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< SUMMARY >

I=HE D-02

Purpose&
Contents

O It is aimed to develop and commercialize analytical instruments for food safety
inspection which can be conducted on-site, and it is possible to inspect chemical
harmful substances and biological harmful substances. The detection time is less than
1 hour, detection sensitivity is less than 1lng / mL, We have developed a
measurement system that can be easily analyzed on the spot by stand-alone type at
95% or more. To this end, Fluidix chips for concentration of target samples were
developed, and three types of biomarkers and three types of chemical markers were
applied.

Results

O As a result of research and development achievements of this project, 2
commercialization and 32.1 million KRW sales were achieved during the project
period, and 4 patents and 2 registrations were completed for patents related to gene
amplification devices and residual pesticide measurement devices. We have been
working with food virus testing companies to commercialize them and visited demand
companies such as Samsung Wellstory and Lotte Chilsung.

O As part of this project, 2 regular employees were recruited during the study
period. The thesis was registered at Yonsei University with 3 cases of SCI and 1
case of non—-SCI.

- 2 products
- Sales amounted to 32.1 million won
- Patent application 4 cases
- Patent registration 3 cases
- Submission of technical report 1
- Job creation 2 people
— Thesis SCI 3 cases, Non SCI 1
- 3 academic presentations

Expected
Contribution

O In the case of residual chemical pesticide, which is a chemical hazard, it is
possible to inspect directly on site by developing FIA-based measuring device in the
existing method, which has been carried out in the laboratory, The application of the
PLS system, which has been in full implementation since January 2019, will increase
the need for on-site inspections of residual pesticides and plan to promote sales
activities based on the developed products.

Oln the case of food hazardous substances test (food poisoning bacterium), it is
possible to concentrate the target sample quickly without developing culture by
developing a chip capable of concentrating and extracting the target sample even
though the sample incubation time is long and only possible in the laboratory. Which
is the basis of technology. We plan to commercialize an automatic enrichment system
that will be linked to concentrated chips later. We plan to commercialize RT-PCR,
which is the core of molecular diagnostic technology, and start full-scale sales
activities after completing the project.

Keywords

residual
pesticide

Food poisoning

Food safety
inspection

Field
inspection

pretreatment
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471719 S/W T &

[ Residual pesticide rapid measurement system v1.227 X
Residual pesticide rapid measurement system == |1 Experiment
name
Eul Cam Y ',.: | Experiment
' E] SAIe @ otC iy Wash |¢g settinig
progress rate i Hold.time
0.00 % =~ setting
HAE(EEE) Eot
2000 N i B
Analys;s(—'&Emﬂ) —| Data result
1000
Qﬂj Manual reagent
i loading
25% 0|5t
- BES S0|Y 4
26%~35% o S
-+ RESY 724 ofst 24 ~X Connection
36%~50%
g ) ) - BESY 7IEN old EM 7ts4
0 A =
Blank Control Sample Si%x__}cjjer‘iojt FIEA o4 @ Close
2019-02-07 17:44:46

3 o A1
0@ 5 9
2) R

19 56. Main 39

7171 AA3s= 3 (Connection B &)

B Connection

Com Port COM1

Baudrate

Save

[115200 vl

Cancel
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RS-232 port7} AA o=

- 31

ZRun, Stop, Wash ¥ 23 setting, data result, Manual loading 2| A
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o
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3) A3dw d=Hsl= 3} (Experiment name H &)

I8 Experiment name

Experiment | |
name

User name | |

Sample name | |

Save Cancel

19 58. Experiment name %
Az A, AEY 719 7He

4) A5 YdEdS MY sls= 3 (Experiment setting HE)

[l Experiment setting
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AchE
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PBS Close

19 59. Experiment setting &
Fa-A sl Aok Aok Folek AR

5) Experiment setting A2 3}H(Z7z}e] AlRE AYsl= 3H4)
B e x
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T
FUZ 020 i omi
Save Cancel
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6) 71 A7+ A A3 (Hold time setting ¥ &)

[ Hold time setting X
Retention time 2 v min |0 v sec
Reaction time 10 ~ min 0 v sec

Detection Volume 005 = ml
(ml/detect) —
Save Cancel
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9) A=

s 5li= 3} (Data result 4] 2.314)

"R
[2018-08-26 [~ [[2019-02-07 0~|  Select
Test date Test name Contents Blank Control  Sample
2018-12-12 14:08:57 | 20181212-01 New 001 0.01 3216 3088 2988
2018-12-12 12:26:29 | 20181212-01 test 02 3284 3277 3221
2018-12-12 10:55:11 | 20181212-01 test 01 3529 3358 3145
2018-11-07 16:01:53 20181107 PBS All Test 03 6945 6478 6648
2018-11-07 13:58:07 20181107 PBS All Test 02 19035 8000 | 7490
2018-11-07 12:29:24 | 20181107 PBS All Test 01 19310 9306 19020
2018-11-06 15:36:00 20181106 PBS All Test 02 19460 9458 19237
2018-11-06 14:13:11 20181106 PBS All Test 01 |9296 9286 9155
2018-11-05 15:47:30 20181105-02 New 0.001ppm 4306 3597 2730
2018-11-05 15:11:04 20181105-01 New 10.0ppm 4188 3824 2580
2018-11-05 14:38:13 | 20181105-01 New 1.0ppm 4188 3824 2720
2018-11-05 13:34:40 | 20181105-01 New 0.1ppm 4188 3824 2877
2018-11-05 12:27:56 | 20181105-01 New 0.01ppm 4188 3824 3055
2018-11-05 10:55:01 20181105-01 New 0.001ppm 4188 3824 3152
2018-10-24 16:20:35 | 20181024-01 New 10.0ppm 4727 4577 12813
2018-10-24 15:10:25 | 20181024-01 New 1.0ppm |4727 4577|3218
2018-10-24 14:30:19 | 20181024-01 New 0.1ppm 14727 4577 13520
2018-10-24 13:33:20 | 20181024-01 New 0.01ppm |4727 4577|3864
2018-10-24 11:16:45  20181024-01 New 0.001ppm 4727 4577 4420
2018-10-23 15:56:50 1 20181023-01 New 10.0ppm 4887 4537 1732
2018-10-23 14:42:21 | 20181023-01 New 1.0ppm 4887 4537 2032
2018-10-23 13:29:27 | 20181023-01 New 0.1ppm 4887 4537 2602

3. F/W 71y £

1) A]2=¥ control Protocol

1% 64

Raw data 3}

95 2= u
o Alzdlo] AEHE RE A 24Q HEWME YA fHEx Syeol=wlH FoHR 2k
T =) o=
274 B Aol T #HEE Ve BT AEIEEES Fd AE F Jd&=E control
= A~ 37 =]
protocolel BtFo] F/W7F A7AlH o] vy, wepA dsts £t H22 REE Alodha,
[e) A= = =
HEM B ARE Aot A BE A7 Euweols WE FIAIT ¢, 2= HA
*‘ = =] =]
s M 8ol Bad yEHRl F2o] B protocolell ofs) AAH I F2 7hssir T
= o 5] =
gl dAgste F/W dox HA35HE 2o #H¥ commandES 2§38te] UldlA A2 st
S 2=~ =
A e TES F ARE S
command TR H|
@50 Bway valve BT 0|SLH 2{A|) valve |X|= 1~87H%| YH Ths
@51 Bway valve 181 2{X|= O|F D E valves= ILE #LUE 7HE
@58 Bway valve 88 2JX|ZE O|F
@LLO 14 £ = 0|= off L' °HFE 5| AP 280 E HE
@L11 1 £ -0/ on 1 08 =%= onfoff 2 LFERH
@L20 281 &2 0|= off ZYL=0|= on Al BT *EiIiDIEE
@L21 28 23 0|C on Esj MUS SEH B2 US
@MO000 42%| U™ = oS HI) TIEE 004 40007:%| O 1=
@M4000 AIX| 4000 /X Z 0|5 T 9ix|o 22 Zio| UL
2 HE S0ME BF beep B8
@o DHE 50 E2L= 53 =¥ dataz serial port = HE&E
@HO Heater off B|H 2ct ¥ E S G7E)
@H1 Heater on on/offdr A| 2 92
@P9 Motor Speed 1~8, 7|& £ 10,000~50,000, 5,000 THf
@E B3| 2|5 =7 9fF 43 E7|X 172002 43 EFE HEH 7
@G BeH gain €% x7|X 1782 M. = HLEH 75
@Z000 Heater 2= 4 (10~50% 3+ E7)X 42022 M. ZE YEE THs
@P Motor Speed 473 10000~650002 = 878 7Hs. 242 H%
@ABCD AutoSet~AutoSetd F0o|E avtcsetiiBE F5

