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SUMMARY

1. Title of R&D

0 Production of high value—added water celery containing organic germanium and

development of ingredient of immune enhancement health functional foods

. Purpose and necessity of R&D

Imbalance of supply and demand by simple water celery products and forward
Severe fluctuation of water celery wholesale rice

Needs of product & distribution system for farmer’s proper profit using competitive
products and marketing

Needs of farmer’s profit using processed goods

Needs of industries using water celery as local special crops by analyzing functional
ingredients and making value-added process goods

Increase customer’s needs of varied advanced goods

II. Contents and range of R&D

O

O

O

Existence and measure of Germanium using ICP method

Confirmation of measurability of germanium using HPLC method

Confirmation of measurability of water celery containing organic Ge using HPLC
method

Analysis of market & economical efficiency, establish of business plan by professional

organization

IV. Results of R&D

O

O

O

Confirm of Ge exist using ICP method in the experimental cultivated water celery
with Ge water (1.14xg/g)

Confirm of organic germanium(2-carboxyethlygermanium sesquioxide) measurability
using HPLC/UV/Q-orbitrap

Confirm of organic germanium(2-carboxyethlygermanium sesquioxide) using
HPLC/UV/Q-orbitrap in the experimental cultivated water celery with Ge water
(12.19u8/g)

o0 Professional organization analyzed that 'Ge containing water celery for immune

strength foods’ is enough to business with plentiful market size and economical
efficiency



V. R&D performance and its utilization plan

O

Ensure of farmer’s constant profit by cultivation of high value-added water celery
certified of the health functional foods

Increase of farmer’s profit by variable crops cultivation with germanium water.
Development of health functional foods using variable crops containing germanium.
Development of fertilizer using organic germanium

Development of alternative antibiotics for immunodepressed animals.
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Table 4. Blood biochemistry of subjects with/without germanium-fortified yeast
Control (Placebo) (n-25) Supplementation

(Germanium—fortified yeast) (n=25)

0 week 4 week 8 week 0 week 4 week 8 week
Blood sugar test (BST, mg/dL) 1085+865" 109.3+651 10884551 110574474 11471=688 12081 £864
Alanine aminotransferase (ALT, U/L) 26671454  2572+551 26611521 2529126 241=1.78 3224+526
Aspartate aminotransferase (AST, U/L)  4629+126 46331103 46.21110.1 24.29%15 2548195 27.86+1.74
Alkaline phosphatase(ALP, U/L) 65721353 63241423 66331436 7362+361 73384358 8057+6.18
Blood urea nitrogen (BUN, mg/dL) 17711309 1726+221 17.09+3.31 1538068 15811096 15.75%+0.74
Creatinine (Cr, mg/dL) 1.831L0.72 1424075 1551069 1.03+0.02 1.061003  1.05+0.03
Total bilirubin (TB, mg/dL) 1342+102 1214£908 11.26+9.75 0.73+£0.07 0.7£0.06 0.65%0.06
Total protein (TP, g/dL) 6.43+0.13 6.57+0.23 6.65+0.31 712009 6.98+0.07 70+0.08
Albumin (Alh, g/dL) 389£0.09  3.89+009  3.89+0.09 437+0.04 434004 4361003
A/G ratio” 153+0.03 1.51£0.02 1.43+0.05 1.59+0.13 16+012 165+0.14
7 -globulin (g/dL) 096£0.04 095003  0.97£0.05 096+004 0911003 0.9810.04

D4(T4-cell)

CD19(B-cel) (

Fig. 2. Changes in mecan immunc-mediated cells, CD4, CD8,
CD19 and CD16+56 during daily supplementation with/

NK-cell)

?\/alues were expressed as meantSE of the subjects.
"A/G ratio’ albumin/globulin ratio.

without 400 mg (3 times/day) of germanium-fortified yeast.
0 week of control group (Z3), 4 week of control group (¥4), 8 week
of control group (&), 0 week of supplement group ([0), 4 week
of supplement group (N), 8 week of supplement group ().
“Significantly different between control and supplementation group
at 8 week.
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Table 5. Serum lipid composition of subjects d with/without germanjum-fortified yeast

(pg/mL)

100.0

Supplementation

Control (Placebo) (n=25) (Germanium -fortified yeast) (n=25)

0 week 4 week 8 weck 0 week 4 week 8 week

Total cholesterol (TC, mg/dL)
Triglyceride (TG, mg/dl.)

15511505  14924+432 1529+5.14
161.5+16.17* 162.05%15.15* 149,38 113.29”

1632:11.84" 16521052 160.2=10.12
172863350 170.53+21.14 169.08=23.08

_14_

HDL-cholesterol (HDL-chol., mg/dL) 62.48+1301 5548+10.98 60.82+1292 446519 40172147 43891169 001 .
LDL-cholesterol (LDL-chol., mg/dL) 9PBBE+7.77 92431811 90.82L543 7947£52 75.76 1391 78,29t4.47b ) TNFa
VLDL-cholesterol (VLDL-chol,, mg/dlL) 34571672 34111423 3382+462 323013.23"  3241+303° 29.88+266 § . . . .
'fValues were expressed as mean+t SE of the subjects. z‘ﬁm‘; :agglfs:p;gmf:gﬁgﬁt&?;;;l%ﬁ?:&c:llngESTﬁI::e:;
“Values with different superscripts were significantly different at p<0.05. day) of germanium-fortified yeast.
0 week of control group (F), 4 week of control group (1), 8 week
of control group (&), 0 week of supplement group (), 4 week
of supplement group (), 8 week of supplement group (88).
“Significantly different between control and supplementation group
at 8 week.
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1. 7%

46—

7 571 A2ukE Ge-132¢] e 53 = z% som
O Z &l

S %koﬂﬁ% gefg ons ‘SO EE AU eRt S, @i o A
% AE 7HA AL =, 4F vERlelY Feoll 2 Fr1E Aol T8t
dEed HFer dE5a daS AsAY=dH 2 '2oE A e dEed
SR

