48 h
1 960,259.0 971,405.4 9584055 14.6 14.3 14.2
2 963,133.0 970,314.4 970,617.2 14.2 14.2 14.8
3 963,851.9 964,803.1 965,991.5 14.1 14.2 14.6
4 950,495.8 959,914.2 972,604.3 13.8 14.8 14.3
5 972,280.4 958917.7 979,406.5 14.6 139 14.5
Daily Mean (ug/g) 962,004.0 965,071.0 969,405.0 14.3 14.3 145
0.001
Mean (%) 96.2 96.5 96.9 0.0014 0.0014
Inter-day S.D. 7,838.7 5,747.7 7,816.3 0.3 0.3 0.2
Inter—-day RSD (%) 0.8 0.6 0.8 2.4 2.3 1.6
Intra—day RSD (%) 0.4 0.8
Acceptable _ _
0.371.0 1.375.3

values (%)Y

1)Acceptable values proposed by AOAC guideline (6).

_95_

Collection @ chosun



)73l fIAE = x

(A &

=
o

g ARvtEIAA 7]

9] o] Z(nosie)Z+< 10

ok 1 A3 A ole

S

E A

3.62 pg/mlLe] o,

-
T

1.09 pg/mLolw, A =34

gl

0.03 pg/mLo]aL, t

-
T

0.01 pg/mLol™, A =FEA

A=

=
=

22!

=9

t]ojutol

0.25 pg/mL=

0.08 pg/mL, A &37A=

A=

=
=

22!

Jepske)

AESE

=
=

A,

ol

=
=

Al
AgE 01 g AEE 100 mL ==

=y
T

P 7] 9= A (YA ¢

_7"\4

Eal

o
-

B

TR

-

ot

—_
o

ted 1 mL

S

&

A o

)

14 A@§ AL vhola ]

2 v i Agerde

22 A9

) T I 23 A

o
a

g

o uf

Ao}

2(0.0005/2) 7}

_96_

Collection @ chosun



0.000029 g(0.0001/2/ /3 )°] AT},

-
T

(u(Whg,))
0.1 g,

Ty
N
A

F ool web A6l (712 A8 el

(u(Wp, ))& TRo™ A== 16914 1

kot

100 mL

=il
=

(w(W,)/W)E A £ 34344 10 mL

10 mL % 100 mL

H & T
g r=

-
T

0o

T U 277 o

sk
=

S2AM T
100 mLe] &

=
™

V3 o®

(=
A9 ¥EEAd2 10 mL

)

=1
=

)

g

VID o2 YHEFoZA A typed EFETHE(u(Vy,))

o] Z}7} 10 mL9} 100 mLo| ==&,

o

A= 0.000210]H,

Mo
el

o)
=<}

19 3ke] Foi4l 91X

A
l

T3 w10 mL

=
=

A

ki3

T o

2} 100 mL9

o

3

= Tt Aoty

b

S Table 279 A

ot

KN
sl
TR
o]

oF
,_lr”

_97_

Collection @ chosun



Table 27. Uncertainty budget for the determination of W, V;, V, and V,
i Combined relative
Analyte Step Parameter Value Degree of Stande}rd Relative st.andard .
freedom  uncertainty uncertainty standard uncertainty
(-r,) Z; v u(fE,) ’LL((E,)/.’EL \/(E{u“/)/i/}z)
W, - oo 0.00025
Ist Wk, 0.1 15 0.000025
' .002
v, 0.1 00 0.058 0.0025
Vi Vg, 100 9 0.027 0.00074
Creatine Vi, 3 o0 0.036
Vo Vg 1.0 9 0.00039 0.0035
Var 3 00 0.00036
2nd V. 0025 co 0.014 00042
Vi Vg, 10 9 0.0046 0.0023
Vo, 3 0o 0.0036
W, - oo 0.00025
W, Wz, - oo 0.000029 0.00050
Organic Wk, 0.5 15 0.000029
' 0.0016
contaminant st V. 0.025 o 0.014
Vi Vg, 10 9 0.0050 0.0016
Vo, 3 00 0.0036
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S
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oo
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@j
N
M
et
H

EEEAR ASSE Fdohd 3 F71e98ae] BIEE T8 9sA
AZAEZRE FHHE BFEY 2% 2 2470 oF BIHES gAY
Telm EEANS AL AA BIE@AYAALY BEE o % 9
39)% §FFe2a0 BIE SAG O, NEY, 4P exo] wE
2oE)e PAAY =F B8 BE8 FE W 84 A A8HE 2
sl BHEGE GO, WRY, AP exd WwE BHE) L §FE
sze) BEE 29 nePeh WA EFEY F AdolRle AxARre
AFE AFAel 09%= Aol Ahsr eHATt 1%0luR el o
@ EEERE

St =(u(Py)) 0.0011(0.01/4/3) g/100gell A FFEstes
(u(Pp;)/Pr;) 0.000011(0.0011/99) o]t w3k EAFx2e CHoN3O: - HoO

o]al A 149.15¢1 2%, TUPAC@33)lA x¥ C, H, N, O¢# 1719
5=+ 00008, + 000007, + 0.00007 £ + 00003 °|1, EFEIE