1. Control Command
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19 115. PT-100 Temperature Sensor Amplifier - MAX31865
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= Using FITC-conjugated Con A, absorbance measurement depending on concentration

= Coupling efficiency between Con A and magnetic particle
. s A-B
Coupling efficiency = =X 100 =63.53%

A = Absorbance of ConA solution B = Absorbance ofsupernatant solution after conjugation
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6ml/min 0.030 107 fold

7ml/min Chip failure

19 1260 fr&ol mE kE2hHolgx w5 A
Aa¥ 5 AR

(2) ¥ g3} 7)ke] =gnlolg) 2 RNA & vAlfAH A

Micro-MACS WAFAIFS Sl viol s5% =Zufe]g oA PCR A& 8 fd4}
st7] f1al Micro-MACS 33} olojAl= 32 F58 vAlFAIR S Bt o= A4

et mAlA A el S8 AW 23 grxolt UPEVV\]E X}"é‘ﬂx}% ¥y & F U=
g3 AW shgbdd ot E S 2Hsle] A7|ES 7 FEATE Micro-MACS HellA &
gl 27t A A PAE FEE FJOEm o|FAIZ F A osf #olA 23kl &af
2 A sFsth olAF 23K o8 FEE A AR} m2ubo]y 2~E 532nm Bl A et A YAF AL
ole] Fd JIel o wiHA o R WG A RN wEbfo]E 29 AEuE SHAIA Gt

oy



RNAES F&3 5 m2npe]f 2] RNAE 58 5 Atk A A 5 vesiAkel 2ol 54

e §7ket mR AR 54 3] gojAlel = E A dolAdA dEEHE AuAE d oy

o] Pz ®sleto] b om Fld A ds WE & 5 vk webd, 22 Y & w59 A

Akl 532nm 3] PojAE EAFete] w5E kmmAlo]YAE &afstal RNAS FE¢ 5 Stk
@ “ ® Photothermal valve

.
Norovis conns N Lyse e et \m ot
. = - ﬂx]

Photographic image

532nm laser
| L]
(1.
Magnet
Operation movie
(c) Lysis (d} Washing and Elution
532nm laser
M-‘ eh

~ "‘-.\. -;:?} N -
: 4 \/; '
4
Iy e

% 127, ==Znvte]gf 2 RNA F=8§ FAFAIRY 7Ma

2 QA o] B FIE o] gdte] wmEhlol#iAE RNAS &Aoo R &3] 9Ja] Addol ALed
Adatel 3d wate] A4, A S e, 532nm 2 @lol A Vintensity(W/em2) <
2 YA T #ml) 2Eal Yelo) A AL Azt whE A4 9xp gAo] 2% WElE Z4s)o]
Tz E epSITh 2efazel] wEd) HolA shejel] Adaglo] #HolAE of 180% o Almel FA}
& Ae 227t ¢ o IR @a 4 2=E fAsEeH, dHold It ItESE
saturation ¥ 2=7F A4 F7kskdth

< 9.6W/cm?2> <12.7Wicm?> <15.9Wicm?>

& 110" beadsimt.
1310 beadsimL.
& 110" baadsimL
1%10° beadaimL.

o
i

Temperature ()

¥ 8 5 5 8
Temperature (°C)

¥ s & 5 83 3 ® 8 §
Temperature ()

¥ ¥ & 2 8 3

P 0 = 5 o = 0 150 e = P

- m b o = 0
Time (second) Time (second) Time (second)

a9 128 A4 QAe FE 2 delA el e Fu
Q_oﬂv/] _Q.r: }\]7]_ :lEH_?_’-_



o Rulo]#| Ao A B3 FAFAF mloli] A7) 90%0]4t inactivation 7] fEiAE 22 ef A7t
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of FUshz WAl S, 2w ATlN BHE AN vAFATS AL A8 9%
e Wy ZRASE PARAE R EIAL S 9 el g8 aTsan

A4ge) o5 AL o] G A 2 AL ofsl Al 5 (Revnolds mumber,
Re)7} ol w7] wio] elubdom 749l

J JojupA| gt 8 e 2
A, FoHAh HolHohs whEshE orificedHle] IS F3l EfERAQd 55Q W (turbulent
flow) & 9 (vortex)E 28 4= gtk ol Wi 55 T8 Ad U FAE dolTe
micro-mixer &S TP 7 glow FA WO YAEY HE FES A SV Ao EA AF
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FYAE ol sto] EF 28 ATE WA

A Gejel PR AL ALeNH FH0R AW YFOE Dean vortices7H B FolA 3

YWoiA]+= orifice FEJS] QDo A =™ HEkO & Expansion vortices”} A e}

~ Expansion Dean
{

Ly vortices Q vortices

v =Kinematic viscosity (m?/s)
1 d p=Density of fluid (kg/m?) )
k — Redf S=— u=Dynamic viscosity of fluid (kg/m-s)
V =Axial velocity scale (m/s)
d= 2 k=Dean number
e R =Radius of curvature of path of channel (m™')
_ ﬂ _ M p=The wetted perimeter(m)
- v N u A=Channel cross sectional area (m?)
‘v=Mean velocity of fluid (m/s)
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20 wiin (k = 29501 481 YL 5 Ae] VAGAT ] A 413 4
FRFAAE A2 FYstol dPE Ao Ade] =o] 50 um, F2 A F 500 pm, W2 AL
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(b) Blue fluorescent particles

(a) Red fluorescent particles
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EDC (1-Ethyl-3-(3—-dimethylaminopropyl)carbodiimide) ¢} %2 Carbodiimides A€ zero-length

crosslinkersE A}&3sto] A3 A|7)|= AFE R8s

WA (1) pH 5% Phosphate bffer saline (PBS)el 400mM<e] EDC¢ 100mM<e] NHS

(N-Hydroxysuccinimide) & #7Fstdth. 1831, (2) 54 w59 A 9AF 948 111 53] vj&=

A

M F A QA Sl oIa) ek g AERT APYA S5V 2A B9 U A7 F ()

10mg/mL %2 Con A &S F7kskar 4 °ColA 500 rpme- & overnight incubation: % &a}o]
TAHSR Con A7} A3 UAF Wl AF sl A& dlsidith. a2l o F wiEe]obet Con A
A APIPAE W A7) S1E A 2EE olgste] A iAo MFE pH 749 PBS®E A

pE A PR EEEEE
o

EDC O'""'/\\, (ConA) f«,{;\
5 Nor o] B sl — NH
SN \ | Ry _ CONH
~5 :\) f@\q\;} Bacteria
(pH=5.0) ¥ ( )
.-COOH e — e W
o
Eén—on
Magnetic particles { ConA-conjugated Bacteria captured
O magnetic particles magnetic particles

19 136. EDC/NHS activations &3+ Con A ¢F A AR 2 Wi

& 43

i

@) wAFAFE o83 el T

preh
o
d

9 Aol ARk 2 dAkek Con AE conjugation A7 5 A IAHE o]8-ste] Htele|o} &

B
7}
iy



TS FEstth 1§ mARAFeE FYste] mAlFAFH RS F) e e A YA
e oo FEE U F JE 600nm IFoA e FHEE A5}