FSHRACRBHE) AN = vyel= 258 &0 1 #edE 9 alFH, 555 A
A 8 ooyt OV S 2 sk ota, e, FI9, &5 o FEolu
TR ZdHolv, AAE HA YA, dokd F2 IR How Fual 7550
A

el Seltel AFEl 1Y Fobshs MEAN A Fo Sz APy
L H

2 Aste xﬂ*i 27 A= videe] Aol tads <zeA> daw
JAzd TAGEH: vivewolgs Fo] o Ao wop welArE 4§
T ARSS %%éﬁ 5 A

QEANE B8 AF 7h4 ke stz deld Qdor, 7 Gabs oo [¥g
Al vivbel B et Qe 93, E ol A el [A5 4] AupgEe] Z1A1s
of Qi Aow mol A o4 o] ARH AW AFHALE T & AS
FaolAs 719 2183771 e shtel, euel, Fue MR FAG 49 FA
o = e, W wust Agda delAi glom, o MEF (BC. 4800l 1]
Gelol #@ 7150 9t Aow wd muel A At edHm MeE wg
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Aol opel Ao zE viges wEw A B, By C7h R diHds a7t
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dg

2964), &3 7FE ot

o)
=
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e 1854 961 2@, 7IeA A%
11199 &¢, A -f714F 10109 22, Ad f71% L&FEAF 3479 282 4

<KA=Y 754 s4F A1 a9
e AR g TR
20 1,429 81% R
200 159 65% e ) = 795
202 1657 B3% woe | NG . g
B 1800 B6%
0 1,959 8% -
it 2130 B7% )
0% 2310 84% i
i 2,514 8%
28 2,714 8.0% 2500
it 21814 7%
00 2,083 6.0%
0 3,15 7%
02 3,442 78% R Ty Wy
A0 373 79%

*Z} 5. Nutrition Business Journal(2015)

(2). 20139 7= AGE R H=o] 15009 EdH 2 A 404%F AFA 8kl Q)
vEbgow, 9, dE T 5ol 57 25% oo AlFS HAfreti U= 2

<A 9 ABAEANF TFE(2013)>

Australia/ Eastern

New Zealand, Europe/Russia,
% 83
Middle East, 23
Latin America,
135

Africa, 20

Rest of Asia,
183

China, 220

Canada, 95

(289 =)

2} 5 Nutrition Business Journal(2015)

(3) 20124 tiH] A A Eo] 71 =& %
Elyton F3(13.1%), ¥l (11.95
atal Qv Ao® e

(7h) =, Avche] 47 FES 86%, 74%%2 Hitd

& 747} 57%, 51%= EF A9 oy v 4GS

(W) F=ro]e] ofAle} A o] g0l 9.8% =, dEs

Aol HaAZE oo R A&KEE AoR e

S FHH/HAobF 136% % 7 =2
AAAY F AAE(79%) the] =2 A4S

B
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<A ARAAFAE A _
<A 9 ARANZEANZY Z=71s 3>
t}o o] Tk e Ao mmANY o /e S
(F9]: US 9 &8
ey 2009 2010 2011 2012 2013 =7} 2009 2010 2011 2012 201§
A 2,8014 2,90 3, 1?4 3,4:12 3,/013
e 13% 5.9% 8.4% 9% 91% (100%) (100%) (100%) (100%) (100%)
e 1,097 1,161 1,259 1,374 1,500
Aed 1.0% 24% 35% 379% 36% (39.0%) (38.9%) (39.4%) (399 ) (40.4% )
P 771 789 817
e 3.2% 6.6% 41% 5.2% 5.0% @74%) (26:5%) (25.6%) (246%) (23-6%)
Qm 395 422 439 462 485
itk 45% 6.7% 6.6% 7.8% 8.6% (14.1%) (14.1%) (13.7%) (13.4%) (13.1%)
— P IE=n 71 76 81 88 95
T 9.8% 12.7% 13.3% 13.7% 13.6% (2.5%) (2.6%) (2.5%) (2.5%) (2.6%)
e 133 150 170 194 220
ofA]o} 8.7% 12.5% 12.9% 13.1% 13.4% = a7%) (5.0%) (5.3%) (5.6%) (5.9%)
o - ; oot 112 126 143 161 183
ol 6.4% 11.6% 11.8% 12.8% 13.3% (4.0%) (4.2%) (4.5%) (4.7%) (4.9%)
S “ 84 94 105 119 135
I3/ wERE 57% 10.4% 10.8% 10.7% 11.0% il (3.0%) (3.2%) (3.3%) (3.5%) (3.6%)
S ; . S I —— 61 68 75 83 92
/Aot 20% 8.8% 9.4% 10.0% 10.2% EFwEss (22%) (23%) (2.3%) (24%) @ 5%)
Fob o} 47% 7.9% 82% 7.9% 82% TR/ Aok @1 - @2hy 220 22hy
of= g7} 5.8% 8.6% 8.6% 8.6% 8.7% FFobalot ©.6% i sy - 0%
g ] o=z} 14 15 17 18 20
i 3.7% 6.0% 7.1% 7.8% 79% p el ey wen|  ween  wee|  wee
A} 2 Nutrition Business Journal(2015)
= 3T I=IR=] - = - 3r
(3) 20124 71 AA DA FA Y F2E A1 e Aol A 9619 29, 7l s A=
o 3L = [e] 5 =] 3T
11199 29, dA/R/71543F 10109 29, /7715 BA&FEAE 3749 2892 F
A=
=
ST H = o\ =
<AEYH MAAZGAEAA BEFE AGFES | <AZQAE E5E AF 12020129)>

5.000
4.500
4,000
3,500
3,000
2,500
2,000
1,500
1.000
S00

o]

2009
Ao

2010
REHA/RTISHE WHUERT IssELEREFT W7 s8N T

2011 2012

2013(e) 2014{e) 2015(e) 20i5(e)