AANZE BEEE 7MAske] /3 o& U 0.00046 g/mol, 0.000040 g/mol,
0.000040 g/mol % 0.00017 g/mole]™, of7]o] L=}t M= Zz H3pd 7zt
At e FEESEE 0.0018 g/mol, 0.00044 g/mol, 0.00012 g/mol %
0.00052 g/molol ittt whebx Hatel]l gt FPEFESE(u(Fp))E AuT
o Aoz AxEE 00020 g/molel™, ANEFESE (u(Fy)/Fr)
0.000013(0.0020/149.15) ©] €t} tA|QtH]ofuto]=o] g0 &= A A= HH
Alsd A 99% = 7IAEH] s LAR7E 1%ol2z Fkd o
3 FFEEFE=(u(Py) 0.00110.01/4/3) g/100g °lfa AggsEdes
(u(Pg;)/Pp;) 0.000011(0.0011/99) olAvk. H=3F FEAT224 2 CHuNgolaL &
AbFE 84.080l 2=, TUPAC(33)oll A ixdl C, H, NeA 1719 B8 &+ +
0.0008, + 0.00007 % £ 0.00007 °]ANL, EEESEs= AAAEY FEX2E 714
st V3 o2 YUFE 0.00046 g/mol, 0.000040 g/mol = 0.000040 g/mole] Sl
ow, of7]o] Ax S 242t wekd 7 Aol dd EFEEg = 0.00092
g/mol, 0.00016 g/mol ¥ 0.00016 g/mole] Gt} webx dafol] 3t A E+=
BT (u(Fp))E AFTe Awto=z Axtstd 0.0010 g/mole] ™, At

=5
N
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B3 (u(Fy,)/Fp) 0.000011(0.0010/84.08) o] #th E3 talo]l =2 Eg o}l
Agoe AZRANZRY AFEHE AAA7 gleEg 2= 100%2 714
el AFETE(u(Pp)E 0019, dNEFESE(u(Py)/Pr)% 000/1)01A
C g a BARAF A CHoN;Oz0) 3L A #E 171,160 22, TUPAC(33)¢l
A EsEE G, H N, O /e B8 %= £ 0.0008, + 0.00007, + 0.00007
2+ 00003 o], BEESEE AAAE BES sp4ste] J/3om U
A 0.00046 g/mol, 0.000040 g/mol, 0.000040 g/mol % 0.00017 g/mole]™, o
7ol A2 AaE 22 sz dAke] gid 2FEg == 0.0023 g/mol,
0.00036 g/mol, 0.00020 g/mol % 0.00035 g/molo]Jt}t. webx] Axpel o3t
AT ETE(u(Fp)E AFT] AFLoz Arstd 0.0024 g/molo] ™,
A EFES T (u(Fyy)/Fry) 0.000014(0.0024/171.16) ©1dth. FEdoe =
ofele]l FHEE A 132907 g& 1000 mLe] &HZelrze] Y F7]edEL
ol tjAJ¢trjolulol == 0.1012 g& 100 mLe] & HZelxa ydlo|=rE

ozl 0.0065 g& 50 mLe &FZexzd FHI F THFE 8451
Ageh, olg 3 HAo FEEA Aol Bad Ao B 50 mL,
100 mL 2 1000 mL & #Zex= JM] e 2gds nFgorA A
W gFEetaae] RFEESE

o FFEFE(u(STDy,))E 0.00025 g(0.0005/2>, FE=EFE(u(STDyg,))
= 0.000029 g(0.0001/+/3)ol AT}, 18] A&o oA BILE mih
& 100 g& o] &35to] 4o HA 4utE 43 FES FF(pooled) %
Az el wEk 2 [6]9F (7] A&ste] e AS BT
u(STDyp,)= 0.000025 golth A= A &9 FHELE(u(STDy
FEEGL ﬂm Ao AFTezZ 0.00025 gol‘ﬂ, 4

Lo

>~

ol

o

g

—~~

W, geEose WEAS 1000 mLe] §UEHsDG F2E S
AA Ae FAL 105 92 EHGo A FFA0)E THIE A typee]

HEESE(u(STDyy,))E 042 mL(1.34//10)7F Stk 22la A8 2%
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oA Fark 1 AR A FAHAELE(u(STDy))
H, AN ETESE(u(STDy)/STDy) = 0.039(0.00025/0.0065)
ofgtt. =g 50 mL & FEAAY FAESE=(u(STD))= 0.036 mLo]H,
AU EFESE (u(STD,)/STD,)E 0.00072(0.036/50)AtF. Ax, FF= o

o, Eg, 2eold FEed zAt 5EQAe 4599
= ol&dte] FEEE APoH, I T Aot e B¢ 400 pg/mL, 60.0

wg/mL, 80.0 pg/mL, 100.0 pg/mL, 120.0 pg/mL, 250.0 pg/mL 2 500.0 xg/mL
ol tA|ett]olr| == 0.1 pg/mL, 0.2 pg/mL, 0.4 pg/mL, 0.8 pg/mL, 1.6 ug
/mL, 32 pg/mL, 64 pg/mL % 128 pg/mL= Pr}. gk fslo] =2 E ozl
2 0.05 pg/mL, 0.1 pg/mL, 0.2 pg/mL, 0.4 pg/mL, 0.8 pg/mL, 1.6 pg/mL,
3.2 ug/mL % 6.4 pg/mL 10.0, 20.0, 40.0, 80.0, 160.0 ¥ 320.0 pg/mL= ZA|
stk Zb =¥ (st, 2nd, 3rd, 4th, 5th, 6th, 7th, 8th)¢] Ed = FFY Y

1o AL =
o] 3wz Tat= wuly 2o Hggort naEEAe] maREir gl
Z\er A-saHe] g
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Table 28. Uncertainty values from standard solutions of creatine