S ol At E coli®t Con A conjugated AHdUAF (0]3F ConA-MP)E HFHollA 155

4 IS A7 5 1xbd =l A et 58 nARARS S w5 2E 9

< At 2o S48 BokS W, o] S/ EFE e §50 % 18| shear force’t =

2ol ofa] AHHA st AEs wArt 2R 0% outletO® WEEHE A Y

A7F BoA A "tk webd F5EES AaskARt 1 g2 vAlste] 1-3 ml/min ¢ #%

© B 81%9] wHEES S

Sample (F'I:Lv;r::; Before After ;:ir::::lm;(';:,
1 2.788 0.5064 81.84
E. coli 2 2.788 0.5045 81.90
3 2.788 0.5270 81.10

a9 137. w548 gHEol 55 &8

w3k E colitt S vphimuriumE MASARS B8 5= 3 5 &
m dtelgolE 1/10 4 sAs7be wd Sl wet rtde B8 I
stk F5%¥ DNAE Qubit 3.0 Fluorometer AH|Z £ 4o 78 =AHHom DNA &
gote] FE7t AT E FEE FHAAe] TR s AS g0 ¢ e, ¢

e Axute wTlsle] Yr SAAE FET 5 e s

(CFU/mI) 10° 108 107

S.typhimurium | 1566 ng/ml 132 ng/ml 19.4 ng/ml
E.coli 2760 ng/ml 163 ng/ml 27.8 ng/ml

a9 138. wrElE|o} (£ coli , S. typhimurium) F5'H

A 2T

A A 5 Ye AR AW, w107 Al AgA] A 16<10° 2] vreelobrt 2
Fol b Alow dysgith £8, F ahlelele] 2% 600nm el S48 FHE (ODw) 7
10 ¢ = oF 1

0710’ CFU/mL 9] v55 7= s 224 A5E B3 Elsth A3l A&

af &&o] Aold Aom oidrle] Zpzte] wiEEols Fuldl wet A 2 Ade AAsE

w F3g DNA Sl 50 uLo] AlZ< Safstsls o “A S4= At



= E.coli
Lysis e DNA cor ion(#/mL). DNA amount(ng)

50 1460 73

200 1650 330

®*  Salmonella

Lysis Volume(pl) | DNA coucentration(#/mL) | DNA amountng)

50 1650 82

200 692 138

19 139. Lysis volume °] w&
T2 5 28§ ¥l

golg Az gof Folo] Webd 5% % fA4 FEE ARAN HF FF 29E 20 L2 A
Astgor] vidsal Adel A4shE 18 MACS Awlel A5E A 57 S7pAA7EA 5
% £8% SAAY 5 A8 o4 ATANS vRYIE FYEE B 453 ImLnin
OF §50% % 10mLe PHE FUsA 1 A% A A5 1Y W s ge e o
A A o1 B ACE mol EAHE V4R ol bF 2 A0 etk meA, outeto. 2]
lox ]

A& Haspelal AEEgE SVMAE 7 =S AW At 2709) viAlR AR S ARsr R 2t

(a) (b) s

~———
Absorbance

a9 140. MACS #H¥ 7H=ol

o} w% A AR FHE A

T3 vAFAR R FAHEE fEl whE AAAe] A 282 vushy] 913 A4S g
ok % 10mLe] AHdYAF &S 15 mL/min®] F502 FUT & FHEE Falf wETelA e A4
W7 sE Hudte] w5 &85 SASUTE obgelA & 4 %ol ImL/min ¢ f+&o® F9let
Fe W EAS Hasetal oF 100%0] 77k X8 &S YERAL fro] S7hshel met outlet S
29| $£A4o] Fheta whE f&o R Qla 3] hgAde] Haskh



11111
Flow rate (mL/min)

a9 141 FFo g A

FAR A A WA 5§

TS B AT A] Aol AR HAES] &3 &85 real-time PCRS &3 S43t7] $13l E. coli
¢} S. enterica 7+ &9 WHH|glofel]l AAg Zjoln] txpel W PCR 271 Ao #ek A3s st
Ak (1) invA forl+ invA revl, (2) invA for3 + invA rev3, (3) ECA7SF + ECR6I9R, 1E]il (4)
16E1 + 16E2 o % 47} Zelolw] AEE AR&sto] real-time PCRE H44ES BI-ESATE B
A& PCRE &3 A HEEE dst] 98] nAES] s&5 1/10 A At kol w&
PCR HAAFE 2183130t} PCR A3} S enterica w0 5o]%¢l Zgto]ln] 252] 7% negative controll
A 71B7F WSkl AL invA forl + invA revl ZElolw AES A¢ HrE Ctgk xholzb =LA o}
st T3l invA for3 + invA for3 Zetolw] AES] A4 wXW Ctgh 2ot A wFstslr]d
AEe AR IRJAHAUTE T3 E coli So1A ] Zefoln] M ERQ]I ECATF + ECR619R Zefo|w A
EQ Af EE A5 AR} HAKol Ajdel AMEE ok HAE Aol gle AoRE ElFga
16E1+ 16E2 Zgto]w MES] -9- invA forl + invA revl Zzlo|w] HNES} npx7A| 2 xetoln] 7|
7} real-time PCR& Zzfolw] Hu} & ol &3 O 22 =A7]9] Zefoo] A|E AV BQF Ao
TetE A

<invA forl+invA revi> <invA for3+invA rev3>

<ECA75F + ECR619R> <16E1 + 16E2>

g

—

. - Col Ecoll £.col Snt Sent St St
° W w0 W v

a9 142, EZgolw HE EF uwE

v A& %Y real-time PCR Z2 ¥

o} 3AbA L A A5

D) YA F25 239 AAGE & vAFAR AT R Asst dueke] Al



22hd oA e A2 ALY F]E MAFAR ZREES]S Ve s AE 98 v A
Al Bl el Age e F8F mAFARS AAskTE PDMS HAlAI3 9 wlolag 27
Aol AE Fx Alo]=E PMMA 7IRke] fi&=F wAlFAIFH R AASHHA =i F29] Reynolds
number$} Dean numbers $743stH 24 Ade] AAE st A F329 A9 HolAa Fof
A= orifice 729 725 WAt AlEHOIAS Fo HA o HA fARlS =Esilh 1 A3t A
o] =ol= 1,000um, A whEo] 7500umo.2 ¥4 33S W Dean number (k) 7} <] Iml/min
dul= 1215, F5°] 5Sml/min € W 60.74% w2 2o] 7Hegs gl

P

- Re:26.61, k=11.90 (ImL/min) - Re:33.27, k=12.15 (1ml/min)
- Re:133.07, k=59.51 (5mL/min) - - Re:166.33, k=60.74 (5ml/min)
- h=1500pm, R=6000pm, D=3) - h= 1000pm, R=7500um, D=5)

% 143 AFE AEHolAE T MAFAR g4 729 HA s}

wpeba, flollA HA s wA 725 Ifele e AAE nATARe AAs o webA
B Ao A= vhe|g]ole} Con A conjugated MP (ConA-MP)9] 43 &

e E3bebe= A Sl dElgol B vtolel g A mAFARS A 3}91

ek vAFARS & 3HAE FAEH de TF dAAE el Asst Agnle] A3jtst
At

A AR GARA = 242 2709] inlet 0= FUE = ConA-MPS} Hito] AsHA EqwHA Aes
T A s = Ade] Ak o] F wA Ads Fdeh AdE A AR HAdT AFA= A
stEl 2719 MACS #HE B3l €t o] MACS AW +x9 A/shdoli= block¥gEl2] vl tH
AA o7 o] Fo|l A ofyolr} A7y ZHE o] AE Wil FEE ArEE WXL o] 24 A
A= Ad Uil 2o R X8 w52 F vk EE HElgol AE7F T W 2HE A4 o
o] 2715 =5 23t inlet© &2 wahsing buffer T3] wAFAIH Y 7FE deko] = 3HA
gAel &3 AW 23} o] o]Fo] Atk &3 Ao 2w AU BE oA HW inlet
I outlets €8] HHgH F mAlFAIF Y st A d& kel &a W el FHAE FEF