29.2%

HA/Rs AE_A

Hoans|lsad

2REHE

10.8%

AO|EEH

27.7%
/

758 4E

323%

= AR (o wd) | A%
Supplements (2] o] H.ZA#) 961 27.7%
Functional Foods (7] 2]3%) 1,119 32.3%
Natural& Organic Foods (/575 2]%) 1,010 29.2%

Natural &Organic personal care and Household
N o _ . - 374 10.8%

products (A&7 5@~ & FEAF)

A 3,464 100%

= A}
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<Fo F7hE A 2 7S
T = S Q) B
T8 HE v B
T = el
H o o BE7]HA H o o B7] A
anjiol | AAR/AE AEREA 5 3§12 ferl % ]
H o] NER RS
ZEHPo] 2 B 2~ SRz
0.9 o sl =
WE7e Fe Agad | T 10;41” ¥ f e ago], B9
7 37 x3 ’
NG 5% | uw wEwe ga | o 0V EE #ol A v
P == A= -
sinl AABAE AE A%
FAF vl
3. AAVIHAF
el A WyE= B AAlE B 5F5, dYsE T 4
A 7R Qe

-8

%3 Hyun-Jun PARK, Composition for relieving and preventing

hangover and beverage comprising composition

(US2011/0280977) - Mt A &= £33 sH A A
o =

. Hiromu Ohnogi. Extract from plant of Japanese parsley
family and process for producing the same

M| 139 |3 v and b produeing

(US2007/0092587)- &-<4&F F=

== TE%Q do—h—?;;ﬂ]_ag%‘ Zal@_'
2 2 A

Hiromu Ohnogi.Food beverag or feed for the promotion of

osteogenesis comprising umbeliferae, liliaceae or compositae
plant species (US2008/0008773)- F=& 9=

FEEYEY F AL E
ok A

y]¥-1] & : Hayashibara Co., Ltd., Skin-exterior anti-ageing

composition and production method therefor EP2939657)
FEMNAA

M ¢ Jin, Zheming, Natural pharmaceutical preparations for
9| 72 2 increasing albumin (EP2353602)-& %

ol B ] o
Wz S A

dARS ST

: Takra Bio Inc. Extract from plant of Japanese parsley

family and process for producing the same (EP1656943)-
-3 3229 Fudys A8 A8

_25_




2195 5

v H1u] g : Supplement containing Japanese parsley extract (¥ :
14099703)
health food (&9 @ 12181735)
Supplement containing Japanese parsley extract (<9 :
2003-289827)
Hayashibara Co., Ltd., Skin—exterior anti—ageing
composition and production method therefor(s % :
084817)-5F 71

FAkst o (kR &Y v F I WY Antioxidant food (&5

61-257155)
5. st s
7h dE
(1) Avpz =3¢
ol & )
33 N, etk s, gl
&g Oenanthe javanica
i R R R
A A 7] 449 ~54
2| 3 7 A A A Folyp el A Apekal, A+ Toll wAstE A9 U
o= TRy FAe As
Hls=gk Ak | 5r) v

6. 7IEtd &

7 Qo] miyty] AArEES ojulg] 71E 68%, Wok7]E 20% 2 hRES xpAEar, A
v = AP A

L B ‘1 Aol Ao mlirey Aol oI o m®E ‘olof= FHaF(AE2E)ehal
o2 7=,

o AR EF A F udE Ao E E ()] vyt vk a &
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A1 A ICPE o]&3F A=ZutEs A
1 BAA
(F) A FRA A Ag Aate AZukgE oA Aujdk vz

2. A% ZA (Genlvbe] ®
DAz 2 FAE U 10 g2 A
8 200 mL 2olA AE (4A%F 200)

@ BTN 6AEd ARFEL A7 /
7 s ¥5 0 B0e Glavks ¢ A vue

@ filter paper® o3 & 314 7
B Gerl Yy B2 & 37%)

3. ICPE ©]&& A=vka &4
7t AR EA ICP-AES(ICPE-9820)< ©l-&3sto] Genlve] 29 AZ2vtg &4 2 FSA
u. Materials: Gevlyg] 9% X FA9H(Ge standard solution 1,000mg/L, KRIAT, Lot
AEP-150-406-5), ¥F=A]+ 70% HNO3 solution, #Hiksh4=2:
1= e D P ==
(1) ¥417]7]: Plasma atomic emmission spectrophotometer (ICPE-9820, SHIMADZU)
(2) A=

<Plasma conditions> Conditionl
Radio frequency power(kW) 1.20
Plasma gas(L/min) 10.0
Auxiliary gas(L/min) 0.60
Carrier gas(L/min) 0.70
<Exposure Conditions/view direction>
Exposure time(sec) 15
Sensitivity wide range
View Direction axial
<Rinse> Low high
Solvent rinse time(sec) 30 5
Sample rinse time(sec) 40 20
Aux rinse time(sec) 10
Peristaltic pump rotation speed(rpm) 20 60
<Eco> off
<Optional instrument>
Auto sampler on
Standard torch off
Ultrasonic nebulizer off
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inside
off
off

Peristaltic pump
Radial view kit
Bubbler

gf. Al S A

@ vlolazdoln Palg HZE HolAe] Genlihel FUAR 10545, GeXFE AR
0.0413g<= Bets] s 5 ztzhe] A= A4 8mlet #Aks4 2mle H 7.
@ "HZE Hlo]AY F4& @i wfolazgold & FXA 100C7HA =25 &9