Degree of  Standard

Relative standard

Combined relative

Description parameter value ) ) )
freedom  uncertainty uncertainty standard uncertainty
(z;) z; v u(z;) u(z,)/z; VO {ulz) /)
Py, 99 oo 0.0011 0.000011
Fr 149.15 oo 0.0020 0.000013 0.00056
7D STD,, 13.291 157,081 0.00025 0.000019 '
STD,, 1000 27 0.56 0.00056
. Ve 0.03 oo 0.0173
Auto-pipett Ac
5(‘;0?5(1;;26 ; Viny 20 9 0.00046 0.0087
ST o Vag, 3 o0 0.00073 0.0087
st . V., 0.06 00 0.035 ‘
Volumetric ¢
flask 50 L. Vi 50 9 0.021 0.00072
ask o m Vi, 3 o0 0.018
. Vie 0.03 oo 0.0173
Auto-pipett Ac
550(3550”86 ; Vi 30 9 0.0014 0.0058
o ag, 3 o0 0.0011 0.0059
STDQnd VOlumetriC ‘/(: 006 60 0035 :
flask 50 L. Vi 50 9 0.021 0.00072
as m Vo, 3 o0 0.018
Auto-pipett Vie 0.03 00 0.017
Hrompibetie s T 0.0044 0.0044
STD‘ird 5OO~5yOOO /«ZQ VARp 40 9 00012
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Vi 3 co 0.0015
v . V. 0.06 00 0.035
olumetric
flask 50 mL Vo 50 9 0.021 0.00072
R 3 o0 0.018
Auto-pipette Ve 0.03 OO 0.017
50075.000 4l Vary 5.0 9 0.0014 0.0035
PV g, 3 co 0.0018
STD,,, . 05 - o 0.0036
Volumetric ¢ ) :
flask 50 mL Vi 50 9 0.021 0.00072
R 3 o0 0.018
Auto—pipette Vie 0.04 Oo 0.023
110 L Varp 6.0 9 0.0057 0.0040
ST m Vi, 3 o0 0.0022 0.0040
5th .
Volumetric Ve 0.06 OO 0.035
flask 50 mL Vi 50 9 0.021 0.00072
askolm- -y, 3 oo 0.018
Auto-pipette Vie 0.06 OO 0.035
110 L Varp 6.25 9 0.0057 0.0056
ST m Vi, 3 o 0.0023 0.0057
6th .
Volumetric Ve 0.04 Oo 0.023
flask 25 mL Vi 25 9 0.0013 0.0011
askeom- oy, 3 o0 0.0091
STD,,, Auto-pipette V. 004 co 0.023 0.0046 0.0052
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R Vin 5.0 9 0.0014
1710 mL g
0m Vair 3 oo 0.0018
. . V. 0025 oo 0014
olumetric . 10 9 0.0049 0.0023
Rp . .
flask 10 mL Vi 3 o 0.004
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Table 29. Uncertainty values from standard solutions of dicyandiamide

o Degree of Standard Relative standard Combined relative
Description parameter value . . .
freedom uncertainty uncertainty standard uncertainty
Py, 99 00 0.0011 0.000011
Fy, 84.08 00 0.0010 0.000011 0.0026
STD STDy, 01012 134,062 0.00025 0.000019
STD,, 100 108 0.051 0.00051
Auto-pipette Vi 0.001 00 0.00058
N Viry 0.1 9 0.00099 0.012
— 00wy 3 00 0.000036 0012
( Volumetric Ve 0.1 « 0.058
Vi 100 9 0.027 0.00051
flask 100 mL Vi, 3 o 0.036
Auto-pipette Vi 0.0012 00 0.00069
- Viry 0.2 9 0.00037 0.0040
200wy 3 00 0.000073 00010
STD,, Volumetric V., 0.1 00 0.058 '
Vi 100 9 0.027 0.00051
flask 100 mL Vi, 3 o 0.036
Auto-pipette V. 0.005 00 0.0029 0.0074 0.0074
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~ Vary 0.4 0.00055
10071000 by 3 0.00015
STDy, gV, 0.1 0.058
flask 100 ml. Vi 100 0.027 0.00051
as vy, 3 0.036
Auto-pipette Ve 0.006 0.0035
100~1.000 Varp 0.8 0.00038 0.0044
, )
V. .
STD,, a3 0.00029 0.0044
. V. 0.1 0.058
Volumetric ¢
flask 100 mL Vi 100 0.027 0.00051
as vy, 3 0.036
Auto-pipette Vie 0.011 0.0064
50075.000 L Varp 1.6 0.0012 0.0041
, )
_— Vi 3 0.00058 00041
. V. 0.1 0.058
Volumetric
flask 100 . Vi, 100 0.027 0.00051
as vy, 3 0.036
Auto-pipette Ve 0.033 0.019
50075.000 40 Vary 3.2 0.0013 0.0060
, )
-
STD,, a3 0.0012 0.0060
. V., 0.10 0.058
Volumetric
flask 100 . Vi 100 0.027 0.00051
as vy, 3 0.036
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Auto—pipette Vie 0.041 « 0.024
_ Vary 6.4 9 0.0014 0.0037
1710 mL
" Volumetric Ve 0.1 OO 0.058 '
flask 100 L. Vi 100 9 0.027 0.00051
s vy, 3 o0 0.036
Auto-pipette Ve 0.096 00 0.054
B Viry 12.8 9 0.0065 0.0044
0 mL -y, 3 oo 0.0047
ATp .
o Volumetric Ve 0.1 OO 0.058 o
flask 100 mL Vi 100 9 0.027 0.00051
s vy, 3 o0 0.036
Auto-pipette Ve 0.006 00 0.0035
100~1.000 Vary 1.0 9 0.00039 0.0035
srp o Va3 00 0.00036 o0
" Volumetric Ve 0.1 OO 0.058 '
flask 100 m. Vi 100 9 0.027 0.00051
s vy, 3 o0 0.036
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Table 30. Uncertainty values from standard solutions of dihydrotriazine