Q= sk

-

u:°(‘
N



Magnet
arrays —.,

Inlet 1
s

L]
»®
ConA coated
magnetic particles
\

Step 3: Lysis chamber

532nm laser

Inlet 2

Bacteria

Step 1: Mixing channel / Step 2: Micro-MACS

vortices ll ® )

&

Dean vorticesi’-;r{

O™ 144, AAEE Y vAFAHY] Hex

ok vAFAIHeR U5 A Con A9t AHIUYALE conjugation A7) 7159 L2EES B

??36}04 AE 047 AR 2e8E B DROR dEshs Anl AT, e ZREeA
DC olslel NHSE F7behe #3€ Aeetn A4shd FE2 EDCSH ConAS W] 405wA
u&%g 3T ) okl Y] ZRESL 1 Ash, ZkERAs)sL wdse] g 44 9

A= pHb PBS ﬁoﬂoﬂ 10" #/mL ¥=2 A7l 3 5 2494 ImL 2 EDC (pH5 PBS, 10mg/ml)
05mL, ConA (pH5 PBS, 10mg/mL) 85mLS 4jo]50] Aol A 7PEA 4ojFH 1557F vks- AJZith
o]%F Moz gl W ConA7} ZHE AAJAE Eoletr $2 £ W 5 pH7 PBSE %7
+t}h

Concanavalin A
NH,

Magnetic particles

SE3 vARAN W R EA B9 B Pxe] B3 A% Con A-MPS SelEel A% %7 A4
2 3] 95 WA Fu golAl W Azkel] whE weleelt ConA-MPol A% E8E 24t
vk A% T2 weeols] FES Hel + 9t (00nm sHPe] FHE ODNOE F S5
ook A 7 ol FEE YRS B S45m ws Fol Ao A4y d4E Rew ¥
e NS FYEE S4stel Aol wlwshs Aoz AT £8L S4sHn 193 Con A T



o~
T

o] weelolst A% @

4% (E. coli, S enterica, S. aureus,
o= Felste] A7t

1
-

o]
A

(a) E. coli
100

2 43 8§

HEo] 59l AF BAels] whe] B uHelolE % Ea
stom whg- = 747t 1) 5,10, 15, 204
ZAsto] DTz hEyginh

B. cereus)= HZE
e}

=

(b} 5. enterica

190
¥4 Q0N #3300 ¢ LD
woo e

.

]

¥ = 003"+ 24830 « 54022
Ris 0890

% 146, WH Azt whE 4% wrE|Eobe] Con A

ote] 2% 58 =4
e, Agkebx] 2L ConA-MPeh Hreelobs b2} wAlfARel] F=9iete] WA Ade Eaf A3
A& we] A% &S st o ojul= wAlfAIF ) Fdell E3tE o] 9l MACS HH et
&8l AvfolM A s A & = AT Faete] outlete® MiEE ARS Rob A
FellA Als T wEldemA FRAG A% 58 A nud =S 43S APagi 2
oA 2 = Qlel, FEACIA 155 ol WHEAIACKT 80 - 90%°] ATEES HERE W v
AFAR AN 5 S7RIRSS ATl B vortex7t HS ddteliA] e 318
mitel fo] SUMEE Agtagc] Sk AoR Sl 3 A Ad RS Eakehs
ol A= A B3 0% JERE oF 0% AFEES Hols o FAHI
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Flow rate (mL/min)
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S\\pr 3% oz NN 5 AT
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oy N =
5 \§ = = - om s . A
g 2z 8 3 8 B2 = £ 8 8 2B 3§ % 8 B 8 8 ° .m INE g r & 2 g % 8 B 3§ % 3§ 8 8 = @
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Hl3l (a) E. coli, (b) S. enterica, (c) S.

s, (d) b. cereus
s &3 "l

Flow rate (mL/min)
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LA Kohal outlete 2 EAFE AU B2 Aoz HIANE wE F502 2ld] vortex7t
=9 frsol wis) A SdsiAl AdH AL ool wet wA Aol A uhel o}
sl 357 348 SUksk A age] AA T o] ol SIS E
2 910w EAH

Strain Flow rate Passing time Binding Binding Enrichment
(mL/min) (min) efficiency (%) efficiency (%) fold

1 1.500 29.197 89.365 3.060

2 0.750 27.708 89.990 3237

E. coli 3 0.500 27346 91.628 3351

4 0375 27.123 93.475 3446

5 0.300 26,990 95.494 3538

| 1.500 30.712 75.250 2.450

2 0.750 26.705 78244 2930

Scleried 3 0.500 25345 80.938 3.193
4 0.375 24,661 91.916 3727

5 0.300 24.248 93.513 3.856

1 1.500 59.811 79.451 1328

2 0.750 57.368 79.875 1392

& gireiss 3 0.500 56,531 §2.047 1451
4 0.375 36.108 86.891 1.549

5 0.300 55.853 90.362 1.618

1 1.500 13.570 40.530 2.987

2 0.750 9.377 48.485 5.170

B, ceress 3 0.500 7.961 63.636 7.993
4 0375 7.250 79.545 10972

5 0.300 6.821 90.530 13271
¥ 8 FFdd wE wvkE AIZF div] A¢ 58 2 5

=4

o1F RE AnZ FUT & helzlolt ATHoR MACS Aol FHEW, MACS el Abaie]
AAFo] g9 A4 ojelols sk 94 WIHPBSE Folste] $HE AUYAE WolFo] F
HAFARS 3EA AL G5 WA 24H0E FEB of W, &3 WA shuelE verF
AN RAR] ANHOR B W 5 A Wk ofF FHE AYAA BF G Aol molw
FA R AT 9] H5e B 99 inletd) outlete] FRE ol A WEE AAAN F &
s AS] Sl A 5 °C 2 I5EE el #AA4E TG o] ¥ §at 9Ed F 3

=1
H WZ ImL FAV] BS99k oF 200 uLE F=3% 5 1 &S 0]835}9] real-time PCRS
71848+ T}



1,600
m E coli
1400 +| 4 S enterfca
@ S. aureus
1200 T B. cereus i gununEa®
® 1000 | — Microftuidic chip ‘,--:::..-ﬁ‘“""f
Q" wevee Extraction kit e
c o
@
o 800
o
i
5 600
=
L 400
200
0+ =
D 10 20 30 40
-200 T

Cycles

13 149, AA YL EF nA SRS =5 ==3
e 2ol FHA AZE9] real-time PCR A3}

uhe|oke] A
coli), 049 (S enterica), 1.02 (S aureus) AF°|
FZo] A 1HAsta ARES ¢F 30 ol @EHAI7E

cereus®] 715 °F 028 Atelgo] H= del= A gelsksi=tl o= Gram positive =]
& o2 dHEElolel vlE ol e EAS 97| wWlwel Ao® WAtk shARE vig- A Afo]® H
o3t AZF w2 ouE RvhaL dhE .

il
o
.
Ay
>,
bl
o
A
ea
rir
=)
=
Ho
2
o
o offt
=
o
iu

Threshold cycles (C,)

Strain Iteration
Microfluidic chip Extraction kit
1 27.31 30.19
2 28.49 27.61
E. coli
3 23.15 30.29
Average 27.98+0.25 29.36+0.62
1 26.82 30.19
2 28.07 2802
S. enterica
3 28.20 2838
Average 27.70+0.31 28.1940.07
I 28.84 29.92
1 28.52 2925
S anreus
3 29.71 31.08
Average 29.0210.25 30.08£0.38
1 3037 3161
2 31.04 31.66
B. cerens
3 30.57 27.87
Average 30.66+0.14 30.38+0.89