5 10% B9 B3 F 180T 744 SEE W F 308 B BT
@ 23 F A3 2mE YFol A3 v A BR wolsn 26mivh HA A&
® ALY F EFSRT ojTete] AF Folow AL,
uh, EE g
: 1,000mg/Le] ¥FE A4S balanceES ©]€3te] 0.2, 0.1, 0.05, 0.0lmg/L §Hoz FX3sle] #
2EEd Aol S
ok EEFA A%
180 Ge 200.426 nm (1)
TSk
&
8 50t
&
E
25+
0 r=0.09995
1 & L " i I i i i i 1
0.0 0.1 02
Concentration (mgfL)
Equation:Conc =a~1*3+b"|22+c*1+d
a=0.0000000 ¢ = 00025111 Weight: Mane
b= 0.0000000 d=-458814732-004 Origin: Mone
Detection Limit (3s) = 0.0088036 Limit of Quantity (10s) = 0.0283452
Class Sample Name Set Conc  Intensity Conc Diff of Conc Excl
CALY blank 0.0000000 0.5902752 0.0010 0.0010
CAL2 cal 0.01 0.0100632 3.872324 0.0092 -0.0008
CAL3 cal 0.05 0.0496250 20.02343 0.0498 0.0002
CAL4 cal 0.1 0.1003669 39.90792 0.0997 =0.0006
CALS cal 0.2 02008638 80.31026 0.201 0.0003
Ger|ug] B2 A8 24723 1.14mg/kg
A= g =3 Method Raw data
Elements o o Result (mg/kg)
Dilution | Dilution blank (mg/L)
Ge 23.7079 1 -0.0011 0.0468 1.14
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A 24 HPLCE o &3 AZnly §4

1. 2954 HPLCE o]&3ste] Gerlve] &2 F71AErE &<l

2. A8 Gev|yg] &

3. BA A Ge-1329 4+83t9 w#d THGPA (3-(trihydroxygermyl)propanoic aid)

R s
Yo —0—cls’
R o/g. \O
e &/ . l\\&_ Poly-trans-[(2-carboxyethyl) germasesquioxane]
\ - /1
°. [ /T Ge-132
,G-m- [+ Ge/ :
FRM_\7 1/3n
(GeCH2CHzCOOH):n0an )
Hydrolysis
HO
HO_/GECHECHJCOOH x2n 3-(Trihydroxygermyl)propanoic acid
HO THGPA

R = CH2CH2COO0H

4. Materials : 2-carboxyethylgermanium(IV) sesquioxide [O3(GeCH>COOH),], Acetonitrile

(HPLC grade, Burdick & Jackson, USA (Honeywell)), Methanol (HPLC
grade, WA 3FE), Korea), Water (Water purified using Pure Power I'
systems, Korea), Ammonium acetate (reagent grade, Sigma Aldrich, India),

Acetic acid (reagentPlus, Sigma Aldrich, India)

- UPLC/Q-orbitrap (Mass spectrometry: Q-Exactive Plus (ThermoFisher, USA), LC

system: U-3000 (Dionex, USA), Data system: TraceFinder V3.3 (ThermoFisher,
USA), Ny Generator : NoGen30 (ACT technology, Korea), Centrifuge: Smart 15
(Hanil Scientific, Korea), Vortex: Genie2 (Scientific Industries Inc., USA),
Analytical balance: XP205, XS104 (Mettler Toledo, Switzerland), Micropipette:
mLine series (Sartorius, Finland), Repeater Pipette: Multipette plus (Eppendorf,
Germany), Multi Tube Vortex: VX-2500 (VWR International, USA)

6. UPLC/Q-Orbitrap =71

7} UPLC =3
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Column

Synergi 2.5u Hydro-RP (2.5 ym, 3 x 100 mm)

Column Oven

40 °C

Software

Xcalibur, TraceFinder V3.3

Mobile Phase

e Pump A - 10 mM Ammonium acetate
(v/v, 0.025% acetic acid) in 10% MeOH
e Pump B - Acetonitrile

) ) Flow rate
Time (min) % A % B )
(mL/min)
0.00 1 99 0.300
3.00 1 99 0.300
3.10 100 0 1.000
8.00 100 0 1.000
9.00 1 99 0.300
10.00 1 99 0.300
Injection Volume 10 pL
Run Time 10.0 min

1}, Q-Orbitrap =4

HESI source

Scan type

ESI, [M-H,O-H], Fullscan, PRM

Capillary (kV) 35 kV
Sheath gas flow rate 48 7 65
Aux gas flow rate 11 20
Sweep gas flow rate 174
Capillary temp. 320 C
S-lens RF level 65.0
Aux gas heater temp. 413 C
Properties of Full MS
Runtime 0 to 6.00 min
Polarity Negative
In-source CID 0.0 eV
Default charge 1
Microscans 1
Resolution 70,000
AGC target 3eb
Maximum IT 100 ms

Scan range 150 to 500 m/z
Properties of PRM
Runtime 0 to 6.00 min
Polarity Negative
In-source CID 0.0 eV
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Default charge 1
Microscans 1
Resolution 17,500
AGC target 5eb
Maximum IT 350 ms
MSX count 1
Isolation window 04 m/z
Isolation offset 0.0 m/z
Q1 Mass Orbitrap Mass Start End Max IT ..
et ) ) | G G (colisin ()
“Ge_THGPA-H,0O 178.94 106.9192 0 6 0.350 75
Ge_THGPA-H,O 176.94 104.9200 0 6 0.350 75
“Ge_THGPA-H,0O 174.94 102.9222 0 6 0.350 75

t}. Mobile phase

10mM Ammonium acetate (v/v, with 0.025 % Acetic acid) in 10% MeOH,

1L

Pump A | Ammonium acetate 7.7g9l %o 1ILE E3399100mM  Ammonium
acetate £ A %3t o] €9 100mL¥} Methanol 100mL, A A4~ 800mL
S A3l Acetic acid 0.25mLE ¥o] & Ao] Axg

Pump B || Acetonitrile, 1 L

7. EF LM (Stock solution) ¢ =H|

7}. Bis(2-carboxyethylgermanium(IV) sesquioxide)_Ge-132 (Standard: STD)

L}, Ge-132 stock solution
A A e 5e

Img/mLE Ge-132

A S A=

10.00mgell BAI+E 10mLE 7}stal &3)A|

No. STD mg

Con.(mg/mL)

Purity ~ Volume (mL)