o Degree of Standard Relative standard Combined relative
Description parameter value ) ) )
freedom uncertainty uncertainty standard uncertainty
(z;) x; v u(x;) u(x,;)/x; \/(Z{u(x,)/x,}Q)
Py 95 00 0.0055 0.000058
Fr; 171.16 00 0.0024 0.000014 0,039
STD STD, 0.0065 78,907 0.00025 0.000019 '
STD,, 50 75 0.036 0.00072
Auto-pipette Vi 0.0005 00 0.00029
107100 Vg 0.38 9 0.00093 0.0080
STD, Var, 3 0o 0.000010 0.0080
. V. 0.1 00 0.058
Volumetric
flask 100 mL Vi 100 9 0.027 0.00051
as m Vo, 3 o0 0.036
Auto-pipette V4. 0.0008 00 0.00046
107100 ut Vg 0.1 9 0.00099 0.011
. ~ Vin, 3 o0 0.000036 0011
2nd . v, 0.1 oo 0.058 ‘
Volumetric
flask 100 ml. Vi 100 9 0.027 0.00051
as m Vo, 3 o0 0.036
Auto—pipette Ve 0.0012 00 0.00069
STD. . .004 .004
107200 1 Van 0.2 9 0.00037 0.0010 0.0010
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Vair 3 0.000073
Volumetric Ve 0.1 0.058
flask 100 mL Vi 100 0.027 0.00051
as vy, 3 0.036
Auto-pipette Viae 0.005 0.0029
100°1.000 0 Viary 0.4 0.00055 0.0074
; o
sTD,, Var, 3 0.00015 0.0074
Volumetric V. 0.10 0.058
flask 100 mL Vi 100 0.027 0.00051
as vy, 3 0.036
Auto-pipette Ve 0.006 0.0035
100~1.000 L Virp 0.8 0.00038 0.0044
; o
STDSHL VA Tp 3 000029 00044
Volumetric Ve 0.1 0.058
flask 100 mL Vi 100 0.027 0.00051
as vy, 3 0.036
Auto-pipette Ve 0.030 0.017
50075000 40 Vary 16 0.0012 0.011
" Volumetric Ve 0.1 0.058 .
flask 100 mL Vi 100 0.027 0.00051
as vy, 3 0.036
STD;,,  Auto-pipette Vi 0.033 0.017 0.0054 0.0055
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N Vi 32 9 0.0013
20075000 wt -y 3 o0 0.0012
Volumetric Ve 0.1 o 0.058
ok 100 L.V 100 9 0.027 0.00051
as ey 3 oo 0.036
Auto—pipette Vie 0.041 o 0.024
5 Vi 6.4 9 0.0014 0.0037
1710 mL 1% 3 oo 0.0023
STD,), ATp : 0.0038
Volumetric Ve 0.1 OO 0.058
ok 100 L.V 100 9 0.027 0.00051
a8 ey, 3 oo 0.036
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Table 31. Uncertainty budget for the determination of L.

_ Results
Analyte s B pon G C Sl uw(L,) wu(L.)/L

C

Creatine 19,2470 4,1785 3 21 962,414.6 167.1 165,043.0 10,910.05 0.011

Dicyandiamide 61,149.5 7340269 3 24 1426 32 1405 0.12  0.0081

Dihydrotriazine 367.8 34,799.7 3 24 0.0 1.8 31.6 0.011 0.38
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Table 32. Uncertainty budget for the determination of I,

Analyte z? v? 57 u(Iy) u(lp)/ Iy
Creatine 962,004.0 7,838.7 3,505.6 0.0036
Dicyandiamide 14.3 4 0.3 0.2 0.01
Dihydrotriazine 49.7 0.07 - -
b Average

“Degree of freedom

YStandard deviation
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Table 33. Uncertainty budget for the determination of R,

Analyte zV v? 57 u(Ry,) u(Ry)/ Ry
Creatine 100.3 0.9 0.0092 0.0092
Dicyandiamide 99.3 4 0.9 0.0089 0.0090
Dihydrotriazine 100.9 0.9 0.0095 0.0094
b Average

“Degree of freedom

YStandard deviation
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Table 34. Uncertainty budget for the determination of U

Analyte oV kY C, u(C)/c,  ulC) U

Creatine 250 2.0 962,414.63 0.022 20,833.17 41,666.34
Dicyandiamide 4 2.78 14.26 0.024 0.35 0.96
Dihydrotriazine 23 2.0 N.D? 0.379 0.011 0.023

YDegree of freedom
2)Covelrage factor

YNot detected
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Fig. 13. Contributions of uncertainty factors.
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Fig. 14. Variations of the result by creatine method between laboratories.
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4. LFEN BEA F HYFEMN
Y

S HE B F HLTEL nEAC] ] RS HET

HHAY, 4854 )9l 371 AEHAL HA2, HA3)S A7 sfo

BN e . B el A ARES HAL® HA2 ARt 7
7} 40%9F 12.0%9] S|t Eako] o2 thE AR # daw A4

i 9= AEoln HA3 Al8EE 120%9 3 LdF&
o] g FZHHE A& VAR X AP FY-FAvs = AEFS T

WellA F-isto] Abg-sheitH(Table 35).