% 150. 4% dd et mAlFAH AA
g} FF J1E o] &A] Ct & #ol



w A T R AAEE EF AR AF ] AA AE AR el EAjshs mAES 5kl
FEoto] HFHLE real-time PCRE §3 A& & & =A A7) 2l A2olA JJrUH o= 29
Hel S5 AN AFHT F APS AP FEolsH ARt oz AlFe] Ay = W S
o AE 71 AAE SR AlEER A9 dHElgolEe] EAshs AlEE tEsly] d57] o
ol W Sl o] AdS APsAd 471 HHEols 29t §F 5 vAlFAIRS Fel HA
g S skt

ofels o] Aol ALEH wElZols}l FUF Fwo] ARE WM Ame] Avelq @ F e x4
o2 ARATA FUAL, olold F2H HAAL rea e PRE 591 AHE ADSA

#A5] PCR A3 Ct #tol S7kske 235 AL o= 23] 5HA o= FE v
S A A¥ 2 ATl YA vl ore] At wizfAE ARE-E= Con A I

v 4FA R SRS A 23 27 AR RelE o] EAlshe AoRE g ATk kAR, A

e 443 pH7F oF 38740 9 A AlE= ConAgt HHEElolgE AjtE o] oF 50%

Jefoltt, webA], NaOHE &3 ¥H S5E pH 72 T3 $ &Y dAYE w3t

3 53} A7 A9 2=8A] oyt A9-H) Ct ghol 4zt 517 (£ coli), 368 (S enterica),

(S aureus), 347 (B. cereus) Ao)&Fo] A% Ao R Hol = &&o] IA Aoy Aow 3

i,

.1

OJ;R
o

3,000
m E coli
2500 4 §, enterfca
® S. aureus
B. cereus
5 2000 | oH4
g — pH7
1,500 -
8
0
@
o 1000 |
: -
I ™ a¢ ;...
s00 | A
L]
[T b L P e o = L
! 10 20 30 40 T
=500
Cycles
a9 151, W S5 dreglel 4FS vl 3 &
nAFARS T3l AdAHEsAES ® real-time PCR ZA ¥}
O =



Threshold cycles (C,)

Strain Iteration
pH 4 pHT
1 3452 3142
2 36.60 28.81
E. coli
3 3468 30,05
Average 35261047 30.09+0.53
1 £l k] 27.89
2 3183 27.88
5. enferica
3 3200 28.13
Average 31.65+0.19 27.97+0.06
1 3356 2942
2 3340 29.78
5. aurens
3 3325 29.62
Average 33.41£0.06 29.61+0.07
1 3489 3185
2 3550 3203
B. cereus
3 36.00 34.08
Average 35461046 31.9940.05

a9 152, W Saeol HtHlg ol 435 &vkol

&5 mAFARs sl dAAYsids o

real-time PCR 2] Ct zk #}o]



<e2ZhlolE A FE-3AIE>

o B A AL ARG B AGAH ] 4F MEoll EL A &2 EhlE 2
BAT F wEvlelels 4EE o183 MIGAT FUE 3 N, 5%, 89 WA AH FEE

RNAE ©]&3}o] real-time PCRe Zaskaict. 8k mAlf-A13 e Ade< vlul, BH7} k7] 938l viral
extraction kitZ o]-&3dlo] mAFAIHORE FUs7] A AlEA RNAE FZ3F H real-time PCR 2

HE vastdot 1 A vAFARE o] &g WAelA Ct el Bt 2055 dERA Ao H]F
extraction kitE AF&3FS Wl Ct gto] 202 & oF 87 Wby o o= vAFAHES Fa w=2Hlo|y
225 oF 1008 o) FE=H AEetden oF 9% w5 E&(recovery)E UERE AL g%}

Atk

4,500

4,000 —— Microfluidic chip

—— Extraction kit

3,500

3,000

2,500

2,000

Fluorescence

1,500

1,000

500

Cycles

a9 153, HAFAHE wAy 7E WAS ARES Y
7}z 2% w==2ulolgl2~ RNA A|29] real-time
PCR curve

o 919 AF td S wio]owbAC] #ek gt F5, &3 2 AEF el gigk A5 A3
55 vfg o ® “Kirok Kwon et al, Sensors and Actuators B: CHemical, 248, 480-899,
20177, “Leila Kashefi-Kheyrabadi et al., Biosensors and Bioelectronics, 117, 457-463,
2018”7, “Joonchul Shin et al., Analyst, 143, 1515-1525, 2018" & v"AfF#7]1+ 2 384
AE 7]s #d A9 SCI AYE =53 AAFINeH, T3 “Kirok Kwon et al,
Journal of Sensor Science and Technology, 27, 2018 % =W Ao =&F& A= A
g GAds
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<invA forward primer1> <invA reverse primerl>

<stn reverse primer>

oF A% FEHEL 9% Zefolnle] T8 wA

A& 671 set ZepolwE o]&st] A TFHS PCR 73 %
Hatd ok PCR WHg-& 9lafl Ande} e s}, dE=Eo]~

ng, 10 pM forward Z2}o]™ 05 ul, 10 pM reverse 22ko]™ 0.5 ul, Taq polymerase

mix 125 pl (BioRad iTaq universal SYBR green supermix, BioRad, Hercules, CA, USA), 2k

7T 105 pl EFHS 200 plirHel] Hof 2 Aol o o] v FEE A S57]

(CFX Connet Real-Time System, BioRad)oll ¥ i “132¢} 7+&

353 HHE-& 31999 annealing =% 58CE T2 sty 5% AI7F2 Awdel fxp

o] FE Holo| w} 20-60% Alol& gttt



PCR

Bio Rad 1Taq Universal SYBR Green Supermix

Cycle condition: regular
94°C 94°C 58°C 72°C Melting curve End
3min 30sec 30sec 30sec 65-95°C

35cycles
Mixture Stock Used vol. (50 ul) 25ul
DNA (10 ng/50ul reaction) 1 ul or 2 ul (if band would be weak) 1 ul
Forward primer 10 uM 1 ul (200 nM) 0.5ul
Reverse primer 10 uM 1 ul (200 nM) 0.5ul
Taq Mix 2X 25ul 12.5ul
D.W. 22ul 10.5ul
Product Size
Ext. time
invA forl + invA revl : 284 bp 20-30 sec
invA for2 + InvA rev2 389 bp 20-30 sec
invA for3 + 1invA rev3 1226 bp 20-30 sec
stn forl + stnrevl : 260 bp 20-30 sec
ompC forl  + ompC revl - 159 bp 20-30 sec
16s forl + 16srevl : 574 bp 30-60 sec

o
o

19 155, AR S 9

TN 22 EF 9 product 7]

[ pata Analysis - 20161025 PJH perd =3 e = |
File View Settings Export Tools G plate setup .‘ o “AHWeHs =) [F - ?

![E mmﬁﬁﬁmﬂ|@ Quaniification Data | Me«@we|% el Curve Data |I3E|! Gene Expression I EndFm'x{g'} Cusxumuatamew! QC| a Run Information ‘

Frotocal: PUH_Saimonela prel Notes

1 2 E 3 ! & L5 & 7=

950 C 950 C 950 C

300 [30) 05 ¢ e
720 ¢
030 & 650 C Ot
G
[ = i 005

580 C g
(70 T m User

iSample Vol : 25

Lid Temp : 105

Optical Head Serial Number « 798BR03538
Base Serial Number : BRO0SS36

40 C OF X Manag: 3115170625,
300

W

GOTO 2, 34 moretimes
MeltCurve €50 to 950 C.increment 05 C.
for 005 + Plate Read
40 C for 300
END.

| Completed | | | scan Mode: SYBR/FAM only | Plate Type: 8R Clear | Analysis Mode: Baseline Subtracted Curve Fit

" 156, FAA FEY] b Sy, 25, 9% v ZREEZ

T T 2y [¢ e}



RFU
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RURNY

o

dov o
o
ol

4
29
59

2500 AT

1500 oo

1000 L ... e R

500 +

Cycles

1o m@
oo

|

dREUAT

| flef 2xdek DNA §lo]
ABAA G AFAA
gheh, Ahwdlel DNAS o] 83
ol 670 set Zefo]HE ©]&-3fo]