1 Ge-132 10.00

1 99% 10

8. Ge-1329] working solution H]
D AEA AR Ge-1329] EFE S 100ul
o] ¥ Intermediate solution 10ug/mLE

100ng/mLe] %7} ¥ == 3} one point

FH3te] AAS 99 mLE #H7Fske] 1008 3
A Z3Fal 50% methanol (v/v) = 3|43}

Awd 248 working solutions 4] 3}

_31_



. ) Starting Starting
Final Solution ) ) Total volume
D = Solution Conc. X Solution / »
Conc. (ng/mL) (mL)
(ng/mL) Volume (mL)
— 100 _ 10000 y 0.1 y 10
WS : Working Solution
“The total volume was completed with 50 % methanol (v/v)
9. STD A& A}
<Ge-132 STD Spectra>
2 g, i "4Ge THGPA-H:0-H
: Hi{. kd r;.--.
B el "2Ge THGPA-H;0-H
; : Ge THGPA-H;0-H
o) o R e -1 | N )

Figure 1. Ge-1329] +&3}5 waka THGPAA HO7F Al AR £z ~HEH A=
“Ge, “Ge7t £3E EAEo] 47 AAACd EAEE= 1]

o] &}
pEa .

g9l F 8 isotope?]l “Ge,
S 2(35.94%, 27.66%, 21.23%) YEIHS &
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Figure 5. 21729 Al ZntHmajor isotope (“Ge,”Ge,°Ge)o]l wWEGe-132 fragment ion?
F=¥ AZvEIH

Table. 2 #| major isotope?] &A1&} Figholx F=% peak™ 4 7He] H] &

Isotope Abundance (%) ratio Peak area ratio
"Ge 35.94 0.42 230038 0.43
“Ge 27.66 0.33 175236 0.33
“Ge 21.23 0.25 128684 0.24
Total 34.83 533958

: [THGPA-H,O-H] ¢ precursor ion¥} fragment ion® XA o] A&stA A=Zvlw 3Hg
2S5 HAAgess o F don ol F Ge-1329 A 3¢l W Ao B BAwow
Xr=
[e)

Aol A A F e ong

10. HPLC #4218 test sample A%
@ Gevluel B2 10mgs 43 do} 5mL AAFZ Aok (F22AM 2 mg/mL)
@ 9 &9 methanol® 1:1 3Alste] B2 Img/mLe 50% MeOH &S A3k
t}.
@ 10uLZ UPLC/Q-Orbitrap o F¢ 3k}

11. Gevlube] &2 #4943
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Table. 2 #] major isotope?] &} H] &3} Fig. 7914 FZ% peak WA 7Fe] vl &

[sotope Abundance (%) ratio Peak area ratio
"Ge 35.94 0.42 29337 0.43
“Ge 27.66 0.33 25418 0.37
Ge 21.23 0.25 14036 0.20
Total 84.83 68791
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Table. One point calibrations ©]-&3F tef4 <l w5 2 77} A E.9] isotope ratio
Ge-132 STD Ge 1.15 ppm
T 100 ng/mL 1 mg/mL
iGe Ge 0 Ge e Go 0 Ge
1 244853 185770 136162 29374 25450 13323
269321 190434 131838 33365 23220 8363
3 240712 199195 139380 29282 23342 15898
ave 251629 191800 135793 30674 24004 12528
ratio 0.43 0.33 0.23 0.46 0.36 0.19
con 12.19 ng/mL

12. F&=A%

Aol ARwEINOZEE 100ng/mLe STD peak area ©l

th3k Z+Zke] peak area

ratios 3ot 7719 TraceFinder V3.35 ©]83}9] one point A& OZ2EE Alm

- =
TEE

% Ge-132¢] 3t
13. 2847
2]

© Ge"|o}

ol F A2 E(Gel32)e] 2 12.19ug/gl 2 FHH.

T (1) Gev| 112
Gen Uzl &8 &9 5= (mg/mL) 1
Iml F Ge-132 % (ng/mL) 12.19
Gen|yg] i el Ge-132 33 (ug/g) 12.19°

14. zFo]He it oA

Germanium (ICP)

THGPA (HPLC)

Molecular weight 74 198 (2%-#})
ICP+4] gk 1.14ug/g -
HPLC+A gk - 12.19ug/g
Bderie] w2 o akzkal 1.14/74 = 00154 12.19/396 =0.0308
H| & 1 V| s 2
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R2=0.99

8
:
:

= 100 ng/ml STD

o Ratio (Fg,/F40)
— Fitted calibration
One point ZEF40) 8= AjF
HEH EFN HEEEEE
— Linear (slope)

100 1000

Concentration (ng/mL)

Q-Orbitrap 7171& F &%=7F a&dlls F4EAE 717]0]7] wzel 7171 54874 A=
A7F FE&. WhH MS/MSE A#FEAo] e A @R 7170w 2 SEAA Aad st
H He AETE7F HYE Hous YA U= AR d7dsm, Ao weighting
S XPog BAHFE dgaEE A4 sEe U YolxA " 35 MS/MSE A HEA
He gystal Full validations 218 F 48 ot Agst FFgte] Fu7t 7hesthe
=

_40_



Al 34 A" AT

‘771 A20kE

rJ

AZHZEAF BTN

& DF7t7HA ojLtE] ik 3

2017. 07.

g
CREACTIVE

o

o[

Xl

[

a1

olr



ok Hho}o. A 3}

2 oHuAE T0179% 5719 J1eAQ}ALAS 77 (HA
§7] AzuEds 2RAMA nue 44 2 a3 A%7)s
NE 97 A, AF wuAE AEFU.

2017. 07.
a o+ 7 @ e NE B (F)
9 % o A 8 oW
o £ A o =z 1A T PM
¥ A oA}
H W = A<

_42_



2]

[ =

— —~ O ©

1. 7]

I.