2
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Table 35. Description of the samples

Sample Formulation Dosage form Provenience

Hyaluronic acid(HA)

4.0% HA plus other

HA1 . . D Tablets Korea
ingredients
12.096 HA plus other
HA2 . .9 Tablets Korea
ingredients
12.096 HA plus other
HA3 Capsules Japane

ingredients”

1)Crystalline glucose, xylitol, pomegranate powder, D-sorbitol, malpighia

glabra fruit extract, blueberry powder DL-malic acid, stearic acid, fish
collagen etc

2)Glrape seed oil, fish collagen, beeswax, soybean lecithin

3)Soybean oll, grape oil, beeswax, evening primrose seeds oil, fish collagen,
soybean lecithin, D-a-tocopherol
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E T8 A=l 4] 9
EL = . Fig. 15914 A, B, C, D
= —r}'giolﬂﬂrow ABC Z4E olgdlo] 3|7 REEH ahFde
A5 mgntEadoln EX 0.002 unit/m ZEEo]E|LtolA] ABC
7 &%% 33 mM Tris-HCI(pH 80) 450 wle} AlH5E ¥4 %2 33 mM

i)
o
ﬁ.rL
8
2oy

Tris-HCI(pH 8.0) &ZF& N 50uE B APy w43 a4a73E AR
TAEe AzRvtEaYolth FE HAL A58 sdxdoz g4aRss £4
3 AZnfEaoln, G ADI-HA XTEZS SHF Holx 4% =
gutEOeln, Fula%t AR FIAE HAHY Ao A% Ay F
a7k FLAE dAFon, AHEY sHE Fs] A AT
AN E AAHFAAZE 36&0 HEuE daE gyl sAE Y &

AL
=& T HMIAES FA 2, & 5 l=(unknown) ¥ A2 21 E
N 3

At 85 (Resolution, R gRlst7] flste] A 5&H Fo F 71¢ ¥
of WFEFEAIL 1 o] wEl AIFA A F oY A W I WeE
ZAe A3t 372 Yetd o 24 AOAC 7hol=gkel(6)ol A A A et AF &
25 1.5 o] £1S WSS &g & 4 Jdri(Table 36).
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Fig. 15. Typical HPLC chromatograms of unsaturated disaccharide (A&
Di-HA) analytes obtained after enzymatic digestion of HA and UV spectra
of the eluted ADi-HA peak [A: standard HA (800 pg/mL), B: standard
HA (400 pg/mL), C: standard HA (100 pg/mL), D: standard HA (10 pg
/mL), E: blank, F: HA1l dietary supplement, G: standard ADi-HA

(85.3ppm)]. See the experimental for chromatographic conditions.
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Table 36. Selectivity data of hyaluronic acid

Retention times (minutes) Baseline widths (minutes) .
Resolution
t1 to Wi Wo
4512 5.632 0.2 0.4 3.7(=1.5)
- 128 -
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ET89E MY w2 HAde] s|Aste] 94, 364, 66.1, 100.1, 269.1,
4871, 9085, 1,487.2 pg/mLel] st A4S HESIAG. T3 AIF A e
g 4 Qe eAWAE qAS] sl 7 Fmd dad 33 wE 4y
Faelty o A% AAAREE 099792 AOAC 7hol=AE)N A 27
s AAASF 099 oS BEFL 25 HFig. 16).
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Fig. 16. Calibration curve of hyaluronic acid (n=3).
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2. A&

378 el AR (HAL HA2, HA3)Ol thsto] Zhztel ghaf S ghel 1w, 2uf
2 OSui7E HES AT 258d9S Hrlekla, 53] vEAddS Fato] i
it 3lge&s AT 1 A3 19[HAL (64.0), HA2 (193.3), HA3 (193.3),
pg/mLI7F M5 AgPe o 34E&S 944797.6%, 2v¥i[HAL (128.0), HA2
(386.6), HA3 (386.6), pg/mL]= 93.5796.2%, 39i[HA1 (192.0), HA2 (579.9),
HA3 (579.9), pg/mLl= 92.7797.6%= Wtk WE3h 2H2be] AlRe] F=wsto
gt AEEHAE Sl A3 0.772.6%, 1.272.7%, 1.473.8% = 1= ATt

Aol A ZAT e %F ol §3hel, RSDr=C*Pe] Fo| ubel ZRghe
HEDE AT AOAC Ztol=dtA@)lA Astn YE HEUAL BF 0
sovt, ¥ AR 37k MRS A/LE HA3 AmlAE 8%

=
2 29% o Hol 9n SAd we HATEMN] nFER =AY
_(')__

uEE S o] Wbt 212 2E F UUTH(Table 37).
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Table 37. Accuracy data of hyaluronic acid(n=5)

Fortified Fortified Fortified
concentation HA1  concentation HA2 concentation HA3
Treatment” (ug/mL) (ug/mL) (ug/mL)

64.0 1280 1920 1933 386.6 5799 1933 386.6 579.9

1 924 937 956 986 945 967 946 949 924
2 96.7 965 937 973 978 995 969 979 968
3 95.0 913 915 967 965 96.1 925 928 925
4 942 924 88.2 97.8 98 973 96.7 987 897
5 93.8 936 97.3 977 962 985 99.2 936 921

Mean (%) 944 935 933 976 962 976 96.0 9.6  92.7
S.D. 16 19 36 0.7 1.2 1.4 25 26 2.6

RSD (%) 1.7 21 3.8 0.7 1.2 14 26 2.7 2.8

Acceptable

recovery (%)? 93.27103.8 95.67101.8 95.67101.8

YKnown amounts (1-3 times) were added in representative sample.

2)Acceptable values proposed by AOAC guideline (6).
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Table 38. Repeatability precision data at adjusted sample amounts (n=5)

Hyaluronic acid(HA1)

Treatment”’
1x 2% 3x
1 40,121.8 40,453.6 38,564.2
2 39,124.2 38,561.3 39,176.3
3 40,513.6 39,275.5 38,127.4
4 40,327.7 38,664.9 35,336.0
5) 39,351.6 36,749.1 37,594.1
Mean (ug/g) 39,887.8 38,740.9 37,759.6
Mean (%) 4.0 39 3.8
S.D. 614.5 1,343.9 1,474.0
RSD (%) 1.5 3.5 3.9
Acceptable 04716

recovery (%)

YKnown amounts (1-3 times) were added in representative sample.