Aee sy

—= st
=

o1 2]

Tempataturs, Catslus

<Melting curve>

FE o530 Rol@ NEE

9% 157, $4A S22 9= 24
PCRT3& 23}, 67] XZgloln set BF ARdel Sold {1z TES g9l
5 Zoholul sete] MRSl wop AW HolH fAo] Agay] Aa
HA FHR SN W ETt e FAAE invAal invAZ invAS3, stn, 16s rDNAZ
=2 153] oA o3 Az S R o ompCe A
SREE
Output: [V] Cortent [V] Sample [V] Cg
1 2 3 4 5 5 7
Contert | Unkn Unkn Unkn Unkn Unkn Unkn Unkn
A | Sample
Cq N/A N/A N/A N/A N/A N/A N/A
Content | Unkn Unkn Unkn Unkn Unkn Unkn Unkn
B | Sample Enterical | Enterica? | Enterotidis1 | Enterotidis? |  Blank
ca N/A 19.03 18.54 18.18 18.42 WA N/A
Content | Unkn Unkn Unkn Unkn Unkn Unkn Unkn
C | Sample Enterical Enterica? | Enterctidis1 | Enterotidis2 Blank
g N/A 18.46 18.24 17.87 18.28 N/A /A
Cortent | Unkn Unkn Unkn Unkn Unkn Unkn Unkn
D | Sample
cq N/A N/A N/A N/A WA WA N/A
Content | Unkn Unkn Unkn Unkn Unkn Unkn Unkn
E | Sample Enterical Enterica2 Enterctidis1 | Enterotidis2 Blank
g N/A 19.34 19.21 18.86 19.23 N/A N/A
Content | Unkn Unkn Unkn Unkn Unkn Unkn Unkn
F | sample Enterical | Enterica? | Enterotidis1 | Enterotidis? |  Blank
ca N/A 2070 20.23 19.54 20.00 WA N/A
Cortert |  Unkn Unkn Unkn Unkn Unkn Unkn Unkn
G | Sample Enterical Enterica2 Enterctidis1 | Enterotidis2 Blank
g N/A 30.04 30.26 29.79 3028 N/A /A
Cortert | Unkn Unkn Unkn Unkn Unkn Unkn Unkn
H | Sample Enterical | Enterica? | Enterotidis1 | Enterotidis? |  Blank
cq N/A 18.60 18.32 18.42 18.25 WA N/A
&9 Ardet Sold fdx F%H W=



(@) ANEs EFANL W) BEY v B HA4 FE 22 4F

o PCR WS o438 F44 X2 WAl S Fo} B2 Ao AAME 47 FEB & 9
of W £, W A7 Zetolr] §UIAG Fol WakE Fol A Bast B APAAE
DNA glo] 3% Adste] ogol 9% nSola ol gles PEAdor, A o Eh
# AZF DNAE AHgstel 88 ARAIME HRdel Sold f44 FFo] Fexr)

L) BF BHS g Axe Py A

© FUY AE R AFAR TFE SN v B4 7] RS s FFAW S0
& A PP AN ol o] AAe Akl haslel @F A BEHI] oYk w
& AR AFEEE BA771e fuelE BAZE o), A8717] W AA Az Had
g WgE A AAe W Aol Fas

o AR BAE A IAVIE AMRSIH oY AanFO A wEHS U o] FAAA &%
=5 A o5 dEsty] Ad AARF B Aol olAE &ulE HUlslel EAE
AdgPste Ay HHS ALstgh 2 Aol A3 200 g3 obAE 200 mE £33
T A7 Al 5F571E ARt EAE T IA 7Y A dde 27 o] Fol A A
ol 5E7E ARt on, HA 7oA Bo ddd 7 o] Fo IS FRlskTh o
T A=E AFEE JAE AAE 23] AT B FodEo] AAV HAS G AAi
o vy FAES AAHA XS Gt olyg JojE] AAE 93 SEP-PAK
Cl8 ZAHS Ag3le] A 2 vy JFodE AAES AdPsr. SEP-PAK C18 Z o] 3
A5 mlE 28 B¢ S 3 20% ofAlEo] Egd 4k 5 mlE 28 o & B AY
s WP3AT AHS A& AS FASEE 25 m/EoR FUI} £E {FA )
Ak o]F AF 5 mlE T Hu F3F A F olHE 5 mlE ol &3te] FEEAUT F
8 AZS EE BEFEAY] B4 AFEH AT

= 4= 200 ~ 500 git 5Y YO| O ES = =gt il
- =Z7] ArRt0] 244 ' ‘
« 50 ml £33 5 2 =4 -

- Az R 23]
- 2] ol 2A 23 (2 10% 9] 24: 50 g H2| Al 45 g 34 ¥ deme
- e 2K F -

« SEP-PAK C18-1g Zi2! 9133} - {u:_
« A|2IZ] 0|25} 5 ml hexane2 22 S0t =8| &¥ ‘ L .
- Al21X] 0]28} 5 ml 20% aceton in hexaneS 25 S0t = 2#
< HZ EHH T B F UEHM 5 ml (HA 1/10) ZE St
« 45 ml MWE F|4
s 2AUS T B2 EM: 1 ml 33

o

=
[ghs
Jx

A

[l
tu
tm
M

Y 188 i sk HANE SR S AAE 1A TEES



Zz=2n|a| =~ SA-1 SA-2 SA-3 SA-4 SA-5
=72k 0 0.0056 | 0.0110 | 0.0280 | 0.0560

GC DB-5 NPD  HERd b 0 0.0138 0.0266 0.0625 0.1179
AHlbgk 0 0.0028 | 0.0053 | 0.0125 | 0.0236
GC DB-5 ECD  HEkd Zob 0 00113 | co232 | 00570 | 01094
Hl-akgt 0 0.0023 | 0.0046 | 0.0114 | 0.0219

GC DB-17 NPD  HErd Zap 0 0.0125 0.0244 | 0.0541 0.1067
Hl-abgk 0 0.0025 | 0.0049 | 0.0108 | 0.0213

GC DB-17 ECD  ZEEkd Zoh 0 0.0145 | 00286 | 00652 | 0.1232
Hlakgk 0 0.0029 | 0.0057 | 0.0130 | 0.0246

GC MS/MS Az Z24p 0 0.0414 | 00680 | 01381 0.2558
Alakgk 0 0.0083 | 0.0136 | 0.0276 | 0.0512

NPD, ECD WS AH&3I9S A Adade 5419 559 12 5oz guof 2
A e FREdYEAET U w7 AFEE Zsd oy, GC MS/MSE o] &3
Ao A= A FHE FRE9 X TR SHE Fo] AEFHE gRlste], o]F A
FEA A AAE dEFgtel o 2 E Vo R skt

(3) frdstd gl F3S 93l sensitivity, specificity €

o 1AARE Al §HA FEo] AFEEH EZElo]H 9] gpecificity &91S 9]15te] GeneBankoll
TEH BE FAHRY A7 EH vuE AASHA, invA forl+invA revl, invA for3+invA
revs, stn forl+stn revli XZgtolw 37 AEE AFEE o5 ARdet dgegt Sol4 /A
A SEQDES FRlste] o] % A A ARG

<invA forl: A=Ede g7k dX>  <invA revl: AR g gkeint L A]>
q

]
=
29 159, invA TR SE2 913 Zetoln o] FE E4

16s rRNA forl Zgto]lv = AR enetrobacter, klebsiella, citobacter 5% WH&-& 3}



o e e e mo0e

<16s rDNA forl: 2242}, enterobacter, <16s rDNA revl: 2242}, limnohabitans,
klebsiella, citrobacter 53 & X]> ol 2] vtg o} =3 U x>