At 7]

ot
<
Ho

]

3

=
6}

11

0.0, TETPH A AF TI Q. esrosssssseseeee s

3.1, TEU] A L ceeeeseses e

32
46

53

57

34. 19 7]

35. ™

61

o

A 10AgA 5

}

=
= i

64

36. Al=nt

66
66

66
69

or
o

e

[e]

A

¥

N©O

1.1. Al

69
73

75
76

24. FAF B

o
Br

78

D5, AFOQTBE Z] B] werveessseesseesseeesseeesse st

32

32
84
- 86

RFG] T ] weereeseeseeseesseessesss it

O

-
A

O

-

3. H&
4. 571

38

1]
=

u}

—_

A0
) .

gy

_43_



o]

Joi0
14

ke

KO

m -

= Mdd 72 8%

T
Ho
To

Jo

7]

O 7154 #4F A%

A,

Eof olsto] Aol

At A

=
T

S7PEE A2 G

)

ojn

)

(2011)

-
<)
N
vl
Ho

A

VRN

_44_



& B2

A ERE 1747}

o 3 =L -
= Xt

i

ze)

o

s A

5

o]

=

=

, A E A

Hin
Ho

oF
HH

o)
il

Ho

uze)

<75

A

Bd, HXE 2ap

A2l
AT UE SUE UUP0ISUES
FIJEAE, UBAUR S ERHE,
AoIEEH, HALEAME S
NsdWME ASS2HE 2% 0D

MRS, BLHE 2. GlEAS
HUI=4E RYBUBE S

AXiSHl WA S
R0k, 214 el
=5 B

*Z} 5. World Bank(2006). Health Enhancing Foods

REAZ MR

L=

[

JI=8 548 EF
MY - 90l - 948 - SE24E SU | U5, Ok, 2L Ml MSX. WA,

E 028 S A dE825 S20 | SOIUS. JIAILIHI, 213, 81,
HWEE 280 ETNE S22 | /Ji=ldE UUS0L S0, ¥ A=,
Jisd YE8 mU 4B

8 WL =5 S 40 FU FE | ML X NS WES AS, 9|

9o Roo YEE ARG AR
Jisd 4B H$Y T= 7N =20

Jizd L10E OI2010] 122 M8
HHAH - 248 AR

Jisy A11E 012 B2 138
JIZ28 | 2EE MEWACE J=Y YES

49T

Hil=
11
38
2%t

[0

B

4
7K
To

Jo
o}
el
Ho

jzel

Jo

, A

=
[€]

]

h84

3 7

AFg-ol o

S s
|

2
o
Hin
Ho

0

Jo

Jo

0

3
B

=
=

oo o]

a7

o] 3}

i

= 20161 71 3270 ok

i

_45_



o 7|

A
V4IN
A
A \

/ \ LQIN|o] MALET U HAE hA|S S
MBS RTO EES BN YA H h Horao] dalsts 22| i3t 7S
Za 7o, 7| e AZSX|- 7S Et A\ —H|E}RI, 27| E, CHE MO|H G, BAR| A

E}LH 9 ?|Is

// /;4 < A\
£z N\

| 2 4 | — 17
LR, ¥ — 1%

gand —il
g _ﬂ

YEFYNE )Y — ]

WUN YUY ——
fE4@sY —

Y1) —

7gols) N—

AP  —

HENY —

YUYy S—)
Palo K] T—

HYUAY —
REYY7) —
Topy -1

Yipsy -

HuDyaApy -1

SA AE 2= AR S

[S)e}

LA

Ny Ay -1

ool 4uws w1

FUTAY -

Wk 7] 7040 -

3

[}

R

4F A 1% 2 Aol
S E E R 7

AA Qs w2 JA

il of

_46_



120

100

80

=]

A= 7154 4R <

o|N

A>

97
B84
58 &6
60
a2
a0 - 36 38 37
3
29 30 26
23 20 20 4 21
20 - 16 16 v i3
10 10

s 9 &

o/ 1N L

20044 2005 2006 20074 200814 2000 2010 2081 2012 2013 20149 20151 20163

- 20169 71F BAY 7154 4F AT e, 2218 o) g% 28%, A4, B4

[}
SAYE 67FoRE F HFoE HAY

S Eaey s RUupsH U

<AANLE Ee AT dF95F)>

iyl Zlsd=E 7R HE == E3
o HIEIR] 2 27| ENE= OlUHlE) 255 © HIEN] A, HIEFFERE!, JHIEMR] D, HIE2] E,
HIELR! K, HIEIE! B, HIENR2! B L0 |OKL, EHERILAE HIER] B, St HIE2] B,
H|LEl H|EIRI C, 2+ DiUkES, & or, 12|, dels(Ees ARl), s 247
pe=i=t= sS2lgd. ¥ZE 3=
(283)

o EIX|gbar

=T

Alo|E8F

TIsdE=
(67=)

el Eof HELA SeAlE, E=2EEE AR S=SEF SEE, 220
2 Z2EI|ASESE TUXIRIQI0, CHS=o|ASets., FoHsS=EsS. dJhtdt
LUFES, SHUSTES, UIAAUSE(FIESA Ol2IoEA)F=EE, 220 E2S
XS5, 2ol73 X|gtat SRR x|, ZolalsRiit SeeX SHAIE, A5
ol A EAHIE/ AISAHIEOAEHIZE, = AESEIME S% MoiZkR. SE3
AE E@ReFEXl, oHEsEsSE, ZEcals=saldtl Fi=AuoitEXolEsEsEsE, SFHI
2!, SntEEIFAFTSE, ATNEdoiFEESE, ZAOE|YAME, SF3 AP
N—OLMIZI S22 AIR!, FI2RCHERTHEE U202, VWX |HAXREMTEEES, FIE
A FIEESRDE, ZEEI0E, ZIZHO|2E|A E=, ciSstted HIoHHA,
AN A (Methyl sulfonylmethane, MSM), 220t Ob=. SIS
2L EXTSFEE ddi2lE==s. 2HoleA, F2oEl, STt eEsiE.
+EHAASFES EnlEFESE, IR ===