2)Acceptable values proposed by AOAC guideline (6).
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(2) AlE 714 Azl thak vEA T A

AR FAusel 3w Auyge dela] feke] A tE 742

W o9= ERAE INHAL HA2 HAE 22 53 w2 dasac
I A3 3| GdFEA shako] HAL A EoA+= 4.0%, HA2 Al&5oA= 11.9%,
HA3 AmolAE 121%% et oled Ange olgsd 3eues

gelg A3 HA1Z 0471.6%°lH, HA29F HA3S 0.371.4%= ¥ v 7}
Alg Adasazrr sl £dE=AE SRl 23 HAIS 1.5%,
HA2+ 1.3%, HA32 14%= 3§ 9l 2% AT, ol st Aae= A
Fo] 71do]l v SAE HAev stHsts AdH e vRAEAdS A7)

fSiths As & 5 AATH(Table 39).
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Table 39. Repeatability precision

matrix (n=5)

data of three HAs with different sample

Hyaluronic acid (HA)

Analytes
HAI HA2 HA3
1 40,121.8 120,145.2 120,457.2
2 39,124.2 119,481.3 119,845.6
3 405136 116,341.5 120,359.4
4 40,3277 119,022.3 1239428
5 39,351.6 119,679.7 120,412.3
Mean (ug/g) 39,8878 118,934.0 121,0035
Mean (%) 4.0 11.9 12.1
SD. 6,145 1,504.3 1,661.6
RSD (%) 15 13 14
Acceptable 04716 0.371.4 03714

values (%)

1)Acceptable precision values proposed by AOAC guideline (6).
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Table 40. Repeatability precision data at changed analysis time (n=b)

Hyaluronic acid (HA1)

Treatment
0h 24 h 48 h
1 40,121.8 39,851.4 39,4472
2 39,124.2 40,271.2 38,542.6
3 40,513.6 40,684.5 38,994.7
4 40,327.7 39,664.3 38,978.0
5 39,351.6 39,941.8 37,953.6
Daily Mean (ug/g) 39,887.8 40,082.6 38,783.2
Mean (%) 4.0 4.0 39
Inter-day S.D. 614.5 401.9 563.4
Inter-day RSD (%) 15 1.0 15
Intra-day RSD (%) 1.8
Acceptable values (%)" 04717

1)Acceptable values proposed by AOAC guideline (6).
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Table 41. Uncertainty budget for the determination of W,, V,, and V,
Degree of Standard Relative standard Combined relative
Step Parameter Value . . i
freedom uncertainty uncertainty standard uncertainty
W, - oo 0.0005
w, Whga - oo 0.000029 0.00050
Ist Whg, 0.5 15 0.000029
v, 0.04 00 0.023 0.0011
Vi Vi 25 9 0.0041 0.0010
VT[/ 3 oo 00091
v, Varp 0.05 9 0.00053 0.016
VA Tp 3 oo 0000088
.022
Zst V. 0.012 o0 0.0069 00
v, Vg 0.45 9 0.00029 0.016
Vair, 3 00 0.00079
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Table 42. Summary of uncertainty values from standard solutions

Degree of  Standard

Relative standard

Combined relative

Description parameter value . . .
freedom  uncertainty uncertainty standard uncertainty
(z;) x; v u(z;) u(z;)/z; VO {ula)/x))
Py, 99 oo 0.0011 0.000011
7D STDy, 0.9664 134062 0.0011 0.00026 0.00087
STD,, 50 34 0.042 0.00083
Auto-pipette Vi 0.0005 00 0.00029
- Viry 0.0129 9 0.000039 0.023
a Var, 3 o0 0.000047
. V., 0.04 oo 0.023
Volumetric
I Vi 25 9 0.013 0.0011
STD,, "%« m Vo, 3 co 0.0091 0,03
. Vi 0.001 00 0.00058 '
Auto-pipette
- Vi 0.05 9 0.00053 0.016
~ Vi, 3 o0 0.000088
Auto-pipette V4. 0.012 00 0.0069
10075000 4 Viry 0.45 9 0.00029 0.016
~ Vir, 3 o0 0.00079
o Auto-pipette V4. 0.001 00 0.00058 0012 0,025
2nd 27200 1l Var,  0.0499 9 0.000057 ' ‘
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Vary 3 00 0.000018

Volumetric Ve 0.04 o 0.023
Vi 25 9 0.013 0.0011
flask 25 mL Vi, 3 - 0.0091
Auto—pipette Vi 0.001 o 0.00058
927900 10 Viarp 0.05 9 0.00053 0.016
Var 3 ©o 0.000088
Auto-pipette Vie 0.012 o 0.0069
- Viarp 0.45 9 0.00029 0.016
10075000 sty 3 oo 0.00079
Auto-pipette Vie 0.001 o 0.00058
900 4t Varp 0.0908 9 0.000055 0.0088
Var 3 ©o 0.000033
Volumetric Ve 0.04 o 0.023
flask 25 mL Vi 25 9 0.013 0.0011
STD,,, Vi 3 00 0.0091 0.024
Auto—pipette Vie 0.001 o 0.00058
5900 4t Varp 0.05 9 0.00053 0.016
Virn 3 ©o 0.000088
Auto-pipette Vie 0.012 o 0.0069
- Vary 0.45 9 0.00029 0.016
10075000 sty 3 o0 0.00079
STD,, Auto-pipette Vi 00012 oo 0.00069 0.008% 0.024
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Varp 0.1373 9 0.00099