18 160. 16s rDNA A ZZ & 93l xglo|no] FH 1A

16s rRNA 27F Zzfolm o] Z 9 Axde) qd 7}, npdeix vB2el e tigre] f24
A7 FASE o] wWol Ardet Eo]d wkgolx wjAjstA o, 16s rDNA 518R
ZglolHx ArdgtE 33 Aldzams FIZAoBAYHA 53 dbg T £ 9l

=21 = = - o —

f

gmdet 3F WM WASE Dot oleld Zebelv] set thRd HRHO el
of W&ol B B & ol HE o9 w Yl 2o 2P Ao woA 97
AQ F8 RS Fd 4Ede Sold R4 FEL AW Zeholv] set] HOEE ¥

<16s rRNA 27F: 2wz}, e 7}, <16s rRNA 518R: »EFEZ A2,
b P s, vEE e, i dA|> ANA 7 A=, GEA b B 20f AA]>

29 161, 165 rDNA 53474 5% 93 zeolnje] F3 B4
Wt A5 A8 FA G7IAD wa PR 65 rRNA, Stn, InvA, ECA $47% 5



A8kl oH, sensitivity 57 91381 PCR product =71 # A3} A&
Lol A9k o]l FHA FF K917 108 bpoll Al 574 bp 744 thder 2
o7} HE&E ZgolwE AZste] FHAAE FFHS A 16s rRNASG + 165 rRNAI193r,
16s rENA440 + 16s rRNAS55Ir, 16s rRNA + 16s rRENA7285r X2tolH setoll /] &+ &
o], & xS FHA THE AUt ofF Ao A&t

Name Length Length MW Tm_ uM Seq
invA forl 284 26 OK GTG AAA TTA TCG CCA CGT TCG GGC AA
invA revl 22 OK TCA TCG CAC CGT CAA AGG AAC C
invA for2 389 20 OK GCT GCG CGC GAA CGG CGA AG
invA rev2 19 OK TCC CGG CAG AGT TCC CAT T

16s rDNA forl 574 20 OK TGT TGT GGT TAA TAA CCG CA

16s rDNA revl 18 OK CAG AAA TGG ATG TCT GGA

stn forl 260 21 OK CTT TGG TCG TAA AAT AAG GCG

stn revl 20 OK TGC CCA AAG CAG AGA GAT TC
invA for3 226 20 OK GCC ACG GTA CAA CGT ATA TC
invA rev3 20 OK CCT CAA CTT CAG CAG ATA GC
ompC forl 159 21 OK ACC GCT AAG GCT CGC CTG TAT
ompC revl 24 OK AGA GGT GGA CGG GTT GCT GGC GTT
16s rRNA 27F AGA GTT TGA TCM TGG CTC AG

16s rRNA 518R GWA TTA CCG CGG CKG CTG
ECA75F GGA AGA AGC TTG GTT CTT TGC TGA C
ECR619R TTC CCG AAG GCA CCA ATC

16 E1 GGG AGT AAA GTT AAT ACC TTT GCT C
16 E2 TTC CCG AAG GCA CAT TCT
InvA270 147 20 62.05 GAT TGA AGC CGA TGC CGG TG
InvA416r 20 62.07 ACT TCC GCG ACA CGT TCT GA
InvA771 121 20 61.88 CCG CGT AAA TGG CGA TAC GG
InvA891r 20 61.91 GAA TCC CGG CAG AGT TCG CA
Stnd3 147 20 62.12 GGA CGA GAG CGG GTT ACG AA
Stn189r 20 62.03 CGT TAT CAG CGC TCG CAC AG
Stn610 117 20 61.93 AAA GAC CGC GCC TTT ACG CT
Stn726r 20 62.07 CCG GAT CAG TTG GAG GCG AT
16rRNAS6 108 20 61.91 GCT CTT TGC TGA CGA GTG GG
16rRNA193r 20 62.02 GGT CTT GCG ACG TTA TGC GG
16rRNA440 112 20 62.18 AGC GGG GAG GAA GGG AGT AA
16rRNAS551r 20 62.18 AAC GCT TGC ACC CTG CGT AT
16rRNA602 127 20 62.78 TGT GAA ATC GCC GGG CTC AA
16rRNA728r 20 62.96 TTC GCC ACC GGT ATT CCT CC

E L ARAE g3 T Sold fA4 FES A% Zebolv] set A

ok 3EE AR ATe

(D) @A AT ARE oz AAF BA4Y Hs

o FEF BAL 93 viECA HAuEE AFE sl 200gs H571E B8 olF H0ge
Hatol B4 wE ATEAY RS & =7l eAEATY oIt AFFTHAYe| e F22
g x2, goloA]E s RIS AIE - HAMIAA (AD20180412255. - A|D2018041234%) &
BAe) v Frevgxs 249 570%%e (0, 001, 002, 005 01 ppm) =22 & E£3610S
B BAR E9E E5EAY wRoA & AolE HolA| ¥tk HF e T2 T 113%E &
=], AF 34& 80%9F A9l TLTS FIskrt 1} thojolx|=9] A9 BFEEAS T35t
A kol e 00047 ppme] AEe] B& FRIGHTE g tholopA =] A9 EFE BE=Z F
o} BAgkA 2 AtolE Holal &S ERISISITE HF 35 E&S 56225%E ERIFH I olegt
Z Aole AujEE gFelA tholotAl=o] dHEA FEE o] YA ot LANE SFY o=
ol /gl Tk



=% 87T (ppm) AUESH (ppm) =% 87T (ppm) AUESH (ppm)
0 0 0 0.0047
SEEmz|EA 0.01 0.0113 C}OJOFX] = 0.1 0.2253
(51-8%]: 0.01 ppm) 0.02 0.0144 (518%]: 0.1 ppm) 0.2 0.2326
0.05 0.0472 0.5 0.3652
0.1 0.0965 1 0.5559

¥ 12F2298¥ys 352 £ B4 % 13, folotA = BreEd TFH &4

[-'N

HEAA S-S fll rhEdlA dviE= HACCP <1<
th o]F 25ge Fstol 54 F=4 ZEEE T F oA

o
HEepiolFde S ERIATAe sl AEFA ne 22

x| a2 (ppm)  HEZH (ppm) i b Y (ppm) HEZTH (ppm)
YULHA |2 0.01 Yntr|z Ed=
S22 E2io|EY 0.2 0.07 OFS Al M2 0.05 0.01
(3183]: 0.2 ppm) 0.6 0.15 (318 %]: 0.05 ppm) 0.15 0.1
1.8 0.27 0.45 0.25
% 14 SZ=HEHHo|FH E 15 ofEAIAY EEd T 24
2F2A EF 24

(2)

Al s AAM AN (EREHEgR oS- AI3371S - 133745, oFsAlA - AID2018102618%. - Xﬂ
D2018102621 %), & &Alsl HH, EEEﬂEﬁW}O]Ea«] 35 4 %29 (0, 02, 06, 18 ppm) i

=As TS AF BAR 3524 koA 2 X}Olﬂ Holal gle. Bg Avf AlEe] F=
EHEZ]F O] 384 Hrh 4L s= 111“* TaEo des & F Al HFHFE2 157
20%2 v SEs SRlElth ofEAl AR A AN F 4 (0, 0.05, 015, 045 ppm) EEEES &
ghetale o, At ¥ F <

L
50°66%= 7Y E4-E v FARE AahE Asick

AFEE Al wE ok, A LA AETE s B AR AN A Sl EE

=4 wRe F AolE Hol= 4 AT et Ae 9 AN A s vHE
A5F sk s AL Y Al 9 FUd AR dddn:
Aol A ANBE oz AAF BAY A4S (F 4% o)
A wek FAE AR AF AR diEE Theslel avEE JEHE HACCP & 7k e
Aol Tl oe 9], vhE 2309 (L, H PhE) AAA M rlld ARE A8k 2
AR FAE A AEe] A5 HACCCP 915 A2z MOARSE MAAL 5= StellA Aatel A
& Tuiste] #41& skt