Aol EgF0158)

Fot/FotAEZI=EsHE, SFAerhEef, Zeeht), Falalo|lHe, St
HUSECSAER CHEA0o|ER, S0|H2940|dER, 2Ao|ER, =E2|20|ER,
Ot2td |02 OFF EA|OH), S 40 |8R. OlsS/XIFEIS=ESS. XX~
ol&ET, Bl As=E=A SEOREXMO|IMEE, E2ekE

weh] e

A, EobE, Fr1 b=

’

AR 2016 A7 SAE Ve Y

_47_



Ao A5 3270 71eAd dste] &= 263F2] A2A7F QAL Hol Fg T
2utgai’'sE "7 SA 715 EASS Wol AX VTS dEE ARE
<AzZvE g2 NEcZE H3>
7l 5 o NsNMHEE 24
Lo nj2E .
ol =2 WHEES HOIETIAZES 2

| SZUZES, SHQYXOXEIRSEES 26!
L zizo) oo (BEE SHAXOMMEIZHIEB0% 0Ol2IBE
= = | ZE22(ZHIQAHZ), X|ORIEIEEE, EPA U
|DHA 2 %]

Hr
Y
o

[L-=2=2E101, [(FIE0IEEE, J2 K&, Enterococcus |

o112y ZEI0) | taecalis ?}'ﬁx{a{ 2% OIESFEE, 55|

co |5t FEFEE, A0|R2L, 2232 JIEHF | 12

HAT | = SRS B2 Z0I2SSEALE), EOHAIRAR,
Zi 44 | SR H|EZRZL, QAMCISH=E

oIS 'Enl_eroioicus fnaecalis ?}%IJ:EEI?_!}_E-?E* Lo}

A3l =2 RAEEESHEE, MFEE, LY9FES, 07| 6

= 2OoiE B2Y 5 SEE. &4 PLAG

Bl 7l | Lol 28t il | _ = e
A | 71 THaol =8 | SHMNFEE S =282 1

okl ek Ssl&de 1978 A Fo ' o]Fo] Hom HI7A A&
o] o]FofxaL Sl
= FHUEE 71 Al diske] 93 S8= 474570 0% AAl V1A 4

A7, CIALAY, obm el A =, detm AetA e 5 71 2 Sk ofe
o 2 9A Wol AL 9 Ao Ve

_48_



HolBFA, HA-w7ls A= B FEHAE, HA-771

o, dnbR o A , , 7155 4
A2 A FEE

- 20129 712 A ABAFE] R AGTRE HolnEA 9619 Tel, 7154 4F 1119
of W), WA-f714% 10109 Fel, WA 7% BALREAE U7 o= 77

<A 7 sAE A A9
s R ) H4E(%)
200 1,429 &1%
200 1,527 ba%
20z 1,667 8.5%
200 1A &b%
AH 1,959 aY%
2B 21X B7%
26 2310 B4%
2007 2514 BA%
208 274 8.0%
20 284 3.7%
2010 2,983 60%
A 319 1%
AL 3,442 {8k
2013 3,15 iy

*ZF & Nutrition Business Journal(2015)
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*Z} 5. Nutrition Business Journal(2015)

o 20139 7]+ A9 R E vlaro] 15009 dE &= AA 9] 404%E AFASHAL A= Ao E U
SIRC 3

Bk on, 4,

<A A9 AZFAZEAIA JFE(2013)>

Australia/ Eastern
New iezalarsd. Europe/Russia,
83 Middle East, 23
Latin America, i
o Africa, 20
Rest of Asia,
183
China, 220 '
Canada, 95

(g R =]
* A} &: Nutrition Business Journal(2015)
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2 Yy

H
o] gl 9.8%E, %11‘&—% A2 ofAlob Aol HRAES A

lo
X,
N
it
rlo

<A GE ARAFAE AF(E9] US o 2e)>

=7} 2009 2010 2011 2012 2013
Al 2,814 2,983 3,194 3,442 3,713
(100%) (100%) (100%) (100%) (100%)
o= 1,097 1,161 1,259 1,374 1,500
(39.0%) (38.9%) | (394%) | (39.9%) (40.4%)
42 771 789 817 847 878
- (27.4%) (26.5%) | (25.6%) | (24.6%) (23.6%)
oy 395 422 439 462 485
i (14.1%) (141%) |  (13.7%) | (134%) (13.1%)
U 71 76 81 88 95
(2.5%) (2.6%) (2.5%) (2.5%) (2.6%)
= 133 150 170 194 220
ik (4.7%) (5.0%) (5.3%) (5.6%) (5.9%)
skA] o} 112 126 143 161 183
(4.0%) (4.2%) (4.5%) (4.7%) (4.9%)
U] 84 94 105 119 135
= (3.0%) (3.2%) (3.3%) (3.5%) (3.6%)
ey A 61 68 75 83 92
2F/wEME (2.2%) (2.3%) (2.3%) (2.4%) (2.5%)
- 58 63 69 76 83
SR/ E A (21%) (2.1%) (2.2%) (2.2%) (2.2%)
= = oL4] o} 17 18 20 21 23
Ll (0.6%) (0.6%) (0.6%) (0.6%) (0.6%)
ohza]7] 14 15 17 18 20
(0.5%) (0.5%) (0.5%) (0.5%) (0.5%)
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=7} 2009 2010 2011 2012 2013
u] = 4.3% 5.9% 8.4% 9.2% 91%
Mg 1.0% 24% 35% 3.7% 3.6%
EIR 3.2% 6.6% 41% 5.2% 5.0%
7|}t 45% 6.7% 6.6% 7.8% 8.6%
Zab 9.8% 12.7% 13.3% 13.7% 13.6%
o)A o} 8.7% 12.5% 12.9% 13.1% 13.4%
o 6.4% 11.6% 11.8% 12.8% 13.3%
IF/FARE 5.7% 10.4% 10.8% 10.7% 11.0%
FHH/ Aot 2.0% 8.8% 9.4% 10.0% 10.2%
50} A o} 47% 7.9% B2% 7.9% 8.2%
o}z g]7} 5.8% 8.6% 8.6% 8.6% g
A 3.7% 6.0% 7.1% 7.8% 7.9%
xZ} 2! Nutrition Business Journal(2015)
o 20129 71 AMA AAAEAY FEE A RS AolHFA 9619 &Y, 71F A4
1,1199 &9, AA/F7154% 10109 29, Ad/F7s 2&FEHAE 3749 98 =
A
<A AA ABAFANG BFRE A FE>
5,000
o ]
4,000
3. 500
5,000
¥,500
2,000
1,500
1,000
SO
(1]
2009 2010 2011 2012 2013(e) 2014(e) 2015i(e) 201i6(e)
BAO|EEH BH/RISME WHHLERT SLAHUALHENE wisSHME