20t Vi, 3 o0 0.000050
Volumetric Ve 0.04 o 0.023
Vi 25 9 0.013 0.0011
flask 25 mL Vi, 3 - 0.0091
Auto-pipette Vie 0.001 o 0.00058
900 4t Varp 0.05 9 0.00053 0.016
Var 3 ©o 0.000088
Auto-pipette Vi 0.012 o 0.0069
- Viarp 0.45 9 0.00029 0.016
10075000 wt 3 oo 0.00079
Auto-pipette Ve 0.005 00 0.0029
- Varp 0.3693 9 0.00055 0.0080
S071000 sty 3 oo 0.00013
Volumetric Ve 0.04 o 0.023
Vi, 25 9 0.013 0.0011
flask 25 mL Vi, 3 - 0.0091
STDsun v 0.001 o 0.00058 0.024
Auto-pipette Ac : :
927900 10 Viarp 0.05 9 0.00053 0.016
Virn 3 ©o 0.000088
Auto-pipette Vie 0.012 o 0.0069
- Varp 0.45 9 0.00029 0.016
10075000 sty 3 oo 0.00079
- 146 -
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Auto-pipette Vie 0.006 o0 0.0035

5071000 4t Varp 0.6684 9 0.00049 0.0052
a Vi, 3 co 0.00024
. V. 0.04 ©0 0.023
Volumetric
flask 25 mL Vi 25 9 0.013 0.0011
ask 2ot Vi, 3 oo 0.0091
STDgn 0.023
uto—pipette
5900 4l Varp 0.05 9 0.00053 0.016
a Vi, 3 co 0.000088
Auto-pipette Vie 0.012 o 0.0069
10075000 48 Vary 0.45 9 0.00029 0.016
a Vi, 3 co 0.00079
Auto-pipette Vie 0.03 OO 0.017
10075000 48 Viry 1.2467 9 0.00046 0.014
a Vi, 3 co 0.00045
. V. 0.04 ©0 0.023
Volumetric
flask 25 Vi 25 9 0.013 0.0011
STD,, %% m Vo, 3 e 0.0091 0.026
9900 4l Vary 0.05 9 0.00053 0.016
a Vi, 3 co 0.000088
Auto—pipette Ve 0.012 00 0.0069 0,016
10075000 10 Vi 0.45 9 0.00029 '
- 147 -

Collection @ chosun



Vi, 3 o 0.00079
Auto-pipette Vi 0.03 o 0.017
N Vig, 20408 9 0.00046 0.0085
10075000 pt -y, 3 00 0.00074
Volumetric Ve 0.04 0 0.023
Vi, 25 9 0.013 0.0011
flask 25 mL Vi, 3 o 0.0091
STDsu 1% 0.001 oo 0.00058 0.024
Auto-pipette Ac : )
500 pt Vg, 0.05 9 0.00053 0.016
Vi, 3 o 0.000088
Auto-pipette V. 0.012 o 0.0069
N Vg 0.45 9 0.00029 0.016
10075000 by, 3 00 0.00079
- 148 -
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0.0097(561.63/4 @ gh) .2 EFSTH(Table 43).

Table 43. The result of regression analysis using Excle program

Analyte S Bl P n CO C SI: x

Hyaluronic acid 50,219.33 2,121.12 3 24 5774752 420.50 5,844,213.24
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3
L
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Table 44. Summary on the kinds and quantity of health/functional foods

Item Products Provenience
Management of . .
. Evening primrose
health/functional foods 4 Korea
extracts
(2011-68)
Korea
Creatine monohydrate 12 Germany
Specific USA
i Korea
health/functional foods Hyaluronic acid 17
Japan
Sum. Total 33
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Table 45. Results of monitoring Health/functional food containing total polyphenol and PGG

) Indicating Dosage .
Item. Samples Formulation ] Result(%6) Judgement Provenience
quantity form
Total polyphenol (TPP)
[0)
TPP 1 30% T PP plus 174 mg/0.58 ¢ Approved  Capsules Korea
other ingredients
32% TPP plus
TPP 2 other ingredients 185.6 mg/058 g Approved  Capsules Korea
35% TPP plus
TPP 3 other ingredients 203.0 mg/058 ¢ Approved  Capsules Korea
[0)
TPP 4 30% TPP p.lus 174 mg/0.58 ¢ Approved  Capsules Korea
) other ingredient
Evening  penta-O-galloyl beta-D-glucose (PGG)
Primrose
1.0% PGG plus 9.2 mg/0.58 g
Extracts PGG 1 other ingredients 5.8 mg/058 ¢ (158.0%) Approved  Capsules Korea
1.2% PGG plus 5.9 mg/0.58 g
PGG 2 other ingredients 7.0 mg/058 g (54.5%) Approved  Capsules Korea
1.0% PGG plus 4.6 mg/0.58 g
PGG 3 other ingredients 5.8mg/0.58g (80.0%) Approved  Capsules Korea
1.0% PGG plus 5.8 mg/0.58 g
PGG 4 other ingredients 5.8 mg/058 ¢ (106.0%) Approved  Capsules Korea
- 157 -
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Table 46. Results of monitoring Health/functional food containing creatine and organic compounds