AEFT AP W2 g woF BAES flE vtECA g A5 50 go FH7IE st g
T7]5AEFATHo AET el e FAE 9F siglen, AFTHAH 3as IUs @
5]8-21¢] 58191 0.05 ppm FZE29]2] ¥ 05 ppm Uololxi= FFEHS £33 a9 45
T A A5 Alg « HAMI A A (AD20181026065. - A|D2018102609%) & AtuHw S22
P s LutEA gk Aol 5315 HAoW, HRtE A oAM= H5 38x Bt
o Ao A NE SR 2T X2 00006 ppme] HAE HATh LRtE A9k 0.05 ppm EFE2
= X% EFEHolAE 00298 ppm EREIYEATL FHORE GRIH HF F&S O
60% U= ettt HulE Ao A= 0.05 ppm EFEdL E3ha Algo] BA o4 0.0274
ppm A AIE Aol HF 55% I|TE&S IRl g A5 584 HHje] RFEER
= TS W 24 A oF 60% WHele HT FrES Hol AFTARel o7k & Ao
[e)

=% 7Y (ppm) HSEH (ppm)
L O UtHA = =4
Sz 2qn2|ZA 0.05 0.0298
(1€ 4]: 0.01 ppm) H OLE ULHA| = 0.0006
0.05 0.0274

£ 16 @Y AA ARolM FResuzs 4FFAN G2 24

a9 AR ARANN T thelolzlis BAL BAT WHow AU o] B EFE
24¢ 31429 592 05 ppm tholop e Edtal k. AP AN (A

D2018102610& - AID20181026135)& A E¥, L, H #}

Are A% 94 G dololAE BETAL ERW A4S L H vE BF of 25%9)
4% 58S AAGAY. o FFEe FTravdrs BANG B $A2, %A
MRE Astsh FARA FRENLELANA HF H5g0 B A% AANFL FA%Y
ohoolel@ Aubs HETAWl uhe BAol wekel Fiol meh B4 gAY Aol
e Fed dnz weAn

hal e (ppm) AZZH (ppm)

LOLE TTE 24z

C}O|OFX] = 0.5 0.1320

(41 8%]: 0.1 ppm) H OtE SV 2=

0.5 0.1228

17. @74 AH A gelA thololxi= AFFAYPe] me 24
5 AR BAS 9F tE 239 A ZAFA AArE HACCP 1= Ahe Gt¢ls)o]
28 50 g8 EHZEVRE Bl 2S5 AEATY AEF AR wE 2L o)
Atk AE e HAMAA (AD20181026145 - A|D2018102617%5)E A EH MO, MAAF A& &=

"%oﬂ/\:’ 2= EﬂEa}‘/\]' ]‘:é"a] o 7-] _C,,]x] OJ-OL Uq %L_%
o] 3uj¢l 0.6 ppmE H713 T E A= 778%9e F& 35



| 25 (ppm) HESH (ppm)
MO A} Yt = =k
S22 EN0|EE 0.6 0.05
(18 %l: 0.2 ppm) MA At UHHA| & EdE
| 0.6 0.04

2AARe A 14 BN BE BHER A<0] Hof HEFAW mE 24
437t BAG A0R FASA oFBALY BHS 93] Y AR5 g% HFIE
BAS F AR/ SAFATAN v BAS gFste] ohgel ] & 5 gFo] B4}
oF 70% W ele 3+e&L sttt (A3« AAMIAA AD0181026225 - AD20181026125%).
: F 54 @gch ol B3 YA TY B

el
=
Aol WS aE ARE YEAS & 5 o], AAY

A H| 7 (ppm) ASEH (ppm)
MO A} U= =48
02 A&l 2 0.15 0.11
(518 %]: 0.05 ppm) MA At YA 2 EdE
0.15 0.1

(2)

% 19. 8 QA3 A 2o of=E A

i
>
ol
ok
>y
L
=2
=)
it
M
%

AR Al AAY A4 A
M e AR FoF (FREIYEL, tholol o] EFH B Tl AR B4

o
AgelA A& AAE T F e ZEEFS AAET. AR5 42 0 gs 9 45 &
o

Aol A7) olelgol glo] WS AfE AAZ 8 A= A F AR B2
Fbstoleh, @A AdRel7] Fat ofele 5 glol 717] Abgel AsE Bl Barg
T} SEP-PAK o] A8o® Fulg 7171% $48 A% B4o] spseidon o 24 7
719 AEHelE F mgol ¥ Hgolrh AAe] HE IHEe AREA L BHE F37)

2 oF 15% Ao Hh



« ZEF: A= 23] X2
ok - A E2| 8000 g, 5& (7171 AL 7tsT ER)
« SEP-PAK C18 Z T 23} 5ml hexane, 2 min
ZEEE « SEP-PAK C18 Z & Q1H3}: 5ml 20% acetone in hexane, 2 min)
- dEH ME 10ml 2EY
« MZ 2. 5m| 20% acetone in hexane
cRAHE T ZEA 2N
a8 162, ¢ BA AAeE ZREF
FAA FAL TRt Aol FrrENoeH I FH &S FAAY g 2]
=S ol FAA FAES 840 E st W Eolth FAA B4 oM E IR
NS Frlste] +4 888 =olv JAES F7F Atk gAY HF AEE 10 g
VS 4% B4 88 2 JAFAo] uf§ Yol 5 go ARE zZta BAS AYstes 2 E
& AAIST o} EAIA -2 NapHPOso o3&l A7 = AMg5 = ZHES SEP-PAK
HLB Z ot} HEZZFEZEM0|FHE EDTA/EZFEEoAEA o8] Asj7F ¥H

S 10 g 557 A8 22 (801 A8 213)
2ok 10 ml Ot EL EE:E (8:2) E7F ¥2 5 min T4
- LEY: A= 23] M2 T 4L 10 min 2A]

MEE| 8000 g, 55 (7]7] A2 7hs8 49)
SHal: 10 ml 45%0f 10 ml 0.1M Na,HPO, H7}, 42 5 min %X
OrsAEE =4 - SEP-PAK HLB Z'% Qb3}:

L]
=

* 5 ml MeOH : H;0 : Na;HPO, (1:1: 1)
«5SmlEE 2
+ SEP-PAK HLB ZZ MIH, 23]

+ 5 ml 0.05M Na,HPO,
« A2 Z=2:5ml 0.05M KH,PO, : OFHELIEZ (1:1)
- 234 24 (360 nm)

S 163 A obEA AN B4 AAe ZRED



- AE 10 g 5571 A8 E4 (30 AFE 8l8)

A2 10 min 2H]

=1
-

IE{2l: = 23] X 2|
- LS 2] 8000 g, 58 (717] AFE 7}

- I

o d7)

s
=3

« Y2 X3]: 10 ml 4= 0] 10 ml 0.5% EDTA/5% E2|2220pHEM

« 22 10 min 2A]

(9:1) H7F, 42 5 min WX

=
[=]

222X

=10 ml 450 10 ml &4k
+ SEP-PAK C18 Z & PHds):

S22H Egmo[2d

MHu

Al
T
H

2REE (9: 1)

mu

« 5 ml &4

«5 ml M

oo
&

Ko
oy

0o

[Hu

+ SEP-PAK C18 Z& MH, 23]: 5 ml H,0

+ A|2 F=%: 5m|l MeOH
- 284 24 (360 nm)
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* A3k 43

@5 4 3
A b
. 2019
. 0291
1919
= : 01%
) A %
Al 3} = 5%
X3} ks @9 %
E S 5%
AEFE AA7AA S on
HAAE Fe:
= : 3%
=9 %
MAX A4 AE AANG AAY =9 59)
A4
o 3d ¥ AF AA AA8Y 39)
g = MR G
AR 28712Hd) | 2 FA el ALAE B BAAEY Ads 4F (249)
280l AL 7))
A & m AA7A aF
(58 03 100
=41 (%) A7 as
Al A
e e 0.1
3] -
B %, AFL
43 B =Y, AF S EA HAA A
A 3
(291 219
S A W)

=

a1

- 101 -
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