<AZRANE BEw AF FR(20124)>
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HYR7|s AE

LR L]
ABRERE
10.8%

Ao 2 S
27.7%

29.2%
s NE
32.3%
AFTE
25 SRR
n CEED =
Supplements
N 961 27.7%
(2ol BFA)
Functional Foods
B - 1,119 32.3%
(7154 25%)
Natural& Organic Foods 1010 90,29
(A /571552 %) ’ -
Natural &Organic personal care and Household products
) N ) " - 374 10.8%
(HA&HF71 A2~ & FEHAF)
A 3,464 10096
*ZL & Nutrition Business Journal(2014)
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3B% =2 7HE =A YEh o,

o

o HfE

A 9 $7])% (Neutral & Organic foods) A 3&E+*

&

r 14.0%
12.0%
- 10.0%
- 8.0%
6.0%
r4.0%
20%

*ZL & Nutrition Business Journal(2014)
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<#l=ar 9 g4 (Nutrition Industry) 2 2] ¢]
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==HH §TuY ~E=4oEEH
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*« A & Nutrition Business Journal(2014)
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_1‘:_}0
o 2079 2] (¢F 2% 2,0229 )9} 889 G| (¢F 97879 )
2D AR E BE A FEE 399
Rom ZAE Y oM, 20200 7HA
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KO0 276770 300%
230.000 2500,
200,000 2000
148.300
150.000 150%
100.000 100%
50.000 24,500 50%
0 _j ' . 1 - . S
2015 2016 2017 2018 2019 2020
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223. 35 % FHA=E ARV TAE NG EF
(120159 715 55 2 wEA= B35A A FEE 249 992 20143 thv] 59% 433 A
o2 uehd
<EF D FAAE wEA AY FE L JFE>
(EH9): HEpteray) S —o-4NE
3,000 - . 5.80% s oo
2,000 -
1,500 A
1,000 -
500 -
o T T T T T 1
2010 2011 2012 2013 2014 2015e

*ZF5: 2016 Nutrition Business Journal

o HE}F/mHZ(Vitamins & Minerals) #l%o] 119 28 F22 AA A9 45625 2A st

<z 5 % wEA= BEA Categoryd Al A &3H(2015)>

Sport, Meal,

Homeo & \

Vitamins &

Herb/
Botanicals
23.9%

*ZF5: 2016 Nutrition Business Journal

o 20159 Herb / Botanicals®] A& 6.7% % oA, 20143 o] % AA| Al &AM 7FE =& A
FES YE
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A7 71 Sol de B 712 &% Aol A Herb / Botanicals®] A% H]5o] ¢
S S Aow o4
<Fs B pAdE BeA Al PR 2 AFEES] gebde)>
Category 2010 | 2011 | 2012 | 2013 | 2014 | 2015e

o
~

=
=

828 876 931 988 | 1,040 | 1,097

Vitamins & Minerals a
MEE 5.5% 5.8% 6.2% 6.2% 5.2% 5.5%
; offzsoH 489 496 502 505 538 574
Herbs/Botanicals
MEE 0.8% 1.5% 1.2% 0.7% 6.4% 6.7%

537 583 619 655 695 135

=
=

0zl | M | oz nﬂg 02 [ M} (02 | ¥

Sports, Meal, =4
Homeo & Specialty | mxt= | 53%| 86%| 61%| 59%| 61%| 58%
Total OfZ=H | 1,854 | 1,955| 2,051 | 2149| 2273 | 2406

HAEE | 42%| 55%| 49%| 48%| 58%| 59%

*Z} 8. 2016 Nutrition Business Journal
<ETF 9 FAHE BF3A THE AGE>
Vitamins & Minerals --0O--Herb / Botanicals
-0--Sport, Meal, Homeo & Specialty = —O—Total

10.00% -
9.00% -
8.00% -
700% -
6.00% -
5.00% -
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3.00% -
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1.00% -
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2010 2011 2012 2013 2014 2015e

#«Z}F 51 2016 Nutrition Business Journal, @A} A7}
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ALvrlel 7154 o5 & FE AR F0](2010720159) (91 Ao F3]o})
25 2010 2011 2012 2013 2014 2015
&8 3,591 4,092 4,654 5,267 5,999 6,766
- S~ EF] T 14.4 16 19 22 25 28
-z 1.7 2 2 2 3 3
- 2Z8 719 99-¢ 2,399.3 2,687 3,023 3,386 3,843 4,331
- A E/wolr|nk =83 1,175.2 1,386 1,611 1,857 2,129 2,404
JH S 5,901 6,811 7712 8,650 9,804 10,677
- Y (Bottled) &#& 509.9 574 649 730 825 915
- 3T T 1137 114 121 121 119 120
- YA ="a 2,042.0 2,216 2,393 2,608 2,875 3,122
- Bd/opf F 346.7 443 514 471 491 545
- ~¥xzEdA 2,888.1 3,463 4,034 4,720 5,494 5,976
A 9,491 10902 | 12366 | 13917 | 15803 | 17,443
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e =12 M 9 8 % = 18 SYL7|EX|0l cHE vl
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