Indicating D
osage
Item. Samples Formulation  quantity/Standards Result(%) Judgement ; & Provenience
orm
and Specifications”
Creatine monohydrate (CrM)
2,886 mg/3.0
Cr 2970 mg/30 g SO
CrM 1 CrM Ded 50.0 mg/kg 14.3 mg/kg Approved  Powder Korea
Dht ND ND
1,479 /1.5
Cr 1,500 mg/15 g e &
100% (98.6%)
CrM 2 CrM Ded 50.0 mg/ke 13.1 mg/kg Approved Capsules Germany
Creatlne Dht ND ND
monohydrate 979 /1.0
Cr 1,000 mg/10 g mese s
100% (97.9%)
CrM 3 CrM Ded 50.0 mg/kg 134 mg/ke Approved Capsules Korea
Dht ND ND
904 mg/1.01
e Cr 1000 me/L01 g Con
CrM 4 Crl\/E (90.4%) Approved Capsules USA
Dcd 50.0 mg/kg 19.7 mg/kg
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CrM 5

CrM 6

CrM 7

CrM 8

CrM 9

100%%
CrM

100%%
CrM

100%
CrM

100%
CrM

100%
CrM

Dht

Cr

Dcd
Dht

Cr

Decd
Dht

Cr

Dcd
Dht

Cr

Dcd
Dht

Cr

Dcd

ND
2970 mg/30 g

50.0 mg/kg
ND

1,500 mg/15 ¢

50.0 mg/kg
ND

1,500 mg/15 g

50.0 mg/kg
ND

1,500 mg/15 g

50 mg/kg
ND

1,500 mg/15 g

50.0 mg/kg

- 159 -

ND
2738 mg/3.0 g
(92.2%)
23.9 mg/kg
ND
1,342 mg/15 ¢
(89.5%)
16.0 mg/kg
ND
1,317 mg/15 ¢
(87.8%)
13.6 mg/kg
ND
1,313 mg/15 ¢
(87.6%)
21.0 mg/kg
ND
1,342 mg/15 ¢
(89.5%)
20.4 mg/kg

Approved

Approved

Approved

Approved

Approved

Capsules

Capsules

Capsules

Capsules

Capsules

Korea

Korea

Korea

Korea

Korea



100%
CrM

60%
CrM

100%
CrM

Dht

Cr

Dcd
Dht

Cr

Dcd
Dht

Cr

Dcd
Dht

ND
3,000 mg/3.0 g

50.0 mg/kg
ND

3,000 mg/5.0 g

50.0 mg/kg
ND

3,000 mg/3.0 g

50.0 mg/kg
ND

ND
2,655 mg/3.0 g
(88.5%)
25.0 mg/kg

ND
3,063 mg/5.0 g
(102.1%)
29.2 mg/kg
ND
2,690 mg/3.0 g
(89.7%)
24.8 mg/kg

ND

Approved

Approved

Approved

Powder

Powder

Powder

Germany

Germany

Korea

YStandards and specifications of raw material, Cr=creatine, Dcd=dicyandiamide, Dht=dihydro-1,3,5-triazine, ND=not

detection.
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Table 47. Results of monitoring Health/functional food containing hyaluronic acid

) Indicating Dosage .
Item. Samples  Formulation ) Result(%6) Judgement Provenience
quantity form
Hyaluronic acid (HA)
4.0% HA
101 mg/3.0 g
HA 1 plus other 120 mg/3.0 ¢ (845%) Approved Tablets Korea
ingredients h
12.0% HA
HA 2 lus oth 120 mg/1.0 12l mg/L0g d  Capsul K
us other mg/1. rove apsules orea
ps o g (100.8%) bp P
ingredients
20.09% HA
HA 3 lus oth 120 mg/0.6 122 mg/06 g d  Capsul K
Hyaluronic plus other mg/06 g (101.8%) pprove apsules orea
d ingredients
ac 20.0% HA
138 mg/0.6 g
HA 4 plus other 120 mg/06 ¢ (115.2%) Approved  Capsules Japan
ingredients e
12.0% HA
137 mg/10 ¢
HA 5 plus other 120 mg/10 ¢ (113.9) Approved  Capsules Japan
ingredients '
20.09% HA 101 mg/06 g
HA 6 120 mg/06 ¢ Approved  Capsules Korea
plus other (84.3%)
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HA 7

HA 8

HA 9

HA 10

HA 11

HA 12

HA 13

ingredients
12.0% HA

plus other

ingredients
12.0% HA

plus other

ingredients
6.0% HA

plus other

ingredients
12.0% HA

plus other

ingredients
12.0% HA

plus other

ingredients
13.0% HA

plus other

ingredients
12.0% HA

plus other

ingredients

120 mg/10 ¢

120 mg/10 ¢

120 mg/2.0 ¢

120 mg/10 ¢

120 mg/10 ¢

1305 mg/1.0 g

120 mg/10 ¢

107 mg/1.0 ¢
(89.4%)

112 mg/10 ¢
(93.5%)

115 mg/20 ¢
(95.7%)

104 mg/10 ¢
(86.7%)

110 mg/10 ¢
(91.7%)

135 mg/10 ¢
(103.5%)

100 mg/1.0 ¢
(83.5%)
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Approved

Approved

Approved

Approved

Approved

Approved

Capsules

Capsules

Tablets

Tablets

Capsules

Capsules

Capsules

Korea

Japan

Korea

Korea

Korea

Korea

Korea



24.3% HA
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100 mg/05 g
HA 14 plus other 1215 mg/05 ¢ Approved  Capsules Korea
. . (82.2%)
ingredients
4.0% HA
HA 15  plus oth 120 mg/3.0 10l mg/30 g d  Tablet K
us other mg/3. rove ablets orea
ps o gol 8 (84.5%) PP
ingredients
6.0% HA
110 mg/2.0 ¢
HA 16 plus other 120 mg/2.0g (91.7%) Approved  Capsules Korea
ingredients e
12.09% HA
HA 17 plus oth 120 mg/1.0 128 mg/L0g d  Capsul K
us other mg/1. rove apsules orea
ps o gL (106.49) PP P
ingredients
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